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PREFACE 

'!he 1977 Amendrrents to the Clean Air Act required that emission 

standards be developed for fossil-fuel-fired steam generators. Acoordingly, 

the u.s. Environnental Protection Agency (EPA) recently prorrulgated 

.revisions to the 1971 new source perfonnance standard (NSPS) for electric 

utility steam generating units. Further, EPA has l.llldertaken a study of 

industrial boilers with the intent of proposing a NSPS for this category 

of sources. 'Ihe study is being directed by EPA's Office of Air Quality 

Planning and Standards, and technical support is being provided by EPA's 

Office of Research and Develoµrent. As part of this support, the Industrial 

Environmental Research Laboratory at Research Triangle Park, N.C., pre-

. pared a series of technology assessrrent reports to aid in detennining the 

technological basis for the NSPS for industrial boilers. '!his report is 

part of that series. 'Ihe a::mplete report series is listed below:· 
, 

Title Report lb. 

'!he ~pulation and Cllaracteristics of Industrial/ EPA-600/7-79-178a 
Olmnercial Boilers 

Technology Assessrrent Report for Industrial EPA-600/7-79-178b 
Boiler Applications: Oil Cleaning 

Technology Assessrrent ReIX>rt for Industrial EPA-600/7-79-178c 
Boiler Applications: Cbal Cleaning and IDN 
Sulfur Cbal 

Technology Assessrcerit ReIX>rt for Industrial EPA-600/7-79-178d 
Boiler Applications: Synthetic Fuels 

Technology Assessrrent Report for Industrial EPA-600/7-79-178e 
Boiler Applications: Fluidized-Bed cacbustion 

Technology Assessrrent Report for Industrial EPA-600/7-79-178f 
Boiler Applications: NO canbustion l-bdi.fication 

x 

Technology Assessrrent Report for Industrial EPA-600/7-79-178g 
Boiler Applications: NOx Flue Gas Treatnent 

Technology Assessrrent Report for Industrial EPA-600/7-79-178h 
Boiler Applications: Particulate COllection 

iii 



Technology Assessnent Feport for Industrial 
Boiler .Awlications: Flue Gas ll:!sulfurization 

EPA-600/7-79-178i 

'lhese reports will be integrated along with other info:i:mation in the 

Cbcunent, "Industrial Boilers - Backgrotmd Info:i:mation for Proposed 

Standards," which will be issl.Ed by the Office of. Air Quality Planning 

and Standards. 

iv 



ABSTRACT 

'!his report assesses the applicability of using three :p:>llution oontrol 

tedmologies - low sulfur coals, physical coal cleaning (PCC) and chemical 

CX>al. cleaning (CXX:) - for canpliance with S02 emission regulations. It is 

one of a series of reports to be used in detenning the teclmological basis 

for a New Source Perfonnance Standard (NSPS) for Industrial Boilers. 

candidate emission control systems ~ selected after initial 

oonsideration of six naturally occurring low sulfur coals, five levels 

of sulfur :renoval by PCC and chemical desulfurization by eleven ax: 
processes. 'Ihe Best Systems of Emission Reduction (BSER) - defined as 

the technology '\thich can oonply with a given emission oontrol level with 

the least economic, energy and enviromrental impact - were identified for 

four ooals at each of five emission oontrol levels. It was found that 

low sulfur westem coal can neet all emission levels down to 516 ng S02/J 

(1.2 lb SOu'l0 6 BTU) without cleaning. '!he uncleaned low sulfur eastern 

ooa1 can achieve emission levels above 860 ng S02/J (2.0 lb S02/l0 6 B'IU). 

When physically cleaned, the low sulfur eastem coal can be used to neet an 

emission level of 516 ng f/J2/J (1. 2 lb S02/lO 6 BTU) • '!he nedium sulfur 
eastem ooal oould be benefici.ated to meet an emission standard of 

860 ng S02/J (2.0 lb S02/l06 BTU). 'llle candidate high sulfur coal can l:e 

cleaned to meet emission levels of 645 ng S02/J (1. 5 lb S02/lO 6 B'IU) and 

higtEr. In the case of the nediun and high sulfur ooals, chemical ooal 

cleaning must re used to produce fiEls capable of oonplying with an 

emission limit of 516 ng S02/J (1.2 lb S02/10 6 B'IU). 

It must be enphasized that the findings apply only to those coals 

evaluated. In general each ooal has a distinctly different desulfurization 

potential and a rigorous analysis of coal cleaning as a pollution oontrol 

technique must oonsider the coal which is to be used for each application. 

v 



To partially offset these facts tlE :report also presents estimates of 

the anounts of U.S. cnals which can re physically and chemically clean

ed to various sulfur levels. 

For regulatocy purposes this assessrcent must re view:rl as preliminacy, 

pending the results of a nore extensive exandnation of inpacts called 

for un<Er Section ill of the Clean Air Act Arrendrrents. 

'De period of perfonnance for ~:r.:k en this report was f:ro.m September 

1978 through July 1979. 
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SECTION 1.0 

EXEClJI'IVE SUMMARY 

1.1 INT1DDUCTION 

1.1.1 Purpose of the Peport 

'Ihe puq:x:>se of this Individual Teclmology Assessnent Feport (ITAR) 

is to provide background infomation and perfonnance capabilities of three 

oontrol technologies for oontrolling sulfur dioxide {S02 ) emissions from 

coal fired industrial boilers. 'Ihe three emission oont.:rol technologies 
presented are: 

• Use of naturally-occurring low sulfur l.NeStem roal; 

• Beneficiation of raw roal by physical ooal cleaning proresses to 

:renove ash and pyritic sulfur minerals; and 

• Benef iciation of raJN roal by chemical roal cleaning proresses to 

renove pyritic and/or organic sulfur plus ash minerals. 

'lhese rontrol technologies ai:e not mutually exclusive. For exarrple, 

beneficiation of naturally-occurring la-1 sdfur roal is quite possible, as 

axe rorrbinations of physical and chemical ooal cleaning operations to p.:ro

duoo various grades of ooal products to neet S02 emission oont.:rol levels. In 

general, cx:mbinations of -these three ront.:rol technologies are rro:re expensive 

than the individual options, but the rorcbinations will increase the anount 

of ooal that will· neet a given S02 emission oont.:rol level. 

'!he evaluation of the three control technologies is based upon the 

emissions fJ:an a set of five reference boilers, using three reference ooals. 

(A fourth reference ooal is studied in Appendix G.} 'lhe nethodology used 

is to apply a candidate emission rontrol technique to the reference coals 

to produce a set of resultant cleaned or naturally occurring ooal products. 

'llle control tedmiques are evaluated by cx:mparing the properties of the 

cleaned ooal, such as S02 reduction, ash reduction, and heating value 
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enhancerrent with the rcxw ooal recx>very, and weight recovery. 'Ihe cleaned 

ooals or the candidate naturally-occurring low-sulfur ooals are then 

assuned to be cx:nirusted in the five reference boilers and the quantities 

of air pollutants emitted are calculated. 'Ihese emissions from the cnrbustion 

of cleaned ooal and naturally-occurring low-sulfur ooals are .then conpazed 

to the emissions from the same boiler burning the four reference raw ooals. 

'Ihese data provide a a:mparison of performance factors on a variety of boiler 

types and sizes. '!he m.mtJer of toiler cases sbldied is limited by choosing 

a set of four proposed S02 emission control levels plus a SIP level, \\tlidl 

can be adrieved by the coal products resulting fmn the candidate control 

tedmologies. 'lhus, the nunt:ier of boiler cases stmi~d and included in 

this .report is 100 [five toilers x four ooals x five emission cxmtrol levels]. 

A calculation of pollutants emitted, annualized rost, energy inpact and 

envi.ronnental inpact is then made for each case and oorcpai:ed to the sarce 

factors for the unCDntrolled boiler and SIP oontrolled boiler. 

1.1.2 Scope of the Study 

1.1. 2 .1 Pollutants Considered-
'Ihe major pollutant oonsicEred for oontrol in this report is sulfur 

dioxide produced by the oonbustion of CX>al. Particulates and other 

seoond order pollutants are ronsidered and discussed in the sections on 

energy inpacts and enviomrcental iitpacts. 

1.1. 2. 2 Types of Sources-

'llE reduction of pollutants resulting fran the use of industrial boiler 

emission oontrol syst.ercs can best be deteI:mined by conpar.i.ng pollutants 

emissions from each oontrol system with tl'x>se fran a new unoontrolled 

boiler. To penn:i. t such a· oonpariscn, several typical referenCE boilers were 

established.to permit cxxrpari.san of oontrol system perfonnance, rost, energy 

inpacts, and e,vimnnental inpacts. 
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Five different roal-fired boiler types ~re selected :for use in 

preparing emission factors, rosts and energy regui:rerrents for the candidate 

CDntrol systems. 'lhese boiler types are presented in Table 1-1. 

TABLE 1-1. S'mNDARD BOILERS SELECTED FOR EVALUATION ( 
1

) 

Boiler Type Fuel 'Ihennal input, r.w (10 6 B'IU/rr) 

Package, watertube, 
underfeed Cbal 8.8 (30) 

Field-erected, watertube, 
dlain grate Cbal 22.0 {75) 

Field-erected, watertube, 
spreader Coal 44.0 {150) 

Field-erected, watertube 
pulverized coal Coal 58.6 (200) 

Field-emcted, watertube 
pulverized coal c.oal ll8 (400) 

1.1.2. 3 Coal Types Considered--

'lb pennit a ronparison of various candidate a:>ntrol system; for the 

five roal-fired boilers, a set of .referenre roals was provided to each 

oontrol technology assessnent study for use in each IT.AR. These 

mferenoo roals are ?."epresentati ve of three a:>al types-

a high sulfur Eastern coal, a low sulfur Eastern roal, and a low sulfur 

Western coal. Ulforttn'lately the identity of the source of these roals

i.e. region, <Dtn'lty, bed, etc, was not provided. '!he lack of specific 

data an these reference roals presented a problem in the application of 

the coal cleaning control techniqoos. 

'lhus, a set of three al terriati ve reference ooals \oiere chosen for this 

analysis. 'Ihese a:>als had similar properties to the specified .referenre 

roa1s, but were also dlaracterized by coal specific washability data. 

'lhese data are absolutely necessai:y for the dete:onination of the perfonnance 

of a physical a:>al cleaning operation on a specific a:>al type. '!he specified 

referenc:E a:>als and the alternative referenre roals are cxmpared in 

Table 1-2. '!he onl:y major change in coal type fran the specified .reference 

roals is in the low sulfur Western coal. '!he analysis provided for the specified 

\'estern :reference roal indicates that it is a subbituminous ooal from the 
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Table 1-2 carparison Of Properties Of Specified Versus 
Altemative Peferenc::e Coals Used In 'Ibis Assessrrent Iep::>rt 

Source 
High SUlf ur F.astem Coal I.CM SUlfur Fastem Coal 

Specifiedt Altemative ~ci.fiedt Altemative 
. ··--1.···- -·--~-----~F.e.w_ coal o Raw Cbal Raw Coal a Paw Cbal 

I.Oil sulfur Westem coaJ 

Specifiedt Altemati~t 
~ c.oal 0 Raw Coal 

~ r.t>isture, % 8. 79 s.o 2.87 2.0 
-~ -~ Ash, % 10.58 22.23 6 .90 10.17 
~ ~tal s, % 3.54 3.28 0.90 1.16 
~ I Pyritic s, % N.A. 2.38 N.A. 0.59 
~ ; ~ HV,kJ/kg 27,447 25,433 32,100 31,052 
~ I ~ IlV,B'IU/lb 11,800 10,934 13,800 13,350 

-~ ! j ~1%S, % 1t~~ I 
2~:~~ ~:~~ 1~:~: 

~ 1 Pyritic s, % N.A. 2.51 N.A. 0.60 
.... ; ?.1 HV, kJ/kg 30"092 26, 772 33 1034 31,685 

, a HV, B'IU/lb 12,937 11,510 14,202 13,622 
i 

~ c, % 64,85 62.30 78.75 74.58 
·:;1 H, % 4. 43 3. 99 4. 71 4. 77 
~ s, % 3.54 3.23 0.90 1.16 
& o, % 6.56 2.08 4.91 5.92 
~ N, % 1.30 1.17 1.50 1.40 

Ash, % 10.58 22.23 6.90 10.17 

rn C, % 
·~ H, % 
as s, % 
~ o, % 
a N, % 

Ash, % 

71.04 65.58 81.04 76.10 
4.86 4.20 4.85 4.87 
3.68 3.40 0.93 1.18 
7.19 2.19 5.05 6.04 
1.43 1.23 1.54 1.43 

11.68 23.40 7.10 10.38 

20.80 
5.40 
0.60 
N.A. 

22,330 
9,600 

6.82 
o. 76 
N.A. 

28,194 
12,121 

57.60 
3.20 
0.60 

11.20 
1.20 
5.40 

72.73 
4.04 
o. 76 

14.14 
1.52 
6.82 

t r.Btnrandmn fran P.EDCo Environrrental, Inc., specifying analysis of coals for 
standard boilers l 2 J 

cr coals chosen by Versar, Inc. , as reference coals for technology assessment 

2.5 
24.19 
0.58 
0.29 

25,614 
11,012 

24.81 
0.59 
0.30 

26,268 
11,294 

61.51 
3.94 
0.58 
6.11 
1.17 

24.19 

63.09 
4.04 
0.59 
6.27 
1.20 

24.81 



Gillette, Wyoming or Rosebud, M:::mtana coal reserve areas. 'Ihese types of 

ooals have a high J:ed noisture rontent and low ash rontent, which rreans 

that they are difficult to upgrade by coal preparation techniques. In place 

of the subbitrnn:i.nous specified .reference roal, a bituminous low sulfur 

testem ooal has been substituted. '!his roal has less noisture, higher 

ash and heating value than the specified reference roal and can be cleaned 

by both physical and chemical roa1 preparation techniques. In sumnary, the 

three ooals used as altemative .reference ooals in this report are: 

Coal Type 
High Sulfur IDN Sulfur IDil Sulfur 
Easteni Eastem Westeni 

seam Upper Freeport 
('E' ooal) Eagle Prinero 

Cbunty, State Butler, Pa. Buchanan, Va. Las Animas, 

Palk Bituminous Bituminous Bituminous 

Raw coal Anal;t:sis 

Ash, %+ 23.45 10.38 24.81 

'lbtal S, %+ 3.45 1.18 0.59 

Pyritic S, %+ 2.51 0.60 0.30 

Heating Value (B'IU/lb) + 11,510 13,622 11,294 
Heating Value (kJ/kg) 26,772 31,685 26,268 

MJisture Cbntent 5.0 2.0 2.5 

Ash Fushion Tenp. , oc 1,104-1,649 1,221-1,599 

lbs S02/l06B'IU 5.99 1.73 1.04 
ng 002/J 2,576 744 447 

+Values are on a noistui:e free basis. 

Anedium sulfur eastern CX>al has also been chosen for this study and the 

analyses are oontained in 1\_upendix G. 

Cb. 

'!he three alternative refemnce roals also have similar properties to 

estimated average ooals from each respective roal region. Although both 

the high sulfur and low sulfur Easteni coals oontain approximately 25% less 

total sulfur than the average ooals f:rom their respective .regions, the ratio 

of pyritic sulfur to total sulfur for the reference coals are ver.y close 

in value to tlE average ooals. mus is a very irrportant ronsideration when 
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discussing physical roal cleaning since pyri.tic sulfur, and not organic 

sulfur, is i:enoved in the cleaning pJ:OCEss. 

As stated above, the alternative low sulfur ~tem coal. is a 

bituninous ooa1 whereas the specified reference ooal is a sub-bituminous 

ooal. '1he selection of the altemative low sulfur bib.nninous coal was 

based en accessibility of coal washability data and also on the basis that 

bituninous coal would be a nnre widely acceptable feed ooal for industrial 
lx>ilers. 

Although this techoology assessnent report uses sarewhat different 

ooal.s for analysis, the results stx>uld be quite cmparable with other 

a::ntrol technology assessrcents because the dif ferenoes in inportant raw 

ooal. properties are in general less than 10%. 

1.1.2.4 other Ccnsiderations~ 

Although this report <Eals primarily with the application of coal. clean

ing technology to the reference coals and the·resultant clean ooal pl:Oducts, 

this analysis should be vier.Ed in tie larger context of the vast anount of 

coal reserves and coal types available which could be candidate conpliance 

coals for various oontrol options. Estimates of ooal reserve quantities 

.and energy content for six coal i;egians in the U.S. are· presented in 

Section 2.2. 'Ihe quantity of energy oontent of axrpliance ooals 

versus coal sulfur emission levels for several different types of cx:>al 

cleaning procEsses are presented. An exanple of this type of data 

is the graphical presentation shown in Figure 1-1. 'lhis figure shows that · 

for an 860 ng 802/J (2. 0 lb S02/lO 6 BIU) oontrol level, the percent energy 

available in the ooal reserve base for the Northenl Appalachian region can be 

increased from 10% for the raN ooa1 with no beneficiation, to 40% using 

a ri<prous physical coal cleaning process, and up to 55% using the best 

available chemical coal cleaning proaess. 

Cbal clea: ing occupies a unique place in the spectnnn of oontrol 

options because ts perf onnanoa and oost characteristics can make other 

options nore eoonamically attractive. M:>re i.rrportantly, ooal cleaning 

does not significantly affect the boiler operator's freedcm to oonsider 

additional control options which nay carplenent a clean ooal fl.El supply. 
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Coal cleaning, accxxrplished by ooal p:rodurers, does not c:nnpete for the 

toiler operator's capital budget, spac:E availability, or man~r :r:esourres. 

'lbe:r:efore, :toiler-specific (cx:mbustion or post-oorrbustion) cx::ntrol options 

can still rereive full ex>nsideration, whether or not cleaned ex>al has been 

selected as a feed. 

Conpamd to other S02 o::>ntrol tedmologies, physical ex>al cleaning 

nay be viewed as a nature tedmology. Many ooal cleaning plants have been 

in operation for fifteen or nore years, and in fact, no:re than half of all 

the U.S. ooal p:rodured is prepared to sare extent. ~ver, the full 

tedmological potential of CX>al-cleaning has not been exploited cx:mrercially 

for two prima reasons. First, the historical inrentive for cleaning ex>al 

has been the renoval of ash - only rerently·has sulfur renoval becxme 

inp:>rtant to o::>al p:rodurers. Seoond, the escalation of ex>al prices in the 

past few years has provided nore eo::>nomi.c nargin and inrentive to apply 

nore sophisticated mrit processes and plant designs. Fbr these reasons, 

the sul~renoval capabilities of o::>al cleaning extend beyond the dem:mstra

ted perfonnance of older facilities. 

Coal cleaning as a pre-a::nbustion ex>nt:rol tedmology results in the 

reducticn of sulfur variability in the feed CX>al to the industrial toiler. 

As discussed in this report, o::>al cleaning effectively i:edures the 

variability of ooal sulfur as well as the ~an sulfur oontent itself. 

Variations in S02 emissions from industrial toilers are thus reduced when 

using cleaned roal as opposed to raw ooal. '1be result is that average 

ooal sulfur content can be significantly closer to the TCean -sulfur content 

which c:arplies with the S02 emission oontrol level. 

Since clean ooa1 is a pre-oorrbustion oontrol tedmology for the 

indlStrial boiler feed, it is quite different from ex>rrbustion or post

oorrbustion options which are strongly integrated with eadl specific toiler 

facility. Che inportant :result is that the oost inpact of coal cleaning 

upon boiler operation is nu.tdl less than for lx>iler-specific control options. 

'lhe lack of any additional equiµrent requi:rerrents at the toiler facility 
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also obviates operational or maintenance a:mcems. Che obvious facet of 

this is that coal cleaning is not a capital intensive control option to 

the boiler operator and represents less of a financial burden from a capital 

a::>st and annual cost standpoint. 

1he content of this !TAR is quite similar to technology assessrrent 

reports generated for other (corrpeting) control technologies. lbwever, 

the a::>nparison and integration of the various control technologies must 

be accnnplished with sane care, for it is based upon several p:remi.ses 

that may not be applicable to each control technology. '!he first premise 

is that each oontrol technology may be evaluated independently by an 

industrial miler operator, and the second premise is that each technology 

and its subsequentperfonnanCE and oosts is individual or uniqu=ly definable. 

Havever, roal cleaning as a oontrol technology is only partially 

oonsistent with these premises. First, the operation of a roal cleaning 

facility is a oormercial option which in 1IDst cases will be exercised by 

the ooa1 producer and not by the industrial boiler ronsuner. '!he industrial 

boiler operator will thus have to c:uupete in the ~et plaCE for a roal 

product with specifications that rreet both ronbustion requirerrents and air 

i;ollution emission oontrol levels. '!he availability and price of the 

desired ooal product will thus be a function of prevailing market oonditions. 

Seoond, a::>al cleaning is not one particular process but a number of 

different operations, which may be applied sequentially or altematively in 

various carbinations. 'rn general, a coal cleaning plant design is based 

upcn the properties of the feed raw ooal and a set of mai:ket specifications 

for the clean coal product. Cbal cleaning is the generic nane for all 

proc:Esses which :rennve inorganic inpurities f::c:an ooal, without significantly 

alteririg the dlemical nature of .the ooal itself. Cbal cleaning therefore 

is a process objective, and several widely-varying tedmologies have been 

applied to adtleve this pl:'OCEss objective. Each ooal cleaning plant is a 
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uniquely-tailored combination of diffe:rent unit operatia:is 'Mlidl are detennined 

by the specific ooal. characteristics and by tile oormercially dictated product 

specification. 'llie plant designer has. latiture anong altemative unit 

operations and in selecting the sequ:mc:e of unit operations. Basically, 

a coal cleaning plant is a oontinm.nn of tedmologies rather than one 

distinct tedmology. 

1. 2 SYS'IEMS OF EMISSIOO REDUCI'ICN FOR CDAL-E'IRED INDUSTRIAL BOILERS 

'll1e subsequent sections of this report include: 

• a o:rrprehensi ve surmazy of physical and c:hemi.cal <Dal cleaning 

tedmiqtes plus a discussion and quantification of the availability 

of la-1 sulfur ooal reserves (Section 2.0): 

• a selection of proposed S02 emissicn oontml levels, designated as 

nnderate, intenrediate, and stringent, which can be achieved by 

the cnntrol technologies plus a selecticn of several ooal cleaning 

prooesses and lOVl sulfur cnals as candidate "Best Systems of Emission 

Ieduction" (B.SER), (Section 3. 0): 

• a cost analysis of the candidate oontrol systems (Section 4.0): 

• an energy inpact analysis of the candidate control systems (Section 5.0): 

• an enviramental inpact analysis of the candidate oontrol systerrs 

(Section 6.0); and 

• a surmary of emission test data available en the cnntrol system; 

(Section 7. 0) • 

1. 2 .1 Emission Q:>ntrol 'Iechniques Q:>nsidered 

Table 1-3 surrmarizes all of the emission cxmtrol tedmiques discussed 

in the report. 'lliese cnntrol techniques fall under three general headings: 

naturally-occur -ing la-1 sulfur ex>al: physical cnal. cleaning p:roaasses; 

and dlemical ooa.. cleaning pI:OC:Esses. 

Eadl of the three oontrol technologies are discussed from the 

standpoint of their effectiveness and applicability to reduce S02 emissions 
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various Candiaate I.CM 
Sulfur Cl:>als 'fypes Including: 

· Buchanan, Va. 
(Bituminous) ; 

Las Animas, Co. 
(Bi tumi.nous) : 

Williston, N.D. 
(Lignite); 

Gillette, Wy. 
(SUbbituminous); 

Pock Springs, Wj. 
(Bituminous): and 

Gallup, N.M. 
(SUbbituminous) 

'IMLE 1-3 SUf+1ARY OF FMISSION aNm!L TOCHNI~F.S CDNSIDEREO FOR 
OONTroL OF 502 EMISSICNS FJO.! INDUSTRIJ\L BOILERS 

PHYSICAL ecru. CI.EANI~ PRCX...'F.SSFS 
GE2-mIW. LFNEI.S 

I.evel 1 - Crushing and Sizing 

level 2 - Cbarse Size 
O:>al Deneficiation 

level 3 - Coarse and M3dium Size 
U>al Beneficlation 

level 4 - Cbarse,~ium and Fine 
Size O:>al Beneficiation 

level 5 - Multiple Product Plant 
Using "D:?ep Cleaning" U>al 
Eleneficiation 

CHEMICAL aJAJ, CLF.AN!tr. 
PRX:ESSES AND DEVELOPF..R 

"Magnex",@ 
Hazen Research Inc. , 
Golden Colorado 

"Syracuse" 
Syracuse Research Corp., 
Syracuse, N,Y. 

"Meyers", TRW, Inc. 
Redondo Beach, Cal. 

"Iol" 
Kennecott Cq:per Cb. 
ledgermnt, Mass. 

"KVB" I<VB, Inc. 
Tustin, Cal. 

"Aroo" Atlantic Richfield 
<l:>rrpany 
Harvey, Ill. 

"ERO.I\" (PER::) Bn1ceton, 
Pa. 

''GE" General P.lectric 
Co., Valley Forge, Pa, 

"Battelle" laboratories, 
ColtJllbus, Ohio 

"JPL" Jet l'ropu.lsion 
I.al:oratory, 
Pasadena, cal. 

''IGT" Institute of Gas 
Technology, 
Cllicago, Ill. 



based on specific fuel and process pararreters, effects of boiler type and 

size, and status of <Evelopnent. 'lb assess the uses of naturally-occurring 

low sulfur coal as an enviromrentally aCCEptable fuel to rreet S02 emission 
cx:ntrol levels, the available ooal reserves in eadl of six coal regions and the 

entire U.S., which neet various S02 emission control levels, have been estimated 

by a oonputer technique <Esignated the Ieserve Processing Assessnent 

r.Ethod::>logy (RPAM) .< 3 ) '1he program was acc:mplished by a cx:xrputer overlay 

of: Bureau of Mines-coal reserve base data; coal washability data; and 

coal sanple analyses data. 

To p:rovi<E a systena.tic basis for a discussion and an evaluation of 

the capabilities of physical coal cleaning as an S02 emission cont:rol 

tedmology, coal preparation has been classified into five general levels 

as shown in Table 1-3. Coal preparation is a p:roven, existing tedmology 

for upgrading raw coal by rerroval of irrpurities. Depending urx>n the 

level of preparation and the nature of the raw coal, cleaning processes 

generally produre a unifonnly sized product, l'.eIIDve exress noisture, redure 

the sulfur and ash content and increase the heating value of coal. By 

renoving {X>tential p:>llutants and reducing p:roduct a:>al variability, coal 

cleaning can be an inportant control tedmiqoo for conplying with air 

quality cxntrol levels. 

'1h! third emission control technology to be evaluated is the benef icia

tion of raw coal by chemical coal cleaning processes. Chemical coal clean

ing pl':OC2sses are capable of achi.evin:J lower sulfur dioxic"E emissions than 
those from the carbustion of physically cleaned coals in industrial boilers. 

A variety of chemical ooal cleaning proresses are tmder proress developnent 

which will renove a majority of pyritic sulfur f:rom the coal with aCCEptable 

energy reoovei:y. Srne of these processes are also capable of renoving 

organic sulfur from the coal, mi.ch is not possible with the physical coal 

cleaning p:rocesses. HC7#ever, only one of t.lEse processes is <Eveloped to 

even the pilot scale stage, so the cn:mercialization of these pi:oc:Esses is 

5 to 10 years CMaY. 
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1.2.2 candidates for "Best" Emission Control Systems 

In the discussion of emission control teclmologies, candidate 

technologies were cnrrpared using three emission control levels labelled 

"rroderate, intenrediate, and stringent." 'lhese control levels were 

chosen only toencnrrpass all candidate technologies and form bases for 

cx:nparison of technologies for control of specific pollutants considering 

perfo:mance, costs, energy, and non-air environrrental effects. 

Fran these carparisons, candidate "best" tedmologies for control 

of individual pollutants are recormended for consideration in subsequent 

industrial boiler studies. 'Ihese "best technology" recamendations do 

:rx:>t ronsider cx:ni:>inations of technologies to renove nnre than one pollutant 

and have not undergone the detailed environrrental, rost, and energy inpact 

assessnents necessary for regµlatory action.· 'lherefore, the levels of 

"noderate, intentediate, and stringent" and the recomuendation of "best 

technology" for individual pollutants are not to be construed as indicative 

of the .regulations that will be developed f~r industrial boilers. EPA will 

perfonn rigorous examination of several conprehensive i:egulatory options 

before any decisions am made regarding the standards for emissions f :r::an 

industrial boilers. 

Emission COntrol levels 

'llle S02 emission control levels chosen to evaluate naturally occurring 

low sulfur CX>al and physical and chemical coal cleaning technologies are: 

• stringent-516-ng S02/J (1.2 lbs S02/l06 B'IU) 

• intel:nediate-645 ng S02/J (1.5 lbs S02/l06 BTU) 

• "optional" J.1Dderate-860 ng S02/J (2.0 lbs S02/l06 
BTU) 

• noderate-1,290 ng S02/J (3.0 lbs S02/l06 BTU) 

• a SIP level of 1,075 ng 002/J (2.5 lbs 802/10 6 B'IU) 

Sulfur o:ntent and Percentage S02 Ieroval·in !elation to Emission Control levels 

'!be sulfur content of U.S. coals varies considerably. While 46 weight 

percent of the total reserve base can be identified as low sulfur coal 

(coal with less than l percent sulfur), 21 percent ranges between land 3 

percent sulfur and an additonal 21 percent rontains nnre than 3 percent 

sulfur. '!he sulfur content of 12 percent of the coal reserve base is unknown, 

largely because many coal beds have not been adequately characterized. 
13 



SUlfur appears in ooal in two principal fonns: organic sulfur and 

mineral sulfur in the fonn of pyrite. Organic sulfur, which oonprises 

from 30 to 70 percent of the total sulfur oontent of n:ost U.S. ooals, is 

an integral part of the coal matrix and can only be :renoved by chemical 

nodification of the c:x:>al structure. 

Pyritic sulfur occw:s in CDal as discrete particles, often of micro

soopic size. Pyrite is a heavy mineral which has a specific gravity of 

5.0; cnal has a maximum specific gravity of cnly 1. 7. '1he pyrite oontent 

of nest ooals can be significantly i:edured by crushing and specific gravity 

separaticn. IDNever, gravinetric separation tedmiques whidl depend on the 

surface or electl:anagnetic properties of the particles milst be used. 

'1he specific gravity desulfurization potential of u.s. CX>als varies 

between ooal regions and be~ coal beds within the sane region. ( 4 ) 

Table 1-4 smmarizes the average sulfur values in coals fran six U.S. 

CDal regions: lt>rthem appalac::hian (NA) , Southern Appalac;:hian (SA} , 

Alabama (A} , Fast.em Mi~t (EMV) , vest.em Mi~t (\'Ml) , and West.em (W) • 

AsSl.mdng that all of the pyritic sulfur oould be rercoved by physical 

cleaning, average emissions fran the organic sulfur to.Uuld range fran 

O. 73 to 2. 86 lb S02/l0 6 BTU. '!he percentage sulfur reduction (expressed in 

lb S02/l0 6 mu) achievable by rercoving all of the pyritic sulfur ranges 

fran 34 to 68 percent. 

'!he sulfur levels which oould actually be adlieved by crushing these 

ex>al.s by 3/8-indl top size r .d by gravi.netrically separating them .at 1. 6 

specific gravity are shown in Table 1-5. 'Ibtal sulfur emissions would 

range fnxn 0.9 to 5.5 lb 502/10 6 BI'U. 'lhe percentage sulfur reduction at 

these cleaning CX>nditions ranges fn::m alx>ut 15 to 44 percent. 

'!he above cleaning oonditions are representative of the physical de

sulfurization \> tlch can be obtained by awlying tedmology nc:M used primarily 

to IenDVe miner~ - matter from steam coals. By optimization of physical ooal 

cleaning processes, it is probable that from 50 to 60 percent of the total 

sulfur can be :renoved f:rom high sulfur ooals. 'Ihese data appear to be 

ronsistent with rorme:rcir.l CX>al cleaning plant operating data. Inproverrents 

in the cleaning CX>nditions used for !CM sulfur ooals oould probably inprove 

total sulfur renoval capabilities to the range of 20 to 30 percent. 

14 



TABLE 1-4. AVERAGE SULFUR VAWES IN OJALS FJU1 SIX U.S. CD.l\L REGIOOS ( ~) 

(lb S02/10 6 BnJ) 

Total Standard Pyritic organic 
REGICN SUlfur (St) Deviation (*) sulfur csr? Sulfur (S

0
) 

Northem .Appalachian 4.8 2.7 3.20 1.60 

Southem .Appalachian 1.6 LO 0.59 1.01 

Alabama 2.0 1.5 1.04 0.96 

Eastern Midwest 6.5 2.1 3.BO 2.70 

~stem Midwest 9.0 4.5 6.14 2.86 

~stem 1.1 0.6 0.37 0.73 

(*) Standard deviation of total sulfur values 

S/St 

0.667 

0.369 

0.520 

0.585 

0.6B2 

0.336 



TMTE 1-5. StJr.f.11\RY OF J\W.Mc.E PHYSICAJ, lESlJJFURI?.1\'l'IfN 
ParnN'l'Il\1.1 OF Cl)/\fS BY REGIOO ( 6) 

(CUmulative amlysis of float l. 60 product for 3/R-inch top size) 

B1U Pyritfo 'lbtal Emission on 
Ooal No. Ieoovery, Ash Sulfur, Sulfur, O::nbutions, CalorHic 
region Sarrµ I cs Percent Peramt Percent Percent lb SOz/10 ~ B'l'U O'.xlt:~nt, BW/lb 

Northern 227 92.S R.O 0.85 1.86 2.7 13,766 
/lppalad1ian 

Southern 35 96.1 5.1 o.19 0.91 1.3 14,197 
/\ppalachian 

~ Alabama 10 96.4 5.8 0.49 1.16 I. 7 14,264 

F.astcm 95 94.9 7.5 1.03 2. 74 4.2 13,138 
Midwest 

Western 44 91.7 8.3 1.80 3.59 5.5 13,209 
Miffi.A=st 

\"€stem 44 97.6 6.3 0.10 0.56 0.9 12,779 

-·-
1btal U.S. 455 93.8 7.5 0.85 2.00 3.0 13,530 

-----



In evaluating the data and other infonnation on U.S. ooals, the 

following general observai;iops can be made: 

• PCC can be used for noderate reductions in the sulfur oontents 

of high sulfur Northern Appalachian and Midwestern coals. 

H~ver, few of these coals can be cleaned to the 1. 2 lb 802 /10 6 

B'lU level specified by the current NSPS for ooal-fired steam 

generators; 

• Many Southern Appalachian, Alabama, or Western cx:>als are capable 

of rreeting the current NSPS ooal fired steam generators, either 

as-mined or after cleaning; 

• Emission regulations which specify emission limits below about 

1. 0 lb 502/10 6 B'IU preclude the use of physically cleaned high 

sulfur coal for oonpliance with these l:egulations. 'Ihis is a 

cxmsequ;mce of the high organic sulfur contents of these coals 

and the fine-sized pyrite which carmot be renoved by PCC; 

• Emission regulations which specify ng 002/J reduction requirarents 

of 25 percent can usually be net by coal cleaning. A percentage 

:reduction al:ove 30 peramt will p:reclu<E the burning of sare low 

sulfur coals_ using coal cleaning as the sole oontrol tedmology. 

nie percentage of sulfur Which can re :renDved fran u.s. coals by 

Po: is directly proportional to the ratio of pyritic to total sulfur. 

Rarely can sufficient pyrite re renoved from low sulfur coals to 

adtl.eve a total sulfur reduction al:ove 30 perCEnt; and 

• Emission regulations which specify any oorcbination of emission 

limit relow 500 ng S02/J and sulfur reduction al:ove 30 per-

cent will essentially eliminate FCC as a single oontrol technology 

for conpliance. Fbr these types of regulations, PCC must be used 

in cnnjunction with sane other cnntrol technology such as "1et 

linestane scrubbing or dry scrubbing. 
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1. 2. 2 .1 Low-Sulfur Coal candidates-

A set of !CM-sulfur roals is presented as representative of candidate 

naturally-occurring roals. '!he candidates are: bituminous roal f:rom Buchanan, 

Virginia; subbi tuminous ooal from Gillette, Wyoming; bituminous roal f:ran 

Las Animas, Colora.fu; lignite frcm Williston, lt>rth Dakota; bitum:inous roal 

fn::m Ibck Springs, Wyoming; and subbitum:inous a:>al from Gallup, New ~CD. 

'!he ultimate and proxinate analyses of these ooals are shCMn in Table 1-6. 

'Ille mi.neable U.S. cnal reserves that are "lc:M-sulfur"-not exa:eding 

ai:.proximately one perCEnt sulfur--are distributed anDllg the major a:>al 

ranks as follCMS: 38 billion rretric tons of bitmninous roal, 26 pero:mt 

of which is surface mineable; 146 billion netric tons of subbituninous, 

38 perCEnt of \athich is surface· mineable; and 9 billion netric tons of lignite, 

all of -which is surface mineable (see Tables 2-2 to 2-4). Fast of the Mississ

.i.wi, 14 percent of the total mineable reserves of 176 bip.ion nettle tons is 

!CM-sulfur, 20 percent of which is surface rnineable; ( 7 ) in: the West, 71 percent 

of the total reserves of 234 billion netric tons is !av-sulfur, 40 percent 

being surface mineable. (s) Anthracite a:>al has not been inclucEd • Mining 

losses are generally approx:lliated as 50 perCEnt for uncerground mining, and 

20 pero:mt for surface mining. 

'lb evaluate !CM-sulfur :reserves in tei::ms of 802 standards, it is no:ce 

neaningful to describe reserves in tenru; of ng 802/J than in terns of 

pero:mt sulfur. A.c:xx:>rding to these estimates-based upcn an overlay of Bureau 

of Mines :reserves and analyt-.;.cal data-about eight percent of the total 

U.S. resenies by ~ght can rreet a a:ntrol level of 215 ng 002/J, 48 percent 

can rreet a standard of 650 ng/J, and 68 perCEn.t can rreet the least stringent 

CXll'ltrol level ronsicemd in this :report-· 1, 290 ng/J. 

1.2.2.2 Physical Coal Cleaning candidates-

'llle physic:tl. roal cleaning CXll'ltrol tedmology is presented as five 

general process levels, with level five being the nost sophisticated and 

level one the sinplest. Coal preparation levels 1 and 2 can be used to 

accx:mplish ash reduction with oor:cesponding high \\eight yields and energy 
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T/\BLE 1-6 Clf.1\Rl!.CTEIUSTICS <W Cl\NlllDJ\'l'E 1,0W-SULnJR COJ\LS 

ll">W-Snlfur Coals 

Ilucl1anan, ills Alli.mas, Williston, lbck Spri.IY::JS 1 Gillette, C..a1 lup, 
Va. (B) * Colo. (SB)* N. ll'lk. (T,) Wyo. (SD) Wyo. (SO) N.11. <~ml 

lleating Value 

10' KJ/Kg 31..7 26.3 16.,J 26.7 19.B 2).3 

(Btu/lb) (13, 620) (11,290) (7,000) (ll, 500) (fl, 500) (10,000) 

Sulfur ContP.Jlt 

% Total 1.18 0.59 0.80 0 .• 80 0 70 o.no 
1--' 
ID !\sh Content 

% 10.38 24 .. 81 6.B 9. (l B. 1 9 • ., 

Moisture % 
as rec:e.Lved 2.n 2.5 35 11 JO lo 
Volat.tte 
Mcitter % 13 12 12 .15 211 l IJ 
Pixed 
Carbon % 75 62 40 (i 5 :H 62 
Hydroqen '{, 4. B J.9 6.2 5.0 4.5 'j. () 

Oxygen % 5.9 6. l 39 21. 5 27. ') 21. 5 
Ni t;rogcrn % l. 4 1. 2 .70 .lo .75 1. 0 

·--·-· -·--·--- ·~--
Not:e: u B.i tum.tnous; SB --·- ·-- ·- Subhftuminous: r. - T.tqn i te. 

ff These coals 211·c d11a.I yzcJ as can<li.dates fo1· COill e I e.in.i ng. 



i::ecnve:ry but very little sulfur reduction. levels 3, 4 and particularly 5 

adtleve large reductions in sulfur and 802 per tmit heating value, but with 

decreased yields and energy i::ecnvery. 'Ihis i::eflects the neressi ty for 

greater physical p:roressing of the ooal to achieve i::ejection of pyritic 

sulfur at the e><penSe of i::ejecting larger arcounts of cnal. 'Ihus, the design 

of physical ooal cleaning pI:OCEsses for sulfur renoval is a carefully 

balanced trare-off between sulfur reduction and energy i::eoovery. 

Table 1-7 pi::esents a general perfo:rmance sunna:ry of physical ooal 

cleaning proresses by the level of cleaning based upon a high sulfur Eastem 

ooal. 'Ihe perfonnanre dlaracteristics sha-m in this table are averages 

developed fnxn published valtEs and Cb not i::eflect actual perfonnanre on a 

specific cnal. '!he quantification of the perfonnanre of a physical ooal 

cleaning p:rocess an a i::eference ooal can only be achieved by the design of 

a detailed process flowsheet involving mass balanre calculations of the 

variotE sizes of the ooal. '!he mass balance calculations are based upon 

actual equipnent perfo:rmanre factors for specific pieres of equipment 

d:!signated t¥ the process flCMSheet. '!his type of perfo:rmance data is 

obtained only after a series of engineering calculations are mai::e and operating 

variable tradeoffs are oonsidered for the process. 

'Ihis i::eport oontains d:!tailed physical cnal cleaning flowsheets develop

ed for each of the tlu:ee representative ooals. Fbr exanple, the flCMSheet 

designed for the high-sulfur Eastem cnal uses a heavy media vessel to 

effectively separate the ooarse-si~ ooal into a product sti::eam 

and a i::efuse sti::earn. 'Ihe internediate-sized material is routed to a dual

stage heavy nedia cyclone circW. t to produce a "deep cleaned" product from 

the first stage and a middling product from the seoond stage. 'Ihe fine 

· sized material is routed to a hydrocyclone circuit for cleaning and ooal 

i::eoovery. 'Ihe clean ooal product fnxn this circuit is blended with other 

products to fonn tlE middling product. '!be mass balanced flowsheet for 

this t\\O product level 5 plant is illustrated in Figui::e 1-2. Similar 

mass balanced flavsheets ~ developed for eadl of tlE i::efe:ren.ce roals. 

Table 1-8 is a surcmary of the perfonnanre of the selected physical ooal 
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TABIE 1-7. Stff1M!{ OF PERroff'Wla: OF PllYSICAT.1 mru. OF.l\NING POOCE.SSF:S BY LEVEL Of' CTF.J\NJ.NG 

BASED UPON HIGH SULFUR FJ'STEm 0)1\t. (Uppr;!r Freeport Seam) 

LEVEJJ 5 1 

Coal Parameter Paw Coal 1 2 3 4 Sa Sb 
-------

Weight %' Ash Jn Product 23;90 22.5 20.0 11. 5 7.6 5.80 11.Jl 

Weight % sulfur in Product 3.45 3.45 3.0 1.89 1.3 1.08 1.69 

26,772 27,586 28, 517 31,·520 32,564 33,555 .Jl, 662 
Heating 'ralue kJ/ kg (B'ru/lb) (11,510) (ll,860) (12,260) (13,551) (14,000) (14,426) (13, 612) 

M?Eric ton/hr 544 533 505 399 
. 3BI 192 - 20(, 

Net Coal Yield (tons/hr) (600) (588) (557) (439) (420) (212) (228) 

IV 
1--1 Yield - Weight % 100 98 93 73 70 35.3 JR 

.-.... ·- .,.._ .. 

Recovery - % Energy Valoo 100 97 94 . 85 82 43.4 44 

2,576 2463 2102 1199 795 645 1075 
nq/SO,./J (lb SOt/108 MU) (5 .99) (5. 73) (4.89) (2.79) ( 1. 85) IL 5) (2. 5) 

Weight \ Sul fur Ialucticn 0 15 45 62 68 50 

Weight % 1\sh Reduction 6 16 52 68 75 52 

' 119 SOdJ Reduction 4 18 53 69 75 58 

t Sa - Deep Cleaned Product Sb - Middlings Product 
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M:>isture, % 
Ash, % 
'Ibtal s, % 
Pyritic s, \ 
HV,kJ/kg. 
HV,B'IU/lh 

Ash, % 
'Ibtal s, % 
:Fyritic S, % 
HV,kJ/kg 
HV.B'IU/lb 
ng 002/J 

6 
(lbs S02/lO 
BTU) 

li:!ight Ieoov-
ei:y, % 

Energy ieoov-
ery, % 

Sulfur !educ-
tioo, % 

!Ash !educ-
tion, % 

~z/Heating 
Valoo, lb-
ductioo, % 

T1\DLE 1-8. PERFURWO: SUMM1\RY' OF CANDIDATE PHYSIC'J\L 001\T, 
CLENUOO BSERs FOR THE ~ roro:s 

-··- .. ·-··----
High-sulfur F.astem Coal Iow-SUlfur Eastern Coal 

Paw coal Deep-Cleaned Pdt Middling Pelt Paw Cbal Product Coal 
-

5.0 9.0 B.89 2.0 7.47 
22.23 5.28 10.30 10.17 3.82 
3.23 0.98 1.54 1.16 0.82 
2.65 - - o.59 -

25,940 30,533 28,847 31,052 31,352 
11,152 13,127 12,402 13,350 13,479 

23.90 s.00 11.31 10.38 4.13 
3.45 1.08 1.69 1.18 0.89 
2.51 - - 0.60 -

26, 772 33,555 31,662 31,685 33,883 
11,510 14.426 13.612 13 622 14.567 

2,576 643 1,067 744 524 

(5.99) (1.50) (2. 48) ' (1. 73) (1.22) 

- 35.3 38.0 - 84 

- 43.4 44.1 - 90 

- 68.2 50.3 - 25 

- 75.2 51. 7 - 60 

- 74.2 57.1 - 29 

* sulfur content increases in product coal 

low-sulfur Westem Coal ..... _._ 
Faw coal Product Coal 

2.5 7.22 
24.19 15.31 
0.58 0.60 
0.29 -

25,614 27,093 
11,012 11,648 

24.81 16.50 
o.59 0.65 
0.30 -

26,268 29,201 
11.294 12.554 

447 
442 ___ 

(1. 04) ( l. 03) 

- 82 

-· 91.2 

-· (6.5)* 

- 33.5 

- 1.0 



cleaning proresses on ~ reference roals. The reduction in the quantity 

of 502 per unit heating value is a g(X)d rreasure of the perfonnance of the 

a:ntrol tedmology. As shown in Table 1-8, a ma.x:ilm.mt 74% reduction can be 

achieved by the level 5 preparation plant on this high-sulfur Eastern roal, 

a 29% reduction can be achieved by the level 4 preparation plant on this 

low-sulfur Eastern roal. Conparisons made of the perfonrance of selected 

physical ooal cleaning processes on the reference roals to the perfonnance 

on estimated average cx:>als f::ran respective regions shows a decrease of 

30% in S02 emissions for the high sulfur roal and a decrease of 10% in S02 

emissions for the low sulfur Eastem ooal. 'Ihe matrix shown below 

indicates the ability of the raw and {ilysically cleaned ooals to cxnply 

with the emission rontrol le"Vels. 

Coal 

High-S Eastel:Il 

I.Dw-S Eastem 

I.Dw-S \'estem 

S02 Emission a:mtrol levels 

ng 502/J (lb 502/10 6 BTU) 

1,290 (3.0) 860 (2. 0) 645 (1. 5) 

PCC level 5 POC level 5 PCC level 5 
Middlings "r::eep Cleaned 11 

II I:eep Cleaned" 

Raw Coal Raw Coal PCC level 4 
PCC level 4 PCC level 4 

Raw Cbal Raw Cbal Raw Cbal 
POC level 3 POC level 3 PCC level 3 

1. 2. 2. 3 Olernical Coal Cleaning Candidates-

516 (1. 2) 

Ncne 

PCC level 4 

Raw Coal 
POC level 3 

Arrang all diemi.cal roal cleaning processes the TIM (~yers) proress is 

the nost advanced. It has been evaluated in an 8 rretric ton per day :reaction 

Test Unit (RIU). 'Ihe proress renoves 80-96 percent of the pyritic sulfur 

from ncminally 14 rresh top size roal. 'Ihirty-~ different roals have been 

tested: ~ty-three from the Appaladrian; six from the Interior; one from 

~tern Interior and tv.o loestem roals. 
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Another option for the ~yers proc:Essing plant, which is attractive, 

is a combination physical and chemical cleaning operation (the Gravichem 

process). In this process, the run-of-mine roarse ooal would first be 

treated in a physical coal cleaning separation system. 'Ihe heavy fraction 

from the gravity separation system, oonsisting of about 40 to 50 percent of 

the total roal and rontaining high ash and high roncentration of pyritic 

sulfur is then fed to the M:!yers process which will yield a low sulfur 

product. 'lhe GravidlelTI process can produce an overall weight yield of atout 80 

percent on the run-of-mine roal , will reduce the pyri tic sulfur oontent 

by 80 to 90 percent an<5. has a 91 percent energy rerovery. 

Anong the prooesses capable of renoving pyritic and organic sulfur the 

ERDA process has one of the highest probabilities of tedmical sucoess. 'llle 

ERDA process is currently active and rrost technologies errployed in this 

system have been already tested in other systems such as I.edgenont and T1'W. 

'!he process is attractive because it is clained to rencve nnre titan 90 

percent of pyritic sulfur and up to 40% of organic sulfur in minus 200 rresh 

ooals. Coals tested on a laboratory scale include Appalachian, Eastem 

Interior and Westem. 

Unfortunately; ncne of these processes are beyond the pilot scale 

stage of develop:rent and are probably 5 tu 10 years from oomrercial status. 

Perfonnanoe of Chemical Cbal Cleaning Systems on the High-Sulfur 
Eastem Coal 

'Ihe clean roal data presented in Table 1-9 reflects the best level of 

perfonnance that each of the candidate dlemical coal cleaning processes 

(~yers, ERDA, Gravichem) can attain when applied to the referenoe high 

sulfur Eastern roal. 'Ibis perfonnanoe is based upcn percent reduction of 

the anount of sulfur dioxide per.unit heating value produced during roal 

a:mbustion. 'lhe ERDA process nnst effectively acconplishes S02 reduction 

f:rorn this particular ooal. ~ c~ean roal product from the other processes 

produoes 802 reductions in the sane range of emission oontrol levels as ERDA. 
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'mBLE 1-9. PROCESS PERFOR>iANCE CF CANDIDATE CHEMICAL COAL CLEANING SYS-mMS 
FOR A HIGH SUIFUR FASTERN COAL 

Product Coal Fi:an Product Coal Fran Product Coal Fran 

Net Cbal Yield, ~tric 'l'bns Per 
Day ('lbns/Day) 

Percent Energy Recovery 

Percent l-Eight Yield 

~ight % Sulfur in Product 

Heating Value k.J/kg (BTU/lb.) 

Emission Rate, ng 802/J 
(lb. 802/10 6 B'IU) 

Feed MEYERS PRCCESS ERDA Process GRAVICHEM .Process 

7,250 
(8,000) 

3.45 

26,772 
{11,510) 

2,576 
(5. 99) 

6,532 
(7,200) 

94 

90 

0.89 

28,507 
(12,256) 

623.4 
(l.45) 

6,532 
(7 ,200) 

94 

90 

0.73 

28,507 
(12, 256) 

511.6 
(1.19) 

5,792 
(6,384) 

91 

79.8 

0.89 

31,126 
(13,382) 

571.8 
(1.33) 



Perfonnance of Cllemical Cbal Cleaning Systems on a I.ow-Sulfur 
Fast.em Cbal 

'Ihe process perfomiance infonnation for the candidate chemical ex>al 

cleaning processes on the low-sulfur Fast.em ooal is surmarized in Table 

1-10. Of the three p:rocesses ~yers, ERDA, and Gravichem; the ERDA process 

extracts inorganic and organic sulfur, resulting in the lowest level of 

S02 emissions of the three processes, 300 ng S02/J (0.70 lbs S02/l0 6 B'IU). 

~ver, all of these processes produce a clean roal product having less 

than 387 ng S02/J (O. 90 lbs S02/10 6 BTU) • Since Gravichem is the least 

oostly of the three processes, it was chosen as the candidate for the 

best system of emission reduction. 

Perfonnanoo of 01.emical Coal Cleaning Systems on the I.aY-Sulfur 
lestem Cbal 

'Ihe effects of chemical roal cleaning on the low-sulfur Western ooal 

are shown in Table 1-11. '!he ERDA process results in the lowest level of 

S02 emissions of the three processes, 181 ng S02/J (0.42 lbs S02/l0 6 B'IU). 

~ver, the naturally occurring low sulfur Western ooal will o:mply with 

all the evaluated S02 emission oontrol levels without chemical ooal cleaning. 

'lhe matrix shown below indicates the ability of chemically cleaned ooals 

to Clllply with the nest stringent emissions standards. 

CDAL 

High-S Eastem 

la-1-S Eastem 

la-1-S \testem 

802 EMISSION <XNl'R)L LEVELS 

ng S02/J (lb S02/106 B'lU) 

645 (1.5) 

ERDA 

Gravichem 

Gravidlem 

1.2.3 Cbsts of the "Best" Emission Cbntrol Systems 

516 (1.2) 

ERDA 

Gravidlem 

Gravidlem 

Section 4.0 of this report p.msents the rosts for industrial boiler 

operato:rs to corrply with emission standards using naturally-occurring or 

cleaned ooal. '!he roal dlaracteristics wl'lidl nest directly affect the 
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Tl\BIE 1-10. PHX::ES9 PERFO~ CF CJ\NDIDJ\TE CHEMICAL CCJ\L CLEANIN.; SYS'lfMS 
FOR A UM SUUUR. EASTEm CDAL 

Product Chal. Fron Product Cbal Fran Product Coal Fran 
Feed MEYERS PR::>aSS ERDA. Process GRAVIOIEM Process 

Net Cbal Yield, M?tric Tens Per 7,250 6,532 6,532 5,792 
Day (Tons/nay) (8,000) (7 ,200) (7,200) (6,384) 

Percent F.nei:gy ~ry 94 94 91 

Percent 'I-eight Yield 90 90 79.8 

'!-eight % Sulfur In 'Ihe Product 1.18 .64 .5 .64 

Heating Value k..1/k(f (B'IU/lb) 31,685 33,092 33,092 36,132 
(13,622) (14,227) (14,227) (15,534) 

Flnission Value ng SOdJ 744.0 387.0 301 352.6 
(lb. S02/106B'IU) (l. 73) (0.90) (0. 701) (0. 824) 



N 
\0 

TABLE 1-ll. PROCESS PEmORWO: CF CMIDIDATE CHEMICAL COM. CIF.J\NIOO SYSTEMS 
FOR A I.CM SUI.EUR WE'Sl'Em ()'.)1\L 

Product Cbal Fran Product Cbal Fran Product C.oal From 
Feed MEYERS Process ERDA Process GRAVICHEM Process 

Net Coal Yield, Metric 'lbns Per 7,250 6,532 6,532 5,792 
Day ('Ibns/Day) (8,000) (7 ,200) (7 ,200) (6,304) 

Percent Ehergy :R:!oovery 94 94 91 

Percent Weight Yield 90 90 79.8 

Weight % Sulfur in the Product 0.59 0.32 0.25 0.32 

Heating Value k.J/kg (B'IU/lb.) 26,270 27,437 27,437 29,959 
(11,294) (ll, 796) (ll, 796) (12,880) 

Emission Vahe ng 002/J 447 232 180.6 210.7 
(lb. S02/10 5B'IU) (l.04) (O. 54) (0.42) (0.49) 



industrial toiler operator oosts are heating valtE and ash rontent. 'Ihese 

dlaracteristics inpact the roal prire to the preparation plant operator, 

heating valtE rerovei:y and refuse disposal oosts. As noted in Section 1.1, 

Versar chose ooals that differed slightly from those specified by PEOCo 

Environm:mtal, Inc. Table 1-2 shCMS the slight differenre in heating value 

and lm::ger differences in ash oontents for the thl:ee ooals. 

A carparison of the annual operating oosts to the preparation plant and 

industrial toiler operators for the specified (i.e. PEDCo) and clx>sen (i.e. 

~ar) ooals was perfoined. to detennine if the differenre in a:>al character

istics significantly affected operator oosts. Cbal cleaning oosts for 

beneficiating the low sulfur Westem ooal were not developed because the 

raw ooal oould neet even the nost stringent control level. For the Eastem 

roal s, where heating valtE differenres between the specified and chosen 

raw ooals were less than five perCEnt and ash contents differed by about 

50 percent, it was determined that the inpact on :OOiler operator costs 

is less than ore percent. '!his is \\lell within the uncertainty oost range 

specified by PEOCo for boiler oosts. 'lllerefore, the oost values in this 

ITAR can ·be used, as presented, for a:nparisons with other ITAR's without 

oonrems of inoonsistency. 

'lhe altemate vestem, low-sulfur bituminous coal was used in detennin

ing raw coal costs at the boiler instead of the specified Wyoming sub

bituminous CX>al.. 'Ille boiler operator oosts for this al temate ooal were 

15-20 perrent higher than for the specified subbituminous a:>al. 'llle 

increase oosts, however, were partially offset by lower boiler capital 

rost dla?:ges and decreased fuel i:equi:remmts on a ~ight basis. Based 

upc:n the PEDCb rost unrerta.inty estimate of 30 pera:mt, ~ again believe 

the ooal differences ch not significantly affect the conparability of this 

ITAR to other similar studies. 

Transport. ":ion costs are treated separately in the cost analyses, 

although transpc".tation has a major inpact on which coal type is used. 

'lllis separate treatnent was necessai:y because referenoo boiler locations 

~re not specified for ITAR analysis. Transportation costs can be of the 

sane order-of-nagni tude as the rrM ooa1 costs, 'When the coal has to be 

transported any long distanres. 
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'!he rost to the rons'Ull'W::!r for benef iciated high sulfur eastern roal in 

terms of $/netric ton were $26.40 for the middlings product and $36.38 for 

the deep cleaned product (as corrpared to a cost of $18.74/netric ton for 

ID1 coal). For beneficiated low sulfur eastern ooal the rost was $41.68/ 

rretric ton versus an RCM coal cost of $31.97/rretric ton. 'Ihese rosts 

expressed in $/10 6 KJ are $0.83 and $1.19 for the middlings and deep cleaned 

coal products, respectively, cxxrpared to a RCM coal cost of $0.70: and 

$1. 24 for the cleaned low sulfur eastern ooal product versus $1. 01 for the 

KM coal. 

Annualized rosts for using naturally occurring low-sulfur coals in 

the reference boilers were also studied. 'lhese rosts -were based upon the 

annualized costs generated by PEDCo Fnvironnental, Inc. with the fuel oost 

for using each coal providing the cost differentials. A sumnary of the 

oosts is provided in Table 1-12. The costs to the industrial boiler 

operator for using a low-sulfur ooal do not differ by nnre than 10 percent 

regardless of coal type used. For the 8. 8 MW boiler the values ranged from 

.$18.90~ to $22.26~ and for the 117.2 MV boiler the annualized costs were 

as low as $11. 36/MW to a high value of $14. 02/M'l. 'lhese values do not 

reflect differences in coal handling, ash handling and/or transportation. 

Annualized oosts for using physically and chemically cleaned coals in 

the reference boilers were also calculated. These costs are surmarized in 

Table 1-13. 'lhe cost increase to the oonsuner for using beneficiated coal 

rather than RCM coal with no controls in tenns of $/M'l(t) were calculated 

to be about $1. 00-$1. 80 for the high-sulfur eastern (deep cleaned product) , 

$0.50-$1.00 for nedium sulfur coal, and $0.60-$0.90 for low sulfur eastern 

coal, respectively •. These annualized cost increases reflect an increase in 

fuel costs and fly ash disposal requirenents with some decrease in bottom 

ash disposal oosts. 

The increased oosts for using chemically cleaned ooal were calculated 

to be about $5.00/MV for high sulfur eastern ooal and about $1.50 for low 

sulfur eastern coa], respectively. 

'1he results of costing the BSER technologies revealed two na.jor findings. 

First, for high-sulfur eastern ooal, physical coal cleaning is an exceptionally 
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TABLE 1-13. Sl.ff1ARY OF ANNUALIZED CX)ST OF OPERATING INDUSTRIAL 
BOILER3 USING BSER. 

[Costs are in $/MVh (t) ] 

High Sulfur F.astem Coal 

Boiler Size/ Emission Control Level (n9: f.(h/J) 

* · Uncontrolled ·1290 1075 860 645 516 

a.a 21.17 21.43 21.43 22.17 22.17 26.19 

22 16.59 16.83 16.83 17.65 17.65 21.61 

44 13.56 14.37 14.37 15.12 15.12 19.13 

58.6 13.95 14.97 14.97 15. 72 15.72 19.74 

117.2 12.79 13.81 13.81 14.56 14.56 18.57 

M:rlimn Sulfur F.astem Coal 
Boiler Size/ Emission Control level (ng 802/J) 
m Unoontrolled_ 1290 1075 860 

22 16.07 16.23 16.60 16.60 

117.2 12.72 13.36 13.73 13.73 
I..cM Sulfur Eastern coal 

a:>iler Size/ Emission Control ieveI ~ng so2/J) 

MV Uncontrolled 1290 1075 860 645 516 

a.a 20.48 20.48 20.48 20.48 21.11 21.11 

22 16.17 .16.17 16.17 16.17 16.81 16.81 

44 13.50 13.50 13.50 13.50 14.34 14.34 

58.6 13.91 13.91 13.91 13.91 14.83 14.83 

11702 12086 12.86 12.86 12.86 13.78 13.78 
I.cw Sulfur Westem Coal 

'Ihe costs for low sulfur western coal as a BSER are :relevant for emission 

control levels greater than 450 ng S~/J: 

Boiler Size Unrontrolled 

8.8 21.39 

22 16.81 

44 13.74 

56.8 14.10 

117.2 12.95 

* Reflects costs for particulate control and ash disposal 
33 

Controlled * 
21.76 

17.18 

14.71 

15.13 

14.15 



lar.r rost oontrol tedmology. '!hat is, to rreet noderate or SIP control 

levels, a 60% reduction in sulfur dioxide emissions per tmit heating value 

can be obtained fran one coal with a 1-8 percent increase in annualized 

lx>iler operating costs. 'lb ccnply with an optional rroderate (860 ng S02/J) 

or intenoodiate control level {645 ng SOu'J), a 75% reduction in sulfur 

dioxide emissions is required for the high sulfur eastern coal and can be 

cbtained with only 4-14 percent increase in operating oosts. '!he stringent 

emission o:ntrol levels cannot be net with physical coal cleaning. 'Ihe 

higher oost to neet this emission control level is reflected in the alnost 

30 percent increase in operating oosts using chemically cleaned coal versus 

rmt1 coal. 'Ihe oosts developed in this report are specifically applicable 

to the ooals being analyzed. Costs and perfonnance for other ooals will be 

different but will be of the sane on:Jer. of-magnitude. '!he range in increased 

annualiz.ed a::>sts reflects the sensitivity of increasing boiler sizes to 

fuel costs. 

'!he second major finding is that physically and chemically cleaned 

low-sulfur Eastern coal can meet a stringent oontrol level of 516 ng SOz/J 

(1. 2 lbs so :z/10 6 B'IU) at relatively low increase in oosts to the industrial 

lx>iler operator (see Table 1-13). '!his increase in annual a::>st is as low 

as 3 percent or as high as 7 percent, dependent upon control technology and 

size of the boiler. Because dlernical coal cleaning is still in the develop

nent stage, the future oost to the boiler operator for chemically cleaned 

coal may be different than the values presented in this analysis. 

'Ihe oosts analyses were ccnpared to actual 1977 coal cleaning plant 

capital and operating oosts to check the validity of this study. Using an 

annual inflation rate of 8 percent, the cleaning costs ~ found to be in 

a::>rrect range and oonserva.tively high. 

1.2.4 Energy Irr;>act of the "Best" flnission Cbntrol Systen5 
(Surmacy 'f Section 5.0) 

'!he energy inpact of the chosen best systems of emission reduction, ~re 

determined by: 1) evaluation of energy usage in the fuel cleaning processes, 

2) evaluation of energy usage at the lx>iler, 3) evaluation of potential for 

energy savings, and 4) evaluation of energy inpacts of boiler m:xlification 

and fuel switching. 
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Energy ronsumption cannon to all systems is transportation of the roal 

from the origin to the industrial site. Variables which affect this are node 

of transportation, distance between origin and destination, optimtlly 

available routes and ronq_:x::>sition of the delivered ooal. Transportation 

energy oould not be quantified in this analysis because industrial boiler 

locations were not specified. The major energy ronsurrption factor for 

cleaned ooal is the quantity of energy rejected in the processing of 

the ooals as refuse. Energy oonsmnption for the physical or chemical ooal 

cleaning processes also results from crushing, aawatering, purrping and 

thennal drying, plus elevated tenperature and pressure oonditions in the 

dlemical processes. 

'!he evaluation of energy usage at the boiler includes particulate 

oontrol (electrostatic precipitator or fabric filter) and the effects of 

ooal characteristics on the energy requirenents of particulate control. 

In presenting total energy usages for the five standard boilers 

(8.8 MW, 22 MW, 44 MV, 58.6 Mi, and 118 MW}, all energy factors except 

transportation are oonsidered. 'Ibtal values are given in Section 5. O for 

each cont.ml level in kilowatts as well as kilojoules per kilogram. Table 

1-14 sl:Dws the increased energy percentages over the tmoontmlled boiler 

for the various control teclmologies. 

1.2.5 Environnen.tal Inpa.cts of "Best" Emission Cbntrol Systems 

'!he environnental effects of the BSERs have been evaluated from two 

standpoints. Air, water and solid waste pollutants have been i&antified 

and quantified to the extent possible for the cleaning proresses used. 

These pollutants have then been quantified on a unit weight of product 

roal basis from the chemical and physical cleaning plants. Separately, 

the emissions from the five :reference boilers have been quantified on 

the basis of ccrnbustion of the rCM ooal (tmoont:rolled emissions) and 

corrbustion of the cleaned ooal. The multirredia emissions of pollutants 

f:rom the cleaning proresses are aggregated and rombined with the boiler 

emissions to allow the conparisan of t."1.e moontrolled emissions from the 

boiler to the emissions resulting from the rombustion of cleaned roal. 
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TABIE 1-14. ~ OF ENEI'ra IMl?AC'IS OF a::mroL 'IECliNOLOOIF.S. 

Coal Type 

High Sulfur Eastern 

Medium Sulfur 

Low Sulfur Eastern 

Low Sulfur 

Control Technology 

PCC-Level 5 Middling 

PCC-Level 5 Deep Cleaned 

CCC-ERDA 

Raw Coal 

.ecc-Level 3 

CCC-ERDA 

Raw Coal 

PCC-Level 4 

CCC-Gravichem 

Raw Coal 

Increase in Energy 
Requirements Over Un
controlled Boiler, % (Range) 

16.3-16.6 

15.4-15.8 

8.0 

(3. 0) 

0.1 

3.3 

0.4-0.7 

11. 9-12.1 

10.7-10.8 

0.6-0.9 



In terms of air pollution impacts, the emissions of S02 , particulates, 

NO , en and hydrocarbons all show a decrease for the clean coal products 
x 

versus the uncontrolled boiler emissions resulting from the raw coal. 

For exarcple, with the reference high sulfur eastern coaL 802 emissions 

are reduced frcm 57 to 78 percent over the uncontrolled case, and particu

lates are reduced fJ::om 58 to 80 p:!rcent over the uncnntrolled 

case depending upon the cleaned coal process used. There are also small 

decreases in NO , CO and hydrocarbons as a result of burning any cleaned x 
ooal. For the reference nedium sulfur cnal, the S02 emissions are reduced 

by 37 percent using PCC and 56 percent using COC. Ash renoval (i.e., 

particulate reduction) by PCC is 35 percent and for CCC is 25 percent. 

For the reference lCM sulfur eastern ooal, SO 2 emissions are reduced 

by 30 peramt fran the unoontrolled boiler case and particulates are 

reduced by 63 percent. For the reference lCM sulfur western ooal no 

reduction of SO 2 or particulates is accnnp~ished over the uncontrolled 

boiler case because both are based on raw ooal. 

In the area of water pollution inpacts, the only pollutants generated 

are fran the ooal cleaning processes. Wastewater pollutants frcm physical 

ooal cleaning plants include: total suspended solids (TSS) , chemical 

oxygen demand {CDD):, total organic camon {'IOC), acidity or alkalinity 

(pH), calcium, sodium :ma.gnesium, and trLce elerrents such as iron, zinc, 

oopper, and rranganese. '!he emissions of these pollutants from the coal 

cleaning facilities are quantified in Section 6 and Appendix G for the four 

reference eoals and aggregated to the five reference boilers. 

Quantities of solid waste have been estimated for each of the physical 

and chemical cleaning processes then added to the quantities of bottom ash 

and fly ash from the CDIIi:>ustion of cleaned coal in the reference boilers. 

'Ibis appears to be the greatest environrrental :ilrpact area in that the BSER 

physical and chemical processes produce over twice as much solid waste as 

the raw eoa.1. 

At the preparation plant about 25% of the raw coal is rejected as 

refuse. 'Ihese large quantities of refuse could have significant environ

nental inpacts. H~ver, at the boiler site the production of solid 

waste during rombustion is less for cleaned eoa.1 than for raw ooal. Cleaning 
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results in the reduction of the anotm.t of solid waste in the form of fly 

ash and bottan ash by llD:re than 50%. Although the anotm.t of solid waste 

prc:xluced at the boiler is decreased,the overall effect of the BSER is an 

increase in the anotmt of solid waste produced. 

1.3 &Il+1ARY OF BE.ST SYSTEMS OF EMISSION REDUCI'ION 

'll1e "best systems of S02 emission reduction," (BSERs) which permit 

cxnpliance with the five altemative S02 emission standards a:re chosen 

based upc:n performance, oost, energy, and environnen.tal factors with 

respect to the four :reference ooals. '!he natrix shown in Table 1-15 

indicates the choice of the best systems of emission reduction-chosen 

aIIDilg raw coals, alternative levels of Pa:, and alternative types of 

~-
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TABIB 1-15. BEST SYS1EMS OF El>USSION REOOCl'IOO FOR FOUR CANDIDM"E 
CDAIS AND FIVE 802 EMISSICN mmroL LEVEL.S 

Coal 

High-S Eastem 

S02 Endssicn Control levels 

ng SJ2/J {lb 802/106 B'IU) 

<:ptional 
MXJerate SIP l-bderate 
1,290 (3.0) 1,075 (2. 5) 860 (2. 0) 

PCC level 5 PCC level 5 PCC level 5 
Middlings Middlings "Deep Cleaned" 

f.Edium-S Eastern Raw Cbal PCC level 3 PO: level 3 

Iow-S Eastern Raw Coal Raw coal Raw Coal 

IDW-S l"estem Raw Cbal Raw Coal Paw O::>al 
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Internediate 
645 (1.5) 

PCC level 5 
"Deep Cleaned" 

COC-ERDA 

PCC level 4 

Raw coal 

Stringent 
516 (1.2) 

a:.'C-ERDA 

a:.'C-E:Rm 

PCC level 4 

Paw coal 
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SECI'ICN 2 

EMISSICN CCNIIDL TEX:HNIQUFS 

'!his chapter of the Individual Technology Assessrrent Report describes 

various aspects of three emissicn control technologies for the reduction of 

sulfur dioxide (S02) emissions fran coal-fired industrial toilers. The 

corma1 elenrnt arrong these control technologies is that the resultant 

product is a ooal which, upon conb.istion in various types of in::lustrial 

b:>ilers, will :result in reduced emission of sulfur dioxide fran the stack 

than would occur with CX>Irbustion of the rCM ooal. '!he tlu::ee emission 
CXlltrol technologies to re presented are: 

• Use of naturally occurring low sulfur coal as an environnentally 

acceptable fuel to neet S02 emissicn control levels; 

• Benef iciation of raw coal by physical coal cleaning processes to 

renove ash and pyritic sulfur ndnerals to produce an environrrentally 

acceptable fuel for S02 emission control levels; and 

• Benef iciation of raw coal by chemical coal cleaning processes to 

rennve pyritic and organic sulfur plus ash ndnerals to produce an 

enviromrentally acceptable fuel for S02 emission control levels. 

'1hese three ccntrol technologies are not nutually exclusive. For exanple, 

beneficiatioo of naturally occurring low sulfur coal is quite possible, as 

are carbinatians of physical and chemical coal cleaning operatioos to pro

duce various grades of coal products to neet S02 emission control levels. In 

general, canbinatians of these three control technologies are nore ex

pensive than the individual options, but the carbinations are capable of 

producing nore usable coal to neet a given S02 emission level. 

This chapter describes each of these control technologies fran the 

standpoint of their effectiveness and applicability to reduce S02 emissions 

based upon key fuel ~d process parameters, effects on flue gas carposition, 
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boiler type and size ,and status of develq:tmnt. '1he ~on is divided into 

two major subsections. Subsection 2.1 describes qualitatively each of the 

control tedmologies and the aspects of eadl that influence their effective

ness in reducing 802 emissions. Subsection 2.2 describes the perfo:cmance 

of each oontrol tedmology with enphasis on the emission oontrol capability, 

applicability and availability of the ted'lnology. 

2 .1 PRIOCIPIBS OF ~ FOR COAL-F'IRED INDUSTRIAL BOILER:> 

'Ihree p;:>ssible S02 emission cxmtrol technologies are smnnarized in 

this subsectiai; the use of naturally occurring low sulfur ooal, physical 
a:>al cleaning, and d1emical CDal cleaning. 

2.1.1 Selectiai of Naturally o:curring IDN Sulfur COa1 as an so2 Control 
Technology 

2.1.1.1 General Description of Availability, IDcatiai and Chemical 
Analysis- ( i) 

'!he quantity of in-place cnals calculated under speeified depth and 

thickness criteria is terned the reserve base by the Bureau of Mines. 

Criteria applied far thickness are 71 centineters or nore for bitmninous 

coal and anthracite, and 152 centineters or nore for subbituminous coal and 

lignite. '!he nax:ircurn depth of all ranks except lignite is 305 neters. cnly 

the lignite beds that can be mined by surface nethods are included - gener
ally those beds that occur at depths no greater than 36 neters. sare coal

beds that Cb not neet the depth and thickness criteria are included 

because they are presently being mined or a:>Uld be mined camercially at 
this tine. 

Essentially, the ieserve base refers to in-place coal that is tech

nically and ecDl1ailically minable at this tine. It is not a fixed 

quantity but one that will increase with discovel:y and additional develop

rcent, decrease with mining and change if the criteria for its calculation 

are m:xlified. 

'Ihe proixxtion of coal that can be recovered fran the reserve base 

is termed the reserve. Recoverability varies in a range fran 40 to 90 

percent according to the characteristics of the coalbed, the mining nethod, 

legal restraints and the restrictions placed upon mining a deposit because 

42 



of natural and man-rrade features. Mining experience in the United States 

has indicated that, on a national basis, at least one-half of the in-place 

CX>a.ls can be recovered. 

'!be denonstrated coal reserve base of the United States on January 1, 

1974, was estimated to total 396 billion netric tons (437 billion tons). 

'!his quantity is widely distributed geographically, with 46 peramt 

occurring in ~stem states and Alaska. 

The sulfur oontent of United States coals also varies. While 46 

percent of the total reserve base can be identified as low sulfur coal, 

which is generally acceptable as coal with less than 1 percent sulfur, 21 

percent ranges between 1 percent and 3 percent in sulfur, and an additional 

21 percent oontains :rrore than 3 percent sulfur. '!he sulfur content of 12 

percent of the coal reserve base is unknown, largely because :rrany coalbeds 

have not yet been mined. 

Variations in the sulfur a::mtent of the denonstrated low sulfur ooal 

reserve base for ooal-pmducing states are shCMn in Tables 2-1, 2-2, 2-3 

and 2-4. These data shcM that 84 percent of the ooal reserve base with less 

than 1 percent sulfur occurs in states west of the Mississippi River. '!he 

bulk of the western coals are of a lower rank than the eastern ooals, however, 

and, on a calorific basis, it is estirrated that at least one-fifth of the 

nation's .:reserve of low sulfur coal is in the East. 

Approximately 40 percent of the nation's lc::w sulfur coal is anenable 

to surface mining,and the bulk of the low sulfur surface minable coal is in 

the West. Nevertheless, nore than one-half of the western low sulfur 

reserve oonsists of undergrotmd minable, while only 16 percent can be 

obtained by surface mining. 

With respect to rank, 22 percent of the coal with less than 1 percent 

sulfur is of high rank (anthracite and bituminous) and 78 percent is sub

bitumi.nous and lignite. Of the high rank low sulfur coals, 82 percent is 

anenable to underground mining, while only 58 percent of the low rank coals 

can be obtained by underground mining. 
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Alabama 
A.ckansaa 
O::>loraw 
Ceoryia 
Illinule 
J~ldiilllCI 
JQ./il 

Kenlu<.:.ky, East 
1<es 1 tucky, \'ks t 
M<uylct11d 
Michiya11 
Missouri 
l.\'.lnlana 
Naw ~Kia> 
Nort11 Celrolirld 
Ohio 
Okliilo1a 
["'°' uis y I van la 
'l\;!IULf:!SSOO 

Utah 
Vir')inia 
WilBhinyton 
l'i:l» t Vi r<Jinia 
Wyaning 

'll:>tal * 
~ 

TABLE 2-1 

----

IEM'.:NSTRA'IED RESERVE BASE OF I.J:M SULFUR BI'IUMllVUS CDAL lN THE UNI'IED 
STATES CN JANUARY 1, 1974, BY POIENTIAL METIDD OF MINING ( 1) .· 

(Mi.llioo &tort tons) 

l.NER'.>RJUV SVWN:E · 

SULE'UR lWG::, PEOCENT 
<0.4 0.5-0.6 0.7-0.8 0.9-1.0 STl\'IE ~O.t 0.5-0.6 0. 7-0.8 0.9-1.0 

12.9 110. 7 239.4 226.) Alaba111a 1.1 6.5 14.6 l],2 
.o 0.6 14.6 20.0 Alaska 633.3 375.8 149. l 42.3 

463.S 1,998.8 953.0 278.5 Arkansas .o 8.9 18.7 10.3 
.o .0 .o O.l Cblorado 325. 3 169.4 U2.6 106.9 
.o 172.0 304.4 558.3 Illinois .0 14. 7 20.7 25.0 

77.1 67.4 118.9 180. l Indiana 16.4 18.6 29.3 41.0 
0.4 0.3 0.4 o.s Kansas .o .0 .o .0 

19.2 944.3 2,326.1 1,753.l Kc11 tucky, Eels t 6.7 283.9 712.9 512. 3 
.o .o .o .o Kentucky, ~st .o .o .o 0.2 
.0 25.5 35.8 45.2 Macy land .0 6.1 11. 7 10.B 
.0 .o .o 4.6 Michi<Jall .0 .o .0 .o 
.o .o .0 .o Missouri . a .o .o .o 

0.3 2.0 55.4 100.l New ~idc:o 40.B 75.S 74.0 38.B 
.0 961.0 469.3 33.0 North carolina .o .0 .0 .0 
.0 .o .0 .o Ohio .o 3.0 5.3 10.6 
.0 9.1 37.5 68.9 Oklaluna 6.2 44.2 30.2 39.9 

6.5 12.4 82.3 53.3 OJ.e'.J)l1 .0 0.1 0.1 0.1 
21.2 103.5 326.5 530.0 Pennsylvania 2.2 7.0 17.2 29.1 

1.B 19.5 60.l 58.0 'lennessee 1.1 11.2 30.4 22.9 
87.2 726.2 638. l 464.7 Utah 1.0 17.4 15.9 18.0 
51. 4 480. 9 646.5 497.l Vir<Jinia 9.2 100.4 162.6 139.4 

108.B 36.J 21. 4 12.5 le11t Virginia 44.l 799.J l,J63.4 798.6 
229.2 2,923.5 4,948.9 2,985.1 
287.0 302.2 325.0 318.l 

1,366.4 8,895.9 11,603. l 8,187.6 Total* l,1>87.3 1,941.9 2,178.5 1,859.S 

* uata may not add to totals liha.lri due t.o rounding. 
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TABLE 2-2 . 

t.JNIER;R)(.H) 

STA'IE <0.4 0.5-0.6 -
~kansas .o .o 
P,lorado 4.4 9.4 

New ~xico .o .o 
!Pennsylvania 153. 7 1,157.9 

K!irginia 3.1 13.2 

'lbtal * 161.2 1,180.5 

~STRATED RESERVE BASE OF .AN'IHR1\CI'IE IN THE UNITED 
STATES CN JANUM'l 1, 1974, BY PO'lENTIAL ME'lll'>D OF MINUK; ( 2 ) 

(Million short tons) 

SURFJ\CE 

Sulfur Range, Percent 

0.7-0.8 o. 9-1. 0 S'm'IE <0.4 0.5-0.6 -
1.0 7.2 Permsylvflllia 2.1 17.2 

12.l 1.5 
'lbtal 'Ir 2.1 17.2 .o 1.4 

2, 774.0 2,113.0 

24.3 11. 8 

2,811.5 2,134.8 

* t:ata may not add to totals sh:Jwn me to rounding. 

0.7-0.8 0.9-1.0 

39.0 24.8 

39.0 24.8 
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TAB1E 2-3 

~ 

STATE <0.4 0.5-0.6 0.7-0.8 

Alaska 2,147.3 1,084.4 587.0 

Color ad> 957.0 845.5 893.S 
Mm tan a 27,190.8 19,748.3 U,304. 7 

New Mexico 18.5 106.5 158.3 
Oregon 0.7 0.3 .o 
Washingtoo 12.4 63.9 72.R 

~aning 12,391.2 2,629.6 2,809.0 

Total * 42, 717. B 24,478.5 16,825.4 

l:IMliSTRA'IED R::SERVE Bl\SE OF SUBBI'lUtlNJOO CXW. 
IN 1llE UNrmo S'D\TES rn JANUARY 1, 1974, BY 
PCmNl'IAL METlfJD OF MINiro. ( ') 

(Millien short tonal 

SURFlla: 

Sulfur Pange, Peroent 

0.9-1.0 STATE <0.4 0.5-0.6 

262.l Alaska 3,231.5 1,798.5 

334.2 Ari:r.ona 27.7 39.9 

4,062.8 Mmtana 20,960. 7 7,167.9 

146.4 New Mexico .o 327.4 

.o Oregon .o .o 
102.9 Washingtoo 1.8 45.6 

1,657.5 ~g 3, 304. 3 2,561.6 

6,565.8 Total • 27,526.0 11,940.8 

• Data may not add to totals st-own due to rounding. 

0.7-0.8 o. 9-1.0 

684.7 187.4 
50.7 54.9 

4,654.8 1,603.8 

556.3 568.4 
0.1 0.1 

56.2 63.0 
3,482.6 3,844.4 

9,485.4 6,321.9 



TABLE 2-4 

State 

Alabama 

Alaska 

Arkansas 

M:>ntana 

North Dakota 

Ebuth Dakota 

Texas 
Washington 

'Ibtal * 

DEMJNSTRATED RESERVE BASE OF LIGNITE IN THE UNIT(ID STATES 00 
JANUARY 1, 19 74 , BY Pal'ENTIAL METIDD OF MINING ( 4 ) 

(Million short tons) 

Surf ace 

SUlfur Range, Percent 

< 0.4 o.s-o.6 0.1-0.0 0.9-1.0 -
.o .o .o .o 

92.6 83.8 65.4 33.2 

.o .o .o .o 
1,678.9 763.0 808.9 544.4 

500.9 1,112.3 1,816.9 1,958.9 

.o 24.3 37.6 41.2 

29.8 45.5 396.4 188.l 

.o .o 5.9 .o 

2,302.2 2,028.8 3,131.l 2,765.B 

* Data may not add to totals srown due to round.ing. 



States with the largest quantities of ooal with less than 1 pera:mt 

sulfur are Alaska, M:mtana, and lest Virginia. M:ntana, with an estimated 

:reserve base of 92. 5 billion rretric toos (102 billion tons) of ooals of 

this sulfur content, has 51 percent of the total, followed by ~st Virginia 

with 7 percent and Alaska with 6 pera:mt. HcMever, virtually all of the 

M:ntana and Alaska ooa1s am of low rank, whemas all West Virginia ooa1s 

are high rank bituminous. 

Twenty-nine pera:mt of the ooa1 reserve base oonsists of ooals with 

less than 0. 7 percent sulfur and 17 percent has less than 0. 5 percent. 

'!he bulk of these ooals occur in the westem states, principally in 

M:ntana and Alaska. lb\ever, 7. 3 billion rretric tans ( 8 billion tons) , 

6 percent of the :reserve base of ooals with less than 0.7 pera:mt sulfur, 

occw:s in the East. 

Table 2-5 presents a listing of 21 representative low sulfur ooal seam 

analyses fran 10 states. '!he average sulfur analyses range fran 0. 3 per

cent to 1.0 percent while the heating values range fran 10,670 to 14,440 

B'IU/lb. '!he last oohmn in the table shows the quantity of S02 

associated with each coal type. 

2.1.1.2 Factors Affecting selection of IDN Sulfur Coal as an S02 Control 
Technology-

Conceptually, the use of naturally occurring lav sulfur coal is the 

sinplest S02 control technology that oould be inplenented by an industrial 

plant operating a coal-fired boiler. H~, its general use will be 

governed by a mmber of oonsiderations. 

• Availability of supply to the industrial user; 

• Total cost of the coal fired at the industrial boiler; 

• Effects of the physical prq>erties of the lav sulfur coal on 

boiler operations; 

• Legal constraints on the inportation of lav sulfur coal supplies 

fran coal producing areas outside the industrial user geographical 

areas; 

• Enviromental oonstraints fran the standpoint of both the opening 

of new mining areas in the western- states and the effects of the 

foDll of the new source S02 regulations on quality of lav sulfur 

coal which can be burned; and 
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TABI.E 2-5. R!:PRESENTATIVE ANALYSES FOR UM SULFUR OOAL SF.AMS ACTIVELY 
BElN3 MINEO. 

VOIATIIB FIXED 
STA'IE SFJ\M axmY K>ISTURE \ MA'l'l'ER %t ~\t ASH it SULFUR It 

Alabama ~tevallo Shelbv ' 2.4 38.2 54.9 6.8 .6 

Colo rad> c Seam Delta 8.8 41.8 53.8 4.2 .s 
Colorado E Seam Glnnison 5.5 40.9 54.2 4.7 .5 

Colo rad> cameo Masa 7.4 · 38.S 50.7 10.6 .6 

I<entuckv Hiqh Splint Harlan 4.1 38.9 55.9 5.0 .6 

Kentnckv No. 1-1/2 McCrearv 4.4 38.9 55.5 5.4 .5 

Kentuckv I.eatheno:><i I.etcher 4.6 35.6 58.1 6.3 .6 

Kentuckv Hazard No.4 Iatcher 3.5 38.3 56.4 5.2 .7 

M::xltana R::>sebud lb!ebud 21.8 38.0 51.5 10.4 1.0 

New ~xioo No. 8 San Juan 10.4 37.9 40.2 21. 8 .7 

New ~xico York Colfax 3.3 37.0 53.9 9.1 .s 
Middle 

Pennsylvania Kittanning Jeffer&a'\ 4.2 32. 7 62.1 5.0 .6 
' 

Utah Blind canvon are.rv 4.8 44.6 48.0 ' 7.2 ' ,4 

Utah Castle Gate D carmn 3.1 43.0 49.4 7.4 .3 

utah Hiawatha carbon 6.4 43.9 48.1 7.8 .7 

Virainia Cedar Grove Buchanan 3.1 34.6 60.6 4.7 .4 

Virginia Jawtx::ine Russell 1.0 29.1 51.4 19.5 .5 
Pocahontas 

iW:lst Virqinia No. 4 M:::Ill\ell 3.1 18.S 73.6 7.7 .6 

··~ Hanna No • 2 au:tx:n 11.1 44.4 49.2 6.3 .3 ..• 
W,,aning Mayfield Hot Springs 12.3 35.6 44.7 7.4 .4 
tdr..-..n-:.-.,.... f>b'lardl Sheridan 21.0 42.2 51.9 5.7 .6 

t Val~s are expressed oo a mistw:e free basis. 

Colversia'l Factors 

* B'.lU to kilojoules,: nultiply by 1.055. 

'** 1B S02/10
6 

B'IU to nanograrq/Joule (ng/J), nultiply by 430. 

B1U *t IBS 502/106 B1U ** 

14,000 .857 

13,570 • 736 

13,820 • 723 

12, 710 .944 

14,090 .851 

14,090 • 709 

13,920 ' .862 
14,240 .983 

11,760 l.70 

10.670 1.31 

13.600 • 735 

14,420 • 832 
13,590 .588 

13,390 .448 

13.150 1.06 

14.640 .546 

12,llO .825 

14 440 • 831 
12,580 .476 
10,970 • 729 

12 300 .975 



• Increased energy use due to longer transportation distances 

between the mine and the user which will oonsurre greater 

quantities of petroleum or a:::>al for fuel. 

All of these factors need to be carefully considered in order to 

evaluate this oontrol teclmology against other possible oonuol tech

oologies. SUbsequent sections of this ITAR will attenpt to quantify sare 

of these factors on a basis that can be used for oonparisoo with other 

oontrol technology optians~ 

2 .1. 2 ?electioo of Physical Cbal Cleaning as a S02 Control Tedmology 

2.1.2.1 Urique <llaracteristics of Physical Coal Cleaning as an 502 
Ccntml Tedmology-

'lhe objective of this Individual Tedmology Assessnent Ieport (!TAR) 

is to sunrnarize the capabilities of an individual technology - ooal cleaning -

:in cnntmlling sulfur dioxide emissions fran industrial tnilers. '!he 

program plan is :inten&d to pi:oduoe an !TAR which is directly carparable 

to ITARs generated for other (cxupeting) control technologies, and \\hich 

can be integrated with these other ITARs to produre the required Qxrprehensive 

Tedmology Assessnent Ieport (Cl'AR) • 

'!his program plan is based·. upon three hypotheses: that each tedmology 

may be evaluated by an industrial roller c:perator as an opticn for cx:nply-

:ing with awlicable emissioo cxntrol level; that each tedmology represents 

an in<Ependent optioo; and that each tedmology is ":individual", i.e., 

uniquely definable. HcMever, ooa1 cleaning as a tedmology is cnly partially 

cnnsistent with these three hypotheses. First, coal cleaning is a cxxmercial 

q>ticn (for both tedmical and instituticnal reasons) to the coal producer 

and oot to the industrial boiler oonsurrer. Second, coal cleaning is a 

cmparatively :·ow-cost pretreatnent tedmology which enhances rather than 

precludes the at-Plicaticn of other lx>iler-speci.fic control technologies. 

'Ihird, cnal cleaning is :in itself not one particular process; it is instead 

several fundanentally different technologies which may be applied sequentially 

or altematively :in various pelitllltatians. 
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'1his ITARhas been structured to be responsive to the program object

ive. H~ver, direct a:mpariscn and/or integration with other oontrol techno

logies Im.lSt be oonducted with caution and with appreciation of the unique 

characteristics of ooal cleaning. 'Ihis section illuminates these unique 

characteristics and the inpact of these characteristics upon the stnlcture 

and use of this ITAR. 

Viewpoint of Industrial Boiler Operators 

Coal cleaning is not an S02 oontrol option that operators of industrial 

milers can use directly in their facilities. A fundarrental problem is 

the discrepancy between requirements per operating an efficient and 

econami.cal ooal cleaning plant (500 to several thousand tons of ooa1 per 

hour) and typical industrial miler ooal requirerrents (less than ten tons 

per hour). 'llie major reoourse for the indusq"ial boiler user is to 

specify a cxmpliance clean ooal. In oontrast, the physical ooal cleaning 

plant operator can produce a clean conpliance ooa1 and maxllnize energy 

:recove:r:y by producing several products of va:r:ying grades. An industrial 

boiler operator oould not exploit this degree of design freedom since his 

interests a:re in a single ooal product to feed his miler. 

'Ihe one fundanental diffe:rence J::etween ooal cleaning and rrost altema

tive control options is that ooal cleaning does not require on-site 

inplerrentation by the industrial miler operator. An industrial miler 

is typically a service function within a manufacturing operation, so 

managerrent will look to the ooa1 supplier to provide an acceptable fuel. 

'lhe:re is an obvious reluctance to divert personnel and financial resources 

fttm basic nanufacturing operations. Although industrial miler operators 

would have sare of the sane institutional inpedbrents for other oontrol 

optims, coal cleaning is a practical option J::ecause it is not technic

ally tied to the miler's operation (as other options are). 
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A sea>nd fundarcental differenre fran other options is that the industrial 

ooa1 consurcer cxrcpetes in the overall marlret for !CM sulfur c:oal or for 

cleaned coal with netallurgical and utility consurcers. A rigorous economic 

evaluation of the cx:>al cleaning q>tion for this ITAR will then necessitate 

a :realistic supply/dem:md stufy for the entire coal market, as opposed to 

a battecy-limit cost analysis for other, boiler-specific, control options. 

Also to be considered in c:oal cleaning are the costs developed in the 

ITAR, i.e., incremental costs associated with sulfur renoval, ash renoval, 

and mu enhanrenent operations. 'Dle situation is quite different for 

boiler-specific cxntml tedmologies, where virtually all of the cx:ntml 

costs are added costs, specific to one type of pollutant control. 

Ielatiooships to other Ccntrol Tedmologies 

Sinre clean coal is a cxntrol tectmology for the industrial boiler 

feed (i.e. , a p:re-cx:EDustion option) it is quite different from cx:llbustion 

or post-cnrbustion options which are closely integrated with each specific 

boiler faci J i ty. Q1e inp:>rtant result is that the inpact of ooal cleaning 

en boiler operation is mudt less than ·for boiler-specific cxntml options. 

'!be lack of any additiooal equiptent requi:renents at the lx>iler facility 

obviates operaticnal or maintenance conc:ems, exoept for possible secxmd

order effects (both positive and negative) upon existing equiptent. 

M:>:re inp:>rtantly, coal cleaning dJes not significantly affect the 

lx>iler operator's f:reeckm to consider additional control options which 

may cxmplercent a cleaned ooal ft.El suwly. ())al cleaning, acaxrplished 

by coal prcx:hxErs, Cbes not mcp::!te for the boiler operator's capital 

budget, space availability, or manpower :resourres. 'Ihe:refo:re, ooiler

speci.fic ( mrbustion or post-cxri:>ustion) control options can still :rerei ve 

full consideraticn whether or not cleaned coal has been selected as a feed. 

Cbal cleaning occupies a unique place in the spectrum of oontrol 

c::ptions because its perfonnanoe and cost characteristics can make other 

q>tions nore ec::onanically attractive. As an S02 cxntrol technology, coal 

cleaning can readily and cheaply (cxxcpared to other technologies) renove 

30-50 perrent of the sulfur in many coals. 'lhe:refo:re, aie ImlSt address 
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the serial application of coal cleaning and boiler-specific control 

tedmologies to evaluate the potential of significant overall cost 

savings as \\ell as coal cleaning as an individual control technology. 

Tha characterization of coal cleaning as a pre-combustion rontrol 

technology results in another unique factor- the reduction of sulfur 

variability in the feed to the industrial boiler. As discussed in this 

ITAR, roal cleaning <Des effectively reduce the variability of sulfur 

cxntent as \\ell as the sulfur cx:mtent itself. Variations of S02 emissions 

fi:an industrial boilers·are reduced when using cleaned roal as opposed to 

rEM coal. '!he result may be that proposed emission standards will not 

require as large a variable allowance, or alternatively, that average 

sulfur rontent can be significantly closer to that all~d by emission 

standards. 

CDal Cleaning: A Process Objective Rather 'Ihan a 'Iechnology 

CDal cleaning is the generic narre for all processes which rerrove 

inorganic inpurities from coal, witrout significantly altering the chemical 

nature of the a:>a1 itself. O::>al cleaning therefore is a process objective, 

and several widaly-va:rying technologies have been applied to achieve this 

process objective. Each· coal cleaning plant is a uniquely-tailored 

cx:rcbination of different technologies (different unit operations) \\hich 

is detennined by the s~cific ooal characteristics and by the c:x:mrercially 

dictated processing obje_ctives. '!be plant dasigner has latitude arrong 

alternative unit operations and in selecting the sequence of unit operations. 

Basically, a ooal cleaning plant is a continuum of technologies rather than 

cne distinct technology. 

OVerall process design philosophy in ooal cleaning plants enploys 

step-wise separations and beneficiations, with a goal of eventually treating 

small, precise fractions of the feed with the llDre sophisticated and 

specific unit operations. In this way, the least rosily technologies are 

applied to large throughputs and the nore rosily to Illlch smaller through

puts. A characteristic of this design philosophy is that Illlltiple 

pi:oduct streams evolve, each with its own set of size and purity properties. 
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In conventional cleaning plants supplying aie or several large utility 

boilers, the separate pl'.Oduct streams are blencEd prior to shiprent, with 

the mcp:>site CDal neeting the ex>nsurrer' s specifications. Within the 

context of suwly.ing in&.strial lx>ilers with relatively small quantities 

of relatively low-sulfur product, eve:ry q::portunity exists for premiun 

products tD be segregated f ran the final blending operation and targeted 

for specialty markets. A full assessnent ~~- ~-~~9f the 
special advantages- irulti-plri:ltict ooai-·cieatring plarit:S . possess in satisfying --- . ·-· ·-- . --- . . ~-

both major objectives - max:im..m sulfur reduction and na.x:i.m..mt heating value 

reoovezy - \tlhich are naturally cxnflicting objectives in a single-product 

plant. 

Clltpared tD other S02 control technologies, CDal cleaning may be 

viewed as a mature tedmology. Many CDal cleaning plants have been 

in q>eratian for many years, and in fact, no:re than half of all the CX>al 

produced is prepared tD sate extent. lbwever, the full technological 

potential of coal-cleaning has not been exploited a:mcercially for two 

prine masons. First, the historical inamti ve for cleaning CDal has 

been the renoval of ash; ally rerently has sulfur :renoval beoone inportant 

tD CDal produCErs. Secxmd, the escalation of CDal priCEs in the past 

few years has provided no:ce ecx:nanic margin and inCEnti ve to . apply no:ce 

sophisticated unit pmoesses and plant designs·. For these :reasons, the 

sulfur-:renoval capabilities of ooal cleaning extend be:ymd the denrnstrated 

perfomanoe of older facilities. 

Aside fzanpmoess selection and plant design factors, other degl:ees 

of operatiooal f:ree<i:m exist within coal cleaning tedloology. 'llle 

historical enphasis plaCEd upcn plant productivity at sace expense cf 

product quality may be shifted (with tighter product specifications and 

with higher pri ~ for cleaner products) by adjusting operating variables 

such as the speci fie gravity of separation in existing or new plants, and 

by placing new inportanCE upcn pIOCEss and quality oontrol. 'Ihese options 

enphasize the tangible dif ferenoes be~ ooal cleaning and errerging 

tedmologies. 'llle latter are still in developnental and scale-up stages, 

and themfore there is minimal freecbn in c:x:mtml og:>ortunities. 
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2.1.2.2 General Description of Historical Approach to Coal Cleaning Processes--

Coal preparation is a proven techml.ogy for upgrading raw coal by re:ooval 

of associated inpurities. Coal cleaning has progressed fran early hand-pick

ing practices for the renoval of coarse refuse material to present techmlogy 

capable of rrechanically processing very fine coal. Technological advances 

were introduced with mechanization of the mines and \Ere stinulated by more 

dananding market quality requirem=nts and increased coal production rates. 

Coal preparatiai provides oontrol of the heating value and physical 

characteristics of cx:>al. Depending upon the degree of preparation and the 

nature of the raw coal, cleaning processes generally produce a unifonnly-sized 

product, rem:JVe excess moisture, reduce the sulfur and ash content, and in

crease the heating value of the coal. By rercoving potential pollutants such 

as sulfur-bearing minerals prior to canbu.stion, coal cleaning can be an 

inµ>rtant means of neeting air quality CDntrol 'revels. 

Until recently, the degree of preparation required for a particular coal 

was detemlined by the mazket. 'lbe physical upgrading of netallurgical coal 

has long been a necessity because the steel industcy has such stringent 

standards. Qi the other hand, utility (stean) coal has to date been subject 

to less extensive preparation, although utility coal does require a relatively 

uniform size. '!he ec:onani.c benefits accrued fran deep cleaning, ~, \Ere 

oot sufficient to justify additional preparation oosts. With the establishnent 

of rigid sulfur dioxide emission CDntrol levels for ~r generating plants in 

certain areas, there will be a gn:Ming demand for no:r:e carplete cleaning of 

utility coal. 

Cllrrent camercial coal preparation is limited to physical processes. 'Ihere 

are over 460 physical coal cleaninq plants which can handle over 360 

million netric tons {400 million tens) of raw coal per year. '!be principal .. 
coal cleaning processes used today are oriented toward product standardiza-

tion and ash reduction, with increased attention being placed on sulfur re

duction as the demanci for cleaner utility coal continues to gn:M. 
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Sulfur reduction by physical cleaning varies depending upon the 

distribution of sulfur fm:ms in the ~- '!here are three general forms 

of sulfur found in coal: organic, pyritic, and sulfate sulfur. Sulfate 

sulfur is present in the smallest anount (O.l peramt by v.eight or less). 

'!he sulfate sulfur is usually water soluble, originating fn:m in-situ 

pyrite oxidation, and can be n:mJVed by washing the coal. Mineral sulfur 

occurs in either of the two dinorphous forms of ferrous disulfude (FeS2) -

pyrite or rnarcasite. '!he tw:> minerals have the sarre dlemical cauposition, 

but have different crystalline forms. Sulfide sulfur occurs as individual 

particles (0.1 micron to 25 an. in dianeter) distributed th.rough the coal 

matrix. Pyrite is a dense mineral (4.5 gm/cc) oarpared with bituminous 

coal (1.30 gm/cc) and is quite water-insoluble thus the best physical 

neans of rercova1 is by specific gravity separation. 'Ihe organic sulfur is 

chemically-bonded to the organic carton of the coal and cannot be raroved 

unless the dlanical bonds are broken. 'Ihe anount of organic sulfur 

present defines the l~ limit to mich a coal can be cleaned with 

respect to sulfur rercoval by physical netlxrls. Chemical coal cleaning 

processes, currently in the develop.rental stage, are designed to attack 

and rerove up to 40% of the organic sulfur. Physical cleaning typically 

can raIDVe about 50 peramt of the pyritic sulfur, although the actual 

rarr:>val depends on the washability of the coal, the unit processes errployed 

and the separating density. 

2.1.2.3 Principles of resign-

Washability Data Generation 

'1he potential for :inproving the quality of a coal through physical coal 

cleaning is deteDnined by a series of washability tests. 'lb detennine the 

preparation nethod and the equiµrent to be used to clean the ooal, the 

preparation engineer llllSt oonduct physical and dlanical tests to obtain 

washability data. 'Ihe coal is split into subsarrples by size and specific 

gravity distribution. For size distribution, the c:oal is put through a 

series of screens with decreasing nesh size. 'lb detennine the specific 

gravity distribution, the coal is sent through a series of vessels 



oontaining liquids of carefully oontrolled specific gravity. This is 

cormonly tenred float sink analysis. The specific gravity fractions are 

then analyzed for noisture, ash, heating value, pyritic and total sulfur, 

and other dlaracteristics. '!his provides the desired washability data as 

shown below. 'Ihe test procedure may embrace all or only sorre of the 

above characteristics, depending on the infonnation required. Washability 

studies are oonducted primarily to detennine the yield and quality of 

clean ooal produced at a given specific gravity. These data are for a 

specific ooal at a specific size and are often presented in the following 
tabular fonnat. ( 6 ) 

rumMPIE OF WASHABILITY DATA 

Ctmulative Float 

Specific.Gravity wt.% Ash% Ash .Prod. wt.% Ash .Prod. Ash % 

SINK FIDAT 

1.27 34.5 2.8 96.6 34.5 96.6 2.8 
1.27 x 1.30 28.4 3.9 ll0.8 62.9 207.4 3.3 
1.30 x 1.38 16.9 8.8 148.7 79.8 356.1 4.5 
1.38 x 1.50 5.4 16.9. 91.3 85.2 447.4 5.3 
1.50 x 1.70 3.3 30.6 101.0 88.5 548.4 6.2 
1.70 x 1.90 3.0 46o2 138.6 91.5 687.0 7.5 
1.90 a.s 71.3 606.1 100.0 1~293.1 12.9 

l'ashability ·curves 

'1he washability results can be plotted in a nunber of ways to produce a 

set of cw:ves which are characteristics of the ooa1 (Fi~ 2-1 is an - · 

exanple of washability curves). (7 ) 

'1he specific gravity curve shows the theoretical yield of washed pro

duct fran the raw ooal for any specific gravity of separation. 

'!he ctmUlative-float ash au:ve indicates the theoretical percent of ash 

of any given yield of washed product. 
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'llle a.mulative-sink ash shows the theoretical ash cx:mtent of the refuse 

at any yield of washed product. 

'llle elerrentary-ash curve is a derivation of the currulative percent ash 

in the float material and is intended to smw the rate of change of the ash 

content at different specific gravities. 'llle curve is designed to show the 

highest ash content of any individual particle that may be found in the float

coal product at any specific gravity. 

'lhe ± 0.10 specific-gravity distribution curve indieates the percentage 

(by weight) of the coal that lies within plus and minus 0 .10 specific gravity 

units at any given specific gravity. 

2.1.2.4 Recent ~veloprents in ~sign for Pyritic sulfur Ratova.l 
Multi-Stream Coal Cleaning Strategy Approach- (a) 

Intensive physical cleaning of arrenable coals in a Multi-stream Coal 

Cleaning Strategy (Z.O:S) is a new technology to control the emissions of sul

fur oxides f:com coal-fired boilers. '!he M:CS strategy is based on the separa

tion of raw coal into three cx:mponent streams. '!he first stream would consist 

of an intensively-cleaned, high BTU, low-ash and low-sulfur product. 

'!he second stream would be an intenrediate sulfur and ash middling 

product suitable for use in existing units with rroderate SIP control level 

\'Atleh are pennitted to bum intenrediate sulfur coal. 'Ihe third stream is 

a :refuse stream. 

A ~CS cx:>al preparation facility is currently ·nearing corrpletion on 

the lbner City Generating Station Ib\\'er cal1?lex in Ibirer City, Pennsylvania. 

'llle coal preparation facility is partly owned by Pennsylvania Electric 

Chnpany, a subsidiary of General Public Utilities Corp:>ration, and New York 

State Electric .and Gas Cm:poration. 'Ihe coal p:r:eparation facility will 

process 4, 720,000 rretric tons (5,200,000 tals) of run-of-mine (.R:M) 

coal per year, and has a design capability of processing 1,080 rretric tons 

per hour (1,200 TPH) • 'Ille facility will produce: 

59 



• A mediun ash, nediun sulfur coal for use in the t\\U existing 

600-MV units at the :Ebner City~ Plant which will neet 

existing federal and state emission regulations of 1,720 ng S02/J 

(4.o lbs so2/l0 6 mu); 

• A low ash, low sulfur coal to be utilized in the new 650-MW 

Unit #3 currently under construction which will c:onply with 
an eni:i.ssion cxntrol level of 516 ng 002/J 

(1.2 lbs 502/10 6 BTU) and; 

• A high ash, high sulfur refuse product, which will be dep:>sited 

in a refuse area awraximately one mile north of the preparation 

plant. 

( 9 1 0) 
2.1.2.s &mnaxy of Cbal Cleaning Unit cperations-- ' 

'!his section smrrarizes the major categories of unit operations used at 

llDSt u. s. coal preparatioo plants. 'lllese q;>erations inc.luce: 

• Crushing and grinding; 

• ScreeniJ¥J; 
• Cbarse ooal separation processes; 

e Fine coal separation processes; 

• Dewatering and drying; 

• aefuse handling and disposal; and 

• Storage and handling. 

In a subsequent section, these unit qlerations will be arranged into coal pre

paratioo plant systems to denDnstrate their perf o:arance in tenIS of sulfur 

reduction. 

Crushing and Griming 

'1he initial q>eration perfonned on raw coal at IIDst U.S. preparation 

plants is crushing. Crushing is a size reduction technique that is essential 

to an efficient, SIDC>th-rurming cleaning p:rocess. '1he primary objectives 

of c:oa1 crushing are: (1) to reduce run-of-mine (IDM) coal to sizes which are 

acceptable by all cleaninj and handling equiµrent and (2) to satisfy the 

demand for specific market sizes. 
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Crushing to a fine size range helps aca:mplish the task of releasing 

pyrite and other non-roal impurities, which can then be renoved fran the coal 

during cleaning. Coupled with these objectives is a desire to m:iniroize the 

production of fine roal ma.terial during cIUShing. I>bdern crusher/grinder design 

has therefore been geared towards reducing the anount of this undersized 

material. 

Crushing ~tions are broken down into 0..0 reduction levels, primacy 

and sec:ondaey breakage. Primary breakage reduces raw coal to a top size of 

10 to 20 cm. (4 to 8 in.). Incx:mi.ng coal that is already smaller than the 

primary breaker product is usually screened out before entering the pri.nm:y 

unit. 'lhis finer material can then either be sent on to further processing 

or sinply :routed around the breaker such that it jo.ins up with the breaker 

product elsewhere. Product coal f:ran primal:y breaking can be processed in one 

of t'WJ ways. D:!pending on product size, the coal will either be screened, and 

sent to further processing or it will be sent, to secon&r:Y crushing units. 

Secon.dacy crushing reduces raw coal to a top size of about 4.5 an. (1 3/4 in.). 

Product material here is also sent to washing units and f:ran there on to nDre 

intema:liate cleaning processes. 

'fypical crushing equiprent inclu:les rotary breakers, single and double 

roll crushers, ~lls and ring crushers. 

screening 

Raw coal screening is primarily a sizing operation. Two major reasons 

exist for the need of -t:bis sizing. 'Ibey are: (1) to separate raw coal into 

different sizes for marketing purposes: (2} to furnish feed material to 

different types of washing mlits. Generally,screening allows raw ooal to be 

sized so that it is able to be inoorporated into the processing operations of 

other plant equiprent. 

'll1e requ.ireren.ts for the type, IlUil"ber and style of screens that a plant 
will use is dependent upon the follCMing: 
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• nature of the feed ooal; 

• type of mining enployed; 

• total ooa1 tormage; 

• crushing demands; 

• types of cleaning processes used; 

• product specificatiails; and 

• availability of water. 

;creen sizing q>erations also have the flmction of helping provide for the 

\aXinn.m :r:ecovei:y of ex>al. in the preparation plant. 

Cbarse O:>al Separation Processes 

'1he basis for these processes is the difference in specific gravities 

!Xhibited by rB!i1 ooal and its inplrities. '1he tenn coarse here only refers 

o particle size [usually greater than 3. 8 an. U 1/2 in.) ] • 'lhese specific 

iravity differences allow the particles in the ooa1 feed stream to stratify 

ut. One major piece of equii:ltent used for this p.u:pose is a jig. Jigs 

.cc:atplish stratification by a series of :repeated expansiais and oontractions 

.f a particle bed. Pulsatin; fluids, air ,or water provide the xreans for the 

:XpanSi.on and cxntract.ian strokes of the stratification. cmce stratification 

·f ooal and inplrities is attained, arother jig mechanisn .perfoDIS the task 

·f separating the layers. 

A secx:nI machine used to aCXXttiplish separation. is a heavy media vessel. 

rere the CDa.l. and inpurities are separated by inmarsion into a liquid with a 

ontrolled specific gravity. Sir ·.i vessels are extrarely useful due to their 

bility to make precise separations on ooarse material despite often high per

entages of near gravity material c± 0.10 specific gravity range). For the 

leaning of intence:li.ate and coarse sized ooal, these devices are very efficient. 

Fine Cba1 Separation Processes 

'!be gravity sep. ration of fine sized ooal is accouplished by one or nnre 

f the following frur ...:>recesses: (1) by the use of mavy nedia cyclones; (2) by 

le use of concentrating tables; (3) by the use of hydrocyclaies; and (4) by 

le use of froth flotation. IEavy media cyclones differentiate between ooal 
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and refuse by effecting low gravity separations. Particles with higher specific 

gravities are forced out of the feed stream and go off as refuse, while low 

gravity fine coal is efficiently reoovered. 

Since the 1960's, the use of roncentratinq tables has increased rapidly. 
Concentrating tables operate by flowing a slurry of fine coal and water over 

an inclined riffled surface. 'Ihe surface then effects particle separation, by 

size and specific gravity, by rapid shaking. Cbarse, heavy particles travel 

to the OOttan Of the table I while fine I light particles ascend to the top. 

'Ihe stratification achieved here beb.een different size fractions of coal 

resembles that produced by a jig. 

Hydrocylones separate coal and its irrq;>urities by accelerating the slurry 

stream in a radial manner. 'Ihe acceleration causes l:oth a centrifugal and 

gravitational force to act upon the stream. 'lllese forces produce separations 

l:etween light and heavy materials which result in a clean coal product and 

refuse. Presently, hydrocyclones are used to clean 0.42 mn (0.16 in.) size 

ooal and snaller, but sizes as coarse as 6.4 nm (0.25 in.) can be used. ICM 

capital investment on a cost-per-ton basis, snall space requirerents relative 

to capacity, negligible maintenance and high pyri tic sulfur :rerroval are all 

advantages of hydrocyclones. 

'Ihe last process, froth flotation, is anployed in the separation of 

suspended coal solids. '!his separation occurs due to the selective adhesion 

to air bubbles by sone coal particles and the concurrent adhesion to water by 

other particles. such a separation of the usable coal particles fran the coal 

:inpurities is aCCCJl1?lished by injecting finely distril:uted air bubbles through

out the coal-water slurry. Fine ooal material present in the slurry then 

crlheres to the air bubbles and is transported to the free surface of the 

pulp mixture. 'Ihese air bubbles and the attached coal, generally krown as 

froth, are then reooved. 'Ihe remaining waste materials stay in suspension and 

are eventually passed out through the cells. 

A primru:y rreans Of mcdifying roth the air hlbble and water adhesions 

of the coal is the addition of certain chanical :reagents. These reagents 

can act by either enhancing the floating characteristics of coals (making 
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them rrore hydrophobic) or by enhancing the wetting characteristics of the 

waste materials (making them m:>re hydrophilic) • Froth stabilization 

is amther use for reagents. Stabilizaticn allows nore tine for a higher 

ramval of floated coal. Of tha factors affecting froth flotation, the 

following are of major intx>rtanoe: 

• coal particle size; 

• cod.dation and rank of ooal; 

• density of the p.ilp mixture; 

• chemi.cal characteristics of plant water; 

• flotaticn reagents used; and 

• flotaticn equiprent used. 

Dewaterinq .and .dryiry 

water in a CX>al product is as much a oontani.nant as ash or sulfur. For 

this :ceasal nechani.cal dewatering is a major mrl.t q::ieration. l"ater in coal 

(1) reduces its heating value, (2) increases its transportaticn oost, (3) causes 

hanllinq problems durirg product transport, and {4) lowers the possible cake 

and inp.it yields of metallurgical ooal. In addition to product ooal dewatering, 

coal feed to scree cleaning mrl.ts is also subject to dewatering. '1he manner 

and efficiency with \<Ari.ch these intemediate dewatering steps are carried out 

influence the difficulties encnmtered durirg final product dewatering. '!he 

problems with ooal dewa.tering increase with increases in the surface area of 

the particles to be dewatered. Ccmsequently, the finer the coal particles, 

the nore severe the dewatering difficulties. 

'lhe equipmnt used for nechani.cal dewatering can be divided into tw:> 

principal categories: 

• trose ~ch do not produce a final product - hydrocyclanes 

!:Die screens, spiral classifiers and static thickeners (primary 

dewatering devices); and 

• tb>se which produce a final product - screens, filters, and 

centrifuges. 
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In addition to dewatering, thermal drying is also perfomed on coal in 

order to rid it of surface rroisture. 'Ihennal drying can be described as high

speed evaporation of this rroisture. Drying is perfumed in order that 

(1) freezing is avoided, thereby reducing difficulties in handling, storage 

and 'traJlSEX>rt, (2) high crushing capacity at the user is maintained, (3) heat 

loss due to eva:EX'ratiai during Wming is reduced, i.e.,heat efficiency is 

increased, and (4) transportation costs will be lowered. 

Presently, driers are divided into boo types: 

• direct heat, tlx>se in which the cx:>a.l cxmes into direct contact 

with the theIIna.l transfer agent: and 

• indirect heat, tlx>se in which the coal does :oot care into contact 

with the theIIna.l transfer agent. 

A IUJnber of individual drying systems e.Kist for both direct and irrlirect 

technologies. 

Iefuse Handling 

Physical coal cleaning generates waste refuse in such quantities that 

with:>Ut proper handling and raooval, p:roblens can arise. In order to maintain 

high product quality, plant cleaning equiy;rrent generally raroves sone refuse 

during processing.: '!he prablen then beoanes the safe and efficient fils:EX'sal 

of all separate refuse. 

Coarse refuse handling presents few problems because the material is 

generally CCITp)sed of ~ock and shale and is generated in the early stages of the 

preparation p::rooess. 

pile. 

'Ibis material is generally hauled to an en-site refuse 
;;: 

Inte:r::rrediate and fine size :refuse handling ~ver is another story, 

particularly when the :refuse is generated from ~t processes. Sare of 

these :refuse slurries a:re very dilute, and current practice is to send 

these to a settling pond for t:reat:.nent. '!heir ul ti.mate disposal is on 

the :refuse pile after being scooped out of the pond. In many m::x:Em 

plants, rentrifuges, thickeners and vacuum filters a:re used to aewater 

the :refuse slurries to such a degree that they can be handled by conveyor. 
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lefuse may be rercoved from a plant in a nurcber of ways. ~ver, the 

follc:Ming a:re the nest prefen:ed: (1) use of a ·oonveyor· to deliver material 

f:ran the prep plant to the disposal area, (2) use of trucks to can:y 

material frcm storage bins directly to disposal site, (3) use of CX>11veyor 

to ship refuse to a mlcling area \tbe:re it is loaded into trucks and then 

sent to final disposal and (4) use of slun:y to transport the mixture to 

disposal site by pipe. · 

Storage and Handling 

'!he storage of both LcM and cleaned ooa1 is practired because of the 

needs of the production and utilization sectors of the ooa1 cleaning industcy. 

'!he satisfaction of these needs generally tends to inCI:ease cleaning plant 

efficiency, i.e. , increase production rates and l~i the final product ex>st. 

'Ihe following advantages of perfonning scree type of storage and handling 

q:ieration a:re illustrative of hCM these objectives can best be reached: 

(1) storage can . help distribute plant feed during the whole operation 

period, thel:eby inpmving plant efficiency; (2) storage helps facilitate 

a production sdledule \\hereby rco::re days with snaller crews are ercployed, 

thereby reducing overall CX>Sts; ( 3) storage allCMS independ:mt operation 

of mine and preparation plants, thereby ::reducing cleaning interruptions 

due to a lack of raN ex>al; (4) storage provides the ability to neet 

increasing fluxes in product <Emand; and (5) storage allows for increased 

ooal blending thereby enhancing the c:mposition of feed material such 

that higher efficiencies are achieved by the cleaning equipnent. 

'fypical storage and handling equipnent includes loaders, novers, 

silos, bins and conveyors. '!he aciEd CX>St of sudl equipnent might be 

a deten:ent to using storage. Other disadvantages to ex>al storage inclu::le 

possible oxidation and spc:ntaneous oorrbustian and CX>al degradation d1E to 

increased ::rehandling. 

levels of l. 'leaning 

'!here are five general levels of ex>al preparation v.hich are used in 

q>grading of rCM ex>al. Each level incll.l!Es one or no::re of the major 

categories of unit operations. Al trough the levels may oversirrplify a 

a:xrplex teclmology, they seem to illustrate and identify the basic CX>a1 

preparation principles. 
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level 1 - Breaker for top size a::mtrol and for the rerroval of ooarse 

refuse. 

level 2 - Coarse benefication - where larger fractions of ooal (plus 

3/8 inch) are treated. '!he separated and untreated m:lnus 

3/8 inch :portion of the ooal is cx:mbined with the cleaned 

coarse coal for shiprent. 

level 3 - Fine and coarse size benefication - where all the feed is 

~tted. Plus 28M is beneficated; 28M x O rna.terial is 

dewatered and either shipped with clean ooal or discarded 

as refuse. 

level 4 - Very fine benefication - where all the feed is ~tted and 

washed. 'Ihennal dJ:ying of 1/4" x 0 fraction generally is 

i:equired to limit rroisture oontent. 

level 5 - Full beneficiation which oonsists qf rigorous 

cleaning. It requires crushing the TIM ooal to Imlch finer 

sizes and results in Imlltistage cleaning and Imlltiproduct 

operation. A plant optimized to rennve both pyritic sulfur 

and ash from arrenable ooals would rrost likely be of this 

type. 

2.1.2.6 Factors Affecting Selection of Physical Coal Cleaning as an S02 
Control Technology-

Introduction 

'1he disC'Ussion in Sectiai 2.1.2.1 explained that physical cnal cleaning 

is a technology implerrented by the coal producer, and is not a cootrol necha

nisn which may be directly selected or :ilrq:>lanented by the operator of an 

industrial miler e 'Ihf'refore I there aJ:e ~ sets Of selection factors to be 

oonsidered - those applicable to coal producers, and those awlicable to 

irrlustrial miler operators. 
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Factors Affecting coal Produoors 

'lhe only ch>ice avail.able to ooal producers is whether or not to provide 

deep-cleaning facilities suitable for :r:enovin:J a significant percentage of the 

pyritic sulfur in the coal. 'l"'1o factors influence this cmice. First is the 

potential for pyrite reroval, in each specific <Dal sean, as detennined from 

washability tests. O:>al seans vary with respect to the ease of pyrite libera

tiai fJ:an the coal. &Ire ooals cxntain primarily macroscopic pyritic sulfur; 

upcn m:Xlerate size reduction of the <Dal, IlDSt of the pyrite may exist as dis

crete pyrite particles arcenable to shatp separation fran pyrite-free coal by 

float-aJXI-s:ink teclmiques. Cbnversely, other a>als contain nuch mi.croSCDpic 

pyrite, of clinels:i.ons in the order of O. 01 millmeters, widely dissaninated in 

the coal ard therefore not l irerated f:mm the a>al by oonventional crushing 

teclmiques. '!be coal producer will, of coorse, mt select physical coal clean

inq sulfur :rencval techrclogy for those coal reserves with poor washabilities. 

For thlse coal reserves which oo have the potential for pyrite rem:wal, the 

washability data deteJ:mines hcM nuch clean coal can be :reoovered at any given 

specific gravity of sepai:atiai and at any given degree of crushing (size fractio 

as w:!ll as what the difficulty of separation is (hc:M m.rl1 material lies 

in a narrow specific gravity band abait the specific gravity of separation) • 

'lb a large extent, the washability of the coal guides the choice of physical 

coal cleaning unit q>e.rat:i.ons and equiplBlt and their an-angenent in a clean

inq plant design. 

'lbe seoa1d f actDr inf luencin] the clr.:>ice of coal cleaning for sulfur re

m::wal is the demand f:mm coal cxmsuners. If stean ooal. consiicers, triggered 

by SOz enissial cx:ntrol levels, specify a low-sulfur ooal product, the ooal pro

ducers will meet this denand by selectin1 deep-cleaning technology, prOV'ided 

the mai:ket will pay the premi\11\ for cleaned coal. One c:orcplication in the 

suwly/demand picture is that the imustrial boiler danarrl is only a mi.rx:>r 

fraction (aboo.t 20 percent) of the total u.s. coal consuned. 

Factors AffectinJ ·Industrial B:>iler q;>erators 

'1here az:e three major factors which the boiler operatDr will consider in 

his selection of cleaned coal as a caitrol q>tion vs. the altemative selecticn 

of a boil.er-specific (eog., cnrb.l.sti.on or p:>st-canh.lstion technology} control 

option: 
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• annualized costs of control alternatives; 

• capital investnent, installation, and operating 

responsibilities; and 

• degree of risk in continued conpliance with 
applicable emission oontrol levels. 

Fbr an industrial boiler operator, the annual costs for the cleaned-coal 

ex>ntrol option are basically the price differential (on an as-delivered basis) 

beb.'een CX>al. cleaned to neet the applicable S02 emissioo a::>ntrol level and roal not 

~fically cleaned for sulfur ranoval. '!his price differential \\Uuld include 

the processing charges, charges for heating value lost to refuse by the ooal 

processor, charges for transporting any excess noisture (arising fi:::an fine coal 

washin:J), and any lx>iler costs arising fran excess noistw:e in the coal. 'Ihere 

are J;X)tential boiler credits to be applied, lx>wever, for cleaned ooal, which 

include a higher heating value on a dry basis, and lower ash handling charges. 

'!he lx>iler operator \\Uuld canpare these direct operating rosts for the 

cleaned-coal oontrol q>tion with annualized oosts for altemative options. 

Costs of other boiler-specific opticns \\Ullld include capital arcnrtization oosts 

and operating and maintenance costs. 

'!he second factor :relevant to selection of physically-cleaned coal is the 

reluctance of the irxlilstrial boiler operator to ccmmit capital funds and in

stallation and operating :responsibility for neeting 9J2 emission control levels on 

a boiler which itself is a service to a prinm:y m:mufacturing operation. If 

cleaned cx:>al. is a viable ~lternative at cxnpetitive annualized costs, it \\Ullld 

be regarded as a direct replacerent for oil or natural gas as an envirormentally 

acceptable fuel. 

'!he third inportant factor to the industrial boiler operator is his as

surance of oontinued operation. For other site-specific control options, the 

lx>iler operator has direct control; but he also nust be concerned with the 

reliability of equiprrent and with the performance of such equiprrent in ~ting 

emission standards. For the cleaned-coal option, the boiler operator must :rely 

on a oontinued supply of envirormentally-usable fuel: i.e. , cleaned coal that 

not only has a low-enoogh average sulfur content, but that also has a low

enough variation in sulfur content to meet the emission a::nt:rol levels. 
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2.1.3 Selection of Olemical Cbal Cleaning as an S02 Cmtrol 'Iechnology 

Olemical ex>al cleaning is one neth:>d theoretically capable of achiev

ing low sulfur dioxi.ce emissions result.in:} fran coal a:xribustion :in 

industrial toilers.. 'lhe chemical cleaning processes row in the developcent 

stage :renove as nuch as 95 percent of the mineral sulfur and up to about 

40 perc:Ent of the organic sulfur. 

Presently there are about twenty-nine bench and pilot scale processes 

mi.ch chemically clean coal.. From these b.1enty-nine, Versar, Inc. identified 

the eleven nost inportant U.S.-developed processes :in a study for the 

Industrial Enviralnental :Research LaJ::oratocy of EPA. ( 1 1
) '!he following 

paragraphs present technical oveM.ews of these p~sses and their current 

develq:nental status. Cllemical coal cleaning processes are still 5-10 

years fl:om a:::rmercial. develcprent. 

2.1.3.1 General. Iescripticn of Olemical Coal Cleaning Processes and 
Status of Ievelq:ment- : 

Table 2-6 gives a listing of the eleven major processes studied. '!he 

first four processes listed (Magnex, Syracuse, 'll&l, and Iedgenont) will 

renove pyritic sulfur only and the remaining seven processes (ERDA, GE, 

Ba.ttelle, JPL, IGI', KVB, and ARCD) claim to rerrove nost of the pyritic 

sulfur and vacying arcotmts of organic sulfur. 'llle first two processes 

listed are uniqoo in that the ex>al is chemically pretreated, then sulfur 

separation is subsequently achieved by nechanical or magnetic neans. In 

the remaining nine proces~ the sulfur m1pounds in the CX>al are chemically 

attacked and converted. 

~ PRX:ESS (12j 

Pulverized (minus 14 nesh) ex>al is pretreated with iron pentacai:bonyl 

in this process to render the mineral c::onponents of the CX>al magnetic. 

Separation of a. 'al fran pyrite and other mineral elenents is then aCCX>llplish

ed magnetically. '!he p:roress has been pi:med on a 90. 7 kilogram (200 lb)/ 

hour pilot plant scale using the carlxnyl ai a once-through basis. 'llle use 

of tlE iron carl:onyl does present sace difficulties fn::m a health 

and safety standpoint. 4>Proxinately 40 ex>als, nosily of Appalachian 
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TAB!£ 2~. Slf-tt\RY Cf W\.D~ CllEMICJ\L mAL ClfANlf«J rm:ESSES 

PROCESS & 
SPOOSOO f'EmOO 

TYPE SULFl~ 
REMJVED 

-~~~~E~" ,@------ -~~~~VERI~~-~~-;_-- -~-TO~ ---

llAZEN RESEARCH TR[t.TED \-HUI FE PYRITIC 
INC,, GOLDEN (co)5 CAUSES PYRITE 
COLOOADO TO BECM W\GNET I c I 

MAGNETIC tv\TERIALS 
ROOVED l'V\GNETICALLY 

"SYRACUSE" 
SYRACUSE 

COAL IS C!.MUNIJTED S0-7W. 

RE SEARCH CORP. I 

SYRJ\CUSE, N.Y, 

'h:YERS" I TRW, 
INC, REIXJIOO 
BEACll, CAL, 

11LCJe'KENNECOIT 
COPPER CO. 
LEDGEIWT I Ml\SS. 

BY EXPO~E TO NH3 PYRITIC 
VAPOR; COOVENTIOOAL 
PHYSICAL CLEJINING 
SEPARATES COAUASH 

OXIDATIVE LEACHING 
USING FE2(so4)3 + 
OXYGEN IN WATER 

OXIDATIVE LEACHING 
US ING o2 AND WA TE.R 
(i) ffiDERATE TEl'P. 
ANO PRESSl.RE 

~95% 
PYRITIC 

!ll-95% 
PYRITIC 

STAGE OF 
DEVELCJ't-ENT 

BENOf & 91 KGhlR 
(200 LB/HR) PILOT 
PIJ\NT OPERATED 

BENCll SCALE 

8 METIUC TOO/DAY 
POU FOR REACTIOO 
SYSTEM, LAB OR 
BENCH SCALE FOR 
OTHER PROCESS 
STEPS. 

BENClf SCALE 

PRODLEMS 

DISPOSAL OF S-COOlAIN
ING SOLID RESIDt£S, 
COOTJNUOUS RECYCLE OF 
c;o TO PROOl.K:E FE 
(co)5 REQUIRES 

DEl-mSTRATIOO 

Dl SPOSAL OF SULFm 
CONTAINING 
RESIDUES, 

DISPOSAL Of AC Ill IC 
FES04& CAS041 SULFUr. 
EXTPJ\CTIOO STEP 
JlEOOIRES WDISTHA
TIOO 

DISPOSAL OF GYPSLM 

COOROSIOO Of 
REACTORS 

SLUDGE, ACID J 
----- ----------- -- -- -- --- ------- ---- - - ---- -- -- --- -----. . --- --



j:j' 

-~~ ~~~J~n~-------~: ::~~ = ~----~I~-~~----
11ERDl\11 (PERc) AIR OXllll\TIOO & "$% PYBlTICJ BENOJ ~ ll Krl GYPsttt SLWGE DISPOSAL 
BRtx:ETOO, PA, HATER t.EAOUNG 9 Lf> TO lllJ.t DAY C2~ LBllY\Y) ACID CORRROSIOO AT 

iiC£ii"f&iW.::'' . ·-
ELECTRIC CO,, 
Vl\LLEY FOOGE, 
PA, 

lllGH TEWERATmE OOGAN1C COOJN\DJS IJUT HlGlt TEWERATrnEs 
~-~!SStME __ ICJf 
MICR<MIWE TREAll'ENT "-75% TOTAL S BENCH SCALE 
OF COJ\L PEWEATED 
WITH NAOH SOlllf 100 
COOVERTS SllflR 
F<R-tS TO SOl.llJlE 
SULFIDES 

PROCESS OJ«JITIOOS 
OOT ESTABLlstED 
CAUSTIC REGEtERl\TIOO 
PROCESS mr 
ESTABLISIED. 

-·----- .. -···------ ------ ,__ ________ ., ------·----- ----
"MTIEU.E11 

LABOOATOOIES 
COLLmlJS, Ol 110 

Ml XED l'\Ll'ALI 
L£AClllNG 

"'95% PYRITIC; 
"'25-5(1.Z OOGNH C 

9 t<G/I R (20 LIV 
mJ MINI PILOT 
PLANT AND BENCI I 
SCALE 

CLOSED LOOP REGENERA
TIOO PROCESS ltf'ROVEN, 
RESIDUAL SODILM IN 
COAL 

. -·------·-··--·-···---·--· ___________ _, __________ .._ ________ ·-------------·---- ·-- ---· 
11JPL" JET 
PR<l'ULSIOO 
LAOORATOOY 
PASADENA, CAL. 

Ol.OOINOLYSIS IN 
OOGPl-41C SOLVENT 

~J~YRIT IC; lP LAB SCALE BlJT 
TO /llt OOGANIC PROCEEDING TO 

BENCU AND MINI 
Pll.DT PLANT 

ENVIR<Jfftff /\1... 
PROOLEMS,COOVER
SIOO OF tk:L TO CL2 
OOT ESTABLISl-ED 

-·------- -------·- - ----- ··-- ··-------------------·--· --·------
"IGT11 INSTITUTE 
OF Gl\S 
TECI f«)LOGY 
Cf II CJ\fn ~ I LL 

OXIDATIVE PRETREAT
n:NT FOIJ.MD BY 
I NmQOE.Sll..Frn I ZAT I 00 
AT lilJ0 c 

'•95% fYRITIC; lP 
ro 85% OOGAN IC 

LAB AND BENCH IJli BTU YIEUl (<55%), 
CIWlGE Of COlll •llTR IX J 

- ·----·--- ---- --·---------~--- ~·-·- .. -- -·--· 
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TABLE 2-6. Slff\l\RY Cf W\.JlR UlMICl\l CCW .. CL.EJ\Nlf(; PffilSSES <ecntinuedl 

=-~-.~-~~-1~_~--~-------1 -r~~ULF~--- -~u:-_-_-~I:_~_--_-:~~-------] 
"KVB" KVB, INC, 
TUSTIN, CAL 

SULFlfl IS OXIDIZED 
IN NO -C<JffAINING 
A lf'l>S~ERE, SULFA 1 ES 
ARE WASl-ED ot.rr. 

"'fj'fo PYRITIC; TO LJ\BOOATOOY WASTE 8. POSSIBLY I 
llCJ.t OOGANIC lEAVY ~ETALS DISPOSAL 

POSSIBLE EXPLOSIOO 
llAZAAD VIA OOY OXIOA
TIOO. 

~~~;~lnLANTIC-~~i~~E ;~ ~~:~; ~'tj~~Nltt~9i!~ -- . -lfi~---- ------
ClWANY OXIDATION BENClf SCALE \JUT 
I WtVEY, I LL, PROCEDmE 
----..----~- .... --~------ _____ ,, ________ ,__ ... ------------- .... ---------~----------·- ·-----~ -------·---- ------·-· - . - . 



origin, have been evaluated on a lal:x:>rato:ry scale. For. the rrost part, 

the proooss will produce roals whidl neet State Irrplenentation Plan 

regulations for sulfur dioxide emissions of 1,030 ng 002/J 
(2. 4 lb S02/l06 mu) • 

SYRAaEE PKX:E.SS ( l 3) 

Cbal of alx>ut 3.8 an (l~") tq> size is chemically camrinuted by 

exposure to rroist anm::nia vapor at internediate pressure. After Ieiroving 

· the anm::nia, cxnventional physical roal cleaning then effects a separation 

of roa1 f:can pyrite and ash. Generally, 50-70% of pyritic sulfur can be 

renoved f:can Appalachian and F.astern interior ooals, producing ooals 

whidl ~t state regulations for sulfur dioxide emisSicn. Olrrently, the 

stage of develOFflellt is cnly bench scale, ln-.lever, oonstruction of a 36 

nettle ten (40 talS per day) pilot plant is being oontenplated. It:> major 

technical pz:oblems are foreseen for this process other than potential 

pn:blems involving scale-up to pilot plant size. 

?JEYER)' PKXESS ( 14) 

'lhe Mayers' Process, developed at TH'l, is a dlemical leaching process 

using ferric sulfate and sulfuric acid soluticn to renove pyritic sulfur 

fran cruslEd roal. '!he leaching takes place at tercperatw:es ranging fran 

50° to 130°C {120°-270°F); pressures fran 1 to 10 abr:ospheres (15-150 psia) 

with a residence tine of 1 to 16 hours. 'lhe final separation stages 

use an organic solvent for rencval of elenental sulfur fran the filtered 

clean roal. 

'lhe TIW Process is the cnly chemical roal cleaning process developed 

to the 7.25 nettle ton/day (8 ton/day) pilot scale level. '!be current m:Xle 1 

of cperaticn is a pilot scale Reactor Test Unit (RIU). Only one part of 

the overall sy:rtem, narrely the leaching-regeneration operation, has :r:ereived 

intensive lal:x:>rato:ry sbrly,and this is also the only p:roress oorrponent 

inoorporated in the RlU. 
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Cllemical reaction data for a few 24-hour nms using minus 14 IIEsh 

coal indicate faster pyrite rerroval than with the bench scale reactors. 

Approximately fifty different roals have been extensively tested on a 

bench scale. The Meyers' Process is best applied to coals rich in pyri tic 

sulfur; thus it is estimated that about one-third of Appalachian roal 

could be treated to sulfur cxmtents of 0. 6 to O. 9 perrent to meet the 

sulfur dioxide emission requirerrents of current EPA NSPS. Process by

products are elenental sulfur, gypsum from waste water treatIIEnt, and a 

mixtm:e of ferric and ferrous sulfate, with the latter presenting a 

possible disposal problem. 

IEIG.M:Nr PIDCESS ( 1 s ) 

'!he Iedgerront oxygen leaching process is based on the aquaous 

oxidation of pyritic sulfur in roal at rroderately high tenperatures and 

pressm:es. 'Ihe process has been shCM.n to :rerrove rrore than 90% of the 

pyritic sulfur in roals of widely differing ranks, including lignite, 

bituminous roals, and anthracite, in bench-sca:..e tests. H~ver, little, 

if any, organic sulfur is :rerroved by the process. 'Ihe process becane 

inactive in 1975 during divestiture of Peabody Coal Corrpany by Kennecott 

Co:wer Co. Although not as well developed as the Meyers' Process, the 

Iedgerront Process is judged to be cnnparable in sulfur rerroval effective-

ness. 

'Ihe principal engineering problem in this process is the presenre 

of cnrrosive dilute sulfuric acid, which rna.y pose difficulties in construc

tion material selection and in choosing rreans for pressure letdown. 'Ihe 

process also has a potential environrrental problem associated with the 

disposal of li.rre-gypsum-ferric hydroxide sludge which rna.y cnntain leachable 

ffiavy netals. 

ERDA (PERC) PRX:ESS ( 1 6 ) I ( 1 7 ) 

'1he F.nergy !€search and ~velop:rrent .Administration (ERDA) chemical coal 

cleaning process is currently under study at OOE's Pittsburgh Energy Pesearch 

C.enter (PERC) • '!he ERDA air and steam leaching proress is similar to the 

Iedgenont oxygen/water process except that the process enploys higher terrpera

tm:e and pressure to effect the rerroval of organic sulfur and uses air instead 
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of oxygen. '1his process can renove 1t0i:e than 90% of the pyritic sulfur 

and up to 40% of the organic sulfur. '!he p~ss uses minus 200 rresh 

ex>al. Cbals tested ai a lalx>rato:cy scale incltrle Appalachian, Eastem 

Interior and VE.stem. '!he developer's claim is that using this process, 

an estimated 45 perrent of the mines in the F.astem United States could 

pi::oducE envimrmentally acceptable boiler fuel in acoordanoe with 

current EPA new source standards. Effort to date is on a ll kg/day 

(25 lb/day) bendl scale, but a mini-pilot plant is expected to start up 

sooo. 'lhe prd:llems associated with this process are engineering in nature. 

'!he major aie is associated with the selection of materials for the tmi t 

ex>nstructiai. Severe oorrosicn problems can be expected in this p~ss 

as the p:rooess generates dilute sulfuric acid mi.ch is highly corrosive 

at the operating ~tm:es and pressures. 

G: MIClD'lAVE PKXESS ( 1 e) , ( 1 9) 

Grotmd ex>al (40 to 100 nesh) is wetted with sodium hydroxide solution 

and subjected to brief ("'30 sec.) irradiaticn -with mic:rowave energy in an 

inert atnosphere. After tw:> such tzeatnents, as nuch as 75-90% of the 

total sulfur is ronverted to sodium sulfi<E or polysulfide, Wrich can be 

renoved by washing. No significant CDal <Egradation occurs. '!hat portion 

of the proress whidl J:e<X>vers the sulfur values and regenerates the NaOH 

is rona?ptual. lt:>J:k to date is in 100 gram ( 0.2 lb) quantities, but 

scale-up to 1 kg (2.2 lb) quantities is presently in progi:ess. 'lhe process 

attacks both pyritic and organic sulfur, possibly at about the sane rate. 

AR>aJ-achian and F.astem Interior CX>als having wide ranges of organic and 

pyritic sulfur oontents have been tested with alx>ut equivalent success. 

BATIELIE PRXESS { 2 0 ) I ( 2 1 ) 

In this p:rooess, 70 peramt minus 200 ~coal is treated with 

aqlEOUS sodium and calcium hydroxi<Es at elevated tenperatures and pressures, 

which ?:enDVeS nearly all pyritic sulfur and 25-50% of the organic sulfur. 

'lest woi:k en a bench and pre-pilot scale en AJ;palachian and Eastem 
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Interior coals has resulted in products which rreet current EPA NSPS 

for sulfur dioxide emissions. 'Ibis mini-pilot plant will have a capacity 

of 9 kg/hr (21 lb/hr.). 'Ihe conceptualized process, using lirre-carl:::on 

dioxide regeneration of the spent leachant, rerroves sulfur as hydrogen 

sulfides midi is converted to elerrental sulfur using a Stretford proress. 

There are, however, two major tedmical p:roblerns: 

• '1he feasibility of the closed-loop caustic regeneration feature 

in a oontinuous process is as yet undenonstrated; and 

• '!he products may a:>ntajn excessive sodium residtEs, causing low 

rrelting slags and making the coal unuseable in cnnventional 

dry-bottan furnaces. 

JPL PR:>CFSS ( 2 2 
) 

'Ihis process uses chlorine gas as an oxidizing agent in a solution 

oontaining tridllorethane to convert both pyritic and organic fo:rms of 

sulfur in coal to sulfuric acid. Since renoval of sulfur can approach 

the 75% level, without significant loss of coal or energy cnntent, 

products should generally rreet current EPA NSPS for sulfur dioxide 

emissions. 'lb date,:the proaess has been tested on a laboratory scale 

only an several Eastern Interior cnals. Hf"W::!ver, the effort will 

progress to bench-scale and pre-pilot plant scale in the near future. 

'lb.ere are sare potential enviro:nnental problems with the process. 'Ihe 

trichloroethane solvent is listed by EPA as a priority pollutant in 

tenns of environnental effects. 

IGI' PK>CESS ( 2 3 
) 

'I'his process uses at:nospheric pressure and high terrperatures to 

aCCDIIplish desulfurization of coal. 'Ihese high ~ratures [about 400°C 

(750°F) for pretreatnent and 815°C (l,500°F) for hydrodesulfurization] 

cause oonsiderable cnal loss due to oxidation, hydrocarlx:m volatilization 

and cnal gasification with subsequent loss of heating valtE. Experirrental 
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results have indicated an average energy :recnvery potential of 60% for this 

process. '!he treated product is essentially a carbon char with 80-90% 

of the total sulfur :renoved. M=>st of the experinental work to date has 

been acoJnplished with four selected bituminous coals with a size of 

plus 40 nesh. Present effort is an a lab and bench-scale level. '!be 

net er.ezgy :rea:>very potential of the system and the change in the ooal 

matrix by the p:rocess have been identified as possible severe problems for 

the IGI' Process. 'lhe process nust be develo~d to a stage where the 

process off-gas can be satisfactorily utilized for its energy and hydrogen 

oontent. If this cannot be technically and ec:onanically accnnplished, 

the process will prove to be inefficient and tm CDStly for cx:mrercialization. 

KVB PRJCESS (24) 

'1his process is based up:n selective oxidation of the sulfur 

CX>nStitu:mts of the a:>al. Dcy, ooarsely gromid CDal (plus 20 rcesh) is 

heated in the presence of nitiogen oxide gases for the renuval of a portion 

of the cna.l sulfur as gaseous sulfur dioxide. '!he rercaining :reacted, 

rxn-gaseous sulfur cn:rpounds in coal a:re renuved by water or caustic 

waslting. 'Ihe process has prog:ressed through laboratory scale but is 

currently inactive dl.E to la~ of support. Lal:X>ratory experinents with 

five diffemnt bituminous CDal.s indicate that the pt:OCEss has desulfurization 

potential of up to 63 percent of sulfur with.basic dry oxidation and water 

washing treatnent and up to 89 percent with dry oxidation folio-Jed by 

caustic aOO. water washing. '!he washlng steps also reduce the ash 

a:ntent of the coal. 

In cases \tfbe:re dry oxidation alone a:>uld renuve sufficient sulfur 

to neet the sulfur dioxide emission a:nt:rol levels, this tedmology nay 

provide a very sinple and inexpensive system. Potential problem areas 

for this syst "'m a:re: 

• Oxygen CDncentratian i::equirenents in the t:reated gas exceed the 

explosion limits for coal dust, and thus the operation of 

this process may be hazarcbus. 
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• Nitrogen uptake by the ooal structure will increase NO emission x 
from oorrbustion of the clean ooal prOO.uct. 

ARO) PH:X:ESS (2s) 

Little infornation is available on this process. It is presently 

in the pre-pilot plant stage of develoµrent and is alleged to rerrove ooth 

pyritic and organic sulfur. Bench-scale units are also being operated 

oontinoously at rates of 0. 45 kg/hr (1 lb/hr}. 'Ih.e process was wholly 

funded internally until rerently when EPRI finanred a study on six 

coals in which there was a wide distribution of pyrite particle size. 

Energy yield for the process is alleged to be 90-95%, and ash oontent 

can be redured by as Illl.lch as 50%. 

2 .1. 3. 2 Factors Affecting Selection of Olemical Coal Cleaning as an S02 

Cbntrol M9chanisrn-

<llemical ooal cleaning like physical ooal cleaning is a pret:reatnEnt 

fuel tedmology. '1be large cleaning facilities can only be operated by 

the ooal p.rodurer and are not a oontrol option which may be directly 

:i.nplenented by the operator of an industrial toiler. 'Ih.us the factors 

affecting this technology option are the traditional barriers within 

the ooa1 industcy toward the errergenc:e of a new tedmology. 'Ihe current 

engineering status of these processes is a major barrier to their 

:i.nplerrentation by the ooal produrer, sinre only one process is 

developed to the pilot plant stage. '!he lack of pilot plant engineering 

data CJ."eates oost unrertainties for oo.rmercial plant revelcprent and 

intensifies investor wariness toward cnnmi ting capital. Other factors 

ltbich will affect the use of chemically cleaned ooal include the following: 

• oost to the industrial user 

• supply reliability to the industrial user 

• oont>Ustion dlaracteristics of the cleaned ooal 
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2.2 CCNIR!L TECHNIQJES FOR COAit-FIRFD INDUSTRIAL BOILERS 

'!his section describes the three ex>ntrol technolCXJies - low sulfur coal, 

physical CX>al cleanirg and chemical coal cleaning - and presents existing 

data on cxmtrol capabilities relative to sulfur dioxide emissions. '!be 

intent is to ·provide a general overview of each control techrx>logy fran which 

rational decisions can be made on the Best Systans of Emission Reduction and 

on the CDntrol option levels in Section 3. o. Ebr each control techrnlogy the 

status of developrent, the ex>al supply/denand, the ai;.plicability to industrial 

boilers, and the factors affecting control perfo:r:mance are discussed. Jn 

addition, related 1:q)ics briefly presented are the i.npact of each coal on 

industrial boiler perfomance and retrofitting or nodifying existing boilers. 

2.2.1 use of Naturally OcCurrir!!.IrM SUlfur coal 

2.2.1.1 System Iescription-

Ebr the pmposes of the ITAR, l<M sulfur CX>al will be defined as run--of

mine coal which can ccmply with a given emission a:ntrol level. For general dis

cussion where no emission oontml level has· J.Een delineated, CDals with a $ultllr 

cxmtent of less than one percent by \\1eight (i.e. < 1% S) will be considel.'ed 

l<M sulfur coals. 

Fbr each state the total estimated reserves for low sulfur coal 'Were pro-

-~~-previously~~).~ 2:-1. tlu:o~ 2-4. Alth::>ugti these reserve estimations 

are currently being qtESti.ooed by the ll:!part:rrent of F.nergy, they present a 

useful overall pictw:e of h::Jw low sulfur ex>als are distrfr.uted anong the 

states. '1he largest reserves of the ltw!st-sulfur class(< o. 7%) are those 

subbitmn:i.mus coals foond in l-bntana, followed by New Mexiex> and ~g, each 

with roughly 40 peramt the weight of the reserves 1n -r.nntana. Next are 

the hi.g~ quality bitumioous coals of Colorado, test Virginia, and Alaska. 

Nearly 85 percent of all U.S. coal with one percent sulfur content or less is 

found west of the Mississii;.pi. 
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While infonnation alx>ut percent sulfur (by ~ight) is adequate for 

standards that specify percentage rerroval of sulfur, additional. infoma.tion 

is :required for emission control levels e}l;f>ressed in uni ts of mass of ro2 

rennved per unit of input energy. For such control levels it is necessary 

also to specify 1) the heating value of the ooal for each range of sulfur 

rontent and 2) the percentage of sulfur emitted as S02 in the flue gas 

during a:rrbustion of the ooal. About 54 percent of the total :reserve 

base by \Eight is found ~st of the Mississippi, but because of their 

generally lower heating values, the ~stem ooals oontain less th.an 

SO peroont of the total heat oontent of all U.S.c::oals. -

'1he percentage of fuel sulfur emitted aS S02 during co:rrbustion is hi¢Br 

for bituminous ooal than for subbittnninous coal and lignites, because 

of the higher ooncentration of alkaline rnaterials-particularl y Na02 -

in the ash of the lc:Mer-rank ooals. 'lhe emission factors listed in EPA' s 

"Coopilation of Air Pollutant Factors" iirply a 95 peroent release value 

for bituminous coal.< 26
), and a range of 50 to 90 percent for lignite( 27

). 

Current Industrial Lemand and Supply 

At the present tirre it is estimated that eight to twelve percent of 

the total ene:r:gy c:onsurred in the U.S. is attributable to the fuel bumed 

in industrial boilers { z a) • About ten percent of this fuel-41 millirn 

nettle tons in 1975-is ooal. ( 2 9
) • 

Several sets of legislative rreasures being oonside:red by Congress 

are intenOOd to provide incentives for increasing the percentage of ooal 

bumed in industrial boilersC 30
). Included in these rreasures are: 

1) the inp:>sition of taxes for the use of oil and natural gas and 

2) financial incentives associated with the use of ooaI. Without 

govemnental meentives, the econanics may not be favorable for ooal

buming l:x>ileJ:S, because of high plant investnent, pollution control 

needs, and land requi.rerrents. 
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Table 2-7 lists those states in whidl industries bu;r:n.ed a significant 

quantity of ooal in 1975 for heat and pc:JVer. For each state that is listed, 

the quantity and oost of "all fuels," and the quantity and rost of eelivered 

"ooal" are presented for eadl major industry (2-digit SIC Code). Sinre the 

quantities of "all fuelsn and "coal" are expressed in different physical 

tmi ts, and it might l:e of interest to arrpare the two sets of quantities , 

\e observe: 1) the quantity of nall fl.Els" is presented in physical units 

of billions of kilowatt hours, 2) the quantity of coal is presented in 

tinusands of tons. If we assune that the overall average heating value of 

ooa1 is 2.42 x 107 J/kg (10,400 mu/lb), the unit for roal (10 3 tons) is 

equivalent to 10, 400 B'IU/lb x 2 x 106 lb/10 3 ton x 1 kWh/3, 412 B'IU = 6. 092 x 

106 kWh. Multiplying the quantity of coal presented in Table 2-7 (in 10 3 tens) 

by the ronversion factor 6. 096 x 10 6 klm/10 3 tons will, therefore, yield 

quantities of ooal in kWh, the physical unit used for all fuels. For exanple, 

the table indicates that, nationwide, all industries purchased "all ftels" 

equal to 2,936 x 10 9 10-h, and roal equal to 44,623 x 103 tons. Using the 

arove oonversion factor, the total quantity of coal in kWh is 44,623 x 

103 tons x 6. 096 x 106 klm/10 3 tons = 272 x 109 kWn of purchased ooal 

(scmewhat less than 10 percent of the 2,936 x 109 kWh of all purdlased fuels). 

'lhe info:rma.tic:n upcn whidl Table 2-7 is based ( 
3 1 

) indicates that ten 

states acrounted for 60 pera:mt of the total purchased fuel and purchased 

electricity in 1975. 'Ihese states, in descending o:i::rer of purchased energy, 

are: 

1 - Texas 

2 - Pennsylvania 

3 - Chio 

4 - Iouisiana 

5 - califomia 

6 - Illinois 

7 - Midligan 

8 - Indiana 

9 - New York 

10 - 'Ienn.essee 
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Table 2-7 

PunaJASED FtlEI.S (ALL FUEL AND CDAL) ... 
FOR S'm'IES BY INIXJSTR'l GR:>UP ' 

{1975) 

I Purchased Fuels 
Bituminous ~cal, 

All Fuels Lianite, and Anthracite 

I 
Ki lowatt-nour Quantity 

Cost I 
State 0 l Equivalent Total Cost {l,000 

Code"' (bil 1ions) (million S) short tons) (million SJ 1 

All INDUSTRIES, TOTAL 2,936.3 12,904.5 44,623.3 1,310.3 

I New Yortc TOTAL 97.7 581 .8 2, 161.6 69.6 
I 25 11.3 69.3 150.3 I c; ., 

I 
••I 

28 15. 7 82.2 I 769.2 22.i 
I 

I 32 10.9 56.1 393.9 12.8 
I 

l 33 15.3 102.4 33.0 I 1.1 I 
I 35 4.9 29.6 28.0 .9 

! 5.0 
I 

.2 
! 

36 5.0 30.7 ! 
New Jersey TOTAL 76.5 514.7 39.4 : 1.2 I 

33 5.5 39.6 1.4 . 1 

I Pennsylvania TOTAL 221.7 1,208.8 5,310.1 155.7 ! 

I 20 9.5 63.8 I 40.0 l. 7 
l 22 3.0 20.6 18.2 .5 

23 l.O 7.0 5.9 i .3 

24 1. 7 11.3 I i.O l .2 

I 25 .6 3.8 13.9 .5 

' 26 I 13.4 65.6 686.0 16. 1 ! 

I 28 14.3 72.0 719.3 17.7 
I 

I I 

83 



State 
0 

Pennsylvania 
(con't.) 

Ohio 

Table 2-7 {continued) 

PUR:llA5m FUE:LS (ALL FUEL IINO a:li\L} 

roR s~ BY INIXE'lm GRXlP t 

(1975) 

Purchased Fue 1 s 
Bi tur.:i nous Coa 1 , 

A11 Fuels Lianite. ~nc Anthracite 
Kilowatt-hour l.luantity 

... Equivalent Total Cost (1,000 Cost 
Code {billions) {mill ion S) short tons) (ni11ion Sl 

29 10. 1 44.7 221.4 5.6 

31 .6 2.5 36.4 .6 

32 28.4 121.8 1,680.3 43.3 

33 112. 7 635.4 1,592.0 61. 7 

34 7 .1 44.6 19.6 .8 

35 5. 1 32.3 11.2 .4 

36 4.0 22.8 56. 1 1.6 

37 3.8 18.4 185.6 3.8 

TOTAL 203.5 1,040.0 6,642.2 197.4 

20 9.0 46.8 268.5 9.0 

24 .6 3.3 6.5 .2 

25 .6 3.1 4.6 .2 

26 11.9 54.Z 1,076.1 34.0 

28 25.4 106.6 1,761.5 45.3 

30 9.8 45.2 622.7 16.9 

32 27 .1 120.3 984.6 28.3 

33 78.5 467 .5 1, 182.2 37 .1 

34 10. 5 49.7 168.9 5.3 
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cr 
State 

Ohio 
(can't.) 

Indiana 

Il 1 inoi s 

Table 2-7 (continued) 

PURCHASED FtE!S (ALL FUEL AND CDM.) 

FOR STATES BY INIXBTRY GR:XlP t 

(1975) 

Purchased Fuels 
Situminous Coal, 

All Fueis Lionite, and Anthracite 
Kilowatt-hour Quantity 

Equivalent Total Cost (1,000 Cost 
"" {billions) {mi 11 ion S) short tons) ll'lillion $) Code 

35 8.9 44.1 153. l 5.4 

36 4.2 20.0 61.8 2.1 

37 7.9 ~9.4 272.7 10. 9 

39 .6 2.7 18.3 .5 

TOTAL 111. l 509.7 2,289.9 68.0 

20 7.2 31.6 210. 5 7.0 

24 .7 4.0 5.7 .2 

25 .6 2.6 16. 5 .4 

26 2.2 10.2 127 .1 3.9 

28 6.9 27.9 102. 7 2.3 

30 2.5 11.3 , 03.3 3. l 

32 13.2 49. l 623.8 14.6 

34' 4.6 19.5 60.5 2.0 

35 3.1 14.0 64.4 1.8 

36 4.3 17.9 231.7 6.4 

37 5.8 27., 132.4 4.1 

TOTAL 146.9 684.8 2,582.1 66.9 

20 22.6 103. l 500.2 14.8 
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State 
cr 

! Illinois I (con•t.) 

i 
I 
1 
I 
I 

I 
Michigan 

I 
I 

I 
I 
I 
I 

I 
t 

I 
! 
! 'Iii sconsi n 
I 
I 

i 
I I i 

I 

Table 2-7 (continued) 

PURlfASED FtEI.S (ALL ElEL AND Cll?\L) 

EDR S"m'.IF.S BY INlX5'IRl GRXlP t 

(1975) 

Purchased Fuels 
Bituminous Coal, 

All Fuels Lionite. and Anthracite 
K.1 lowatt-hour Quantity 

"" 
Equivalent Total Cost . (1.000 Cost 

Code (billions) (mill ion S l short tons) {million S) 

23 .4 2.0 .5 ---
26 6.7 27.5 373.7 8.9 

28 22. 1 81. 7 89\.6 19.0 

32 13.S 54.4 467.4 14.5 

33 41.8 228.4 5.5 .2 

35 9.6 41.4 243.3 5.7 

36 4.8 22.Z 8.8 .2 

TOTAL 125.3 617.5 3,882.8 13Z. 7 

20 5.8 30.3 79.3 3. 1 

26 13.0 69. 7 492.4 16.3 

28 19.3 90.2 829.6 22.6 

32 15. 1 65.5 l,147.9 36.2 

33 25.0 129.4 244.9 9.5 

34 7.6 37.3 66.2 2.5 

37 24.7 134.3 940.2 38.S 

TOTAL 60.7 
I 

270.8 1,567.7 55.3 

20 11.0 50.6 I 45.a 1. 5 

25 24.1 I l 03.2 1 ,494.8 49.7 

86 



State a 

Wisconsin 
(can't.) 

Minnesota 

I 

Iowa I 

I 

Missouri 

:-taryl and 

Virginia 

Table 2-7 (continued) 

PURllA5ED FtlEIS (ALL roEL AND CDAL) 

roR STM1:S BY INlXSTrel GRXJL>t 

( 1975) 

Purchased Fuels 
Bituminous Coal, 

All Fuels Licnita. and Anthracite 
K.i 1 owat't-itour \.luant1ty 

00 Equivalent Total Cost (1,000 Cost 
Code (billions) (mill ion S) short tons) (mil lion S) 

34 5.2 19.8 .9 ---
35 4.7 19.4 29. 9 .8 

TOTAL 33.8 145:4 554.2 9.1 

20 9.9 34.0 378.1 2.8 

26 8.5 35.1 147.7 5. 1 

TOTAL 43. l 155.9 1,201.7 31. 6 

20 15.2 55.6 510.7 13.7 

35 4.5 18.6 122.8 2.8 

TOTAL 42.Z 173.2 1,545.2 38.8 

23 .2 1.2 2.0 . 1 

28 6.6 25.5 253.3 6.5 

31 .1 .5 1.0 --
32 14.7 56.6 1,236.8 30.9 

TOTAL 29.9 169. 1 515 .2 12.9 

32 5.3 I 23.8 213.7 5.5 

TOTAL 49.7 278.8 I 1,989.3 58.5 

20 . 2.6 l 6.2 1. l . 1 

21 1.2 I 7.2 21 .o .3 
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State 0 

Virginia 
(con't.) 

West 
Virginh 

~or:h 
Carolina 

South 
Carolina 

Table 2-7 (continue<1) 

~ FtlEIS (ALL nm. ANO CDAL) ... 
FOR S'm'.IES BY INCXE'!Ri GIDlP I 

(1975) 

Purchased Fuels 
Situnnnous Coal, 

All Fuels Lianita. and Anthracite 
Kilowatt-hour Quan't1 ty 

Equivalent Total Cost (1,000 Cost 
Code 

00 (bi 11ions i C:nillion S) short tons) (mi11ion $) 

22 3.9 21.5 157 .o 6.6 

25 .s 3.2 25.3 1. 1 

25 11.1 59.0 579.6 21.1 

28 17.4 92.6 946. 1 30.8 

32 4,4 22.4 245.5 1.a 

TOTAL 51.5 224.5 3,049.9 95.6 

28 22.6 89.5 1,755.S so. 1 

33 17.4 87.9 1,126.5 40.2 

TOTAL 60.8 356.6 1,440.6 51.8 

21 2.0 10.9 137.5 4.9 

22 15.7 94. 1 326.1 12.8 

25 1.2 1.a 31.2 1. 4 

26 13.4 76. l 660.4 23.7 

32 s.a 26.7 100.9 2.7 

TOTAL 46.2 223.9 1,209.9 43.5 

22 11.4 57.2 233.3 9.0 

26 9.9 54. 1 7i .9 3.0 
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State 
0 

Georgia 

Kentucky 

: 

Tennessee 

Alabama 

Table 2-7 (continued) 

PUROlASED FtlEI.S (ALL FUEL AND CDAL) 

roR S'lMES BY INl:XETRY GroUP t 

(1975) 

Purchased Fue 1 s 
Bituminous Coal, 

All Fuels Liqnite, and Anthracite 
!<i1owatt-hour wuanti ty 

"' 
Equivalent Total Cost (l .ooo Cost 

Code lbi ll i ans) (mi 11 ion S) short tons) (mil lion S) 

TOTAL 54.5 .243.8 550.3 16.9 

22 8.8 37.8 115.5 4. 1 

TOTAL 40.2 195.4 1 ,092.2 32.6 

20 3.3 13.7 77. 1 2.7 

21 .8 3.7 23.8 1.0 

24 .6 3.5 2.9 • 1 

28 8.4 31. a 579.9 15.8 

35 l.8 9.2 70.4 2.2 

TOTAL 64.2 248.6 3,156.0 85.5 

20 4.2 17.2 9.0 .3 

28 31.7 109.7 2,4SO. l 66.5 

.32 7.9 30.0 436.2 12.3 

TOTAL 72.0 286.9 1,334.6 32.7 

22 2.8 9.8 40.0 1.4 

23 .3 1.4 1., ---
26 19.7 78.7 699.9 18.2 

32 7.9 30.2 , s1 .a 4.3 

33 19. 5 79.2 28.3 i.0 
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Notes to Tab.le 2-7 

t Reference (sa) 

cr The states listed above are those for which there are quantity and cost 
data relating to deliveries of bituminous coal, lignite, and anthracite. 

00 Based on 2-digit Standard Industrial Classification (SIC) codes: 
20 - Food and kindred products 
21 - Tobacco products 
22 - Textile mill products 
23 - Apparel, other textile products 
24 - Lumber and wood products 
25 - Furniture and fixtures 
26 - Paper and allied products 
28 - Chemicals, allied products 
29 - Petroleum and coal products 
30 - Rubber, miscellaneous plastic products 
31 - Leather, leather products 
32 - Stone, clay, glass products 
33 - Primary metal industries 
34 - Fabricated metal products 
35 - Machinery, except electric 
36 - Electric, electronic equipment 
37 - Transportation equipment 
39 - Miscellaneous manufacturing industries 
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In forecasting the use of low sulfur roal as a c:nmpliance strategy for 

IIEeting S02 NSPS, (3 2
) the estimates of the utility industry for new roal 

fired units were analyzed. Between 1977 and 1981, 134 new electric 

utility roal units are projected to rone on line of which 111 will conply 

with an emission rontrol level of 516 ng 502 /J (1.2 lbs 502 /10 6 BTU). Of 

these 111 units, 67 tmits plan to ronply using low-sulfur a:>al, one unit 

will use "deep" cleaned roal (Pennsylvania Electric in Honer City), and 

the remaining 43 tmits will operate floo gas desulfurization systems (FGD). 

All 21 units that rrrust ronply with emissions control levels lower than 516 

ng/J plan to use FGD. (Note: U..O of the plarmed units specify neither 

emission control levels nor ronpliance strategies.) 

Using steam-roal deliveries to electric utilities as a reference, 

Table 2- 8 presents July, 1978 delivered prices at electric utilities 

for low-sulfur steam roal from given sources. 'Ihese delivered prices 

are generally lower than those paid by industrial users since 1) unlike 

electric utilities, industrial_ users-barring·· exceptionally large users or 

rooperative arrangements such as those being discussed arrong sare large 

Texas industries-are not in a position to invest in nnit-train cars (for 

which freight rates may be half those of single cars) and 2) industries 

nore frequently buy their roal on the rrore expensive spot market rather 

than by tenn rontracts as do rrost utilities. 

Table 2-9 presents the quantity of roal shipped by roal-pi::oducing 

districts in 1975 to electric utilities, and to industrial users (excluding 

a:>ke and gas plants, but including non-boiler industrial users of coal) and 

retail dealers. '!he table also gives awrage sulfur content of the a:>al. 

Acrording to this table 21,070 netric tons, or 39 perrent, of the total 

weight of coal shipped to industrial users and retail dealers was low 

sulfur a:>al (less than or equal to one perrent by weight of sulfur). 

User Acceptance of :WW-Sulfur Coal 

In this section we discuss the acceptability of using low sulfur 

coal as an alternative energy sourre for firing industrial boilers. 

Aca:>rding to Table 2-7 alx>ve, nine to ten percent of the energy purchased 
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Table 2-8 

S'lEAM CDAL PRICES, JULY 1978, FOR IELIVERED CDAL, SULFUR~ 1% 
( 3 6) 

% Quantity Pr~ce 
Source State and Source Destination Station Sul fur (tons) ( $/1 o mu 

Kentucky: 

Vols Wansley/GA Power 1.0 26,600 1.32 
Buckhorn II 0.6 24,400 1.86 
Blue Grass #4 II 0.8 46,500 1.59 
Alla Coal Power Plant 65/MI 

State U. 0.7 4,200 1. 59 
II 0.7 8,900 1.53 
II 0.9 8,500 1.50 

Oklahana: 

Designer Transfer Facility, 
LA/Tampa Electric 0.8 6,900 l.29 

Utah: 

Wattis Rush Island, MO/ 
Union Electric 0.8 19,000 l. 79 

Wattis Labadie, MO/Union 
Electric 0.8 11 ,000 l. 72 

Wattis II 0.8 9,000 l. 71 

Virginia: 

V.I.C.C. Urquhart/SC Electric 
and Gas 0.8 4,700 1.43 

Washington: 

Centralia Coal Field Centralia, WA/PPL 0.8 400,000 0.78 
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Table 2-9 

SHIPMEN'IS OF BIWMINaJS COAL AND LICNI'IE BY OONSUMER USE 

AND AVERAGE SULFUR O)N'IENT, 1975 
( 3 7) 

Quantity Shipped Average Sulfur Content 
{thousand short tons) {~ercentl 

Industrial Industrial 
El ectri·.C. ·Users and · cr Users and cr District Uti 1 iti es Retail Dealers Utilities Retail Dealers 

Eastern 37,244 3,827 2. 1 2.0 
Pennsylvania 

Western 9 ,931 4,743 2.2 1. 7 
Pennsylvania 

Northern West 24,012 2,559 2.6 2.2 
Virginia 

Ohio 41 ,437 4,812 3.5 3.2 
Panhandle 6,931 308 4. 1 3.4 
Southern Numbered 1 136 4,072 .7 .6 
Southern Numbered 2 88,910 13,882 1.2 .9 
West Kentucky 53,489 2,598 3.8 3. 1 
111 inois 47,415 8,729 3.3 2.7 
Indiana 21,242 3,832 3.4 3.6 
Iowa 618 1 3.9 3.0 
Southeastern 13,175 1,781 1.4 1 . 9 
Arkansas-Oklahoma 12 214 1.0 2.0 
Southwestern 16 ,771 2,410 2.6 1. 7 
Northern Colorado 215 244 .4 .4 
Southern Colorado 4,491 402 .6 .7 
New Mexico 14,755 1 .7 . 5 
Wyoming 20,973 2,459 .6 .7 
Utah 3,523 1,428 .5 .6 
North Dakota 7,615 691 .7 .6 
Montana . 21 ,226 827 .7 1.2 
Washington 4,451 51 .5 . 3 

TOTAL
00 

438,571 59 ,871 2.3 1.8 

(J • 
Excluding coke and gas plants. 

00 

Data may not add to totals shown due to independent rounding. 
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by industries in 1975 for heat and par.ier cane f:ran roal. ll:spite the 

Administratiai's eIIIilasis en burning ex>al rather than oµ. or gas and despite 

·industry's a:moem about having a reliable source of fuel should gas and 

oil beoome unavailable, only about six pere51t of new industrial boilers' 

enezgy i:equirercents in 1981-1985 are ~cted to be met with 
CX>al ( 34t •. 

'1be reluctance to bum coal ~ industrial boilers stems mainly from 

the higher capital rost of these boilers as a:inpared to gas- and oil

buming boilers. A field-erected, CX>al-fired boiler can oost ten times 

nore than a package oil/gas-fired boiler C3_5 >-. Altlx>ugh the differential 

in fuel oost beb.een ooal and oil inplies that this additional invest:nent 

can be recouped (in sore parts of the rounb:y .in as l~ttle as three years) , 

.industrial cnrpanies generally 1) have difficulty raising the additional 

capital and 2) choose ~r fuels because they are interested in a 

relatively high retum en their investnent, not in nerely breaking even. 

In addition to the higher invest:nent rosts, other deten:ents are 

a::>al handling and ash-handling, disposal· of ash and possibly FGD residuals, 

and unoortainty aboo.t air pollution ooncrol requi:renents. 

'lhe attractive feature of a::>al is that its future supply appears nore 

assured than <bes the sq>ply of oil and gas. A nurciJer of cxmpanies, there

fore, want t.IEir new boilers to have the capability to buni a variety of 

fuels, including ooal. As a result, a sizable- fraction of new industrial 

boilers are expected to cxnsist of oil/gas-fired boilers with the capability 

to bum ex>al but without the a::>al-bw:ning equipnent. 'lhese units are 

larger than units that can bum only gas or oil and will rost about 30 

percent no:re. l'ben neressacy or practical, they can be cx:nverted to a::>al 

~ adding handling and bu.ming equipnent. 'lhese units will also have the 

capability of buming lower-quality oil and a::>al-derived oil or gas. 

While .in t_ '-le long run a::>al is oonsidered a nore dependable fuel than 

oil or gas, the four-m:nth a::>al strike that started in DeCEIIber 1977, 

and was acrorrpanied by frozen a::>al piles, has raised questions about that 

dependability. M=thods for preventing coal-pile freezing are being 

developed. l'bile \"tie cannot forecast the degree of stability of the coal 

labor market, \"tie observe that CX>al-buming industrial units capable of 
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buming oil/gas and also accessing oil/gas during the errergencies.need 

not interrupt their operations during a roal strike. 

Sate kinds of roal-buming milers carmot operate effectively with 

sorre types of roals. Fbr exarrple, traveling-grate spreader stokers can handle 

a wide range of ooals from eastern bituminous to lignite. Fixed-bed 

stokers, ~ver, carmot handle caking ooals, such as the western 

subbituminous ooals. Spreader stokers cannot handle roals with ash-

fushion tenperatures below 1200°C (220°F), which are generally found 

in westem low-sulfur roals (e.g., the Wyoming subbiturninous and Utah 

bituminous and the lignites). 

Pulverized-roal boilers can be designed for al.rrost any type of roal. 

'!he initial choice of roal will, however, detennine the type of pulverizer 

used, the tube spacing in the miler and superheater (low-fusion tercperature 

coals i:equire greater spacing), and the type of materials used in the 

fumaoe walls. Furthemore, electrostatic precipitators (ESP) will be 

less effective with low-sulfur roals because of their higher resistivity, 

sinoe electricity is oonducted within the fly ash matrix through qases, e.g. , 

H20 and SOa (or H2S04}, absorbed en the surface of fly ash particles. 

'll1e above discussion focuses on new industrial boilers. '!he prospects 

for CDnverting present oil/gas-fired milers to roal appear dim. The oosts 

and losses in efficiency (up to two-thirds) \'A:>uld be prohibitive. When 

a:rcpai:ed with oil/gas milers, roal-buming milers differ primarily by 

mqu:i.ring 1) l~r heat-release rates, 2) lower flue-gas velocities, .and 

3) lai:ger tube spacings in the boiler and superlleater. coal's lower heat

:release rate inplies a longer residence tine and, therefore, a larger fumace. 

Tube spacing that is too tight can lead to plugging-a serious t::roblern. 
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As will be described in Section 4.1.1, the delivered price of low

sulfur ooal is strongly dependent upon the transportaticn oosts, which, 

in sare cases, can exCEed the f.o.b. mine oost. For example, the cost 

of transporting ooal fran Northem Wyoming to Tuxas is currently about 

two tines the cost of the coal as mined in Northern Wyoming. 

2. 2 .1. 2 System Perfonnanoo-

'Ihe available lc:M sulfur coal reserves in each of six coal regions 

and the entire U.S. that neet ·various S02 emission c:ontml levehi have been 

estimated by a technioue called the Ieserve Processing Assessnent 
(3 a') . -

lt!thodology (RPAM) • 'Ihis program involved a conputer 

overlay of Bureau of Mines-coal reserve base data, coal washability 

data and a third data tape cx:ntaining approximately 50,000 :reoords of 

ooal sanple analyses.. '1his overlay may be manipulated to provide 

:reasonable estimates of the quantity by energy or weight of the coal 

:reserve base in a particular region rreeting a given S02 emission level. 

'1hese quantities are based upcn average sulfur and BID quantities and 

Cb not reflect coal sulfur variability. 

'1he six coal regions used in the conputer program a:re def~ as 

follows: 

1. lt>rthem Awaladtian Region includes Maryland, Pennsylvania 

(bituminous), and Chio and the following 40 comties in central and 

northem West Virginia: 

Barl:x:>Ur 
Bei:keley 
Braxton 
Bi:oake 
Callx>lm 
Clay 
D:Xldridge 
Gilner 
Grant 
Gi:eenbrier 

Harrpshire 
Hancock 
Hardy 
Harrison 
Jackson 
Jefferson 
I.ewis 
Marion 
Marshall 
Mason 

Mineral 
M:>nongalia 
M:>rgan 
Nicholas 
Chlo 
Pendleton 
Pleasants 
Pocahontas 
Preston 
Randolph 

2. Southern 1'ppal.adrian legion includes 'Iennessee, 

Ritchie 
R:>ane 
Taylor 
Tucker 
Tyler 
Upshur 
l'ebster 
vetzel 
Wirt 
W'.X>d 

Virginia, Kentucky (east), and the southern vest Virginia counties of PDone, 

Cabell, Fayette, Kanawha, Linooln, Iogan, ~11, lt!roer, Mingo, M:>ru:oe, 

Putnam, Raleigh, Smmers, Wayne, and Wyaning. 
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3. Alabama Fegion includes only the State of Alabama. 

4. Eastem Mi~st Fegion includes Illinois, Indiana, and 

Kentucky (west). 

5. Westem Mi~st Iegion includes Al:kansas, Icwa, Kansas, 

Missouri, and Oklahoma. 

6. Westem Iegion includes Arizona, Colorado, M:mtana, New 

!exioo, North Dakota, utah, and Wyoming. 

States not assigned to a coal region in "Sulfur Reduction Potential of 

the Coals of the United States," u. S. Bureau of Mines, RI 8118 (1976), 

'tt'ere assigned to specific regions. c:eorgia and North carolina were 

assigned to the Southem .Appalachian Fegion, Michigan to the Eastem 

Mi.CW=st Pegion, 'lexas to the Westem Midwest Region and Idaho, Oregon, 

South Dakota and Washington were assigned to the Western Iegion. 

Table 2-10 shows the available quantities of the reserve base in 

eadl of the six ooal regions and the entire u.s. that will neet various 

emission oc:ntrol levels. Only the Westem IEgion and S. Appalachian region have 

significant anounts of rCM ooal available to neet a stringent 215 ng 502/J 
(O~S lbs 502 /10 6 B'IU). Each of these regions, h~ver, has over 90% of 

their raw ooal available at the SIP emission c:xm.trol level of 1,075 ng S02/J 
(2.5 lbs/106 B'1U). tn oontrast, little or no ooal in N. Appalachia, 

E. Midwest, and W. Mi~t regions can oonply with the 215 ng 002/J cx:ntrol le"Vel 

and less than 10% of the ooal reserve base of those regions, exoopt 

Alabama, can neet an inte:mediate caitrol level of 650 ng S02/J (1. 5 lbs S02/ 

106 B'IU) • Figures 2-2 through 2-8 graphically illustrate these 

IeSU!ts. 

'lhe anount of a:nplying lcw sulfur coal reserves can also be viewed 

nan an energy availability standpoint. 'Ibis is especially relevant for 

low sulfur coal sinre there are twO distinct fm:ms of low sulfur ooal : 

the high rank, bituminous eastern ooal and the lc:A\er rank, subbituminous 

\eStem coal. Figures 2-9 through 2-15 present reserve base energy 

cxntent of a:mplianre ooal versus emission level. 

'lhe energy oontent of the reserve base in Northem Appalachia 

available in the lcw slJlfur spectrum <430 ng 502 /J (1.0 lb S02/l0 6 BTU), 

97 



\Q 
co 

TABLE 2-10. WEIGHT PERCENT OF REGIONAL I.ON SULFUR CDAL RESERVES THAT CAN MEET 
VARIOUS S02 EMISSIOO a::NTK>L LEVELS 

Emission COntml Level 
ng 802/J Northem ·south em Eastem Westem 
(lbs S02/l0 6 B'IU) }ff?alachian Appalachian Alabama Midwest Midwest Westem Entire U.S. 

215 (0. 5) 0 2 0 0 0 16 8 

650 (1.5) 10 75 48 2 6 85· 48 

1,075 (2. 5) 24 90 74 8 13 95 58 

1, 700 (4. O) 50 94. 94 14 19 99 68 

Values are in weight percent of :regional :reserves 
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is 74 x 10 9 GJ (70 quadrillion BTU). This small arrount only represents 

4 percent of the regional total and therefore the use of l<M sulfur coal 

as a control technology may not prove beneficial. 

In the Southeni Appalachian region the l<M sulfur reserve base 

energy content is alx>ut 370 x 10 9 GJ ( 350 quads) • This is a sizable 

increase over the Northern Appalachian region, and therefore the use of l<M 

sulfur roal represents a possible control option. 

'!he arrount of reserve base which qualifies as being a l<M sulfur 

variety in Alabana equals 17 x 109 GJ (16 quads). Overall this value is 

srcall, but in this region where the total energy content is only about 85 

x 109 GJ (80 quads), 15 x 10 9 GJ represents a sizable portion (20 percent). 

'lhe use of these l<M sulfur reserves could therefore be available as a 

local control option. 

The use of low sulfur coal in the Eastern Midwest region as a control 

option is limited. 'Ihe energy reserve base available is 26 x 10 9 GJ (25 

quads) carpared to a total energy potential of arout 2,300 x 10 9 GJ (2,100 

quads). 

For low sulfur raw coal in the West Midwest region, arout 32 x 10 9 GJ 

(30 quads) can rreet a 430 ng 502/J rontrol level. 'Ihis value is approximately 

7 percent of the total available BTU resezve base of the region. 

By far the highest available anount of low sulfur coal energy reserve 

base is in the ~stem region. Approximately 2,610 x 10 9 GJ (2,480 quads) 

of coal can conply with a 430 ng S02/J rontrol level which :represents 68 pera;mt 

of the total regional energy reserve base. 

Nationwide the reserve base energy content of low sulfur coal is 

3,000 x 10 9 GJ (2,850 quads). This oorrputes to a total national coal 

reserve base energy content of 33 percent. Of this l<M sulfur coal energy 

reserve, 87 percent is located in the Western region. Since rrost coal

fired industrial boilers are located in the eastern half of the U.S. , 

cx:msiderable transportation costs and energy will probably be associated 

with using l<M sulfur coal as a 1t0.jor S02 control technology. 
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· Effects of SUlfur Variability on Quantity of Ieserve BaSe Available to l-Eet 
502 Emission Crn.trol levels-

A basic factor affecting the use of low sulfur coal to neet S:h emission 

ccntrol levels is the variability of the prq;:ierties of the coal as it cares 

fran the mine. Tte a:attx>sition and p?:q?erties of coal can vary widely even 

within a given ooal seam. 'Ibis is an i.rrportant ronsideration with respect 

to emi.ssicn control. 

Because the sulfur content varies, the average values for sulfur in 

coal can 1::e used to detennine cmpliance with a given cxmtrol level atl.y 

if long-tenn averagirxJ of the resultant SC'2 emissiai is peIJDitted. If, 

~r, the emission control regulation irx:ludes a "never to J:e exceeded" 

statenent, a ooal. with average sulfur and heat oontent equal to the stated 

emission oontrol level will 1::e out of o::rcpliance approximately half of the 

tine. To inc:rease tm tine within cmplianoo, it is necessax:y to use a 

coal with a la.er average sulfur oontent ED that rrost upper deviations can 

1::e accx:rrmxlated wi tlDut resul.t:i.DJ in ncncxxcplianoo. 

Table 2-11 and 2-12 slOI the percent weight and percent energy, respect

ively, of raw ooal. in each region that en canbustiai will neet emission 

oontrol levels of 520 (1.2), 860 (2.0), 1,290 (3.0), and 1,720 (4.0) 

ng 502/J (lb S02/106 B'IU). 'Ih! regions used are as follCMS: 

l. lt>rthem~ 

2. SOUthem~ 
3. Alabama 

4. Fastem Midwest 

s. Westem Midwest 

6. Westem 

7. Entire U.S.A. 

Onitted fran these regions for lack of a,wi:opriate data are the Alaskan re-

serves. 

'lhe effect of taking sulfur variability into acoount is also slDWn on 

these tables for one toiler size over~ different averaging t:Ure periods, 

which generally fix the lot sizes of coal being b.imed. 
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TABLE 2-11 

PERCENT WEIGHI' OF U.S. CDALS BY REGION AVAILABLE 
'IO MEET VARiaJS EMISSION ~TIOL LEVEIS 

Emission ccri.t::rol levels 
Region 520 (1. 2) * 860(2.0) 1,290(3.0) 

Variability Ignored 

1 6 16 32 
2 53 83 92 
3 27 68 90 
4 1 6 10 
5 6 11 16 
6 71 89 97 
7 41 55 63 

24-hr Average, 75 x 106 BTU/hr 

1 1 7 14 
2 8 58 81 
3 6 35 66 
4 0 2 5 
5 5 8 14 
6 66 88 95 
7 29 45 53 

30-day Average, 75 x 106 BTU/hr 

1 2 9 20 
2 22 64 87 
3 13 43 71 
4 1 2 6 
5 6 9 16 
6 69 88 96 
7 32 46 56 

* F.missicn limits· are given in na S02/J (002/10 6 B'IU} ·( 3 a) 
&mce: Pese:rve Processing Assessrent Mcxlel (RPAM) • 
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TABLE 2-12 

PEI.ONT ~ OF U.S. CXN:S BY RmIOO AVAIIABLE 
'ID MEET VARIOUS EMISSICN CIN.rIDL IEVELS 

Emission Q:ntxol levels 
Region s2a ci. 2) * 860(2.0) 1,290(3.0) 

Variability Ignored 

1 7 17 33 
2 54 83 93 
3 27 69 90 
4 1 6 10 
5 7 13 18 
6 72 90 97 
7 38 52 60 

24-hr Average, 75 x 106 BTU/hr 

1 1 8 15 
2 8 59 82 
3 6 36 67 
4 0 2 5 
5 6 9 16 
6 67 89 96 
7 29 46 54 

6 30-day Average, 75 x 10 BTU/hr 

1 2 9 20 
2 23 65 87 
3 13 44 72 
4 1 2 7 
5 7 11 17 
6 70 89 96 
7 32 47 56 

* Emission limits are given in ng 002/J (lb S02/l0 6 BTUh 
Sru.rce: Peserve Processing Assessment f.Ddel (RPAM). \& 

ll6 
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'!he emission levels acceptable if sulfur variability is taken into account 

were canputed on the basis of a 97.72 percent oonfidence level {tv.o standard 

deviations fran the rrean based on a one-tailed test}. The :relative standard 

&viations (RS[') used are given below. 

24 hour averaging, 

75 x 106 B'1U/hr 
30 day averaging, 

75 x 106 B'IU/hr 

Relative Standard DeViations 
Fastem 

Raw---wasbed 

0.28 0.10 

0.19 0.07 

western 
Raw Washed 

0.07 0.07 

0.04 0.06 

'1hese RSD's are postula~ to approximate those for 24-hour and 30-day 
averages for the boiler slze li.Sted. At the conficenc:e level used, the 

m;ruiJ:ed emission limits will be exceeded only 2.28 percent of the t.irce \\hi.ch 

is· less than one day in thirty days and is apprc»dmately 30 minutes in 

belty-four hours. 

'Jbe effect of taking sulfur variability into account shows that for a 

24-h:Jur averaging period f.or a 79 x 10 6 kJ /hr (75 x 10 6 B'lU/hr) boiler, the 

availability of low sulfur ooal below 520 ng 002/J (1. 2 lbs 002/106 B'IU) is 

tedlD:d nationwire fnm 41 percent to 29 percent by weight. Furthemore, on 

a regional basis only 3 percent of the ooal reserve base in all regions other 

than l'estem has sufficiently low sulfur content to neet this standard with 

the 24-hour averaging, while 66 percent of the westem reser.:ve base meets the 

standard. A 30-day averaging period allows 32 percent of the entire u.s. 

reserve base to rceet this c:x:ntrol level and pennits rro:re substantial anounts of low 

117 



sulfur coal. fran regions other than w=stern to be used. For exanple, 22 per

cent of SOuthem Appalachian coal is now usable. 

~cts on Boiler-

Eastem.Cbal 

I.ow-sulfur eastern ooals are a highly desirable fuel for spreader stokers. 

Generally, these mals have :relatively high ash fusion tenperature, lCM ash 

cxmtent, and present few problans in handling. Generally, slagging is only a 

problem at excess air levels less than 50 pe:r:cent (this is below the excess 

air level at which rrost stoker-fired boilers operate) • I.ow-sulfur eastem 

bituninous mal s can be fired in nest sp:ceader-stoker-fired boilers. 

'1he eastern bituninous ooals have :relatively high free ~!ling indices 

and, tlms, have a tendency to cake. 'll1is is not a problem in spreader stokers, 

but it nay be a problem in underfeed and overfeed~. For example, an 

overfeed stoker designed to b.ml a noncaking Illinois coal may enootm.ter 

operatiooal. problems if switched to a low-sulfur eastem cx>al.. 

~tem .Cbal 

Because of wide variability in the properties of westem ex>als, it is 

difficult to make generalized statanents. lbwever, a recent re:EX>rt ce~) assesses 

the operational aspect of ex>al switching to ~ fuels. 

'!he testing of ten :representative industrial coal-fired boilers in the 

UfPer"'flli.d\Est .resulted in an assessrrent of sulfur oxides, nitrogen oxides, 

carbon naioxide, tmblrned hydrocarbon and particulate emissions fran these 

units as well as an assessrcent of the c.peratianal inpact of ooal switching. 

'Ibis study has s1Dwn that w=stern subbit.umin::>us CX>als can be substituted 

for eastern bituninous ex>als as an industrial boiler fuel. 'Ihe wastem coals 

are carpatib~ ~ with industrial cn:tl-fired WU.ts of current design. Tv.o wrl.t 

types of older design (underfeed and traveling grate stokers) w=:ce found to 

experience difficulty lxlrning westexn ooal. Sane cases have been noted where 

the maximun load capacity of the boiler had to be :reduced. 'Ibis problem can 

be eliminated by pre-ch"yin;J the coal or by increased superheat steam tenpera-

ture capacity. 
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Westem subbituminous ooals were found to be superior to eastern coals 

in telJllS of SOX, OOX, particulate, and unhuned hydrocarbon emissions. 'lbe 

\Estern coals oould be fired at lower excess air and exhibited substantially 

lower oombustible losses than eastem coals. 

'Ihe size of delivered western coal proved to be a problem in rrost of the 

stoker-fired units tested. '!he coal generally had too large a percentage of 

fine coal resulting from the pc:x:>r weathering characteristics of westem coals. 

Ebiler efficiencies cm westem coal were l~r due to the high roisture 

content of the westem coal. 'Ihe reduced efficiency due to the rroisture losses 

were satehlat offset by the lower combustible losses and lower excess oxygen 

(02) required for westem coal canb.lstion • 

.Additional Maintenance Requirerents-

Firing of naturally-occurring low sulfur coal (eastern or western) in 

irrlustrial stoker-fired boilers is rot expected to have a significant effect 

on boiler maintenance costs. Firing of such coal in industrial pulverized.

coal boilers may have scree effect in reducing boiler maintenance costs. 

Firing of low sulfur eastern coal in industrial boilers may reduce 

q>erating costs slightly due to the lower ash content typical of such ooal. 

Firing of low sulfur western coal in industrial boilers nay increase operating 

costs due to high ash and s:xlium content (i.e., increased slagging) typical 

of such coal. 

Ik>cutEntation-

Details of the data bases used in this study are given in section 2.2.2.2, 

the docunentation of system perfonnance for the physical cleaning process. 
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2a2.2 Physical Coal Cleaning 

Coal preparation is a proven, existing technology for upgrading raw 

coal by rerroval of inpurities. It provides control of the heating value 

and physical characteristics of coal. I:lt:J?eTI.ding upon the level of prepara

tion and the nature of the raw coal, cleaning processes generally prcxluce 

a unifo:rmly sized product, rerrove excess rcoisture, reduce the sulfur and 

ash content, and increase the heating value of the coal. By renoving 

potential pollutants and reducing product coal variability, coal cleaning 

can be an inp::>rtant control strategy for carplying with air quality 

cnntrol levels. 

2.2.2.1 System description--
(lt 0 ) 

Physical Coal Preparation Systans 

'lh.e physical coal cleaning processes used today are oriented toward 

product standardizaticn and reduction of ash, with increasing attention 

being placed on sulfur reduction. Coal preparation in camercial practice 

is currently limited to physical processes. In a rrOO.ern coal cleaning 

plant, the coal is typically subjected to (1) size reduction and screening, 

(2) gravity separation of coal fran its irrpurities, and (3) dewatering 

and drying. 

'!he canrercial practice of coal cleaning is currently limited to 

separation of the impurities based an differences in the specific gravity 

of coal constituents, i.e., gravity separation process, and on the 

differences in surface properties of the coal and its mineral natter, 

i.e. , froth flotation. 

'lh.e types of processes and equiprent used over the years in coal 

cleaning are surmarized in Table 2-13. 'Ihis · sumna:ry table indicates that 

as of 1972, jig operations processed the largest ix>rtion of coal being 

beneficiated. liatJe'l:Jer, dense-medium processes and concentrating tables 

show increasingly greater contributions and froth flotation use is 

gn:Ming. 

'Ib provide a systematic basis for discussion and evaluation, coal 

preparation has been classified into five general levels. A sumrrary of 

these general levels is presented on the follCMing page. 
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TABLE 2-13. PREPARATION OF ffiAL BY TYPE OF EQUIPME.l--T ( 
4 1 

) 

Perrentage of Clean Coal T?.roduced by Year 

Washer 'fype 1942 1952 1962 1972 

Jigs 47.0 42.8 50.2 43.6 
D:mse-meclium prcx::esses 13.8 25.3 31.4 
COnrentrating tables 2.2 1.6 11. 7 13.7 
Flotation 1.6 4.4 
Pneumatic 14.2 8.2 6.9 4.0 
Class\~ien? {29.6 8.5 2.1 1.0 
Launders 5.2 2.2 1.9 
Ccmbination of :rrethods 7.0 19.9 

level 1-crushing and sizing 

'Ibis desiqn uses rotary breakers, crushers and screens for too size 

cxntrol and tor ~ .tenPVal of cnarse refuse. 

level 2-ooarse size ooal beneficiation 

Coal is crushed and sized, followed by dJ:y screening at 9. 5 nm (3/8 in.) 

and wet beneficiation of the plus 9.5 nm material with a jig or dense :rrediurn 

vessel. 'lh.e minus 9. 5 rnn material is mixed with the cnarse product without 

washing. 

level 3-coarse and rrediurn size cxal benef iciation 

Coal is crushed and separated into three size fractions by wet screening. 

'1he plus 9.5 nm material is beneficiated in a coarse coal circuit. The 9.5 

nm by 28 nesh material is beneficiated by hydrocyclones, concentrating 

tables or dense rredium cyclones,and the 28 nesh by 0 material is dewatered 

and shipped with the clean coal or discarded as refuse. 

level 4-coarse, nediurn and fine size coal beneficiation 

Coal is crushed and separated into three or nore size fractions by wet 

screening. All size fractions are benef iciated in individual circuits. 

'lhermal drying of the nrinus 6. 4 nm fraction may be necessary to cnntrol the 

noisture content of the product. 
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Ievel 5-"deep cleaning" coal beneficiation 

Level 5 is basically, a level 4 plant in which one_ size fraction is 

rigorously cleaned to neet a low sulfur-lc:M ash product specification. 'Im 

or three ooal products are produred to various market specifications. This 

level also utilizes a fine ooal reoovecy circuit to increase total plant 

recnvecy. 

The increasing corrplexity of the systems is fella-al by an increasing 

versatility for usage of coa.ls with a wide range of washabilities. Thus, 

high level systems may be used for many different coa.l types. Ia¥er levels 

an the other hand have a greater flexibility with regard to changes in raw 

coal size. levels 1 to 3 are generally used in the preparation of steam 

ooal. level 4 is used for netallurgical grade coal ~ level 5 has not yet 

been cormercially daronstrated in this country. 

A raw coal which is of marketable quality must be sized to be usable. 

level 1 systems perfonn this sizing, while raroving mine rock. Figure 2-16 

illustrates a Level 1 plant. No washing is done and the entire process is 

dry. Since nost renoval of pyritic sulfur is acccnplished by hydraulic separa

tion, this level of cleaning is inefficient for reducing sulfur levels. 

In additicn, only gross ash is rercoved. Because of these considerations, 

level 1 systerrs are nost effective for processing high quality coal with 

low sulfur oontent or when market specifications and raw coal characteristics 

are similar. 

In a level 1 system, ra!tl coal is introduced to a :receiving l'x>pper 

equippe::l with grizzly baru to limit the size of the coal pieces and rocks 

entering the hopper. 'Ihe oversize coal pieces are broken into srraller 

pieces which pass through the bars or are rerroved. Fran the receiving 

hopper, the coal is fed to various sizing and crushing equipnant. Sizing 

units separate large pieces frcm the renainder of the coal. The large 

fractions tht ,n proceed to primrry crushing while the sma.ller fracticns by

pass the CIUS · ing circuit or undergo secondary crushing. A nagnetic 

separator is used to renove tramp iron. Unbroken naterial leaving the 

primary crusher is usually waste rcx:::k, which is collected in a refuse 

bin for disposal. 'Ibis $Creening and crushing operaticn continues until 

the coal is of a comrercially marketable size. 
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Once sized, the coal may be diverted to a thermal drier if specifi

caticns require or taken directly to storage or transportation via belt 

oonveyor. '!be processed coal is autanatically weighed and sanpled. 

level 2 cleaning plants, in addition to crushing and screening raw 

coal, also perfonn a minimum. of cleaning. A general flc:M diagram for a 

level 2 plant is illustrated in Figure 2-17. A finer sizin] of the coal is 

acca1'plished for a Ievel 2 plant than in Ievel 1. 'lhis system provides 

renoval of cnly ooarse pyritic sulfur material and is therefore recxmcended 

for a noderate pyritic sulfur content coal. 

level 2 systems contain crushing and screening operations similar to 

level 1. '!he final dry screening is usually limited to a minimlm opening 

size of 6. 4 rrm. All finer coal goes directly to clean coal storage in a 

dry state. 'll1e larger fraction goes to a jig or scree other ooarse 

cleaning operation to be washed and separated into heavier and lighter 

fractions. Heavier refuse particles are rejected, dewatered and conveyed 

to the refuse bin. '!he clean coal is discharged with the process water 

over a dewatering screen. '!he large size material off the screens is sent 

to a crusher and then to clean coal storage. '!he underflow fran the 

dewatering screens is oonveyed to a thickening cyclone or centrifuge where 

rrost of the water is renuved. 'Ibis relatively dry product is then oon

veyed to clean coal storage with the effluent recycled. 

'lhennal drying of the clean coal is usually not required to rreet 

noisture specif icatioos in a level 2 plant. 

level 3 cleaning is basically an extension of level 2. Figure 2-18 

illustrates a flCM diagram for a level 3 type plant. Whereas level 2 

provides benef iciation by washing the coarse f racticn obtained frcm 

screening, level 3 involves a washing of OOth coarse and fine fractions. 

Hcw:!ver, the level of beneficiation is not substantially greater than that 

of level 2 with respect to sulfur renoval and this system is recamended 

for use on !CM and rcedium sulfur coals which are relatively easy to wash. 

'll.is process provides rejection of free pyritic and ash, as ~11 as 

enhanrerrent of energ.1 oontent. 
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Crushi..Ylg and screening in level 3 systems is perforrred in essentially 

the sane nanner as in levels 1 and 2 except for the use of ~t raw coal 
I 

screens vmere coal particles are separated into plus 9.5 nm and 9.5 nm x O 

fractions. The plus 9.5 nm coal goes to a coarse coal washer such as a 

jig •.va.sher, ~ere pulsating fluid flow separates particles according to 

density. Heavier ash rraterial and pyrite concentrate in the bottom layers 

and are sent to refuse bins. Clean coal fran the coarse coal washer is 

rrechanically dewatered and sent to the clean coal storage. 

Effluent fran the dewatering processes containing fine coal may be 

canbined with the raw 9.5 mn x 0 coal which is further classified into 

9.5 nm x 28 rresh and 28 rresh by 0 fracticns. The fine fraction, or under

flow, fran the deslirning screens is dewatered and is sent to the clean ooal 

product or is sent to refuse, depending upon product specifications. 'lhe 

9.5 nm x 28 rresh coal is cleaned in a hydrocyclone circuit, or by concen

trating tables, to achieve further ash and pyrite reduction. The clean 

coal is rrechanically dewatered in a centrifuge and then sent to the. 

clean coal storage. '!he fine coal is canbined with the coarse coal and 

the cauposite product is sampled, v.eighed and transferred to clean coal 

storage. 

level 4 coal preparation systems provide high efficiency cleaning of 

coarse and fine ooal fractions with l~ efficiency cleaning of the ultra

fines. '!his rrethod accxrcplishes free pyrite rejection and i.Irproverrent 

of B'lU content. Since the cleaning at this level is so efficient, I.eve! 4 

has great versatility as to the coal it can process. A flow diagram for 

a level 4 plant is s00wn on Figure 2-19. 

The prinary difference between level 4 and the l<:M9r levels is the 

utilization of heavy rredia processes for cleaning specific size fractions 

above 28 nesh. For particles smaller than 28 rresh, cleaning by froth 

flotation processes or hydrocyclone processes is used. 

Heavy rredia separation produces float and sink products according to 

specific gravity. The coal is lighter and floats, while the heavier 

mineral irrpurities sink. Magnetite suspensions are the usual dense ITE<lia 

enployed. 
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Crushing and screening is perforrred as in the previously described 

systems. The coal is ~t screened with the plus 9. 5 nm material being 

subsequently fed to a heavy rredium vessel or a heavy :rrediurn cyclone 

depending uron the top size of the coal used. For this separation, an 

intenrmiate specific gravity of 1. 40 to 1. 60 is used for the heavy rrediurn 

depending upon the product weight yield. After separation, the product and 

refuse are screened and washed to rerrove the heavy rrediurn which is sub

sequentl y recovered by magnetic separation and recycled to the circuit. 

Screening at this roint also separates larger (10 x 3.8 cm) particles 

which can be crushed to within a 3. 8 cm x 0 range. Products fran the 

crushing are transported to clean coal storage, and refuse is transrorted 

to disposal bins. 

The 9.5 nm x 0 coal fran :the raw coal screens is deslirred at 28 rresh. 

'!he 9.5 nm x 28 rresh fraction is fed, with heavy rrediurn, into a heavy 

rredium cyclone. After separation the prcrluct is rinsed, dewatered with a 

centrifuge and discharged to a clean coal conveyor which carries the coal 

to a thennal drier. After drying, the clean coal goes into storage. 

'!he heavy rredium, magnetite, is collected from the effluents and 

rinse waters by magnetic separators and recycled. 

'!he slurry fran the desli.rnfug screens containing the minus 28 rresh 

material is p.mped to a froth flotation system or to a hydrocyclone circuit. 

In the froth flotation system, the clean coal is dewatered with a vacuun 

filter, while the tails- are thickened in a static thickener and dewatered 

in a vacuum filtration operation. '!he clean minus 28 nesh coal is added 

to the 9. 5 m. x 28 nesh clean coal and conveyed to the themal drier. 

'lb neet noisture specifications, the 9.5 nm x 0 fraction is usually 

therrcally dried then carbined with the coarse clean coal, ~ighed, sampled, 

and discharged into storage. 

Lewl 5 coal preparation systems are distinctive in that there is 

production of two products, a high quality, low sulfur, low ash coal 

called "deep cleaned" coal and a middlings product with higher sulfur and 

ash content. Level 5 provides the nost advanced state-of-the-art in 
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f'hysical coal cleaning with large reductions in pyrite ~ ash content and 

ircprovaren.t of B'l'U content at high yields. In addition, this system is 

flexible relative to the types of coal it can process. Variaticns in raw 

coal and product specifications can be handled by vacying the heavy nedium 

densities and careful control of coal sizes treated in various circui~. 

Ievel 5 coal cleaning plants use the techniques and principles utilized 

in the first four levels, but carbine them in tmique ways to naximi.ze weight . 

and energy :recovery. Major operations involved are crushing, screening or 

sizing, heavy IIEdi.a separaticn, secondary separation, dewaterlng and 

:rem:wal of fines f:tan process water. 'nle especially high efficiency of 

level 5 is due to the repeated use of these operaticns to produce the 

desired products. 

In the level 5 flCM diagrarrs, shown in Figm:es 2-20 and 2-21, the raw coal 

screens classify the crushed and sized coal into two fractions, 3.2 an x 

6 .4 mn and 6 .4 mn x 0, each of which is further wet screened al desliming 

screens. Trash screens are used to rarove the oversized and foreign 

naterial f:tan the larger fraction. '!hen both fra.cticns are further classi

fied al desliming screens. In the coarse fractic:n (3.2 an x 6.4 mn) sare 

minus 6 .4 mn fines will be washed through the desliming screens and 

dlanneled to the fine coal ci.ro?-t. 'lhe remaining 3.2 an x 6.4 mn fraction 

is canveyed to a high specific gravity heavy nedium cyclone circuit which 

separates the coarse coal into an underfla.v refuse product and an over-

flow middling coal product. After separatic:n in the heavy nedimn cyclone, 

the clean coal and refuse are rinsed of the heavy nedium and dewatered. 

'Iha middling coal is conveyed to thennal driers and then to storage, while 

the refuse fracticn goes directly to disposal bins. 

After the fine raw coal fraction is desl:ined on screens, the srraller 

sized material (9 rresh x O) is sent to the fine coal circuit. 'lhe larger 

sized material ( 6. 4 nm x 9 rresh) is fed to a heavy nedium cyclooe circuit 

cperating at a la.v specific gravity. '!he clean coal overfl<:M is then 

rinsed, dewatered, thezmal.ly dried and conveyed to storage. Coal having 

reached this stage is terned "deep" cleaned coal and will rreet stringent 

quality specifications for sulfur and ash. 
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'!he underflCM fran the lCM specific gravity heavy rredium cyclone is 

rinsed and dewatered followed by classification on a desliming screen into 

a fine product, 2 rrm x 0, and a larger product, 9 nesh x 2 mn. The fine 

product is transported to the fine coal circuit, and the larger product 

goes to a high specific gravity heavy medium cyclone for further cleaning. 

After rinsing and dewatering, the underflCM is sent to refuse bins. The 

clean coal overflCM or middling product is rinsed, dewatered, thermally 

dried and conveyed to middling coal storage. 

Material flowing into the fine coal circuit is canposed prirrarily of 

the size fraction, 9 nesh x 0. In the fine coal circuit these solids are 

further classified into a 9 nesh x 100 nesh fraction and a 100 rresh x 0 

fraction. 'lhe larger size fraction, 9 nesh x 100 rresh, flCMS to a lCM 

specific gravity heavy nedium cyclone, and the fines fraction is split into 

two streams for further treatrcent. One stream flows to a hydrocyclone 

circuit for further cleaning and one reports to a thickener. 'lhe underflCM 

fran the heavy rrediurn cyclone also reports to the fines hydrocyclone, 

while the overflCM flCMS to a spiral classifier. The spiral classifier 

yields a fines stream which goes to the fines thickener and another stream 

mich flCMS to screen centrifuges. 'lhe underflCM fran the centrifuges is 

collected on conveyors and transported to therrral driers. This coal is then 

stored as "deep" clean coal. The overflCM fran the screen centrifuges goes 

to a solid b:Jwl centrifuge which yields a "deep" clean coal product 'Which 

is thennally dried and stored and a fines product which flCMs to the fines 

thickener. 

The fines hydrocyclone produces an underflCM P:r::-cx:1uet: which goes to 

concentrating tables for refuse renoval and a clean coal overflCM product. 

'Ihe refuse f rcm the Deister tables is conveyed to refuse bins for disposal 

mile the middlings product fran the tables is canbined with the hydro

cyclone overflc:M. This canbined stream is dewatered ahd centrifuged· to 

produce a middlings coal. FollCM.ing thermal drying, the middlings product 

is conveyed to storage. 'lhe effluents fran the dewatering operation and 

the centrifuge are sent to a cyclone for concentration of the solids. 

Ultrafines frcm the cyclone are further concentrated in a thickener. 

Iavatered solids fran·the cyclone and thickeners a+e further dewatered 

133 



in a vacuum filter. 'lhe cake off the vacuum filter is conveyed to thermal 

driers and stored as a middling coal product. 

Cun:ent Industrial remand and Supply 
'!here are currently over·460 physical coal cleaning plants in the U.S., 

which processed about 339. 6 million tons of raw roal in 1975 •. Out of a total 

U.S. coal production of ·588.6 million tons, this represents 58 percent. C42 > 'Ihe 

status of coal cleaning plants operated in 1975 is smnrarized in Table 2-14. 

sare plants use only one major cleaning process, while the majority use 

a series of cleaning processes. 'Ihe capacity of individual plants varies 

widely fran less than 200 metric tons per day to IlOre than 25,000 netric 

tons per day. 

During the past few years, the roal indusb:y has undergone significant 

changes. First, steam ooal prires tripled and netallurgical roal pric:Es 

-~~ fran 1969 to 1974. 'llris prire structure created a new envirorurent 

for ooal preparation, and the increased value of roal justifies additional 

capital investmant in cleaning facilities to optimize yield and quality of 

clean coal product. Also, envinmnental ronsiderations have given i.Irp3tus 

to the adaptation of existing ooal cleaning technology and develq:rrent of 

new or i.q>roved tedmology, particularly for the rellOval of sulfur from ooal. 

Calsequently, it is anticipated that the majority of new coal cleaning 

plants built will ~ in levels 4 and 5 to obtain maximum ash and sulfur 

renoval. 

Iesearch and ~veloprent on New Physical Coal·Cleaning Proc:Esses 

Qtly a portion of the pyritic sulfur content can be rerroved by currently 

practiced physical coal cleaning techniques. 'Ihe percentage that is 

reI'COV"ed by any given technique depends on the size and distribution of 

pyrite grains within the coal. In sare cases, where the pyrite exists in 

large,relatively discrete crystals, a high degree of separation is easily 
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TABLE 2-14. PHYSICAL c;DAL CLJEAN.n:!G PIAN'IS CA'IEOORIZED BY STA'IES FOR 1975 
(If 2 ) 

Total E8timat.ea 
Numer of Daily Annual 

Nunber Plants Capaciey capac::iey Nunber of Plants Using Vario~ 
Estimated of for ~ch of of Cleaning Methods 

Total Cl:>al- Capacity Peporting Reporting 
Cbal Production, Cleaning Data Plants, · Plants, (a) Heavy Flotatioo Air Washing 

State 1000 tons Plants Pq?orted Tons 1000 tons Media Jigs Units Tables Tables Cyclones 

Alabai . .a 21,425 22 10 40,600 10,150 8 10 6 1 12 6 

Arkansas 670 1 0 1 1 l 

Cl:>lorado 8,160 2 0 2 1 

Illinois 59,251 33 20 136,775 34,195 17 20 4 1 1 B 

Indiana 24,922 7 6 42,000 10,500 2 5 1 1 3 

l<ansas 568 2 2 3,800 950 2 

Kentucky 146,900 70 48 245,700 61,425 43 27 16 4 20 24 

Maryland 2, 792 1 0 1 
I-' Missouri 5,035 2 1 3,500 875 2 w 
tJl 

New Mexioo 9,242 1 1 6,000 1,500 1 1 1 

Ohio 44,582 18 13 10?,750 25,690 6 11 1 2 5 

Oklahana 2,770 2 1 550 140 1 1 l 

Permsylvania 5,090 24 14 13,000 3,250 21 4 4 3 2 
(l\nthraci te) 

Pennsylvania Bl,950 66 50 285,010 71,255 30 19 16 20 15 19 
(Bi ti.mil10llS) 

Tennessee 9,295 5 4 B,520 2,130 1 1 1 2 1 

Utah 6,600 6 4 23,100 5,775 2 4 2 2 2 

Virginia 36,500 42 29 143,550 35,890 26 15 9 8 15 11 

Washington 3,700 2 1 20,000 5,000 1 1 

West Virginia ll0,000 152 113 577,375 144,345 104 55 59 12 55 59 

Wyaning 23,595 1 1 600 150 1 

'lbtal 603,055 459 318 1,652,830 413,210 266 177 121 52 125 144 

(a) 'llle estimated annual-capaciey values for the reporting plants were calculatecl frcrn the daily-capaciey values by assuning an 
average plant operation of 250 days per year (5 days per week for 50 weeks per year). 



obtained. en the other hand, if the pyrite consists of small grains mixed 

intimately through the coal matrix, separatioo by physical rreans can be 

ext:renely difficult. 

A number of new techniques for physical coal cleaning have been 

investigated to irrprove the pyritic sulfur renoval. AnDng them are magnetic 

separatioo, two-stage froth flotation, oil agglooeration and heavy liquid 

separaticn. 'lhese processes are only in the experinental stage and need 

considerably nore work to detennine their full potential. A brief dis

cussioo of new processes is given oolow: 

Two-Stage Froth Flotation-- ~ 1+ 
3

) 

Single-stage froth flotation has long been used as a benef iciation 

netlnl for fine coals usually denoted 28 nesh x 0. 'lhis process consists 

of agitating the finely divided coal and mineral suspension with srrall 

anounts of reagents in the presence of water and air. 'lhe reagents help 

to f onn srrall air buli:>les which collect the hydrophobic coal particles 

and can:y them to the surface, while the hydrophilic mineral matter is 

"tEtted by water and drawn off as tailings. 

Recently, a novel t\\o-stage froth flotation process was developed 

by the U.S. Bureau of Mines to rem::we pyrite fran fine-size coals. In 

the first stage, coal was floated with a minimum anount of frother (nethyl 

isobutyl carbinol) while ooarse, free pyrite and other refuse \Ere reIIDved 

as tailings. In the second stage, coal was suppressed with a coal de

pressing agent (Aero Depressant 633) , while fine-size pyrite was floated 

with a pyrite collector (potassimn aII!{l xanthate). 

'Ib.e two-stage froth flotation process has been dem:nstrated in a 

half-ton-per-hour-capacity pilot plant. It is reported that negotiations 

are 1mderway to i "'lStall a full-scale prototype of 12 ton/hour capacity 
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in an existing coal cleaning plant. The pilot plant data shc:Med that up to 

75 percent of pyritic sulfur could be rerroved fran the I.o.ver Freeport coal 

(mi.nus 35 rresh) at about 60 percent of weight recovery. 

Oil Agglareration--

The use of a water-imniscible liquid, usually hydrocarbons, to separate 

coal fran the inpurities is an extension of the principles errployed in 

froth flotation. The surface of coal is preferentially wetted by the 

hydrocarbons while the water~tted minerals remain suspended in water. 

Hence, separation of ~ phases takes place and prcxluces a clean coal con

taining scree oil and an aqueous suspension of the refuse generally free 

fran combustible material. 

Recently, the Naticnal Research Council of canada developed a spherical 

oil agglareration process for cleaning ooal fines in bro steps: floccula

tion follONed. by a balling step. In the flocculation stage, a small arrount 

of light oil (less than 5 percent) was added to a 20-30 percent coal slurry 

in a high-speed agitator to fonn micro-agglorrerates. In the balling stage, 

a heavy, less expensive oil was added to a rotating pelletizer-disc to fonn 

strong spherical balls. 

It is reported that the spherical oil agglaneration process has been 

incorporated into the coal fine recovery ::ircuit of a western Canadian 

preparation plant. '!he results of laboratory-batch experirrents shCMed. that 

arout SO percent of the pyritic sulfur was rerroved fran the Canadian coal 

ground to less than SO microns at over 90 percent BTU recovery. 

High Gradient Magnetic Separation--(
44 

'
45

) 

A high gradient magnetic separator utilizes electra:nagnets to generate 

a rragnetic field and renove mineral carponents, especially pyrite, fran 

either an aqueous suspension of finely ground coal or a dry pavder. The 

separator consists of a colmrn packed with Series 430 magnetic stainless 

steel \'.001 or screens which are inserted in the base of a solenoid rragnet. 

General Electric Ccmpany, in conjunction with the .Massachusetts Insti

tute of Technology and Eastern Associated Coal, is attenpting to establish 

the technical feasibility of renoving inorganic sulfur from dry ooal pov.tl.ers 

at connercially significant rates. 
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In addition, the Indiana university is currently inyestigating the use 

of a high-extraction magnetic filter for the benef iciation of a coal slurry 

containing fines belOIN 200 nesh. A magnetic filter of 213 cm dianeter can 

p~s up to 90 netric tons of rCM ooa1 per hour. 

'Ihe utility of the process has not yet been established •. Test data 

fran the high gradient magnetic separaticn of dry coal ~s shaved that 

up to 57 percent of total sulfur could be renbved fran an eastem coal 

(48 nesh x 0) with the magnetic field intensity of 64 kilo oersteds at the 

flOIN velocity of 2. 8 cm/sec. laboratory tests of the Indiana university 

indicated that up to 93 percent of the inorganic sulfur could be raroved 

fran a coal sluny containing 90 percent of minus 325 nesh sizes with the 

magnetic field intensity of 20 kilo oersteds, using three passes at 30-

seconds retention. 

Heavy Liquid Separation-- (
46

) 

Heavy liquid separation is a practical extension of the laboratory 

float-sink test. '!be crusherl raw coal is imrersed in a static bath of a 

heavy liquid having a density intemediate between clean coal and reject. 

'!be float naterial is reoovered as clean coal product and the sink material 

is rejected as refuse. 'lhe used heavy liquid is recovered carpletely by 

draining and evaporating it fran the product coal and the reject material. 

'Ihe use of a heavy liquid for coal cleaning is not new. In 1936, a 45 kkg/ 

hour pilot plant was built by the DuPont Carpany using chlorinated hydro

carbons. However, the high costs of these heavy liquid.S and the toxic 

effects of the vapors prohibited DJPont's ccmrercialization of the process. 

Recently, Otisca Industries ·reported the develcprent of an 

anhydrous heavy liquid for gravity separation of coal. The chemical carpo

sition of their liquid is a chlorinated fluorocarbon, with a boiling point 

of 24°C, a heat of evaporation of 43.1 cal/g, and a specific gravity of 

1.50 at 16°C. It is claimed that their process is capable of the near 

theoretical separation which can be obtained in the laboratory float-sink 

test. 'Ihe data showed that al:out 44 percent of total sulfur was rercoved 

fran 4 nm x 0 size coal at 7 4 percent weight recovery. '!be misplaced 

material fell in the range of 0.5 ± 0.25 percent under noi:mal operating 

conditions. 
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Factors Affecting Physical Coal Cleaning Perfo:rmance 

I:Esign factors 

A physical coal cleaning plant is a conbination of individual unit 

operations, each intended for a specific purpose, and chosen and 

integrated based upon four fundarrental factors: 

• the washability of the particular coal feed; 

•the quality specifications of the product(s); 

• the acceptable recovery of rraterial and of heating value; and 

• the acceptable costs of cleaning. 

A plant's ulti:rrate perfonnance is limited by the coal washability 

characteristics, which rreasure the degree of liberation of the coal from its 

inorganic inpurities at a given particle size distribution. The finer the 

c::nal is crushed, the rrore i.nµlrities including pyritic sulfur is liberated. 

However, microscopically-dispersed pyrite (which varies widely in relative 

quantity to rrac:roscopic pyrite fran coal to coal) cannot be liberated by 

conventional size reduction techniques. 

Table 2-15 is the wcishabilitY -data- for a typical high-sulftir -(3.40 -per:... - .. . - . . . ... . . . . . . . 

cent total S, 2. 79 percent pyritic S} eastern' coal. The limitations to 

pyritic sulfur rerroval, for different -degrees of size reduction, are shCMn 

-in Figure 2·~T6, which is the washability curve constructed fran the data cf 

Table 2-15. 'Ihe "yield" curves show the percent of the feed that floats, 

i.e. , the clean coal prod.uct recovery, in an ideal separatioo device, for 

any specific gravity of separaticn. Note that since the ash content of 

the raw coal is 23.4 percent, approxinately 80 percent naterial yield 

(based upon ash rejection) is equivalent to virtually 100 percent recovery 

of heating value. 

Fran Figure 2-22 a yield of 63 percent (a:>arse coal) or 65 percent 

(fine coal) occurs at an Operating specific gravity of 1.40 •. The "cumu

lative float pyritic sulfur" curves show the corresponding.concentration 

of pyritic sulfur at t-his clean coal yield - this is 0.85 percent pyrite 

(coarse coal) and 0.50 percent pyrite (fine coal). A pyritic sulfur 

requctioo of 70 percent rray therefore be achieved for the coarse {2" x 3/8 11
) 
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Direct 
Cunulative Float 

Spec ~ight Ash Btu/ Pyritic 'lbtal ~ight Ash Btu/ Pyritic 'lbtal 
Gravity % % lb &ilfur,% &ilfur % % lb Sulfur,% Sulfur 

Size Fraction: .?" x 3/8" (30. 0%) 
';. ,... 

Float 1.30 38.2 3.4 14589 0.44 a.as 3El.2 3.4 14589 0.44 a.es 
1.30 - 1.40 24.2 10.1 13613 1.51 2.27 62.4 6.0 14810 O.BS 1.40 
1.40 - 1.50 8.5 25.2 12011 2,28 2.70 70.9 8.3 13947 1.03 1.55 
1.50 - 1.60 4.0 30.7 10566 2.95 3.70 74 .9 9.5 13766 1.13 1.67 
1.60 - 1.80 4.5 44.7 8837 5.35 5.70 79.4 11.5 13486 1.37 1.89 
Sink 1.80 20.6 73.6 3949 8.74 9.03 100.0 24.3 11581 2.89 3.36 

Size Fraction: 3/8" x 28 rresh (55.0%) 

Float 1.30 45.B 3.3 14604 0.43 0.85 45.8 3.3 14604 0.43 0.85 
1.30 - 1.40 19.2 10.5 13767 0.96 1.50 64.0 5.4 14356 0.59 1.07 
1.40 - 1.50 4.5 21.1 12050 1.84 2.20 70.5 6,3 14005 0.67 1.13 
1.50 - 1.60 3.5 29.2 10752 2.30 2.80 74.0 7.4 13851 0.75 1.81 
1.60 - 1.80 3.1 44.0 8852 3.63 3.90 77.1 8.9 13649 0.86 1.32 
Sink 1.80 22.9 72,8 3887 0. 11 10.35 100.0 23.5 11414 2.68 3.40 

Size Fraction: 28 nesh x O (15.0%) 
Float 1.30 46.3 3.0 14649 0.32 0.74 46.3 3.0 14649 0.32 0.74 
1.30 - l.40 18.7 8.5 13822 0.96 1.50 65.0 4.6 14411 a.so 0.96 
1.40 - 1.50 7.0 16.0 12080 1.57 2.22 72.0 5. 7 14184 0.61 1.08 
1.50 - 1.60 1.9 28.1 10840 3.10 3.65 75.9 6.5 14012 0.74 1.21 
1.60 - 1.80 3.5 35.1 7977 3.76 4.10 79.4 7.8 13746 0.87 1.34 
Sink 1.80 20.6 74.2 3781 1.12 11.9 100,0 21.4 11680 3.00 3.51 

Table 2-15 Raw Coal Washability Data for the i.pper Free(:X)rt Seam ( I+ 1) 
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coal fraction, and 82 percent reduction may be achie~ for the fine (28 rresh 

x 0) fractioo, reflecting greater pyrite liberation; all at a chosen specific 

gravity of separation of 1. 40. 'Ibis example illustrates one degree of design 

freedom - the extent of size reduction of the feed coal - which, is used to 

achieve the required pyritic sulfur level in the product. 

A second degree of design freedan is the specific gravityof separation. 

Again referring to Figure 2-:22, ~e yi~~~ at·_.3: spe:cific gravity of 1.55 are 7?. 

percent (coarse coal) and 74 percent (fine ooal).. 'lbe corresponding con

centration of pyritic sulfur in the product is 1.10 percent (a 61 percent 

reduction) for the ooarse coal, and 0.68 percent (a 76 percent reduction) for 

the fine ooal.. lt>te that an increase in yield may be achieved at the expense 

of a decrease in product purity, utilizing the design paraneter of specific 

gravity of separation. 

'Ibis trade-off of yield vs. :p.irity is basic for any one mri.t q>eration. 

Ole item of equipnent cannot achieve lx>th perfo:cnance goals - either yield is 

maximized, or :p.iri.ty is naximized, or a oc:np~ is made between yield and 

i;:w:ity. 'Ibis basic limitation to perfonnance also exists for an entire plant 

which produces a single clean coal product. 

~, the designer of a nulti-product plant may in fact achieve both 

perfonnance goals. One circuit may be selected for maximizing product 

purity although the quantity of this clean pro_duct is relatively small. 

Fbr exarrple, washing of 28 nesh x 0 coal (referring to Figure 2-22) at a 

specific gravity of 1.30 results in a product with a pyritic sulfur ccntent 

of 0. 31 percent, a reduction of 89 percent, but a yield of cnly 46 per

cent. If the rejected 54 percent were then tJashed again at a relatively 

high specific gravity in another (sequential) unit operatioo, a "middling" 

product with sacewhat higher pyritic sulfur content may be recovered with 

an overall recovery (betv.een the two products) of alm:::>st all the original 

heating value. 

'lhe inherent design advantages of a multi-product plant do have 

special significance for industrial boilers. Since the coal quantities 
used by industrial boilers are a small fraction of the total roa1 

derrand, it might be quite attractive for a coal cleaning plant to produce a 
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very clean product for new industrial boilers (at a premium price) and a 

middling prcrluct suitable either for consurrers with less stringent emission 

standards or for large consurrers (utilities) with additional site-specific 
S02 controls. 

Mudl of plant design practiCE is guided by equiprrent capabilities. '!here 

is a fund.arrental distinction be~ equipnent suit3ble for c::oarse c::oal oper

ations and that used for fine c::oal operations. Generally, 3/8-inch is regard

ed as the bomidary between coarse and fine c::oal fractions. M:>reover, a special 

class of equip.rrent is suited for very-fine coal operations (-28 :rresh). Classic

al design practice has been to perform one or nore initial size classifications 

and then to separately clean earn stream. For single-product plants, the 

designer plans to ultimately blend the clean products from each size-specific 

fraction. The designer rceets his intended product quality by selecting 

individual unit operations in each size-specific circuit such that the 

c::atpasite goal is nost economically achieved. 

A design approach popular before sulfur rerroval became very irrportant 

was to beneficiate only the coarse fraction; equiprrent for c::oarse-coal sepa

ration is relatively simple, efficient, inexpensive, and easy to operate and 
/ 

maintain, oonpared to fine-ooal equipnent. Moreover, fine ooal after bene-

ficiation is much nore difficult to dewater and handle, and fine refuse han--t 

dling and disposal is relatively expensive. Ialce, the entire fine coal 

fraction in older plants was blended, witlDut beneficiation, with a cleaned 

ooarse ooal product. 

'!his practice represents another fun.darcental design trade-off: selective 

beneficiation of coarse ooal for cost minimization conflicts with the per

fonnance goal of max:imun liberation (arrl rerroval) of pyrite in fine roal 

circuits. Increasing demand for low-sulfur cleaned coal has shifted the 

design balance toward fine ooal beneficiation (at higher procesf;ing rosts). 

Operating Factors 

'!he washability characteristics of a specific coal represent the best 

~onnance attainable. In roal cleaning plants, each unit operation achieves 
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sarewhat lc:Mer than ideal separation efficiency. '!he tenn "misplaced 

material" is used to denote that material nore dense than the specific 

gravity of separaticn which reports in the clean coal product, plus that 

material less dense which reports in the refuse. 

Ebr arry given type of separation equiptent, the quantity of misplaced 

material is a very strong function of the specific gravity difference (the 

driving force for separation} • 'Ihus, particles with specific gravities 

quite different f:can the specific gravity of separation \«JUld nuch nore likely 

report in the proper place (float or sink) than particles in the "near

gravity" regine. 'lhe misplaced material quantity correlates ~11 with specific 

gravity difference in a "distribution curve", which is a probabilistic plot 

of efficiency for each it.en of equipnent q>erating upon a specific feed cx:>al. 

'llle misplaced material may typically mnmt to 10 to 25 percent of the near

gravity material (that within :!: 0.10 specific gravity tmits) but acoounts for 

nuch less of the far-gravity material. 'Ihe relative Cll'Dllllt of near-gravity 

material (as deteJ:mined in washability tests) in the feed coal therefore is 

an indicator of how inefficient a separation nay be. Referring again to 
Figure 2-16,· the·-·'±o:ld-SG distribution" curves sh::M the percentage· of near-

- .... _ ----- -·--~ - ------""'-- .. - -· .... -- . - _ .. ---- -· ·------ --·-·. ~ ... ---~ .. -- -- . . . 

gravity naterial in the coal as a ftmction of specific gravity of separation. 

'!he designer or operator uses the washability curves (as in Figure 2-16) ·to 

clxx>se a specific gravity of separation such that the quantity of near

gravity naterial does not exceed 10 percent of the feed. In this way, the 

quantity of misplaced material may be limited to a few percent of the feed. 

'lhe type of equipmnt is also ve:cy ilrp>rtant in aff ecti.nJ the separation 

perfomance. rense nediun coarse CX>al vessels and dense medium cyclones, for 

exanple, are nuch no:re efficient (nuch ~ misplaced material values) than 

jigs or concentrating tables. 'lhe size caupositim of the feed is also im

portant - the coarser the coal, the less the misplaced material. For very 

fine coal, misplaced material values are high because surface effects becane 

i.nportant. 

large variations in separation efficiency nay occur because of purely 

operational (as opposed to design) factors. 'lhralgbput is nost inportant; 
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the efficiency of rrost l.mits is quite sensitive to overloading. Other factors 

are process control and stability of operation, the adjustment of equipment, 

and the nechanical condition of the equiprento 'lhese operational difficulties 

are quite controllable, and may be largely eliminated by applying good plant 

operating practices and skill. '!he coal cleaning industry generally operates 

on a 2-shift, 5-day basis, allowing sufficient tirce for plant maintenance. 

As rrore ambitioos and sophisticated plants cane on stream, responding to in

creasing danand for deeper-cleaned coal and to higher coal prices, the skill 

levels and reso.irces oonmitted to good operation, maintenance, and process 

control should also increase with a corrrrensurate positive effect upon plant 

perfo:r:nance. 

Maintenanre problems in physical roal cleaning plants are typically 

related to handling the abrasive material, crushed roal. Since the 

equii:mmt in a physical roal cleaning plant is not rorrplex, maintenanre 

is easier and cheaper than for rrost other a::>ntrol technologies. c6rrosion 

in the plant is ItDst often due to acid fo:rmation in proress water through 

oxidation of the sulfur in the roal. '!his problem is mitigated through 

proper selection of aJI'lStruction materials and weekly or nonthly maintenanre 

scheduling. 

2.2.2.2 System perfonnanre--

Versar has reCEntly conpleted a survey and analysis of existing 

cxmtercial physical coal_ cleaning plants. (If 
6

) The pui:pose of the study was 

to obtain sulfur and B'lU rontent data from U.S. coal corrpanies on feed 

and product roal. Versar .reqtEsted from the coa1 conpanies small roal 

lot size infonnation ronsistent with small utility ooilers or large 

industrial boilers. 

'lhe roal rorrpanies -were also asked to provide the cleaning level for 

each feed-product pair. Versar provided schematic process flCMcharts 

representing four roal cleaning levels. 'llle four cleaning levels (1-4) 

&scribed in the survey rorrespcnd generally to levels 1-4 presented in 

Secti0n i. 2. 2. i above. level 5, a multi-product, deep cleaned roal 

beneficiation plant, was not enrountered in the survey. 
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'lbe a:>al cx:npanies basically zesp::nc:Ed with long-tenn, average 

data on about 50 plants. Short-tenn, small lot size feed and product 

data -we:re not available because of the infrequent sanpling of feed ooal. 

'fypically,one sanple of the feed ooal is taken on a daily or ~Y basis, 

altlx>ugh tle frequency is IIDre dependent upcn tre occurrence · of operating 

problems cn a routine sanpJJng schedule. ~ a result,. the CDa1 CXJtpanies 

did not believe that one or °"'° feed coal analyses woulC'. be representative 

of a lot shiµrent, so long-teDn averages \'.ere provided. <Ale coal finn did 

provide extensive pn:>duct coal infonration on small lot sizes. 

~ data reari ved is sunmarized in Table 2.:.16. (.!t 9) 'Ihe approach taken 

to investigate sulfur r:enoval perfoi:manre of roal cleaning plants 

was to .initially analyze individual plants. For each plant with sufficient 

feed and product CDa1 data,the nEail (µ) standard deviation (er) and relative 

standard <Eviation (RSD) ~re calculated to detennine tre. variation in 

sulfur :mnoval for the nDSt ronstant situation (i.e.,cnly feed roal. 

dlaract.eristics dlange). Data analyses for the nine individual plants 

are provi(Ed in Tables 2-17 t1:u:ol.J3h 2-~s. (s 0 } 

'!he nine individual plants slDW that sulfur rontent per unit heat 

rontent {i.e. ng 002/J) is decreased by the <Dal preparation process. 

'!his occurs even though the plants ~ p~y designed to rerrove refuse 

and ash in tteir attenpt to incl:ease mu content and are not cesigned 

specifically to renove sulfur. Sulfur :mnoval percentages ranged f:ran 

18. 3 to 48. 3%. Cil absolute telltS, a sulfur reduction equivalent of 150 

ng S02/J was attained en the l~st sulfur ooal (Plant I} and 1,400 ng 002 /J 
was provic:Ed en one of the highest sulfur coals (Plant E). 

Significantly in all nine plants the standard deviation (i.e.,sulfur 

variability) in ng 00
2
/J was :redured, and in eight of the nine plants the 

RID deci:easeci. 
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N. 

TABLE 2- 16. aiAAACIERIZATION OF DA'm RECEIVED FIDM (J)AL 
CDMPANIES M"D TESTING 

ID. OF DATA SETS = 12 9 

REGIONAL DISTRIBUTICN 

N. Appalachia = 39 
S. Appaladria = 40 
E. Mi~st = 45 
Alabama = 5 

Appalac.hia s. Appalachia E. Mi~t 

level 1 = 2 Level 1 = 0 Level 1 = 4 
level 2 = 7 Level 2 = 5 Level 2 = 22 
level 3 = 22 Level 3 = 13 Level 3 = 18 
level 4 = 8 Level 4 = 24 Level 4 = 1 

SULFUR a:NIENT OF FEED COAL 

>3% = 61 
1-3% = 35 

<1% = 33 

SULFUR ~ OF FEED CDAL BY REGICN 

>3% 1-3% <1% 

N. Appalachia 19 18 2 
S. Appaladria 0 12 28 
E. Midwest 42 2 1 
Alabama 3 2 

wr QUANTITY ('KNS) - DATA SETS IN FACll RANGE 

>500,000 = 5 

100,000-499,999 = 49 

10,000- 99,999 = 44 

1,000- 9,999 = 18 

<999 = 13 
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COM, 

USE 

Steam 

Steam 

Steam 

Steam 

Steam 

Steam 

Steam 

Steam 

Steam 

Steam 

Steam 

Stecm 

TABLE 2-17. MNI'HLY AVERAGE SUI.EUR REDucrION BY A 

LEVEL II CLEANING PLANT - IILIN:)IS NO. 6 

CDAL 

IDT 
QUANTITY* 

(netric tons) %$ 

169,462 3.98 

339,826 4.27 

313,257 4.74 

331,132 4.72 

318 ,613 4.10 

267,310 4.45 

271,923 4.87 

272,630 5.16 

289,303 5.05 

254,843 5.44 

275,065 4.98 

221,743 5.20 

FEED (ng 502/J) 

µ = 3,796.9 

PRODUCT {ng S02/J) 

µ = 2,898.2 

SULFUR I<EMJVAL ( % ) 

PLANT A 

FEED 

kJ/kg ng 502/J 

25,893 3,078.8 

25,117 3,405.6 

25,465 3,728.1 

25,609 3,693. 7 

25,490 3,225.0 

24,463 3,646.4 

24,008 4,063.5 

24 ,947 4,145.2 

25,528 3,964.6 

25,027 4,355.9 

~24,272 4,110.8 

25,083 4,153.8 

cr = 404.2 

(J = 193.5 

µ = 23.4 a = 5.86 

PIDDUCT 

%S kJ/kg ng S02/J 

3.64 28,130 2,592.9 

3.93 28,130 2,799.3 

3.83 27,986 2,743.4 

3.94 28,070 2,812.2 

3.83 28,098 2,730.5 

3.71 28,035 2,653.l 

4.40 28,652 3,078.8 

4.34 28,608 3,040.l 

4.44 28,822 3,087.4 

4.46 28,706 3,113.2 

4.42 28,582 3,100.3 

4.29 28,640 3, 001. 4 

RSD = 0.106 

RSD = 0.067 

RSD = .25 

* Mcnthly Coal 'lhroughput 
Product sanpled nechanically 
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'rnBLE 2-18 .. M:NTHLY AVERAGE SULFUR REDUCTION BY A LEVEL II 
CLEANING PLANT - KEN'IUa<Y #9 and #14 

PIANT B 

Feed 

Quantity* 
(netric tons) %$ kJ/kg n9 002/J 

184,913 4.17 25,7U 3,250.8 

162,692 4.64 27 ,557 3,375.5 

189,817 4.08 27,981 2,919.7 

183,209 3.96 24,533 3,233.6 

266,168 3.98 27,054 2,949.8 

180,382 4.13 25,430 3,255.l 

Coal Use: Steam 

Feed (ng S02/J) 

ll = 3,164.8 

Pmduct (ng 002/J) 

µ = 2,085.5 

SUlfur IenDval ( % ) 

µ = 33.2 

(J = 191.78 

cr = 43.43 

cr = 4.26 

* M:nthly Coal ·'lhroughput 
Product sarrpled nedlanically 
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Product 

%5 kJ/kg 

3.21 30,411 

3.23 30,437 

3.24 30,360 

3.14 32,450 

3.13 30,236 

3.18 30,187 

R5D = 0.061 

R5D = 0.021 

RSD =a.us 

ng &'Jz/J 

2,115.6 

2 ,124.2 

2,137.1 

1,939.3 

2,072.6 

2,lll.3 



TABLE 2-19. M:N'IHLY AVERAGE SULFUR REIXJCl'ICN BY A LE.VE!.. II 
CLEANING PLANT - i<EN'IUCKY #9 

PLANT C 

FEED 

Lot 
Quantity 
(netric tons) %S kJ/kg ng 002/J 

113,068 4. 72 29,002 3,263.7 

105,246 4.07 28,857 2,825.1 

92,494 3.99 28,004 2,855.2 

83,306 3.96 27,177 2,919.7 

81,723 5.05 28,319 3,573.3 

68,479 3.93 29,656 2,657.4 

Coal Use: Steam 

Feed (ng S02/J) 

µ = 3,014.3 

Pl:Oduct (ng S02/C-} 

µ = 2,231.7 

Sulfur Ferroval ( % ) 

µ = 25.2 

Product SaIIpJ.ed manually 

a= 342.3 

a = 28.0 

cr = 7.96% 

150 

PIDDUCT 

%5 kJ/kg ng 502/J 

3.40 30,339 2,244.6 

3.40 30,013 2,270.4 

3.36 ·30,278 2,223.1 

3.30 30 ,285 2,184.4 

3~35 30,183 2,223.1 

3.38 30,262 2,236.0 

FSD = 0.114 

FSD = 0.012 

FSD = 0.316 



TABLE 2-20. mNTHLY AVERAGE SJIFUR REJIJCTION Fffi A LEVEL 2 
COAL CLEANIR; PIAN!' - REN.IUCKY ?-Cs. 11 and 12 

PLANT D 

FEED PK>IlJCl wr 
COANlT.lY 
Crretric. tons) %S kJ/kg I1CJ S02/J %S kJ/kg nq S<Ji/J 

264,129 3.99 25,171 3,177.7 3.31 29,246 2,266.l 

224,563 4.25 22,883 3,719.S 3.39 29,ill 2,334.9 

234,109 3.77 24,675 3,061.6 3.29 29,435 2,240.3 

156,950 3.20 29,565 2,167.2 

182,844 3.15 29,572 2,132.8 

179,810 5.03 22,992 4,381. 7 2.97 29,899 1,990.9 

Coal USe: steam 

µ = 3,586.2 CJ = 602.0 RSD = 0.168 

µ = 2,188.7 CJ = 114.0 RSD = 0.052 

Sulfur lencval (%) 

µ = 36.83 CJ = 12.89 RSD = 0.350 

Product smrpled manually 

151 



TABLE 2-21. M:NIHLY AVE!RMiE &JI.FUR REmCT10N BY A LEVEL II 

CLFANilG PIAN!' - MlIIlLE KITTANllG (Ohio ?«>. 6) 

PLANTE 
rm FEED. PROXJCT 

<DAL <.JmNTI'lY 
tEE (netric tau;) %S kJ/nq ng OO'lf J %S kJ/!l<J ng S'Jz/J 

steam 154,565 4.07 25,756 3,164.8 3.03 29,111 2,085.5 

Steam 138,162 3.73 27,180 2,747.7 2.86 29,041 1,973.7 

Steam 162,063 3.98 26,047 3,061.6 3.06 29,037 2,lll.3 

Steam 145,074 4.46 25,029. 3,569.0 3.05 28,992 2,107.0 

steam 189,246 3.96 25,248 3,143.3 3.06 29,044 2,lll.3 

Steam 163,255 3.45 25,465 2,713.3 2.99 28,957 2,068.3 

µ = 3,065.9 a = 322.9 RSD = 0.105 

µ = 2,076.9 a = 37.4 RSC = 0.018 

SUl.fur a:mova1 ( %) 

µ = 32.0 a = S.91 RSC = 0.185 
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SEAM 

i8 

LF 

i8 

LF 

18 

i9 

19 

18 . 

TABLE 2-22. ANNUAL AVERP!iE SULFUR REIU:'I'ICJ-l BY A LEVEL III 
~ PIAN!' - OHIO COAL 

PLANT F 

FEED PK>IlJCT 

%S kJ/kq nq 002/J %5 kJ/kq ng 002/J 

3.28 22,524 2919.7 3.96 30,831 2575.7 

2.92 21,313 2743.4 2.94 32,203 1827.5 

2.05 21,750 1887.7 2.78 31,502 1767.3 

2.55 27,459 1861.9 2.34 32,571 1440.5 

5.09 28,622 3564.7 3.59 31,294 2300.5 

2.51 28,885 1741.5 2.lS 30,024 1436.2 

3.02 29,130 2076.9 2.51 30,462 1651.2 

2.67, 29,498 1814.6 2.33 32,282 1444.8 

SEAM: Pittsburgh 18 and 19: lower Freeport i6A ('D' <l:>al) 

Coal Use: stean 

a!ed 

µ= 2326.3 nq rovJ a = 670.8 ng 002/J RSJ = 0.288 

µ = 1806. 0 nq 00,./J a = 426.1 BJ OOuJ RS) = 0.236 

lJ = 21.0% <1 = 9.85% RSD = 0.469 

Product sampled nmmally 
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TABLE 2-23. DAILY AVERAGE SULFUR REDU:TICN BY A LEVEL III 
CIEANING PLANT - u:m:R KITrANING - 5 DAY 'IESTE 

FEED 

%S kJ,,1(g ng S02/J %S 

2.80 31,420 1,784.S l:.11 

2.24 30,008 1,496.4 1.20 

1.84 28,198 1,307.2 1.22 

1.46 29,491 993.3 0.82 

1.38 31,756 872.9 0.99 

Lot Siz.e = 581 rcetric tais 

Cl:>a.l Use: ~tal.lm:gical 

Feed (ng 9)2/J) 

µ = 1,290 

P:r:oduct (ng S02/J) 

µ = 640.7 

Sulfur lenoval {%) 

µ = 48.3 

Sean Coal 

CJ = 369.8 x. 

CJ = 103.2 x 

CJ = 11.4 

Iower Freeport - Kittaning B,C,D,E 

kJ,lkg ng S02/J 

34,069 653.6 

33,200 722.4 

32,960. 739.6 

33,533 490.2 

33,634 589.1 

Rm = 0.29 

~ = 0.16 

~ = 0.237 

Grab sanple taken evecy 15 minuts over four hour period per day 
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TABLE 2-24 .• DAILY AVERAGE SULFUR REDUCTICN BY A LEVEL III 
PLANT - SOUI'H WES'IERN VIRGINIA SEAMS - 5 DAY 
TFS TS 

PLANT H 

FEED POODUCI' 

%8 kJ/kg ng 802/J %5 kJ/kg ng S02/J 

1.24 25,243 984.7 l.48 33,997 872.9 

.92 24,178 761.1 l.31 33,666 778.3 

• 82 22, 766 722.4 o. 89 33,226 537.5 

l.15 21,394 1,075.0 1.06 33,617 640.7 

1.10 22, 722 971.8 l.10 34,074 645.0 

rot Size = 2,395 - 2,503 rcetric tons i;:er day 

Coal Use: Steam 

Eeed (ng S02/J) 

µ = 903.0 

Product (ng S02/J) 

µ = 696.6 

Sulfur IenDval (%) 

µ = 21.7 a= 17.2 

Seam Coal 

Elkhom-Ri.der 
Lyons 
Ibrdlester 
Norton 
Clintwa:xl 

crx = 154.8 

crx = 133.3 

% Feed 

12.5 
12.5 
25 
25 
·25 

&SD= 0.17 

&SD = 0.19 

&SD= • 793 

Grab sanple taken evecy 15 minutes over four hour period per day 
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TABLE 2-25 DAILY AVERAGE SULFUR RE:IXJCI'ICN BY A LEVEL III 
CIEANING PLANT - m:EUSE CD.AL - 5 DAY 'lESTS 

PU\NT I 
FEED 

%S kJ/kg ng 002/J 

.603 16,466 735.3 

.637 18,936 675.1 

1.099 21,166 1,040.6 

.570 20,206 563.3 

.582 18,377 636.4 

rot Sim = 544 netric tons 

Cbal U;e: Matallw:gical 

Feed (ng 002/J) 

ll = 731.0 

Product (ng 002/J) 

ll = 580.5 

Sulfur 1ercoVal (%) 

ll = 18.3 a = ll.l 
<DB CDal (Iefuse) 

POODUCT 

%5 kJ/kg ng 002/J 

.948 31,555 602.0 

.835 30,854 541.8 

1.009 30,083 670.8 

.830 31,066 533.2 

.850 30,716 554.7 

&SD = 0.25 

RSD = 0.099 

RSD = 0.605 

Grab sarrpl.e taken e~:J:Y 15 minutes over four hour period per day 
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It-is also noteworthy that the two preparation plants which did not 

provide at least 35% reduction of R3D were cleaning blends of ooal or 

various ooals during the tirre period studied (i.e., Plant F cleans three 

different seam ooals and Plant H cleans a blend of five different ooals). 

To examine all the data received, avoiding a:mplete aggregation, 

the infonnatian was analyzed on a seam and cleaning level basis. 'Ihe 

:results are provided in Tables 2-26 through 2-29. (51 ) These tables show 

that physical ooal cleaning can be quite effective in reducing the ng SC>i/J 

emissions from a ooa1 boiler by 20-40 perrent. 'llle tables also sh:Jw that 

certain cleaning lev.als are rlure effective t..11an ot."'lers for a given seaiu 

or mgim. Southem A{:ptlachian la-1 sulfur ooal is an excellent exanple, 

as one a:mpares the effectiveness of cleaning level 4 to the ineffectiveness 

of levels 2 and 3. In oontrast, there is·_ little differentiation between 

tjle_effectlveri~_~s~~f-~evels 2_, 1-and ·4 -for ooals in the·No~_-1'-ppalach:i~ 

. ~d Mi.~t __ ~gions. 

'1he major assunption inherent in the tables presented is that the 

inf~tly sanpled feed ooal average values ~ :representative of the 

actual feed ooal quality. In oontrast, the product ooals were sanpled 

en a regular basis, either nedlani.cally or by AS'IM nethods on ooal ship

nerits, because of coal product specification requi:rerrents. Product coal 

quality is therefore oonsidered quite representative of the actual coal 

quality. <
52

) Unless oontrolled tests are perfonred on OOI11'!Ercial ooal 

cleaning plants, this major assunption will not be tested. 

A seoond major source of perfonnance data is a 1972 EPA survey of 

air pollution potential from ooal cleaning plants. ( 
5 3

) 'Ibis survey 

included about 120 plants for which annual average feed and product ooal 

quality was obtained. 'Ihe results of that survey are provided in Table 2-30. 

'Ihe survey results generally support the oonclusion that physical ooal cieaning 
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~ 2-26. EASTERN MIIH:S'r <DAL SOIFOR RWJCl'lDN BY SEAM 
AND~IEVEL 

Averaqe 

Cl.eanin~ Level. 
Ie:b:ti.ai 

. I..evel.s 

~ 1 2 3 4 ~ 

Illimis 16 5.6/3 36.3/2 26.7/16 34.9/l 28' 

Dlimis/Indiana 12 & fl 43.4/2 43\ 

Illinois t5 23.4/2 23\ 

Kent:udC'f 19 O/l 29.2/12 29• 
P'4!!ntuclc.y Ill & 112 36.8/6 37' 

Weighted Averages 4.2/4 33.2/22 26.3/18 34.9/1 30\ 

~Talues sb:iwr1 are percent .tedlJcticn in ng &>z/JJ?i:>. of data points •. 

"mBIE 2-27. ™EmN APPALrn a:aL sm:.mR REiJOC'l'lCN BY 
SDM AND CIEANlNi um:t 

Average 

geaninq~ H!ductiat 
Levels 

SDM 1 2 3 4 2-4 -
Pittsburgh, #8 (0/l) 2l.S/l 30.6/13 29.8/3 30% 

'9 19.0/2 19\ 

Middle Kittmti.nq ( j6) 32.0/6 49.2/2 36% 

tower ?J:eepox t (J6A) 23.0/2 23% 

I.a.er Ki:ttmlinq 48.4/5* 45.4/l 48% 

U{:p!r Freep:irt 35.1/2 35• 

-
Weighted Averages (0/l) 30.l/'7 32.9/2 37.9/8 33% 

'ialues shown aJ:e percent reciuct.icn in ng SOz/J/No. of data points. 

*Bl.end of 3,C,D,E I I 3 f predominates 
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TABLE 2-28. saJ'I'EERN APPALACHIA CCAI. SU'llUR RIDU:TICN BY 
SE'AM AND CIE1sNING u.vEt 

Cleaning Iavel 

1 2 3 

C.edar Grove ll.3/3 
Jewell 

Pocahartas 3 & 4 

Sewell 11.5/l 

Various Seams 0/2 14.3/12 

Weiqhted Averages 2.6/5 14 • .1/13 

Average 
Reduction 
I..evel.s 

4 2-4 

-25.0/1 2\ 

34.0/4 34% 

39.4/3 39% 

54.l/2 40% 

29.3/14 

31.2/24 23% 

Values shown am i;:ercent reduction in ng SOz/J/No. of data points 

SFB-1 

Maz:y Dee 

Blue C..""eek 

TABIE 2-29. AI.AEW-lA <DAL gJll'UR RmJCTI0N BY ~JF.AM AND 
Cll'1INING LEVEL 

Cleaning ravel Average 
!eduction 

1 2 3 4 Iavels. 2-4 

40.l/3 40\ 

42.8/2 43% 

Weighted Averages 41.l/S 41% 

Values srx,wn are percent ::eduC""..i.cn in ng SOz/J/No. of data points 
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TABLE 2- 30. &JIFtJR EMISSION ImU:T!CN ~ EASED ON '!'HE 
1972 EPA sam.T.l 

~CAL <DAL 

Cleaninq Level 
'lbtal 

~ 2 3 4 
I =.u I Levels 2-1 Data Points - -
l 

N. Appalachia 17.2/10 25.5/2 35.S/8 26.l 20 

s. Appal.ac:hian 20.7/8 7.4/10 16.2/14 14.8 32 

E. Midwest 28.4/3 16.4/8 20.7/3 21.8 14 

METALIIJR;ICAL CDIL I 
N. Appa1achi.an 37.S/3 40.9/2 46.7/5 I 41.8 10 

' 
s. Appal.ac:hian 34.5/2 16.5/B 28.6/27 26 • .5 37 

E. Midwest 1.95/1 -l.73/1 16.6/3 5.61 5 

Westem 0 0 9/2 3.0 2 

camINED 

N. Appalachian 22.0/13 33.2/4 39.8/13 31% JO 

s.~ 23 • .5/10 ll.4/18 24.4/41 I 21% 69 

:::. ~dwest 21.8/4 14.4/9 18.6/6 in 19 ' 
(Percentage ng SOi/J !eduction/No. of Points) 

160 



can significantly reduce the ng 802/J emissions from industrial ooilers, 

although the average reductions are smaller. Ielative to cleaning levels, 

the reduction range is about the sane as the Versar study, from 15 perCEnt 

to 40 percent. 

A third source of perfonnanc:e data is a study on the sulfur reduction 

potential of U.S. ooals by physical and chemical roal cleaning tedmiques .< 5 4 ) 

'lhe report uses reserve base and washability data wnich are not based on actual 

results. of CnI'f_[(Erclaj. roal cleanin.g "but ~ "estimated from the data of 

float-sink analysi_s by the U.S. Bureau of Mines.( 
55

) 'lhese data indicate 

hypoth~~cal enhancsrent o;_ ooal quality which roulct .be achieved by 

beneficiation. Actual values will vary with each installation, reflecting 

roa1 seam characteristics, mining p~c:edures, and specific beneficiation 

processes selected. 'Ihe report simulates physical ooal cleaning at two 

different levels plus a hypothetica 1 process: 

• POC 1-1/2 inch, 1.6 s.g. '!his pmoass separates at 1.6 specific 

gravity after crushing to 1-1/2 inch top size. No energy 

· penalties are inposed other than those inherent in the 

separation p:roress. 

• POC 3/8 indl, 1. 6 s.g. or 1. 3 s.g. '!his p:roress separates at 

1.6 specific gravity after crushing to 3/8 inch top size 

if this produces a ooal to neet the standard; othe:r.wise 1. 3 s. g. 

is used. An q;>erating energy usage of 1 percent of the roal' s 

energy oontent is assurced, in addition to the energy loss inherent 

in the separation p:roress. 

• Ninety percent pyritic sulfur rerroval. 'lhis process is assurred 

to rerrove 90 percent of the pyritic sulfur in·the roal while 

losing 10 percent of the weight and 5 percent of the energy. 

An additional 2 percent energy loss is assurred as an operating 

penalty. 
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COnsistent with the studies discussed above, the overlay rurves 

(Figures 2-23 through 2-36) sln-1 the quantity of crnpliance roal that can 

be produced by ooal cleaning at various emission standards. 'lhe curves 

shcw that CDa.1. cleaning is nost effective in thrthern A{:paladtla, where 

four times as much clean coal can cx:mply with a 516 ng 002/J (1. 2 lb 

&>2/106 B'IU) oontrol level than raw ooal. By contrast, physical ooal 

cleaning can only achieve a 25 percent increase in oompliance a:>al in 

So~ Appalachia, and a 15 percent increase in a:mpliance Western coal 

reserve base. In the entire u.s., as shJwn in Figure 2-29, ooal cleaning 

can produce an additional 36 billion nettle tons of canpliance coal, 

assuning a 516 ng 802/J emission control level. 

PrOOuct Variability 

Aloog with feed and product data, Versar stndied product sulfur and 

B'IU variability for different ooal lots fran the sane cleaning plant or 

mine. (ss) The feed a:>als were primarily fran Fastern Midwest clean.in] 

plants and Northern Awalac:hia, although Western Midwest and Western ooals 

were also represented. 

The data included 33 data sets for \ll'ltlaShed coals, oonsisti.n:J of a 

total of 4,209 data points (lots); arrl 25 data sets for washed coals, 

consistin:J of 692 data points. Included in the "unvashed" category were 

run-of~e (R:M) ooals and ooals cleanei to Level I (sizing to ranove 

large rock) • 

The "washed" category included Level II and higher ooal preparation, 

where specific-gravity separation is a:>nductai on cne or more size 

fractions. 

Far eadl set of data points (lots), the mean (Y) , the standard 

deviation (Sy) , and the relative standard deviation (RSD or Sy /l) were 

calculated for: 

Y1 = 'Ibtal sulfur content, percent 

Y2 = Heating value, BTU/lb 

Y 3 = Hmt-specif ic S02 content, Jhs S02/M1 BTU 
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In each of th:! plants for whidl matched pairs of feed and product 

data were available, both the absolute standard deviation and the relative 

standard deviation for all three roal characteristics were reduced by 

the roal preparation process. The reductions in both percent sulfur 

variability and lbs S02/m B'IU- variability were approximately 60 percent, 

while the heatirg value variability was reduced by approximately 80 percent. 

Data fran 20 sets of unwashed a:>al data and f:rom 17 sets of washed 

coal data did oot pennit direct canparison of feed and product pairs. A 

serom statistical analysis, oonducted to exploit the entire available 

data base, canp:ired the data sets of all unwashed coals tr> the data sets of 

all washed coals. 'lhis indirect approach is hampered because the bNo 

groups of data sets do oot fonn logically-consistent or hom::>genEDJ.S 

pcpulations sufficient for rigorrus statistical analysis. Because of 

these inherent canpatibility problems, the results of this serorrl 

statistical analysis should oot be regarded as definitive as th:>se of the 

first analysis. Despite the limitations of the statistical treatment, the 

a::nparison of variabilities of the two groups of data sets surely suggest 

that the variability is reduced by the ooal cleanirg process. 'Ihe reductions, 

f:mn UIMa.Shed coals to washed coals, range fran 25 tr> 64 peJ:Cent depending 

upon hoN variabilicy is measured. These results a:re oonsistent with the 

percent reductions ·in variability derived fran the paired feed/product data 

sets. 

Nine data sets (which accounted for 2,373 data points) were examined 

in three ways: without transfonnation, with a logarithmic transfo:cnation, 

and with a radical transfonnation. The distributions of the untransfonned 

and transformed data were tested for nonnality. Six of the nine batches 

satisfied the chi-square test (for lbs S02/MM BTU) for oonnalicy, with 

either the untransfonned data or the transfonned data. 'lh.e three batches 

failirg the test failed regardless of whether the data were transfonnerl or 

oot. 'lh.ese results indicate the absence of sensible evidenre for preferrin:r 

any one distribution over the others. 
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Tests for autocorrelation of the data points within data sets gave 

IDSitive results in 16 of 48 data sets (at the 95 perce:it confidenre level). 

· There is little doubt, thei:efore, that much of tl'Ese coal data are serially 

correlated, verifying the expectations based uµ:>n geology and en:Jineering 

rationale. 

Fbr ea.di of 16 data sets which exhibited autocorrelation, the total 

variance. (of lbs 502 /1-M mu) was :resolved into the long-teml CDDpCnent, 

associated with the serial (X)rrelation acconling to genstatistical concepts, 

and the resid..lal short-tenn (inclnding sanpl.ir¥J and analysis) ronponent. 

An estimate of a generalized long-tenn a:mp:ment of relative standard 

deviation was O. 052, applicable to both unwashed cnal s and washed coals. 

Fran previously-plblished data representing cctnal a::mnercial 

practice, the a:::rttX>Ilent of relative stardard deviation attributable to 

AS™ coal sanpling, sanple preparation, and laboratory analysis (in tenns 

of lbs S02/MM BTU) was 0.045 far UIWclShed ooals and 0.023 for washed (X)als. 

These values are smaller than the 0.07 to 0.08 :maxIDtun pennitted by the 

AS'IM protocols. 

Estimates of the CllilfX:>nents of variabili cy are: 

Uncleaned Cleaned 
CDals coals 

RSD for long-teJ:m 0.052 0.052 

R>D for short-tenn 0.096 0.053 

mo for S&A 0.045 0.023 

(R3D) total for each srurce 0.118 0.078 

It must be en:Ei'lasized that these are generalized estimates, representing 

aggregated data sets. In no way may these values be utilized to characterize 

any one partirular coal. Actual variabilities of individual data sets may 

be quite different f:ran the generalized values shcMn above. 

A prior study concluded that the relative standard deviation smuld 

be inversely related to lot size. By ranoving tre long-term canponent of 

variability (which thrrugh autocorrelation interfe:res with the theoretical 

and enpirical rationale of the prior study) from data in this sbldy, an 
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inverse relationship between the short-term oorcponent of R3D and lot size 

was <Enonstrated. A least-squares line had a correlation coefficient of 

0.6, indicating a much clearer inverse relationship than was previously 

l'.Etennined. 

A simulation of product ooal variability was performed in oonjunction 

with the Peserve Processing Assessment Metlodology. Cse) The variability 

of the sulfur oontent of the ooal was taken into account by assuming the 

maxim.ml coal sulfur emission upon cx:mbustion to be 

e =µ ( 1 + a RSD ) c c c 

where a , a cnal variability coefficient, was taken to be 2.0 (97. 7 percent 
c 

ronfidence level, and µ is the mean coal sulfur value that mu.st not be 
c 

exceeded in order to achieve a maximun emission level e. The relative 

standard deviations (RSD) used are given in Table 2-31. These R3D values 

for Eastern coals are larger than the results of the Versar product 

variabilicy stu:iy for large lot sizes. 'Ihe RSD values for Western roals 

C0.1ld not be verified because of a lack of independent data. 

'lhe geographical regiais used are as follc::Ms: 

(1) Northern Ag>alachia 

(2) South Ag>alachia 

(3) Alabama 

(4) F.astem Midwest 

TABLE 2-31 

RELATIVE STA.i.'IDARD DEVIATIONS POSTULATED FOR RAW AND WASHED 
O)ALS FOR INDUSTRIAL BOILERS 

Relative Standard Deviations 
4 

Eastern 
Raw Washed 

Western 
Raw Washed 

24 hour averaging, 

75 x 106 B'IU/hr 

30 day averaging, 

75 x 106 BTU/hr 

0·28 
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(5) l'estem Mi~st 

{6) restem 

(7) Entire U.S.A. 

'!he physical cleaning proresses used are as follows: 

Bl. 1-1/2 inch, l. 6 s.g. 'Ibis proress separates at 1.6 specific 

gravity after crushing to 1-1/2 inch size. No energy penalties 

are inposed other than those inherent in the separation process. 

B2.. 3/8 inch, 1. 3 s. g. 'Ibis pn:x:ess separates at 1. 3 specific 

gravity after crushing to 3/8 inch mesh. An c:perating energy 

penalty of 1 percent is assuned, in addition to the energy 

loss inhemnt in the separaticn process. 

B3. 1.6 separaticn en sink of 3/8 inch, 1.3 s.g. 'Ihis proooss gives a 

middling product fran the refuse of process B2. '!he sink fran the 1. 3 

specific gravity separation at 3/8 inch nesh is further 

separated at 1. 6 specific gravity. 'Ihe c:perating energy 

penalty assl.lllEd is the 1 perCEnt of proress B2, in addition 

to that inherent in the separations. 

B4. Ninety percent pyritic sulfur i:enoval. 'Ibis process is assurred 

to renove 90 percent of the pyritic sulfur in the ex>al ~e 

losing 10 percent of the weight and five perCEllt of the energy. 

An additional 2 percent energy loss is assl.lllEd as an operating 

penalty. 

'lhe results of the sirrlliation are presented in Tables 2-32 and 2-33. C59
) 

'n:lble 2-32 sl1CMS the percent energy of the reserve base available, by 

regicn, to nEet emission cxntrol levels of 516 (1.2), 860 (2.0), 1,290 (3.0) 

and 1,720 (4.0) ng S02/J (lb 802/106 B'IU) if the coal is cleaned prior to 

cx:rrbustion by these physical cleaning p:rocesses. A floor of 86 ng S02/J 

{0.2 lb S02/l0 6 B'ltJ) was used for all these emission oontrol levels; if the rm-1 

roal emission level is belCM this floor, cleaning is assuned to be 

unne<ESsaJ:Y. Ebr a::mparison pw:poses, the perrent energy of UM ooa1 

that neets the standards is also shc:Mn. Values are given ooth ignoring 
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TABLE 2-32 PERCENT ENERGY AVAIIABLE FOR VARIClJS EMISSION LlMITS AND 
PHYSICAL OOAL CLEANIN3 PROCESSFS 

* 516 ( 1. 21 e 6 o (2. 0, 12'10 (l. 0) 1720 (It. 0, 
REGION Bl 82 OJ Bit RAW Bl 82. i)J fl It RAW 01 02 Bl Bit RAH Bl 82 93 Oft RAW 

Variabiliti Isnored 
1 12 23 9 Z& 7 32 ltZ zz 51t 17 52. 6'• ,, o 77 33 7l 79 57 91 51 
z 65 67 57 75 Sit 39 89 81t 90 83 91t % 93 96 9 3 96 98 95 99 91t 
3 37 42 ·29 57 27 73 82 71 97 69 93 '35 91 99 90 95 98 94 99 ':ilt 
4 3 J z 1 1 9 11 b lb b lb ZJ 11 32 to J It 4 7 17 68 15 
5 8 12 8 18 7 1 It 17 11 23 11 22 21t 19 .. 7 16 27 lt1 22 66 21 
6 8& 6Z 79 Bit n. 97 '35 92 96 90 99 98 98 98 97 100 100 99 l DO <J9 
7 It& .. 7 ltl 51 38 59 61 '.ilt b5 52 67 71 63 71 60 75 60 &8 89 66 

I-' 
2li-hr Btu/hr co Average, 75-mm 

1--' 
1 CJ 16 & 17 1 Zit JS 17 .. 5 8 •• J s;1, 32 67 15 59 69 41t 8 It Z7 
2 47 lt9 ltZ 56 8 85 es 80 f:.7 59 C:f2 . 92 91 q5 82 95 CJ!) 94 9<J 91 
3 27 Z6 24 36 b 68 , .. 57 89 36 90 89 79 98 67 CJ4 96 92 99 7& 
4 2 2 1 .. 0 I) 8 .. 12 2 1.1 17 9 21 5 21 29 12' ltZ 9 
5 1 8 7 13 6 14 1& 9 22 9 ZO Zl 17 .H 16 ZJ J1 21 59 19 
6 79 76 72 60 • 67 95 91t 90 95 89 'J8 •rn 97 96 96 99 99 99 99 98 
7 40 41 36 .... 29 5& 58 51 62 46 f,J 6& 59 71 Sit 69 7 It &It 61 59 

30-dal Average, 75 mm Btu/hr 
1 9 16 6 17 z Z& 37 16 .. 8 9 44 5& lit 69 20 62 72 46 87 31 
2 47 lt.9 ltZ S6 Z3 66 66 82 88 65 93 93 91 96 87 % 97 94 99 92 
3 Z7 26 24 36 13 71 76 f>S 91 .... 91 90 63 98 7Z '31t 9& q3 '}q 86 .. 2 2 1 .. 1 7 10 .. 13 2 lit 18 9 zz 1 25 35 13 50 '3 
5 8 1 o 8 15 7 lit 17 11 23 11 21 ZJ 19 J f> 17 Zit 35 21 62 20 
t) 83 79 75 82 70 96 qi. 91 95 69 '39 98 97 98 9& 100 99 99 1 DO gg 

T ltZ It z 3tl It 5 32 57 59 52 &3 .. 7 bit 67 60 72 5& 71 76 C.5 31+ &1 



sulfur variability and averaging sulfur variability over 24 oours and 

30 days for a 75 x 106 BTU/hr boiler. Cleaning the reserve base ex>als 

prior to oonbustion significantly increases the anount of ooal that is 

available to n-eet the cont.ml levels, even for cleaning pmoess B3, \ttlich 

gives only a middlings pxoduct .. 

Table 2-33shows, for each .region and in both ng 502/J and lbs 802/10 6 

mu, the emission c:x:ntml levels that can be set (both cxmsidering and ignoring 

sulfur variability) ~e. obtaining 50 percent. and 25 peramt availability 

of the reserve base. 

'1he results indicate that for a stringent cxntml level of 516 ng 502/J 

(1.2 lbs 502/106 BTU) for industrial boilers naticnwi<E the anount 

of ex>al energy available can be increased fn:m 6-15 percent.. Also, 

i;ilysical ooal cleaning provides a greater increase of available mserves 

for the sh:>rter averaging tine (i.e., 24-lDur average). Of nme significance 

is that the incl:eased available energy cx:mes prlmarily·fn:m_xegions 1, 2, 

am 3 (i.e. N. Appalachia, s. Appalachia, am Al.abclna :i:espectively). 'lhese 

regi.cms axe cxmsiderably closer to the areas of industrial ex>a1 demmd than 

regicm 6 (1i:!stem). 

'!he results are quite s:imi.l.ar for an intemediate cxntrol level of 860 ng 

SOa/J (2.0 lbs SOi/106 BIU). ltJwever, as the oontrol level bec:xxres less :restric

tive the raw coal energy reserve base an1 physically-cleaned ooal reserve 

base begin to cxmve?:ge. N:>te that for the JtDderilte c:cntml levels, J:egions 1 and 

4 (E. Midwest) provide the differential iix:rease in energy reserves due to 

cleaning. 

Under no circanstanoes does physical coal cleaning decrease the available 

energy reserve even tlnigh the coal refuse does contain sare energy value. 
'Ihe primacy reason is that the nore unifonn cleaned product (i.e. ,lower &SD) per

mits higher average sulfur oontent coal to meet the c:cntml level. 

Table 2-33 illustrates another ll"cportant aspect of coal cleaning which 

is that for a desired percentage of cx::rrpliance reseJ:Ve base, a nore stringent 

c:x:ntrol level can be promulgated. Assuming that new industrial boilers n:?q\lire the 

best available physical ooal cleaning product, the oontml levels can be reducec~ by 

30-65 percent over the raw ex>al scenario. Given a)that no less than 25 percnnt. 

of any regials reserve base can be excluded fn:m the emissicn c:x:ntml level ancl 
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TABLE 2-33. PCC PROCESSES. EMISSION CONTroL I.EVELS THAT CAN BE MET BY SO 
PERCENT AND 25 PERCENT OF THE ENERGY AVAILABLE 

(ng 802/J) 

5 D FE i; CENT 25 PE~:::NT 

~EGI ON 91 02 E3 94 IUW :u i; z 33 B !+ ~Ajoj 

Variabilit~ Ignored 
1 121t7 ':l8~ 1154 ., 810 1720 713 55d 902 516 1il75 
2 1+73 43C It 7 3 r. 3" 516 ! It !t 3 '44 3'H• 300 386 
3 6l+5 601 60~ 516 6B !+ 3 J "3 a It 3 0 36b 516 .. 1377 18~5 2 4'3 It 1547 2735 15ft7 1376 1971 1161 2192 
5 2450 1892 3~1:1 13J2 H54 1&33 1376 1935 902 2!!20 
6 258 25;; 34 ft 250 336 172 172 215 172 300 
7 601 558 731 51& 816 300 300 31+ i. 25 8 386 

24-hr Average, 75:d.0 6 Btu/hr 
1 11t% 118& 185 7 98J 268~ 923 670 1iJ83 619 1676 
2 5&7 515 Ci& 1 515 804 ltlZ :.12 !t64 361 603 
3 77J 722 !25 61'1 1073 515 515 ; p; 461+ 80l+ .. z3n 21£.7 2'.:t92 1~57 '+ 'H>O 185 7 16c;1 2373 139J 31+21 
5 2791+ 2156 34~1 1519 l823 :..95 2 1568 22G5 1029 2303 
6 29'4 291.t 392 2~4 441 13& 1% ? I+ 5 19& 31t3 
7 731 688 816 tilt 5 10 1 c; 34!+ :! It I+ 366 300 516 

30-dai Average, 75xl06 Btu/hr 
1 11+21 1127 1761+ 931 2373 8 !3? 637 1029 saa 11+83 
z 539 490 539 490 712 312 392 !t It 1 Jl+J 531t 
3 735 686 1oi. 58 j 91t9 1+9 0 1+9 0 490 '•It 1 712 
It 2251t 2 c5e 281t3 1761+ 3557 176:. p; 6 9 2254 1323 3026 
5 2647 2C43 3750 1431 3&22 1761+ 14 8 6 2089 975 2182 
6 278 2713 Hl 27• 417 1a; 1es Z32 165 325 
7 &8 8 E.8t 616 601 9,8 300 300 386 zc;a 1+3 0 

(lb so,.;10 6 BTU) 
Variability Ignored 

1 2.9 2.3 !.6 1.g i..o 1. 6 1.3 z.1 1. 2 2.5 
2 1. 1 1.0 1.1 1.0 1.2 .s • 6 .9 • 7 .9 
3 1.5 1. r. 1.& 1.z 1.& 1. a 1 • G 1. 0 .g 1.2 
It ... 6 c.. 2 5.a 3.6 6.5 3. & 3.2 '+• 6 2.1 s.1 
5 5.7 I+. c. 7. 0 3.1 7. f: 3. 8 J.2 It. 5 2.1 '+o 7 
6 .6 .6 • a .6 .9 ... • 4 • '5 • It .1 
7 1.r. 1.3 1. 7 1.2 1.9 .7 .1 .a .6 .9 

24-hr Average, 7 Sx106 Btu/hr 
1 :5. 5 2.e 4. '3 2.:5 &.2 2.2 1.6 2. s 1. i. 3.9 
2 1.3 1.2 1.J 1.2 1.c:r 1.0 1.0 1.1 .s 1.i. 
3 1.8 1.1 1.g 1. ,. 2.s 1.2 1.2 1.2 1.1 t.9 .. 5.5 s.o 7. 0 It. 3 10.1 It. 3 l.8 5.5 3. 2 8. IJ 
5 6.5 s.o 8.0 3.5 a.9 ... 3 3.6 5. 1 2. It 5. It 

6 .1 .1 .9 • 7 1 • ll • 5 .5 .6 .5 .a 
1 1.1 1.6 1.9 1 • c; 2.s • !3 • 8 .g .1 1.2 

30-day Average, 75xl06 Btu/hr 
1 3.3 2.& It .1 2.2 5.5 2.1 1.5 z. l+ t.'+ 3.5 
2 1.3 . 1.1 1. 3 1.1 1.7 .3 .9 1.0 •. a 1.2 
3 1. 7 1. 6 1.a 1. c. 2.2 1. 1 1.1 1.1 1. 0 1.1 
4 5. 2 ,.. a 6.6 i..1 9.0 i..1 3.6 5.2 3.1 7.0 

5 6.2 c..8 1. 6 3.l 8 • i. I+. 1 1.5 I+. 9 2.3 s.1 
6 .6 6 • 3 .6 1.a • I+ • I+ .5 • '+ .a 
7 1.6 1.& 1.9 1. 4 2.3 • 1 • 7 .g .6 1.0 
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b) NCT for physical cx:>al cleaning, then the rrost str:ingent cx:mtrol level is 

1,393 ng 002/J (3.2 lbs 002/106 B'IU). 'lltls c:orrpares to a most str:ingent value 
6 

of 3,421 ng 002/J (8.0 lbs 002/1.0 B'IU) for raw coal. 

Inpacts on Boilers 

Physical cleaning of CX>al. should :inprove the overall perfonnance of 

a stoker-fired boiler provided the resultant ex>al size is acceptable for 

stoker firing (1-1/2 x 1/4 with minimal fines). Excess fines produced 

during cleaning llUlSt be sold for pulverized lx>iler operations or other 

uses, however, if the primacy market is stoker-fired boilers. Physical 

cleaning partially rercoves pyrites, ash, and other inl>urities, thus re

ducing lx>th S02 and particulate emissions. As cx:rcpa.red to raw CX>al, 

Itiysically cleaned CX>al. is easier to feed, bums rro:re unifonnly with less 

chance for clinkering, and mduces ash disp::>sal problems. 

As an exanple, both a raw and the ex>rrespcnding phys;i.cally cleaned 
ex>al ~re fired in a steam plant spreader-stoker lx>iler. (u:} When firing 

the raw CX>al., the lx>iler oould operate cnly at about one half capacity. 

'llle high ash content of this ooal :resulted in non-unifonn cxrrb.lstian 

caused by feeding problems, excessive ash buildup and clinker fo:tirtation 

of the fuel bed. In cx:ntrast, the physically cleaned ooal was fired at 

full capacity with no operational problems. 
iihe:re are handling problems for the lx>iler operator associated with 

fine coal, including a tendancy to carpact tm.der pressure, absorb rroisture, 

fonn dust, and create the !X)Ssiblity of dust ~losions. 

~rating Factors 

iihe use of physically cleaned roal (PCC), rather than raw coal will 

m:xlify plant operations; in tum these m:xlifications will influence the 

extent to 'Which PCC will be used. Exanples of how PCC will affect plant 

capacity and plant availability include the following. 

• Stokers (11Sed with many industrial lx>ilers produc:ing less than 

about 180,000 kg steam per hour) may have difficulty operating 

with the <Dal particle size distribution resulting fran the 

cxmni.nutian that precedes PCC. 

• Vbere pulverized CX>al lx>ilers are used, the smaller particle 

sizes are desirable ; less capacity and maintenance are required 

of the pulverizers men the incnning particle sizes are smaller. 
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• Ierroving incombustible matter in ooal (up to 70-80 percent via 

PCC) decreases the need for (1) handling ooal, (2) handling and 

disposing of ash, and (3) oontrolling fly ash emissions. 

• lEIIoving incanbustible mineral matter may also reduce mainten

ance problems, thereby increasing plant availability. For 

exanple, less iron inplies a higher fusion terrperature 

and therefore less wall slagging; less sodium ircplies less 

fouling; less ash (the incanbustible mineral material left behind 

men ooal bums oorrpletely) can rrean less plugging of the bottom

ash hopper. 

• l'bere PCC reduces the percentage of ash in the ooiler (to, say 

2 to 3 perrent) it may beoone ecnnanical to use anti-fouling and 

anti-slagging additives during canbustion in order to increase 

plant availability. 

• A negative effect of lowering the sulfur oontent is the lowering 

of the oonductivity of the fly ash and a a:msequent derating of 

the fly ash :te1IDval capacity of an electrostatic precipitator for 

a given quantity of fly ash. Hao.ever., sines the quantity of fly 

ash is decreased by PCC, this aerating may, in fact, be tmircportant. 

Overall, the factors nentioned above have a positive effect on 

both plant capacity and plant availability. 'lb the extent that the effects 

of these factors can be quantified, they must be weighed against the 

marginal oosts of PCC f<:>r specific ooals and PCC processes, as well as the 

specific changes in the pi:operties of the roal resulting fmrr~ PCC. 

Firing of physically cleaned roal in industrial stoker-fired boilers 

is not expected to have a significant effect on boiler rnaintenancs rosts. 

In industrial pulverized ooal boilers, firing of physically cleaned roa1. may 

:redure boiler maintenance a:>sts. 
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Irrpact of Cbal Variability qxn Boiler CJ>eration 

'Ihe variability of coal has a large effect upon the ability and costs 

for boiler cp3rators to conply with existing or pi:oposed emission regula

tions. An emission control level, ~ressed as a maxi.mum. valte for ng 002/J, 
to be exceeded only for a specified percentage of the tine, has the effect 

of requiring a coal with a nean ng 00 i/J valte l~r than the emissicn 

CX>ntrol level. 

General Felationship 

'Ihe relationship beb.'een µc, tlE rrean coal valte for ng 002/J; and E, 

the emissiai control level value in ng 002/J, has ~ defined by EPA: ( 6 0
) 

where B = the fraction of sulfur in the coal \\'trldl is emitted (less 

losses to bottan ash and fly ash). Ebr the industrial 

lx:>iler stlxly, it is assuned to be 0.95. 

t
0 

= 'Ihe cne-tailed Students' "t" value assuring a perrentage 

o:npliance tine of a. 

RSD = 'Ihe relative standard deviaticn for ng 002/J. c -

(1) 

'!his relaticnship assunes a nonnal tenporal distribution of ng 002/J 

values within a coal batch; it cbes not relate to the log-nonnal distri

bution of standard deviations anong batdles. 

As presented earlier, .RSD rray be expressed as a function of the lot c 
size T (tons): 

(RSDC) unwashed coals = 0.205-0.0216 l0910T 

{RSD) washed coals= 0.159-0.0216 log10T. 
c 

Substituting into F.quation 1, 

Fbr unwashed coals: 

µc = 
E 1 

S[l+t (0.205-0.0216 log10T)] a 
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and washed roals : 

µc _ 1 
"E"°- B[l+ta(0.159-0.0216 log10T)] (3) 

'Ihese equations ~re applied to the reference ooilers (i.e. 8. 8, 22, 44, 

and 58. 6 M'l) and the reference roals to det.ennine the rnaxinrum emission 

control levels that the boiler operator oould rreet. 'Ihe results are 

present.ea in Table 2-34. 

'Ihe overall oonclusion reached from inspection of Table 2-34 is that 

wide ranges of the emission level {E) , from 1. 04 to 8.15 pomids S02 per 

million BTU, may be achieved under vacying conditions of ooa1 type, 

physical ooa1 cleaning acoonplished, boiler size, averaging tirce, and 

percentage oonpliance. 'Ihe effect of physical roal cleaning is to reduce 

the achievable emission level by three corrplerrenta:ry rrechanisms: sulfur 

mnoval, heating value enhancerrent, and variability reduction. 'Ihe data 

indicate that roal cleaning can ro:rrply with emission oontrol levels as 

nuch as 76 percent below unrontrolled emissions and, rrore irrportantly, 

can provide a 35 perrent reduction in a:nplying emissions from lCM sulfur 

coal. It is noted that the effect on !CM sulfur ~st.em roal is minimal, 

producing less than a 5 percent reduction in conplying emissions. 

Envi.n::rurental Considerations 

A conpany that plans to install a roal-buming boiler will evaluat.e 

the use of PCC in terns of plant operations and applicable pollutant 

cxnstraints. In this section~ describe qualitatively how air pollution 

emission standards may affect the use of PCC and hCM PCC can affect boiler 

and other plant operations. 

Although ~ are primarily roncemed here with oontrolling the level 

of S02 emissions, 'Voe observe that PCC, by rerroving a large percentage of 

ooal's inconbustible material, results in less fly ash being fornEd during 

carbustion. 'll1erefore, there can be a lCMer design capacity for rontrolling 

emissions of partict.::lates and for sluicing, storing, and disposing of ash 

and there will be a smaller quantity of trare elerrents and polycyclic 

particulate matter in the ooal being burned. 

187 



...... 
00 
co 

-

Ibiler 
Feed Coal 

F1 
H!gh-SUlfur 
F..astem, 

Paw Coal 
IJC = 5.79 

F2 
nJ.qh-Sulfur 
Fastem, 

Cleaned Nt 1 
Pc "' 1.50 

Ft 
High-Sulfur 

F.nstern, 
Cleaned Pdt 2 
IJC .. 2.48 

F~ 
ICM-9Jlfur 
Fnstem, 

Raw C.001 
I.IC - 1.73 

Fs 
Jow-9.llfur 
Fastern, 

Cleaned rdt 
JIC "' 1.22 

r, 
Low-Sulfur 
testem, 

Paw Coal 
JJC "" 1.04 

F7 
low Fulf'ur 
\\\'!stern, 

Cleanro Nt 
IJC "' 1.03 

Ibllor ~9 

81 o.1s 
Br 8.02 
131 7.93 - 7.90 -· Rs 7.61 

81 l.95 
e, 1.92 
B1 1.99 
e, 1.99 
n, 1.81 

B1 3.23 
01 3.18 
B1 3.14 
e, J.12 
89 3.01 
81 2.44 
Dz 2.40 
e, 2.38 
e, 2.36 
Bs 2.28 

81 1.59 
Bt l.Sfi 
81 1.54 

°' 1.54 
Bs 1.40 

91 1.40 
1'>2 1.30 
e, 1.37 
e, 1.36 
Ds 1.31 

IJ1 1.34 
91 1.32 
D1 1.30 
D\ 1.29 
Bs 1.24 

TABLE 2-34 

AClIIEVABLE VALUES OF E (ng 002/J Emission level) 

e .. J rours 9 .. 24 hours 9 .. 1~ 9 • 1 l!Dlth 

0""95 0"'05 oe99 0""95 CJl"05 cr=99 o=95 «r-85 11=99 am95 ores 

7.32 6.62 7.94 7.17 6.54 7.68 7.00 6.43 7.SO 6,88 6.35 
7.23 6.57 7.82 7.09 6.49 7.57 6.92 6.38 7.38 6.79 6.30 
7.17 6.53 7.73 7.04 6.4S 7.49 6.95 6.34 7.29 6.73 6.27 
7.15 6.52 7.69 7.01 t:.43 7.45 6.e.t 6.33 7.26 6.71 6.25 
6.95 6.40 7.42 6.82 6.Jl 7.17 6.65 6.21 6.98 6.52 6.13 

1.78 l.b::> l.~u l.75 1.62 I.OJ I.tu l.60 l. '" 
1.67 J.58 

J. 76 1.63 1.86 1.73 1.61 1.80 1.G8 1.59 1.75 1.65 1.56 
1.74 1.62 1.84 1.71 1.60 1.70 1.67 1.57 1.73 1.63 1.55 
1.74 1.62 1.03 1.70 1.60 1. 77 1.66 1.57 1.72 J..63 1.55 
1.fi9 1.59 1.76 1.66 1.57 1.70 1.61 1.54 1.65 1.58 1.52 

2.96 2.73 3.14 2.09 2.6!1 3.03 2.82 2.t15 2.~:J 2.n 2.61 
2.92 2.71 3.09 2.86 2.67 2.98 2.79 2.62 2.90 2.73 2.59 
2.99 2.69 3.05 2.84 2.65 2.95 2.76 2.61 2.86 2.71 2.57 
2.88 2.60 3.03 2.82 2.65 2.93 2.75 2.60 2.85 2.69 2.57 
2.80 2.63 2.92 2.74 2.60 2.81 2.67 2.55 2. 73 2.61 2.52 

2.19 1.98 2.Je 2.15 l.96 2.30 2.10 l.92 2.l5 2.Ub l.9U 
2.16 1.97 2.34 2.12 1.94 2.26 2.07 1.91 2.21 2.03 1.89 
2.15 1.96 2.31 2.10 1.93 2.24 2.05 1.90 2.19 2.01 1.97 
2.14 1.95 2.30 2.10 1.92 2.23 2.05 1.89 2.17 2.01 1.87 
2.00 1.!!l 2.22 2.04 1.89 2.15 1.99 1.86 2.09 1.95 1.83 

1.45 l.34 1.55 1.42 1.J2 T.49 l.J!;I l.JU 1.45 l.Jb l.:t!ts 
1.44 1.33 1.52 1.41 1.31 1.47 . 1.37 1.29 1.43 1.34 1.27 
1.42 1.32 J.50 1.39 1.31 1.45 1.36 1.28 1.41 1.33 1.27 
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1.38 l.JO 1.44 1.35 l..20 1.38 1.31 1.26 1.34 1.29 1.24 

1.26 1.14 1.37 1.24 1.13 1.33 1.21 1.11 1.29 1.19 1.10 
J..2S 1.13 1.35 1.22 1.12 1.31 1.19 1.10 1.27 1.17 1.09 
1.24 1.13 1.33 1.21 1.11 1.29 1.19 1.09 1.26 1.16 1.00 
1.23 1.12 1.33 1.21 1.11 1.28 1.18 1.09 l.2s 1.16 1.09 
1.20 1.10 1.29 1.18 .l.09 1.24 1.15 J.07 1.20 1.12 1.06 

1.22 1.13 l.JU l.2u I.Tl l.:.l!b 1.11 l.ru l • .t.t l.15 1.uu 
J..21 1.12 1.28 1.19 1.11 1.23 1.15 l.09 1.20 1.13 1.07 
1.20 J.02 l.26 1.17 1.10 1.22 1.14 1.09 1.19 1.12 1.07 
1.19 1.11 l.?.6 1.17 ·l.10 1.:n 1.1'1 1.09 1.18 t.12 1.06 
1.16 1.09 1.21 1.14 1.00 1.16 1.11 1.06 1.13 1.08 1.04 



The following table surrrnarizes the results of an analysis of trace

elercent depletion caused by washing three ma.jar types of coal. ( 6 1 ) The 

table shews that, whereas only 9 to 18 percent of the coal was left 

behind in the dense-rredium sink used in the studies (1. 6 specific gravity), 

26 to 54 percent of all the :rreasured trace elenents :remained in the 1. 6 

sink fraction. 

TABLE 2-35. AVERAGE % OF ALL TRACE ELEMEN'IS IN THE 1. 60 SINK FRACTION ( 6 1 ) 

Appaladrian 
Mid Western 
Far Western 
All Coals 

Average % of Trace EleilEilts 
in Sink 1. 60 Fraction 

54 
37 
26 
38 

Average % of Coal 
in Sink 1. 60 Fraction 

18 
10 

9 
13 

The desulfurization potential of the entire U.S. ooal reserve was 

dlaracterized by individually calculating, for each coal bed and rounty, 

the effecti ~ess of several roal cleaning processes in renoving ash, 

pyritic sulfur:, and organic sulfur, in rerovering material and energy, 

and then by geographically aggregatina the results to the state, regional, 

and national levels. 'Ihe calculation required three types of data for 

the ooal reserves in each bed/oounty unit: 

1. 'Ihe quantity of the reserve. 'lh.ese data ~re taken from the 

Bureau of Mines reserve data base, oonsisting of 3,167 reoords 

specifying the ~ight of eadl. resource for both strip and 

underground ooal, together with the maxinrum, mininrum, and nean 

levels of the ma.jar oonstituents of the ooal in that resource. 

These data are ronsistent with those sunnarized in 'lhomson and 

YorkC 43 > and Hamilton, Vhite and Matson. <44 > 

2. The oornposition of the reserve. Approximately 50,000 detailed 

sanple ooal analyses ~re taken from the roa.l data base of the 

U.S. Bureau of Mines in r::enver, Coloracb. 'Ihese data include 
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the rorrposition of each sanple in terms of its ash, sulfur, and 

heat a:mtent. 

3. 'Ille washability of the reserve. 'lhe float-sink analyses ~re 

used for 587 CDa.1. sanples, as reported by Cavallaro, Johnson, 

and I:Ew:b.rouck in RI 8118. ( 39 ) 

Given these tlu:ee sets of data as a starting point, the first step 

in the analysis was to overlay them into a single data base \obich oontained 

the following infonnation for each recn.rd: 

• 'Ihe location in tenn.s of its region, state, cotmty, and bed; 

• 'Ihe \Eight in tons of both strip and tm<Ergrotmd ooal; 

• 'Ihe nean percent by ~ight of ash, organic sulfur, and 

pyritic sulfur; 

• '!he rcean heat oontent eJq?ressed in B'IU/lb; and 

• 'lhe float-sink distribution of the ooai characteristics. 

A ftmdarrental problem in overlaying the three types of data was that 

an exact oorrespondence of reserve elenents (ooal bed and ootmty) did 

not exist anong the three data files. Furthe:tm:>m, washability data wem not 

available for many of the reserve elenents, and multiple sets of CXJIIX>Sition 

data ron:esponded to individual reserve el.enents. 'lhese problems ~re 

overa::me by rational matching, averaging, data rejection, and extrapolation 

tedmiques, so that a single inte:mally-ronsistent (cx:nplete and single

value) file of approxinatel:::· 36, 000 reoo.rds was obtained. Each reoo.rd 

ronsists of the resource identification (by state, bed, and a:>tmty), 

the \Eight of coal for ooth strip and tmdergrotmd reoove:ry techniques,and 

the oonp:>sition of the roal. Also each rerord is identified with a set of 

washability analysis data. 

'!he resultant cx:rrprehensive ooal reserves data file was then operated 

upc:n by physica' and chemical coal cleaning processes. 'Ihe results of 

each calculation were, for eadl. bed/county mserve elercent, the \Eight 

and energy of cleaned coal reroverable by each p~ss and the ash and 

pyritic and organic sulfur oontent of the processed coal. lb allowance 

was mace for p.rocess inefficiency (misplaced material) in this calculation. 

'lhese bed/cotmty processed coal quantities and dlaracteristics -were then 
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aggregated into state and regional values. The results were displayed 

as the quantities (of coal material or of energy) in each region (men 

processed by one of several alternative roal cleaning techni~s) which 

complied with predetennined levels either of sulfur content or of sulfur 

dioxide equivalent per miit of heating value. 

2.2.3 Cllemical coal Cleaning 

A variety of chemical coal cleaning processes are under developrrent 

which will :rercove a majority of pyritic sulfur fmm the cnal with accept

able heating valtE recovecy, i.e., 95 percent BTU recovecy. Sone of these 

processes are also capable of rerroving organic sulfur from the coal, which 

is not possible with the physical coal cleaning processes. ~ver, none of 

these chemical coal cleaning processes are expected to be cormercially 

available befom 1985. 

'!his section presents available technical infonnation of eleven major 

chemical coal cleaning processes. A detailed evaluation is included on 

each process in a fonnat that identifies: 

• Process details; 

• Developrental status; and 

• Technical evaluation. 

'lbe first three processes discussed are capable of reducing only the arrount 

of pyri tic sulfur in the feed coal; the next se'Vell p:rocesses are 

capable of :teducing both pyritic and organic sulfur. 

2. 2. 3 .1 System Description - -

'Im' MEYERS' a!EMICAL (l)AL CLEANIN; PRXESS 

Process Description 

'Ille Meyers' process, developed at TIM, is a chemical leaching process 

using ferric sulfate and sulfuric acid solution to renove pyritic sulfur 

fran cnal. '!he leaching takes place at terrperatures ranging from 50 ° to 

130°C (120°-270°F) and pmssures fmrn 1 to 10 atrrosphems (15-150 psia) with 

a residence tine of 1 to 16 hours. Process develoµrent and optimization 

studies conducted to date have included a m.mber of alternative processing 

nethods. 

Sare of the variations which have been tested and considered are: 
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• Air vs. oxygen for :regeneration; 

• Coal top sizes frcm O. 64 an (~ inch) to 100 nesh; 

• leaching and :regeneration in the sarre vessel and in 

separate vessels; and 

• IEnoval of generated elerrental sulfur by vaporization or 

solvent extraction. 

Current develorxrent work is directed toward elenental sulfur :recovery 

by aretone extraction. '!his system appears to be pranising and may prove 

to be economical. However, sinre the technical and econanic feasibility 

of this ncdification has not yet been proved, Versar, with TIM' s 

CD11currenre, elected to assess their nest prani.sing p:roress for fine 

coals (top size of 8 mesh or finer). 'll1is system includes the renoval 

of elerrental sulfur with superheated steam. 'lhe flOW' sheet for this 

preferred system is shown in Figure 2-37. 'ltle. diagram includes the _four 

distinct sectioos of the process which are described belOW'. (G 
3 

) 

Feacticn Circtti.t--

Crushed coal, with a naninal top size of 14 nesh, is mixed with hot 

:recycled iron sulfate leachant. '!he mixing is perfonred in a continuous 

:reactor with about 15 minutes :residenre tine. '!he -wetted coal, having 

undergone about 10 percent pyrite extraction in the mixer, is introdured 

into the reaction vessel at about 80 psig and about 102°C (215°F). In 

this step, about 83 percent of the pyrite :reaction takes plare under 

conditions of 5.4 atm. (80 psi) and 118°C (245°F), with varying :residenre 

tine for different coals. Oxygen fran an oxygen plant, which is an 

integral part of the coal cleaning plant, is simultaneously added to 

:regenerate the leachate. 'lhe slun:y then noves to a secondary :reactor 

where the :reaction continues to about 95% a::mpletion. 

Wash Circuit-

'Ihe ircn sulfate leachate is rennved f ran the fine coal in a series 

of countercun:Fnt washing and separation steps. 'Ihe slun:y fran the 

secondacy :reactor is filtered and washed with water. Both the filtrate 

and the wash water are sent to the sulfate renoval circuit. '!he filter 

cake is :reslurried, filtered a secnnd tine, :reslurried with 

recovered clear water,and finally dewatered in a centrifuge. 
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Sulfate Rercoval Circuit-

'lhe prirre ftmcticn of this circuit is to a:mcentrate the leachate for 

recycle. 'lhe filtrate and the wash water from the first stage filter are 

fed to a triple effect evaporator which reoovers nost of the wash water. 

'lhe bypn:x:luct irrn sulfate c:rystals that a.re found in the third evai:x>ra

tion stage are rerroved f n::m the a:mrentrated leachate and stored or sent to 

disposal. 'lhe remaining wash water fran the first filter is partially 

neutralized with lirre to precipitate a gypsum byproduct. '!he partially 

neutralized wash water is cx:rrbined with the dilute leachate fran the 

rentrifuge and recycled to the process as leach solution. 

'!be fuel requirerrent of this circuit is equal t6 a few perrent of the 

product ooal. Makeup water is needed to replace water of crystallization 

and water vaporization losses due to vacuum filters and vacuum evaporator. 

SUlfur Ienoval Circuit-

\'Et ooal fran the centrifuge is flash-dried by high tercperature steam 

which vap:>rizes both the water and the sulfur. '1he d:ry ooal is separated 

fran the hot vapors in a cyclone and c:xx>led to give the clean product. 

'lhe hot vapor from the cyclone is scrubbed with large quantities of recycled 

hot water fran the evaporator. 'lhe gas and liquid phases fran the gas 

oooler are separated in a cyclone. '!he liquid stream frcm the cyclone which 

a::ntains water and sulfur is phase-separated in a vessel. 'lhe gas phase 

oonsisting of saturated steam is o::ttp:ressed, reheated and .recycled to the 

drier. 

It is reoog:nized that the processing steps and equiµrent needed for 

reoovering sulfur f rcm fine or suspended ooal sizes "WOuld be different f ran 

those required for ooarser material. 'lhe process developer's claim is that 

coarse ooal can be treated in non-pressurized .reaction vessels and "WOuld 

use suppJrt ..!qlliprcent significantly lower in oost than that necessary 

for the fine ~"'Oal system. Ik:Mever, since the ooarse ooal processing 

has not been studied enough to allow an assessrrent of its technical 

feasibility, Versar elected to li.mi t this description to the Meyers' 

fine cnal process. 
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Status of the Process 

TIM has a::mducted extensive bench-scale testing of the major treatrrent 

units for the M::?yers' process~63 >r.nre than 45 different coals have been 

tested, and over 100 a::mplete material balances on the process have been 

calculated and tabulated. 'Ihe initial bench-scale program was directed 

toward generating critical process data for the chemical renoval of pyritic 

sulfur. '!his program was airrEd at optimizing the leaching and regeneration 

steps, evaluating analytical techniques,and studying other process inp:rove

nents. F:rom these data,the chemistcy and rate expressions for the various 

processing steps have been detennined. Additionally, the applicability 

of the ~yers' process to a variety of coals has been established during a 

survey program. In this latter study, the process was conpared to physical 

cleaning for thirty-five different coals~ 6 4 
'

6 J:>t is the developer' s claim 

that in all but two cases the ~yers' process was superior. 

Developmntal efforts for this process began in 1969. 'Ihe bench-scale 

testing effort generated the data necessacy for the design of the eight 

netric ton/day Ieactor Test Unit (RIU). 'Ihe,erection of this unit at the 

Capistrano Test site was CDIIpleted in early 1977. With EPA's sponsorship, 

the Rl'U started up in June, 1977. 

In 1978, ~ efforts \Ere directed toward: 

• Bendl-scale investigations in support of the Rl'U program on 

inproved tedmiques for sulfur byproduct recovecy and on the 

identification and evaluation of process nodifications with 

potential for reducing processing costs; and 

• Testing the RIU. '!he nnit has been run with coal slurcy and 

plans ~re to int:roduce the leachate in the circuit in the 

near future. 
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'lbe RIU is designed to handle ooal less than 0. 32 an (1/8 inch) in 

size and variable test pararreters of temperature, pressure, residence ti.Ire 

and oxygen ooncentration. Limited ability to filter and wash the ooal to 

renove the spent leadlate is also included. 'lhiS unit does not have the 

capability to :rem::we the elenental sulfur produced by the leaching reaction 

or to handle ooal particle sizes greater than 0. 32 an (1/8 inch) • 

'lbe first ten nonths of operation of the RIU will be dedicated to 

treatrrent of bNo types of ooal f:ran the Martinka mine. It has been 

established that this ooal will not ~t the current NSPS S02 emission 

standards by physical ooal cleaning tedmiques. 'll1e specific samples have 

been selected in ax>peration with Anerican Electric Power Service Cbrp. 

(AEP), which has elected to participate in this program for cleaning the 

Martinka mine ooa1 to an acceptable fuel. 

'!he selected ooals will be treated in the RIU for the pw:poses of 

renoving the pyritic sulfur. 'llle treated ooal will be washed and filtered 

to :rerrove the iron salts leaving a wet filter cake (17 to 28 percent 

noistUI:e by weight) oontaining sace elerrental sulfur. 'lbe product coal 

f:ran this operaticn will be sent to various equipnent suppliers to dcy 

the ooa1 and reoover the elerrental sulfur. 

Extensive investigaticns a:re projected to optimize this process 

tedmically and econanically. Sate of the studies projected inwlve: 

• Pelletizing the powdered product ooa1 by cx:xnpaction, without 

binder, to sizes greater than 0. 95 an ( 3/8 inch) to penni t 

shipping in open hopper cars. 

• J:etennining tlE effects of desulfurized ooal an cx:ubustion and 

perfo:cmance dlaracteristics of utility boilers. 

• J:etennin.inr- tha effects of desulfurized ooal on perfo.:rmance 

characteristics of electrostatic precipitators ercployed to 

renove particulates fran the boiler flue gas. 
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Technical Evaluation of the Process 

'!his process has been extensively studied and is currently on an eight 

netric ton/day pilot plant stage. 'Ihus, an assessment of its industrial 

potential is possible at this tilt'E. O'lly pyritic sulfur is renoved by this 

process. 'lherefore, the process is nnre applicable to ooals rich in pyritic 

sulfur. 'Ihese ooals are found in the Appalachian region of the United States 

which nav supplies al:out 60 perCEnt of the current U.S. production. An 

estimated one third of Appalachian coal production can be treated to a level 

tennitting the burning of product in oonfo:rrcance with current new source 

utility S02 emission standards. Serre Interior Basin coal can also be 

treated by this process to meet the new S02 emission guidelines. 

A 1-Eyers' treatrrent plant can be located either at a CEntralized 

processing site or at a pc:Mer plant site. If the treatrrent plant is located 

at a large ~r plant site, steam and pcMer requi.:rerrents may already be 

available on-site. 'Ibis oould result in scree oost savings. Furthernore, 

the 1-Eyers' processing plant can operate steadily with shutdowns only 

for required or scheduled normal naintenance. 'Ihus, the plant would only 

have to re c:Esigned to furnish sufficient coaj. for the pc:Mer plant's 

average load factor,_ which is, in general, 60 percent of the full nane 

plate capacity. Additionally, capital and operating costs for sudl a plant 

would be even rrore favorable if the process \\ere integrated with ooal-fired 

paEr generating facilities which would already have included adequate 

rcJJN roal handling, crushing, pulverizing and fine coal handling facilities. 

In sate instances, when the treatnent plant is added to a plant with a very 

large coal demand, the entire operating oost of the system can be absorbed 

by the pc:Mer plant because of inproved product yield. 

Another option for the M:!yers' processing plant which is potentially 

attractive is a oonbination physical and chemical cleaning operation. In 

this case, the run-of-mine ooarse ooal oontaining high ash and high pyritic 

sulfur would be fed to a physical cleaning plant to reduce the ash content 

of the coal by al:out 75 peroont. The ash discard consisting of about 15 per

amt of the ID-I coal will oontain primarily ash and 10 to 15 perCEnt pyritic 
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sulfur. 'lhe lav ash coal can then be fed to a gravity separation system. 

'1he heavy fraction from the float/sink system, ronsisting of 40 to 50 

percent of the total ooal, will be used as feed to the ~yers' proc:ess. 

'lltls latter fraction, containing high cx:>ncentratian of pyritic sulfur, 

will be reduood to 14 nesh top size and fed to a fine roal ~yers' circuit 

to yield a product with a ve:ry low sulfur content. '!be desulfurized 

sanple may then be reoorrbined with the float fraction giving an overall 

yield Of about 80 percent on the run-of-mine OOal feed. 'lhUS I the 

cxxrbined treated product rontains 10-20 peramt of the total sulfur of 

the KM coal \ttlile all.y proc:essing a fracticm of the total roal through 

the 11-Eyers' pl:'Oaess. 

Potential for Sulfur Ienoval-

c:nly pyritic sulfur is :renoved by this process. A survey program 

(EPA o:ntract No. 68-02-0627) has established that this process is able to 

i:ercove 80-99 perrent of the pyritic sulfur (23 .to 75 perrent of the total 

sulfur) from 23 J.ppalachian Basin Cl:>als and 91-99 peramt of:pyritic sulfur 

(43 to 55 percent of total sulfur) fram the six Eastem Interior Basin 

Coals. Tests with westem roals shcJr.Ed 92 peramt renoval of the pyritic 

sulfur (65 peramt of total sulfur) from a single l'estem Interior Basin 

Coal, and 83-90 percent :renoval. of the pyritic sulfur (25-30 percent of 

total sulfur) frorn the tw:> westem roals. 'lWJ other westem roals (f:rom 

FiJna and Belle Ayr mines) were also investigated, ~ver, since these 

CX>als contain very low pyritic sulfur (0.14 - 0.22 wt%), the results of 

these tests are inconclusi vs. Under the sane program, tests conducted 

en float-sink have indicated that ronventional roal cleaning at 1. 9 specific 

gravity rould reduce cnly bNo of the coals tested to a sulfur content as 

low as that obtained by the ~yers' process. 

'lhe results of these investigations are presented in Table 2-36.<
6 

4 '~t 
ex>als, ground ro 100 rresh x 0, were found to give the maxinrum pyrite 

renoval (90-99 perrent) • However, several of the coals required 150 and 

sate 200 rresh size reduction to adrieve ult:ilnate arrounts of pyrite 

renoval. '!be size reduction also resulted in an increase in the rate 

of pyrite :renoval so that, in rrost cases, the reaction tine was reduced 

considerably. 
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TABLE 2-36. MEYERS' PRJCESS - SUMMARY OF PYRITIC SULFUR REMJVAI. RESULTS 
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GRAVIOIEM OIEMICAL Q)AL CLF.ANING PIVCESS 

P:roc:ess Description 

'Ihe Gravidlelll. process is a variant of the Tm ~yers process. It 

utilizes a dense rredium separation of ferric sulfate-sulfuric acid solution 

slurried with the coal for feed to the main reactor. It has been found 

that the float portion f:rcrn a 1. 3 specific gravity rredium separation, as 

in physical ex>al cleaning, is clean enough to not benefit significantly 

by further chemical leaching. '!he float portion is washed, dewatered, and 

dried. '!he sink portion of the 1. 3 specific gravity separation is then 

further cleaned through tlE Gravichern dlemical coal cleaning process. 

LEJ::XE.DNT OIEMICAL <X>AL CLEANING POCCESS 

Process Description 

'!he Iedgenont oxygen leaching p:roc:ess is based 1.JfX)I1 the aqueous 

oxidation of pyritic sulfur in ooal at elevated tenperatures and pressures 

using a stream of oxygen as the oxidant. 'Ihe p:roc:ess has been developed 

by the Iedgerront Laboratory of the Kennecott O::>~r Co.tperation. 'Ihe 

process was patented in 1976. ( 6 6
) 

'Ill.ere has been no R&D effort by Iedgerront on the p:roc:ess since 1975. 

Based on a series of tests I1lil prior to 1975 , the Iedgerront p:roc:ess claims 

to rerrove 90% of the pyritic sulfur from a wide variety of bituminous coals 

with essentially zero organic sulfur rerroval. 'lhe product is suitable for 

corrbustion in standard utility boilers but will rreet EPA NSPS for sulfur 

dioxide emissions only if the organic sulfur level in the ooal is 0.7-0.8% 

or less. 

'Ihe Iedgerront process as conceptualized, a:>nsists of five principal 

steps: 

Coal Preparation-

'Ihe raw a::>al is crushed and grrnmd to a suitable particle size for 

:maxim.Jm leaching efficiency. 'Ihe ground coal goes directly to a slurry 

tank for mixing with water. Alternatively, the I0-1 coal may be subjected 
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to physical coal cleaning to rerrove pyrite and ash, before introduction 
into the prc::x:ess. 

Oxidation Treatzrent-

'Ihe coal slurry is then fed to leaching reactors where essentially 

all of the pyritic sulfur is oxidized to soluble sulfates and insoluble 

il:on oxide under suitable conditions of temperature, pressures, sluny 

density, oxygen dispersion, mixing and residenoe tine. 

Vben the prooess operates at the preferred temperature and pressure [between 

50° and 150°C (120° and 300°F) , 20 to 25 abn (300 to 350 psig) oxygen 

pressure], it is clairred th.at 75 peroent of the iron sulfate famed in 
the reaction cx:nverts to iron ozi<E: 

'Ihe Iedgerront la1:x>ratocy has found th.at organic sulfur renoved in the 
aqtEOUS oxidation prooess is highly variable and,depending on the feed coal 

used, has ranged from 0-20% renoval. 

Fuel Separation-

'Ihe desulfurized coal slurcy is partially: dewatered and filtered. 'Ihe 

filter cake is then: water washed .• 

Drying and Agglareration-

'Ihe washed roal is sent to a suitable drier where water is evaporated 

leaving a clean, dcy so:J_id fl.El. 'Ibis material is th.en rompacted to a 

suitable pellet size for shifltEilt to a ~r plant. 

Table 2- 37 presents Iedgerron.t' s current best estimates of key pararIEters 
. - . ·6 7. 

\\hl.ch would be involved in the prooess design of a rontinmus system. l J 

'Ihe p.r:ooess energy efficiency is estimated to be 83-85%. 'Ihe bulk of 

the p.r:ooess energy use would be in treated roal dcying and in oxygen plant 

operation. Oxidation of the coal results in ronversion of carl::nn to carbon 
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TABLE 2- 37 Typical Values of Key Pararreters in 
the Calreptual Iedgen:ant Oxygen (6 8 ) 

leaching Proress for Bituminous Coal 

~ting Factor: 333 days per year 

Overall Yield ( aY9'. o::2l) : 97-98\ 

Net yield after fuel uses: "'90t 

Net beatin; vallle yi.elC (avg. ccal) : 93-95\ 

Pyritic suL.~ ra:ioval.: 90% 

Organic SUlfur Jlaiol7al: 0-20\ 

Oieni cal Process Pmte::: 

Mesh si2e 

CW/water in feed 
Rcacticn time 
'l'eDp!rature 
Oxygen pressure 
Qcyqell~ 
per metric tat cc:al 
fee:! 

'Tbickf!lnjrq: 
1hi.c:kenim axea 
~ 
~solid 

cxrceut:ca:tim 
Filtraticn: 
Filtratial rate 

PerCEUt solids in 
fuel cake dis
charge 

wash water/cb:y 
ECl.ids 

Lime additia'l rate 

* 'lbe cxygei damnd irclrtdes the follcwinq: 

Typical VAlue 

80\ -100 mesh 

0.2/l 
2~ 
130° C (266° F) 
20 atm. (300 ps:i.q) 
0.138 uetric tm 
co .125 tan)* 

23 ki;lhr/.09 m2 

(50 lb/hr/sq ft) 
66\ 

.46/1 

0.25 T/'!' coal feedlfi 

metric tm 02.tmetric tm cx:ial 

D2 fer py;-ite reeietia1 
D2 far Fei+_. Fe s+ 
D2 uptake by coal 
02 tc !ccn ~ 
0: to fcmn °'2 
0: lost to fl.ashing 

0.035T 
0.0019 
0.054 
0.031 
0.0014 
C.0019 

Tot:.tl 0 .1252 
... Base: ai 2\ pyritic Sl.1.L.~ ill the ccal.. 'lbe mcunt cf 0: used in orgmU.c 

sulfur ~tier. is unknown. 
ct 'lbi.s is ~tely s tiileS the stoichialEtri.c requinnent fer ne.rt::rali=ati. 
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dioxide and carbon nonoxide as ~11 as trace arro'lm.ts of higher hydrocarbons. 

Appro:dmately 5-7% of the heating valu= of the roal is estimated to be lost 

at the process operating oondi tions. 

Based on the published Iedgerront process info:i:rnation and recent oontacts 

with the Iedgerront Laboratory, a schematic flCM diagram for a 7,200 rretric 

tons (8,000 tons) per day ooal processing plant is shown in Figure ~-38. 'lhe 

process rerroves little or no organic sulfur and 90% of the pyritic sulfur 

(starting with 2% pyritic sulfur in the rCM ooal feed). 

Status of the Process 

'Ihe Iedgerront LaOOratory of the Kennerott Copper Cbrporation began work 

on a process for roal <Esulfurization in 1970. '!he R&D effort was carried 

out in partnership with the Pealx:>dy Coal Corrpany - tlEn a wholly owned 

Kennerott subsidiary. 'lhe joint effort culminated in the Iedgerront flCM

sheet, the basic feature? of whidl have been derronstrated at the bench and 

semi-pilot scale levels. It is clai.nEd that each step of the process has a 

romplete experi.nEntal study to <Etennine the operating range of process 

variables. Conplete reports setting forth the experimental work, process 

specificatioos and process eronomics have been prepared. 'Ihe entire develop

nental effort has been intemally f'lm.red throughout - to the extent of 

app:roxirrately two million dollars. 

In 1975, the Fl'C ordered the divestiture of Peabody Coal by Kennerott, 

and this resulted in halting further developrrEilt work on the Iedgerront 

process. Plans for installing a ~ rretric ton per day pilot scale <Esulfuriza

tion operation t..ere scrapped and no further R&D work is planned. Kennerott 

is currently exploring the possibilities of licensing the I.edgerront process. 
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Tedmical Evaluation of the Process 

'Ihe Iedgerront Laboratory has made available an in-house rep::>rt oontain

ing all of the infonnation made public to date on the process. In addition, 

the Bedl.tel Cbrporation has made a technical and eoonanic study of the 

I.edgenont process569
)A study of this info.mation plus direct oontacts with 

Iedgerront personnel has pennitted the following assesSIIEilt of the process 
to be made. (GB) 

Potential for Sulfur Penoval-

'lhe Iedgerccnt process has been shown to reIIDve rrore than 90% of the 

pyritic sulfur in ooals of widely differing ranks including lignite, high 

volatile B bituminous, and semi-anthracite in bench-scale autoclave equip

rrent. Peaction oonditions haye been standardized at 130° - 132°C (265°-

2700F), 20 atm (300 psig) oxygen pressure and n.u hours :residence tirre. 

Several bituminous ooals including Illinois #6, Ohio #6, and Kentucky, 

have been treated in "semi-pilot scale" equiprrent with oonsistent reIIDVal 

of 90% of the pyritic sulfur. Little, if any, organic sulfur is rerroved 

by the process (from 0-20%, depending on coal treated), and there is no 

credit taken in the oonceptual process for this type of sulfur reIIDval. 

@ . 
MArm:x rnEMICAL a>AL CLFJ\NING PIDCESS 

'Ihe @ . al ben f" . . .+.."ch ·1· Magnex process is a co e iciation process wul. uti izes 

vapors of iron pentacarlx:myl [Fe (CD) s] to :render the mineral axrponents 

of the ooal magnetic. It has been experinentally denonstrated that free 

iron resulting fi:an deool'r{X)Sition of the pentacarl:xmyl selectively 

<Eposits on or :reacts with the surface of pyrite and other ash fonning 

mineral elenents to fonn magnetic materials. Microscopic observations 

and chemical analyses suggest that for pyrite the magnetic material is a 

roating of a pyrthoti te-like mineral, while for ash the magnetic material 

is netallic iron. It has also been denonstrated that the pentacarlxmyl 

d:>es not deposit iron on the surface of coal particles. 
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Process J:escription 

'lhe process involves four major steps: 

• crushing and grinding; 

• heating and pretreatnent; 

• carl:x:nyl treatnent, and ax>ling; and 

• magnetic separation. . . . . @ . . . 
Figure 2-39 presents a. p.ow diagram for the Magnex process as described by the 

p:rocess developer, Hazen Ieseardl, Inc., of Golden, Cblorado. 

Run-of-mine (10-1) CX>al is crushed to minus 14 rresh and then fed to the 

thennal pretreating unit where it is heated to alx>ut -170°C (365°F) in the 

presence of steam. 'Ihe steam and thennal treatrrent CX>nditions the CX>al to 

inprove the selectivity of the magnetic CX>ating (increase yield and reduce 

sulfur CX>ntent of the a:>al) • 

'!he heated a:>al is then gravity fed to the iron pentacarbonyl reaction 

vessel where it is subjected to the treatnent vapors at atnospheric pressure 

for a residence tine of thirty minutes to one hour. '!he reactor is 

insulated and maintains the sensible heat of the a:>al. 

'!he carl:x:nyl treated a:>al is conveyed to the magnetic separation 

section. 'Ihe treated a:>al passes across three induced magnetic :rolls in 

series. 'lhe first roll :renoves.the strongly magnetic minerals,and the 

seCX>nd and third :rolls :renove the weakly magnetic minerals. Several 

oonnercially available magnetic separators have been evaluated under 

funding by EPRI. 

After passing through the magnetic separator, the clean CX>al is 

cx:mveyed into a storage bin. SorrE clean CX>al from the storage may be 

returned to the m burner for in-p:rocess use; the remaining will be 

a:>nveyed to t 1e c:nnpactor unit. '!he pelletized ex>al will be then CX>nveyed 

to the product storage for subsequent shiµrent •. 

The process consurres 1 to 20 kilograms of i:ron pentacarlx>ny 1 per 

rretric ton of ex>al (2-40 lb/ton) , dep=nding on the feed a:>al; and generates 

0.6 to 13.0 kilogram.5 (1.4 to 28.6 lb) of gaseous carlxm rronoxide (ffi) 

for recycle. 
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In the 1977 pilot plant, the CD-rich gas was not recycled to imn 

carl:xmyl generation. Rather, it was discharged through a hypochlorite 

scrubber to :r:ercove traces of iron carbonyl. Since the major operating 

cost for this process is associated with the consurrption of the iron 

pentacarbonyl, it is planned to react the CD-rich gas with imn to produce 

iron carbonyl on-site. Even with a projected en recirculation system, 

a bleed stream ma.y be discharged fran the reactor. 

Status of the Process 

@ 
'Ihe Magnex process has been tmder developrent for 30 nonths. For 

the first 18 nonths, the process has been investigated on a laboratory scale, 

using ini ti.ally 75 gram sanples and later one kilogram sarrples, on a batch 

scale basis. 'lb date about 40 coals, nostly Appalachian in origin, have 

be!en tested.C 70 >'lhe major errphasis of the laboratory work has been on the 

chemistry of the process. During this study efforts were directed to 

detennine the effects of process variables such as reactor tenperature, iron 

carbonyl requirenents and reaction residence tine. 

On February 17, 1976, United States Patent #3,938,966 was issued 

to Hazen Iesearch, Inc. '!he Magnex~rocess is CMned by the NEDIDG 'IEQINOIDGY 

GIDUP. NEDIDG plans to continue process develoµrent and initiate design, 

construction and q:>eration of a 54 rretric tons (60 tons) per hour 

denonstration plant. 

Start-up operation for the pilot plant was in Noverrber, 1976. 'Ihe 

coal selected for the pilot plant evaluation was from the Allegheny group 

of Pennsylvania. 'Ibis coal was run in the pilot plant during the first 

quarter of 1977 and was upgrared to ~t the current new source 

sulfur dioxide emission standard of 520 ng 002/J (1.2 lb 002 per 

million B'IU) • Washability studies of this coal had indicated that 

c:x:>n.ventional gravitJ cleaning would not significantly reduce the sulfur 

oontent of the feed ooal. 
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At the present, various coal sanples are being evaluated in the 

lal::X>ratoi:y stage and research and developrental worlc is proceeding in the 

area of iron carbonyl generation. 

'ledmical Evaluation of the Process 

'!he Magnex€trocess IeitDVeS only pyritic sulfur and therefore, 

nnre applicable to coals rich in pyri tic sulfur, which are fomd in the 

AI;palac:hian region. '!he process also reduc:es the ash content of the coal. 

It is cla:i.ned that fine coal crushing is not necessai:y to enable the 

Magnex ~rocess to find a wide application in pyrite-rich ooal desulfuriza

tioo.. 'lhe Bureau of Mines pmdiction curves which correlate pyrite particle 

size with pyrite sulfur rerccval d:> not allCM accurate prediction of sulfur 

reduction for a given ooal by ~e .Magnex~::rocess. 'lhese curves are aily 

applicable to gravity coal cleaning tedmiques. It has been mported that 

in one test the average pyrite particle size of the minus 14 nesh ooal 

sarrple was 15 micron. Ienoval of pyritic sulfur frrm this sanple by the 

Magnex process was approximately 80 percent; mile a 30 perCEnt sulfur renoval 

was predicted for this coal using the Burec;iu of Mines prediction curves. 

. @ 
Limited published infonnation is available on Magnex process test 

results. A report covering the applicability of this process for 

desulfurizatian of coals surveyed may be issued in the future. H~ver, 

available infonnation iS discussed belCM. 

Potential for SUlfur Pem::>val-

During the first quarter of 1977 a coal feed frrm the Allegheny Group 

of Pennsylvania was evaluated on the Magnex@tilot plant. Table 2-38 presents 

the analysis of·the feed coal. Two shiprents of this ooal were rereived from 

the San:! mine and seam. '!he ash oontent of the first shiprent was oonsider

ably l~r than the seoond (12. 7 vs. 18. 3 perrent); however, the sulfur 
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TABLE 2- 38 ANALYSIS OF ~~RCX:ESS PILCJI' PLANT FEED C'OAL 

Ash, wt. % 
'Ibtal sulfur, wt. % 
Organic sulfur I wt. % 
Inorganic sulfur, t wt. % · 
Calorific value, BIU/lb 

Emission, lb 802/106 B'lU 

11089 

18.29 
1.27 
0.56 
0.71 

11,980 

2.12 

10442 

12.7 
1.27 
0.58 
0.70 

12,903 

1.97 

fl 'lWo shiprents of coal ~ receiverl. Although they were fran the 
same mine and seam, the ash content was significantly higher in 11089. 

t Inorganic sulfur ::::: pyritic + sulfate. 

TABLE 2-39 SUMMARY OF IABORA'IDRY EVAUJATION QF MAQIBX~RCCESS 
Pilm PUMI' FEED COAL* 

Test Numbers 
Units A B c 

caroonyl treatJrent 
Temperature oc 170 170 170 
Dosage lb/ton 2.5 10 40 

Clean CDal 
Yield % 96.4 86.4 81.0 
Ash % 11.6 11.8 10.7 
'Ibtal sulfur ~ 1.08 0.89 0.66 
Inorganic sulfur % 0.34 0.24 0.09 
Heating value B'IU/lb 12,992 12,964 13,160 

Dnissian lb S02/l06 
B'IU 1.66 1.38 1.01 

* Fee::l coal \YaS 10442, minus 14-mesh, l. 27% total sulfur, 0. 71% inorganic 
sulfur, 12. 7:~ ash, 12, 736 B'IU/lb. 
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content of both shiprrents was the sane (0. 71 percent inorganic and 0.56 

percent organic sulfur). Washability curves presenting specific gravity 

versus yield, cumulative percent ash float and ash sink, and plus or minus 

0.10 specific gravity distribution curve of the KN pilot feed are given in 

Figure 2-40. 'Ibis plot indicates that at a specific gravity of 1. 5 (where 

10 percent of the raH ooal feed lies within ±0.10 specific gravity curve) 

theoretical perfect sink/float cleaning would yield 87.7 percent clean ooal 

oontaining 9. 5 percent ash and 1.13 percent sulfur. While significant ash 

reduction can be achieved at that specific gravity by sink/float techniques, 

the resulting ooal will not meet the current emission level 

of 520 ng &:>2/J (1.2 lb ro2 per million B'IU). 

'Ihe results of the laboratm:y Magnex~valuation of the pilot plant feed 

are presented in Table 2-39 'Ihese data indicate that at 170°C (338°F) and 

20 Kg of iron carl:xmyl per netric ton ( 40 lb/ton) of ooal, the clean ooal 

yield was 81 percent with product sulfur oontent equivalent to 434 ng &:>2/ 

J (1.01 lb S02 per millicn BTU). 

Figure 2-41 is the graphical representation of the laborato:ry data with 

superi.nposed pilot plant test data shown by asterisk.< 
7 1 

) In two pilot plant 

runs, using 75 and 10 kg (15 and 20 lbs. ) of iron carl:xmyl per ton of ooal , 

the clean ooal yields ~re significantly higher (7. 9 and· 3. 6 percentage 

points, respectively) than the results obtained from the laboratory rms. 

'!he sulfur dioxide to B'IU ratios for the pilot tests ~re close to that 

predicted by the laborato:ry runs. Pilot plant results indicated that for 

CDal used in this evaluation 10 kg per netric ton (20 lb per ton) of iron 

carl:x>nyl was adequate to yield a product to m=et the current 

S02 level for utility boilers. 
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FIGURE 2-41 
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SYRAOJSE RESEARCH CHEMICAL CDAL CXMffiWITON PR:CF.SS 

'Ihe Syracuse Research On:poration has developed a process for the 

chemical fracturing or oorrm:inuting of cnal, which is an altemative to 

medlanical crushing and fine grinding. '!he process is a precursor to the 

renova1 of pyritic sulfur and ash-funning a:xrponents of coal by physical 

coal cleaning rrethods. Since the proress is chemical in nature and it does 

rerrove pyritic sulfur when c:x:llbined with a physical coal cleaning process, 

it has been included in this study of dlemical cnal cleaning processes. 

Chemical a::mninution is a process that involves the exposure of the 

ooa1 to certain lc:M nolecular weight dlemicals that are relatively ~ive 

and recnverable (usually armonia gas or a cx:nrentrated cqueous armonia 

solution). "'!he dlemical disrupts the natural bonding forCES acting across 

the intemal boundaries of the coal structure where the ash and pyritic 

sulfur <Eposi ts are located. An apparent breakage of nat\Jral bonds occurs 

along these boundaries, thus exposing the ash and pyrite for follCM-On 

separation. No significant dissolution of the cnal occurs, nor is there any 

apparent reaction J::e~ the non-coal constituents and· the a::mninuting 

chemical• II <7 2 ) 

"Since no rredlanical breaking is involved in the chemical a:mninution 

awroach, the size distribution of the c:omninuted (fractured) coal is 

govemed by the intemal fault system, the chemical errployed, and the process 

operating pararreters. '!he size distribution of the pyrite and other 

mineral CX>nStit\Ellts in the coal is solely de:pencE11t upon the dlaracteristics 

and history of the coal being treated." (72
) 

Process Description 

A conceptual flCM sheet for the Syracuse proCESs is presented in Figure 2-

42. '!he star._ing rce.terial is rcrw coal whidl has been sized to 3. 8 an (1~ in) 

x 100 rresh. '1:1e minus 100 mesh coal is separated and shipped directly to 

the physical cleaning plant. 'Ihe 3. 8 x 100 mesh ooa1 is weighed and dlarged 

to a batdl reactor. In a typical cycle, the reactor is then closed and 

evacuated by a rotary seal purcp for renoval of air. 'Ihe reactor is then 
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pressuriz.ed with armonia vapor to al:x:>ut 9 atm (120 psig) . In a full scale 

operaticn this v.iould be acc:onplished in tv.o steps, first to 5 abn (60 psig) 

by equalizing armonia pressure with another batdl reactor (operated in 

parallel and just cx:mpleting its reaction cycle), and then to 9 abn 

(120 psig), using armonia fran either the armonia cxmpressor or fr:an an 

evaporator whidl draws fi:cm a liquified armonia storage tank. 'Ihe reactor 

is held at 9 abn (120 psig) pressure for 120 minutes. During the reaction 

period, the te:np:!rature in the reactor rises 50°C to 65°C al:x:>ve the 

anbient tenperature due to heat of solution of annonia absorbed by rroisture 

in the roal. 'lhe roal is cxmninuted to al:x:>ut 1 an (3/8") tcp size. 

At the end of the reactic:n cycle, the reactor is depressurized to 0 .14 

atm (2 psia) by first equalizing with another reactor which is dlarged with 

fresh cnal, and then exhausting with a transfer c:arpressor. 'Ihese steps 

min:imize loss of armcnia in roal. By this tine, the te:np:!rature of the cnal 

has dropped to al:x:>ut 27°C (80°F). 'Ihe vacuum is then released in the 

reactor, and the roal is conveyed directly to a slur:cy mix tank prior to 

washing. 'Ihe cycle of a batch is suggested as follows: 

Opera ti en 

Charging 

Evacuatic:n 

Fqualizing to 5 atm ( 60 psig) 

Pressurizing and holding at 
9 abn (120 psig) 

Equalizing to 5 atm ( 60 psig) 

~pressurizing to 1.1 atm 
(2 psig} 

Ielease vacuum and discharge 

Idle tine 
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as required 
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All vent gases are oollected through a .rotacy seal pump and scrubbed. 

'!he scrubber effluent is added to coal sluny. 

camtlnuted coal is slurried with a recycle stream p~d from the 

armorria wash colurm. 'lllis recycle stream oontains minus 30 nesh ooa1 of 

15-20% solids, plus 5-10% dissolved armonia. A 35% solids slun:y is fonred 

with the cx:mninuted ooal and is purrped to the midpoint of the wash column. 

As the ooal sinks in this column it is washed free of annonia with mt water. 

Cl:>al containing about 20% :rroisture settles to the bottan of the column and 

is periodically discharged by a .rotary valve to a dewatering screen. 

'lbe ooal on the dewatering screen is washed to renove all minus 28 

nesh fines and discharged to a stockpile, \'tlere it can then be sent to a 

cleaning plant. '!he minus 28 rresh fines fran the dewatering screen leaves 

as a 20% sluny, and are sent to a clarifier. '!he fines are recovered as a 

40% sludge, \'tlidl is sent to the cleaning plant. The clarifier overflow 

water is recycled to product washing. 

The annonia recove:ry colurm is equi:wed with a feed prelleater, a reflux 

condensor, and dace-cap trays. 'll1e colurm operates at one atrcosphere pressure, 

naninally and the relx>iler is heated by 2. 7 atrn (25 psig) steam. Armenia 

is released fran the incoming amronia solution, and armonia vapor oontaining 

about 2% :rroisture is cooled to 30°C (90°F) as it leaves the colurm. 'Ibis 

vapor is cmpressed to 9.5 atm (125 psig) by the recycle cmpressor, and 

the vapor armonia is either recycled innediately to a reactor, or is condensed 

and stored in a tank. 

As has been stated above, all products from the chemical cxmninutioo. 

step would be sent to a oonventioo.al coal cleaning or washing plant for 

separatioo. of beneficiated coal fran pyrite and ash-enriched refuse. A 

proposed operation of this type is illustrated in the flow sheet given in 
• . (72. ) 

Figure 2-43. 'lll:is flow sheet is proposed by the Syracuse Iesearch Cbrp. 

Status of the P:.roc:ESS 

'lbe 1971 Syracuse Ieseardl Cbi::p:>raticn initiated develoµrent of a program 

ained at the renoval of pyritic sulfur and ash-fonning substances f1:0m coal. 
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'lhe results of this effort have been patented in the United States and in 

a number of foreign rotmtries. During a portion of the project, effort 

was supported by the Energy Pesearch and I:eveloprrent Administration, and a 

final :report was published. ( 7 3
) 

All work to date has been perfomed. on a lalx:>ratoi:y or bench scale at 

the facilities of Syracuse Pesearch. 'Ihe largest tests have been with 

23 kg (SO lb) batches of roal, which were nm in large, specially ronshucted 

steel "borrbs" • 

Prc:x:>f of the "cleanability" of the chemically a:mninuted ooal product 

has been limited to developnent of laboratory washability data, followed 

by rorcplete sulfur and ash analyses of the various fractions, and develop

nent of o.nrulative percent sulfur and percent ash rontents versus percent 

ooal rerovei:y curves. It appears that no chemically cx::mninuted roal has 

yet been subjected to separation in a roal washing plant, or even on roal 

washing pilot plant equipIEilt. 

In 1977 marketing of the process was tmdertaken by catalytic, Inc. of 

Philadelphia, Pennsylvania and a a::xnplete report of the process and process 

ecx:nanics was prepared. ( ·7 2 ) 

Exploratocy efforts by catalytic, Inc. to build and operate a pilot 

plant at a suitable location include negotiations for a site at Ibmer City, 

Pennsylvania or at TVA. ( 74
) 

catalytic perfonred a study, at EPRI' s :request, cx:mparing chemical 

a::mnunition with rechanical crushing, b::>th followed by heavy IIEdium 

separation facilities for the Harer City application. 

Technical Evaluation of the Proooss 

Potential for Sulfur Penoval-

As stated previously, chemical a:mn:inution liberates pyritic sulfur 

nore :readily than rrechanically fractured roal of the sane size oonsist, the 

user can employ highE:::r sulfur roals as feed stock to adlieve a given sulfur 

level in the cleaned pnxluct. Conversely, for a given level of sulfur, 

chemical a::>rnm:i.nution will generally yield increased roal product. 
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In Figure 2-44, tie washability data oonpleted on Illinois No. 6 

(Franklin Cblmty) a:>al is plotted to illustrate perCEilt cumulative sulfur 

versus rerovecy. In this ronparisan, the chemically rorcminuted roal is 

clearly superior to the other three sarrples. For exanple, at a 90% 

reoovei:y of plu.s 100 nesh roal, sulfur cxm.tent would be 1. 3% , for the 

Syracuse product, 1.48% for 1 an (3/8 in) nechanically crushed roal, 

1.44% for 14 nesh nechanically crushed roal and 1.51% for 3. 8 an (l~ in} 

KM sarrple respectively. Fbr a selected sulfur value of 1.40% ~ight 

yield reroveries would be 96%, for the Syracuse product, 78% for 

14 nesh rrechanically crushed roal, 70% for 1 an (3/8 in} nechanical crushed 

roal, and 49% for 3. B an ( l~ in) 10-1 sarrple. 

As previously rcentioned, the :p::>tential for renoval of pyri tic sulfur 

fran IOM rrechanically crushed roal, or chemically conminuted roal has been 

assessed to date only by laboratory washability data. This laboratory 

technique yields optimal results which are rarely duplicated in full-scale 

coal cleaning plants. Therefore, the washability comparisons ma.de 

with respect to sulfur renoval or product recovecy, between chemically 

cxmninuted roal and ItEchani.cally crushed roals may be altered in plant 

operation. 

Based on available data, it is anticipated that the Syracuse chemical 

a::mni.nution p:rocess follCMed by conventional physical roal cleaning, will 

:renove 50 to 70 pera:mt of pyri tic sulfur in roals, with product recoveries 

of 90 to 60 weight perrent. The roals used in laboratory studies rontained 

high organic sulfur. Therefore, even rerroval of 100% of pyri tic sulfur 

would not bring these roals into compliance with current EPA NSPS for S02 

emissions. It is also concluded th.at the Syracuse chemical corrmi.nution 

process, follaved by conventional physical roal cleaning, will bring scree 

roals into a::>rrpl:" ance range if the organic sulfur level is sufficiently lCM. 
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ERDA ClIEMICAL CDAL CLEANING ProcESS 

The ERDA air/steam leaching process is similar to the Ledgenont oxygen/ 

water process, except that the proc:Ess employs higher t.enperature and pressure 

to affect organic sulfur rerroval and uses air instead of oxygen. A coal 

desulfurization process very similar to the ERDA process is also described in 

a U.S. patent 3,824,084 assigned to the Chernica.l Construction Corporation. 

In the ERDA chemical roal cleaning process the pyritic sulfur is first 

oxidized to soluble sulfates. It is clai.ned that when the process operates 

at the preferred terrperature and pressure of 150°C (302°F) and 34 atm (500 

psia), essentially all the soluble sulfate is oxidized to insoluble iron 

oxide and sulfuric acid. 

'Ille organic sulfur leaching chemistry is not ~11 known. It is the 

developers belief that the major portion (>50 percent) of: the organic sulfur 

in roal is of the clibenzothiophene (DBT) type which is inert to air at 

relatively high pressure and t:eqlerature. However, the remaining fraction 

of organo-sulfurs are not DBT-like and can react with air and steam to 

produce sulfuric acid.<7 5 ) 

Process I:escription 

In the ERDA air/steam oxidative desulfurization process the roa1 slurry 

is heated in the presence of cntpressed air at tenperatures of 150°C to 200°C 

(3Q0°-4Q0°F), pressures 34 to 102 atm (500 to 1,500 psia), and residence 

tine of 1 hour or less. At these operating conditions, it is claimed that 

essentially all the mineral sulfur and approximately 40 percent of the 

organic sulfur is rerroved as sulfuric acid. '!he ERDA process has been 

conceptualized by Bechtel. ( 6 9) 

A sinpL fied flow diagram of the process as developed by Bechtel, is 

shown in Figw:e 2-45. Pulverized coal is mixed with water in the slurcy 

mixing tank. 'Ihe roal slurry is pumped to feed-effluent exdlanges where 

the feed is heated with rerovered heat from the reacted product. The feed 

is further heated in the flash gas quench tower by direct rontact with 

desulfurization reaction off-gas, recycled from the product slurry flash 

tank. 'Ibe feed slurry at operating terrperature and pressure is passed 
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through a series of reaction vessels where the slurry in roal is oxidized 

in presence of rompressed air. 'Ihe product slurry is next flashed into 

p:r:oduct slurry tank and subsequently thickened, filtered and dried prior 

to a::mpacting. A portion of the clean roal is bumed to provide heat for 

<hying. 

'lhe ooal thickener overflow is ooni:>ined with the filtrate from the 

ex>al filter and sent to line treatnent for neutralization of sulfuric acid 

and ferrous sulfate. The sulfuric acid in this stream is ronverted to 

gypsum and the ferrous sulfate to gypsum and ferrous hydroxide. 'lhese 

reaction products are sent to gypsun sludge thickener and subsequently 

filtered. '!he filter cake fran this operation oonstitutes the solid waste 

fran this process. 'Ihe thickener overflow and the filtrate ronstitute 

the recycle water, \\hi.ch is sent to the slurry mixing tank. 

Status of the Process 

The ERDA chemical roal cleaning process was conceived approximately 

seven years ago by Dr. Friedman at the Bureau of Mines and the process is 

currently under study at OOE's Pittsburgh Energy P.esearch center (PERC). 

Initial e><per:L'1ellts dn the air/steam oxydesulfurization of coal were 

carried out using a batdl, stirred autoclave system with 35 gram ooal 

samples. '!his apparatus was rrodified to allCM rontinoous air flow through 

the stirred reactor while the ooal-water slurry remained as a batch reactant. 

'Ihe current effort at PERC centers on the installing and operating of a 

25 kg/day oontinmus reactor unit. '!he system cxmsists of a slurry feeder, 

slurry pre-heater, air preheat.er, a single Mm.el pressure vessel capable 

of operating at up to 69 atm (1,000 psig) , two parallel pressure let-dcMn 

tanks and a product recnvery tank. (75
) 'Ibis system is designed to obtain data 

on reaction rates and develop information on process engineering and 

eoonomic evaluation. It is hoped that operating data will be available 

within nine rronths so that a decision can be made regarding ~ design, 

a:mstruction, and operation of a larger rontimnusly operated process 

deve.::..oprent unit (POO). 'lllere is a IX>SSibility that a larqe, private 

engineering gi:oup may assurre the PDU effort, with support fran OOE. 
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'Iechnical Evaluation of the P:rooess 

'technical evaluation presented here-in is based upon published. infoma

ticn and discussion with ERDA researchers, as w=ll as the Bechtel(g) conceptual

ization of this process and their prepared eoonornic evaluation. 

Potential for Sulfur Percoval-

'lhe developer' s claim is that using this process, an estimated 45 

percent of the mines in the eastem United States cx:mld p:roduoe environrcentally 

acceptable boiler fuel in accx:>rdanoe with current EPA S02 standards for new util-

ity boilers. (77 )Available data from batch operations indicate that at mild 

tenJ?eratures of 150° to 160°C {300°-320°F) the ERDA air/steam oxydesulfuriza

tian process can :rerrove no:re than 90 percent of the pyritic sulfur in ooals. 

Table 2-40 (n)p:resents pyrite :rerroval info:rmation from several :rep:resentati'Ve 

ooals. '!he process is also cla.irred to :renove up to 40 percent of ooal' s 

organic sulfur if the reaction terrq:>erature is raised to 180-200°C 

(360-400°F) , this infonna.tion is sl'lcMn. in Table 2-41. C77 ) Table 2-42 (77 ) 

indicates that at low operating temperatures of 150 to 160°C {300-320°F) 

several high sulfur oontent roals, such as ooals fra:n Iowa and Indiana 

(Iovilia #4 and Minshall seams, :respectively), can be significantly reduced 

in sulfur oontent by this process. Higher tenperatures and pressures 

will be required to reduce the sulfur ronte:.its of these ooals further. 

'l11e ooal preparation requirenents of this process are not known at this 

tine. Minus 200 rresh RCM ooal has been used in nost nms, but a few runs 

using minus 14 iresh roal are cla.irred to produce cnrrparable :results. Due 

to physical sizing limitations in the mini-pilot plant minus 200 rresh 

ooal will be processed. 

GENERAL ELECTRIC aIEMICAL <DAL CLEANING PIDCESS 

'!he General Electric microwave process for chemically cleaning ooal 

CDnSists of the following steps: 

• Crushed and ground ooal {40 to 100 nesh) is w=tted with a sodium 

hydroxide solution, then subjected to a brief {<30 sec.) irradiation 
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TABI.E 2-40 PYRI'IE REmVAL FroM REPRESENTATIVE COALS USING 'IHE ERDA P:RCX:ESS 

Tenlp, Pvritic: sulfur, wt. '\ 

~ State ~ untreated ina.ta:i 

lllinois No. 5 IJJ joois lSO 0.9 O.l 
Minshall In:liana. lSO 4.2 0.2 
I.ovili.a No. 4 Iowa 150 4.0 O.J 
?ittsblrgh Chio 160 2.8 0.2 
Io.er Freep%t Pexinsylvmti.a 160 2.4 O.l 
Brc:x:ik:ville Pennsylvania 180 3.1 O.l 

TABIE 2-41 O:RiANIC SULFUR REM)VAL FJn.1 REPRESENmTIVE ffiAL.S USIN<; 'IHE 
ERJ:lZ\ PRXESS 

TABLE 2-42 

Seam 

Bevier 
Maimct:b.* 
~~.9* 
Pittsl:m:gh 
!.ewer Fnep::lrt 
lllinois No. 6 
~ 

~ 

Kansas 
M::ntana. 
i~ 
Ohio 
Pennsylvania 
I.1.lir.oi.s 
!.'ld:i.ana 

Teq;>, 

~ 

150 
150 
150 
180 
180 
200 
200 

2.0 
0.5 
l.l 
1.5 
1.0 
2.J 
l.S 

1.6 
0.4 
o.s 
0.8 
0.8 
l.J 
1.2 

ERDl\ PRX::ESS OXYIESULFURIZATIOO OF REPRESENTATIVE CDAIS 

Teq>, .TO:tal suL.i=ur, wt. g, SUL.."ur, lb/10 9 B'lU 
Seam State oc Oili::reaUia T::ea-cSC! uni::reatea: Trea'ted 

Min.shall Ir.di..ana. 150 5.7 2.0 4.99 l.81 
Illinois No. s Illinois lSO 3.3 2.0 2.64 l.iS 
I.ovilia ~- 4 Icwa 150 5.9 1.4 5 • .38 1.42 

~· M:nt:ana 150 Ll 0.6 0.91 0.52 
?itt:sblrgh ?ennsylvmti.a 150 l.J o.a 0.92 0.60 
~~- 9* ~g 150 1.8 0.9 l.41 0.78 
Pittsblrf;h Chio 160 3.0 1.4 2 • .34 l.15 
Upper ~ Pennsylvania 160 2.l 0.9 l.89 0.80 

*SUbbi~ 
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with microwave energy in an inert gas atnosphere. Both pyri tic 

and organic follllS of sulfur react with the sodium hydroxide to 

fo:rm soluble sodium sulfide (Na2S) and polysulfides (Na2S ) during x 
irradiation. 

• '!he ooal is washed to i:ercove the partially spent caustic and the 

sodium sulfides, then it is again ~tted with caustic solution, 

and subjected to rnien:Mave radiation for an equivalent period. 

• '!he ooa1 is again washed to renove the partially spent caustic 

and the soluble sulfides, it is then dried and cxxcpacted. 

'lhe mriqueness of microwave treatnent lies in the fact that the sodium 

hydroxide and the sulfur species in the ooa1 can be heated nore rapidly and 

efficiently than ooal itself. 'lhus the reaction bebeen sodium hydroxide 

and sulfur occurs in such a short tirre and with such low bulk terrq;leratures 

that an insignificant arrount of ooa1 degradation occurs. As a result, 

the heating value of the coal is either unchanged or is slightly enhanced. 

A number of bituminous ooals having total sulfur contents from 1 to 6%, 

and having either predominately pyritic sulfur or organic sulfur oontents, 

have been tested with total sulfur renovals of 70 to 99%. 'illus, the process 

cbes address itself to both of the t:wo major fo:t:n5 of sulfur in ooal. For 

nest ooals, t:wo microwave irradiation treatnents with fresh caustic are 
neressary. Hc:Mever, for the few ooals with relatively low total sulfur 

oontent, a single treatnent may be adequate to reduce the sulfur to a 

sufficiently low level. Single treatnents are generally 30-70% effective 

in total sulfur :rencval. 

Process r::escriptian 

In the absenre of a flow sheet f:tan G.E., a schematic flow sheet (Figure 2-

46) of the desulfurization steps of the process has been proposed and 

discussed with G.E. project personnel. 'lhey agree with its principal 

features' vmich are es follows: 
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• 40 rresh top-size coal is slurried with a 20% solution of sodium 

hydroxide so that the a:>al is thoroughly wetted by the caustic. 

• 'Ihe noist a:>al is then subjected to microwave radiation for 

secx:mds. During this brief tine, 30-70% of the total sulfur in the 

a:>al is a:>nverted to sodium sulfide (Na2S) or polysulfide (Na2 S ) 
x 

and sare of the water is evaporated. 

• 'Ihe coal is then slurried in water to dissolve and :rerrove the 

sodium sulfides, dewatered, and then resaturated with about the 

sane conrentration and anrnmt of caustic as previously stated. 

• After a sea:>nd exposure to microwave energy, the desulfurized a:xil 

is again washed f:ree of sulfides and excess caustic, and is 

dewatered and dried to ·the extent reqtiired for on-site use, or is 

dried and c:orrpacted prior to shipping,. Depending on the coal 

itself, and certain operating factors, 70% of the total sulfur in 

the coal will have been :rerroved. 

A sdlematic flow sheet has been proposed for the sulfur recovery 

process steps, v.hich is also shown in Figure 2-46. 'Ihis is necessary for an 

adequate conceptuali,zation of the entire G.E. process and for process a:>st 

estima.tion. It is G.E. 's present intent to process wash waters a:>ntaining 

sulfur by camanating these liqoors to pi:oduce hydrogen sulfide gas (H2S), 

and then recover elenental sulfur via the Claus Process. 'Ihe sodium 

ca.Ibonate, \'tlich also results from the carbonation step, would be treated 

with line to :regenerate soluble sodium hydroxide and insoluble calcium 

ca.Ibonate. '!he latter is then kilned to produce the CD2 and line ( cao) I 

which are both recycled and :mused. 'Ihis regeneration process is alnost 

idantical to the one being a:>nsidered by the Battelle Institute as a part 

of their chemical coal cleaning pl:ocess. 'Ihe regeneration process at first 

glance appears sirrple and conpact, ~ver it nay prove energy intensive 

d1E to: 

• evaporative heat requir:ed to a:>ncentrate solids in the several 

filtate streams; and 

• heat input to.the kiln. 
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It will, therefore, be neressai:y to use mi.n.irnum quantities of water and 

sodium hydroxiee reactant in order to cnnse:rve heat energy in the subsequent 

sodium hydroxiee regeneration steps. 

Status of '!he Proress 

All work to date has been done on·a laborato:ry scale with small (10-lOOg) 

quantities of CDal subjected to micIOWave radiation from a 1 KW, 2.4 GHz or a 

2.5 KW, 8.35 GHz generator. The cnal is first inpregnated with a 20% solution 

of sodiun hydroxiee (NaOH), and sufficient caustic solution is retained on 

the cnal after eewatering so that about 16 parts of NaOH are present per 100 

parts of cnal at tine of treatnent. Batch tests have been made on a nurrber 

of cnals in which the cnals were irradiated onre or twire for va:rying periods 

of tine. However, exposure periods exceeding_ 30 secnnds rarely gained 

further benefits. 

Total sulfur ( cxxrbustible to S02 ) renovals of 75% have been achieved for 

rrost bituminous roals proviCed that tw::> sequential treatnents are given. 

~ver, rmich remains to be done in ternlS of ecnnomic optimization of the 

process. 

Tudmical Evaluation of the P~ss 

Potential for Sulfur :terroval-

A substantial rerroval of sulfur fran bituminous coal appears technically 

feasible with this process, providing that micIOWave treatnent of the CDa1 

is accncplished in tw::> steps. Initially all analytical data indicated 

that 95-100% renoval of sulfur cnuld be achieved as a result of the tw::> step 

treatnent. Since that tine, additional analytical tedmiques have been 

utilized and are yielding ronflicting data. For exanple, an untreated cnals 
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the Ieco and the Eschka IIEthods slx:>w nearly identical sulfur analyses. On 

G.E. proCEss treated coals, the Eschka {baritnn sulfate precipitation} nethod 

shavs considerably ITDre residual sulfur in the ooal then does the Ieco 

(canbustion) IIEthod. ~ conclusions are possible: 

• 'Ihe G.E. proCEss does .tenDve 75% or ITDre of total S from ooal, but 

not neCEssarily 95-100% in a 2-step process as was previously 

clained. 

• SinCE the sulfur which is not renoved does not show up in a Ieco 

combustion-type analysis, it may end up in the ash and thus may 

still not result in S02 emissions. Further effort to resolve this 

natter is in prog-ress. 

A one-step treatnent is effective to the extent of 30-70% sulfur 

rennval, depending on the coal itself and other processing factors. Sulfur 

renoval in subbittnninous coal, anthracite, or lignite has not yet been 

attenpted. 

'Ihe Battelle hydrothermal coal proCEss (BHCP) is based upon hy.drothennal 

alkali leaching of mineral and organic sulfur conµ:Hmds from coal. 'Ille 

p:rocess presently proposed by Battelle employs sodium and calcium hydroxides 

as a mixed leachant and operates \IDder conditions of elevated ten'peratures 

and pressures. The desulfurized coal, after filtration and washing to 

separate the spent leadlant, is dried and c:orrpacted for use in ooal-fired 

utility lx>ilers. At the present stage of developrent, the proc:Ess must be 

ronsidered as partially conCEptual. 
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'lhe BHCP desulfurization step has been tested on a series of rt:M 

bituminous ooals and has been shown to extract essentially all of the pyritic 

sulfur and 25 to 50% of the o:rganic sulfur starting with a range of total 

sulfur rontent of 2. 4 to 4. 6 percent. 'lhe product is a solid fuel which 

rreets the current new sourre standard of a maxinrurn of 520 ng 002/J (1.2 lbs s:J2/ 

106 B'IU) with rertain roals. 

Proress Oescription 

'll1e proposed process oonsists of five principal steps: 

Coal P:reparation-

'llle rt:M ooal is crushed and ground to suitable particle size, generally 

70 percent minus 200 nesh. 'Ihe ooal then goes directly to a slurry tank for 

mixing with the leachant. Alternati"Vely, the roal can be first physically 

beneficiated to i:errove sare ash and pyritic sulfur before introduction into 

the slurry tank. 

Hydrothennal T:reatnent-

'llle ooal slurry is pmped into a :reactor where it is heated to tenp:!ra

tures in the range of 200° to 340°C (400° to 650°F) and subjected to a 

pressure in the range of 18 to 170 atm (250 to 2 ,500 psig) to extract sulfur 

and dissolve a portion of the ash fI:om the roal. lesidenre time is approxi

mately 10 nrinutes. It is essential that this operation and the following 

one be carried out in an oxygen-free atrrosphe:re to minimize the fonnation of 

oxysulfur a:npounds which prevent the quantitative :rerovery of sodium 

hydroxide frrm the spent leadlant. 

'Ille :recx:mrended leachant for the process is a mixture of 8 to 10 percent 

sodium hydroxide (NaOH) solution in a 3 percent calcium hydroxide (Ca(OHh) 

slurry. Concentra ::ions of these ronp:>nents of the leachant will vary 

depending on roal properties. 
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Fuel Separation-

'Ihe desulfurized coal is separated from the leachant by weans of 

filtration and water washing. The leadlant is then concentrated before 

:regeneration. 

Deying and Agglareration-

water is evaporated from the coal in a drier, leaving dry, clean, 

solid fuel. 'Ihis material is then conpacted to a suitable pellet size 

for shipnent to the user. 

leachant Pegeneration-

A dlemical regeneration step uses carbon dioxide to :renove 

sulfur f:ran the leadlate as hydrogen sulfide~ 'Ibis gas is then ronverted 

to elene:ntal sulfur by either the Claus or Stretford process. 

'll1.e schematic inrorporates raw ooal grinding, and treated roal drying 

and a:mpaction steps, not included in the latest Battelle process flow 

sheet. Battelle prbposes the production of treated ooal as a ~t material 

\\hldl is stored in silos prior to ShiFIE.Il.t to the utility. If located at a 

pc:AEr plant site, the utility would be repcnsible for grinding the raw ooal 

and dl:ying the treated coal. Battelle has inclured a charge to the BHCP 

for the oost of drying in their latest oost estimate. ~ver, to make 

the cost estinate conparable to the other processes being considered in 

this study, i.e. , for a plant not neressarily located adjacent to a ~r 

plant, the chying of the minus 200 nesh ooal followed by a conpaction 

(briquetting) step axe included in the flow sheet and cost estimate .. 
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Status of the Process 

The original Battelle hydrothennal ooal process has been under develop

rrent at the Colurrbus laboratories since 1960 under Battelle sponsorship. 

'!he desulfurization step has been carried through pre-pilot level ( oontim.nus 

bench-scale) laborato:ry investigations. In this effort, sulfur extraction 

fran approximately ~ty different eastern and mi~stem bituminous cx:>als 

have been studied. Battelle has published pyri tic sulfur extraction data 

en 6 coals, organic sulfur extraction data on 6 ooals, and overall sulfur 

reduction data on 6 coals. (79
} In all of these studies, the S02 emission on 

the BHCP treated coals was equal to or less than the current EPA-NSPS of 520 ng 

002/J (1.2 lb/106 B'IU) for ooal-fired steam generators. 

Liquid/solid separation and regeneration of spent leadlant are being 

studied in bendl-scale equiµrent in an atterrpt to: 

• establish definitive infoD'llation as to whether the process can 

operate in closed-locp fashion; and 

• i.rcprove the economic viability of the process by reducing the 

a::>st of these two high oost segnents. 

The EPA has ftmded a third area of interest in the BHCP: a oombustion 

study on BHCP ti:eated ooals (Contract No. 68-02-2119). 'Ibis study was a 

laboratory scale evaluation of BHCP treated ooal oombustion characteristics. 

'Ibis work was oonpleted and reported in "Study of the Battelle Hydrothennal 

Treatrcent of Coal Proress", to IERL, RTP, in Novenber of 1976. {7 9 ) 

With respect to regeneration of spent leachant, experimental efforts 

have concentrated an screening the use of zinc and iron cx:>rCIX>unds as 

possible regenerants for spent leadl.ant from the ooal desulfurization step. 

Iesults so far_have not indicated significant p::roress viability for either 

of these tv.u heavy metals as alkali regenerants. In the case of zinc, there 

are indications of residual zinc buildup , in the ooal as YJell as envi:rornrent

al problems expected wh:m zinc sulfide is roasted to regenerate the zinc 
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oxide. In the case of ircn oxides or hydroxides as possible regenerants, 

there has been no notable sucooss to date. 

'lb date, no experinental 'WOrk has been attempted on optimization of 

the solid, liquid separation treat::rren.t of the slurry f:r:orn the desulfuriza

tion step. A conputer rrodel has been developed in order to optimize (on 

paper) the relationships be-t.w=en. the param:ters involved, including the 

nethod of separation (filtration, centrifugation or thickening), the number 

of separation/washing stages involved, the wash water/dl:y solids ratio, the 

perCEnt of water in the underflow cx:>al and the anount of entrained sodium 

in the ooal. 'lhese param:ters have all been related to the oost oontribution 

per ton of ooal product. 'lhis study has shown that nine oountercurrent 

filtration/washing stages at an overall wash water/dl:y solids ratio of 1. 5 

with a final solids level of 45% in the underflow (filter cake) gave the 

lowest operating oost oontribution per rretric ton of product, i.e., $10.50/ 

netric ton ($9.50/ton). At a oost contribution of $10.50/rretric ton 

($9.50/ton).with nine filtration/washing stages and 45% selids in the 

underflow, the lc::h.est entrained sodium level was detennined to be 0.0018 rretric ton, 

i.e., about 1. 8 kg entrained sodium per rretric ton of dl:y solid (3.6 lbs/ton) . 

Using a value of 0.005 nettle ton of bound sodium in the treated 

ooal per rretric ton of dl:y solid, the total sodium input to the proooss 

(as 73% NaDH) 'WOuld be alx>ut 0.016 rretric ton per rretric ton of dl:y product 

ooal, i.e., 16 kg/nettle ton (32 lb/ton). With caustic at $176/:rcetric ton 

($160/ton), the sodium input represents arout 27% of the total oost oontri-

bution of the solid/liquid separation portion of the process. 'lhis caustic 

input value is still subject to experirrental verification. 

In the preliminary cx:nbustion studies with n..u BHCP treated ooals 

under o:mtract No. 68-02-2119, the oombustion characteristics of these coals 

\Ere determined in ~ test facilities at Battelle, a one-half kg/hr (one lb/ 

hour) lalx>rato:ry-scale fumace and a 10-40 kg (20-80 lb) per hour rmllti-

fuel furnace facili ':.y. Tests in ooth units were oonducted with dl:y, 

pulverized BHCP treated ooal. 'Ihe results of thase tests indicated that 

the treated ooals 'WOuld neet the present U.S. EPA-NSPS for sulfur dioxide 

emissions and that cx:xnbustion of these ooals pro~d as well or better 

than the oorreSJ:XIDding rmN ooals. <7
9 

> 
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Technical Evaluation of the Process 

'Ihe BHCP is one of the few diemical coal cleaning processes that has 

made significant advances to a point pennitting at least partial engineering 

evaluation. Based on the infonnation available, a technical evaluation of 

the process follows. 

Potential for Sulfur Ienoval-

'lhe ability of the process to rerrove sulfur is shown in the table 
below. ha) 

TABLE 2-43 PYRITIC SULFUR EXTRACTION BY 'IHE BHCP 

Percent Pyritic 
SourCE of coal Sulfur* Extraction 

Raw BHCP Efficiency, 
Mine Seam State coal COal Pera:!nt 

CN719 6 Ohio 4.0 0.1 99 

Belnont 8 Ohio 1.6 0.1 92 

NE41 9 Chio 4.0 0.1 99 

Ken 14 Ky. 2.1 0.2 92 

Beam Bottan 8 Pa. 1.7 O.I 95 

Eagle 1 5 Ill. . 1.5 0.2 87 

*M=>isture and ash f:ree basis. COal sanples vvere supplied from the various 
mines. Analyses vvere ·conducted by Battelle on raw and hydrothennally 
treated ooals. 

Ninety pera:!nt or greater pyritic sulfur rerroval has been derron.strated on a 

variety of bituminous ooals from Chio, Pennsylvania, Illinois and Kentucky. 

It is believed that pyritic sulfur can be al.Irost oonpletely renoved 

(95%) from any bituminous ooal using the BHCP. 

It is believed that the BHCP is capable of renoving 25-50% of organic 
( 78) 

sulfur frorn a wide variety of coals. 'Ihe table en the next page presents 

typical organic sulfur extraction data from the BHCP. 
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EXTRACI'ION OF OffiANIC SULFUR BY THE BHCP 

Percent Organic 
Sulfur* Extraction 

Raw BHCP Efficiency, 
Mine Seam State Coal Coal Percent 

Sunny Hill 6 Chio 1.1 0.6 41 

Martinka #1 ~r 
Kittaning W. Va. 0.7 0.5 24 

vestland 8 Pa. 0.8 0.5 38 

Beach Bottom 8 W. Va. 1.0 0.7 30 

Ieign #1 4A Ohio 2.3 1.1 52 

*M:>isture and ash free basis coal sanples were supplied f :ran the various 
mines. All analyses were ronducted by Battelle on raw and hydrothennally 
treated roa.ls. 

Exferl.nen.ts have been ronducted also on a semicx:mtinwus bench-scale 

to ronfinn the :results of laoorato:cy batch experinents. '!he equiprrent has 

a capacity of about 9 kilogram:; (20 p:mnds) of roal per hour and can perfonn 

all of the basic steps of the desulfurizatian process. '!he cperation, however, 

has not yet enployed :recycled, :regenerated :reactants, so that the influence 

on leaching due to buildup of ex:>ntaminants in the system is unknown. 

JPL ClIEMICAL CDAL CLEANING PIO:ESS 

~ Jet Propulsion Laooratocy (JPL), California Institute of Technology 

at Pasadena, California, is developing a chemical coal cleaning process 

which attacks both pyritic and organic sulfur conpotmds in roal, and 

allegedly results in the rerroval of up to 75% of the total sulfur in roaJ.580
) 

Both types of sulfur are attacked during a lav tenperature roal chlorinolysis 

step; hydrolysis and dechlorination follav. 

238 



ProCEss I:escription 

A flow diagram based on the JPL pr:oress is shown in Figure 2-4 8. (a 1 ) 

01lorine gas is sparged into a suspension of rroist, pulverized ooal (minus 

100 to minus 200 mash) in nethyl chlorofonn (1,1,1-tridlloroethane) at 

74°C (165°F) and atrrospheric pressure for 1 to 4 hours. 'Ihe suspension 

oonsists of approximately 1 part ooal to two parts solvent. O'llorine (Cl2) 

usage is 3 to 3. 5 rroles of chlorine per rrole sulfur, or about 250 kg Cl2 

per matric ton (500 lbs/ten) of ooal. M::>isture is added to the feed ooal 

to the extent of 30-50% by w:?ight. 

After chlorination the ooal sh.u:Iy is distilled for solvent reoovery, and 

the solvent is recycled for :reuse in the chlorinol ysis step. 'l11e chlo

rinated ooal is hydrolyzed with water at 50-70°C (120-150°F) for 2 

hours and then filte:red and washed. 'lh.e ooal filter cake is simultaneously 

dried and dechlorinated by heating at 300-500°C (570-930°F) with super

heated steam (or possibly a vacuum) for about 1 hour. 

'Ihe:re are a nurrber of byproduct . streams which are as follows: 

• Vented gas from the chlorinolysis reactors contains unreacted chlorine 

(Cl2) and byproduct hydrogen chloride (HCl) • 'Ihe gas is oooled to oondense 

Clz, whidl is recycled, and the :relatively nan-oondensible HCl gas is piped 

to a Kel-Oll.or process unit which converts the HCl to Cl2. 

• Vcq:x::>rs f:rom the solvent evcq:x::>ration step are oooled to pennit oon

dansation and recycling of the mathyl chlorofonn. 'Ihe HCl gas is piped to 

a Kel-Oll.or unit for conversion. 

• Filtrates and wash water from the filtration of hydrolyzed ooal 

rontain hydrochloric acid and sulfuric acid. 'Ihe HCl is drivenoff in a 

stripper and mcycled to a Kel-Clllor unit. 'Ihe :residual dilute sulfuric 

acid is oonrentrated to a saleable 91% sulfuric acid. 

• Supe:cheated steam exhausting from the dechlorination will also 

rontain HCl gas which nrust be oondensed as hydrochloric acid and :recycled 

to a Kel-Clllor unit for chlorine reoovery. 
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Status of the ProCEss 

'As of mid-July, 1977, effort on this process was on a laroratory scale 

batch operation using 100 g. coal sanples. It was ext:ected at that tine that 

larger scale (1 kg) batch :rims would be initiated in the near future, and 

at a still later date, a 1 kg/hour mini-pilot plant would be cx:mstructed 

and operated. 

'lh.e early stages of the process research work ~re supported by the 

National rercnautics and SpaCE Administration (NASA) t.mder contract No. 

NAS 7-100. FeCEntly the project obtained support from the Bureau of Mines 

for a period of approximately 16 nonths. 

'lechn.ical Evaluation of ProCEss 

Potential for Sulfur Jerroval--

'lh.e process claims a 97-98% ~ight rerovery of input roal, with 

about a 2% loss in heating value, and 70-75% renoval of total sulfur. Two 

high sulfur coals have been examined carefully for sulfur rerroval. 'Ihe 

Illinois No. 5 high volatile bituminous coal from Hillsboro mine had 4.77% 

total sulfur rontent. 'Ihe other high volatile bituminous roal was a 

Kentucky N:>. 9 roal fIOin Hamil ton, Kentucky. 

Experinental data obtained with Illinois No. 5 (Hillsboro) roal are 

given in Table 2-44. 

'!he overall sulfur rerroval is 76% with a reduction from 4. 77% to 1. 50%. 

Fesults of ex:perinents with this ooal indicate that renovals up to 70% 

organic sulfur, 90% pyritic sulfur and 76% total sulfur have been adlieved. 
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'lhe kinetic data for chlorination and desulfurization of minus 100 nesh, 

Illinois No. 5 coal are presented in Figure 2-49(~~} 'Ihe initial rate of 

chlorination is very fast. 'Ihe chlorine content in coal is 2 3% a half-

lx:>ur and then slowly increases to 26% within the next one and a half hours. 

Within the initial half-hour period nost of the pyri tic sulfur and a 

portion of organic sulfur are converted to sulfate sulfur. In the next 

one and a half hour period,pyritic and organic sulfurs are slCMly converted 

to sulfate sulfur. Based en the sulfur balance, the gain in sulfate sulfur 

is equal to the rorrbined reduction of pyritic and organic sulfurs. The 

above reactions extend to the hydrolysis pericxl. The overall sulfate 

COITp:)tmds produred either directly or indirectly tlu:ough sulfonate are 

renoved from ooal in the hydrolysis step as indicated-by the analysis of 

hydrolysis solution. 

Experinental data obtained from a rtm on minus 200 nesh Kentucky No. 9 

(Hamilton, Ky.) ooal is given in Table 2-45. · 

The sulfur oontent of this ooal is predominately organic (>90%) • About 

5 7% of the organic sulfur and 59% of the total sulfur are :renoved. 

'1he data on the above two coals are the only &tailed experircental results 

available at this tiire. Based on these results and discussions with JPL 

project personnel, it is ooncluded that the :renoval of pyritic sulfur by the 

JPL proCEss is sarewhat nore oorrplete than :renoval of organic sulfur. 

Cbnsequently, if a high percentage of total sulfur :renoval is desired, this 

process should be used for ooal rich in pyritic sulfur rather than in 

organic sulfur. Neither product f:rom the tw::> above experiments will rreet 

EPA-NSPS S02/J (1.2 lb S02/10 6 BW) when burned. A nore extensive assess-

~t of the sulfur rerroving potential of this process must await results 

from the 9 CX'als to be tested under the Bureau of Mines contract. 
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TABLE 2-44 

JPL PROCESS: PRELilfiNARY OILORINOLYSIS DATA FOR ILLrnDIS 
NO. 5 O)AL DESULFURIZATION* 

Sulfur Fenn 
Raw Coal 

(% Sulfur) cp 
Treated Cof 
(% Sulfur) 

Sulfur Ierroval 
(%) 

Pyritic 

Organic 

Sulfate 

'Ibtal 

1.89 

2.38 

0.50 

4.77 

0.43 

0.72 

0.35 

1.50 

77t 

70 

lOOll 

76 

* (Otl.orination - stirred reactor, 74°C (165°F) , 1 atm (14. 8 psig), 1 hour, 
:[X)Wdered roal 100-150 rresh with 50% water, rrethyl chlorofonn to coal 
2/1; hydrolysis and water wash - stirred reactor, 60°C(l40°F), 2 hours, 
excess water) • 

~ Analyses by Galbraith laboratories, Inc., Knoxville, Termessee 

A Mai tional water washing should :rerrove 100% of sulfate 

t Up to 90% pyritic sulfur :renoval has been achieved in other conditions 

TABLE 2-45 

PRELIMINARY ClIIDRIOOLYSIS DATA FOR THE JPL DESULFURIZATION 
P:rocESS 00 BITUMrnOUS CDAL (HAMIL'ION, KENIDO<Y) * 

Raw Coal Treated Chal 
Sulfur Fbnn (% Sulfur) ll (% Sulfur)ll Sulfur Renoval 

Pyritic 0.08 0.03 62.5 

Organic 2.67 1.16 56.5 

Sulfate 0.15 0.29 lOOt 

'lbtal 2.90 1.48 59.0 

(%) 

* Clllorination - stirred reactor, 74°C(l65°F), 1 atm (14.8 psig), up to 4 
hours, minus 200 rresh coal with 30% water, rrethyl chlorofonn to coal 2/1; 
hydrolysis and water wash - stirred reactor, 60°C(l40°F), 2 hours, 
excess water. 

fJ. Analyses by Galbraith laboratories, Knoxville, Tennessee 

t 100% sulfate renoval by added water wash 
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INSTI'IUIE OF GAS TEOIDOWGY (IGT) CHEMICAL OOAL CLEANING PRCX:ESS 

The IGI' flash desulfurizaticn proress is based upon chemical and thennal 

treat:Irent of coal. In this process, sulfur is renoved from the coal by a 

hydrogen treatrcent under the proper cx:mdi tions of terrperature, heat-up rate, 

residenre tine, coal size, hydrogen partial pressure, and treatnent gas 

c:mpositian. 

An oxidative pretreat.nent is included in this system to prevent caking 

and also to increase the sulfur :renoval in the subsequent hydrotreating step. 

Both pyritic and organic sulfur are :renoved by the c:orrbination of these 

treatrrents. 'Ihe treated pnxluct is a solid fuel (possibly char) which 

presumably may be bumed without a need for flue gas scrubbing. 

'!his report contains a c:onreptualized process design and process 

ea:nanics based up.:>n IGI' data.. Subsequent to our cut-off date for data 

input, IGI' has developed its own conreptualized process design that includes 

the effects of many factors derived fn:m IGI''s general backgrotmd in ooal 

a:nversian. '!he !GT-developed proress efficiencies and costs are signifi

cantly better than those reported here, based upon the earlier IGT report 

specific to this program. 'Ihe following discussion, therefore, does not 

incl.me IGI''s latest thinking an the process design; it should be regarded 

as preliminacy and Subject to significant process efficiency inproverrents 

and downward product oost mxlificatian. 

Proress ~scriptian 

The process enploys essentially atrrospheric pressure and high tenpera

tu:res [about 400°C (750°F) for pretreat:Irent and 800°C (l,500°F) for 

hydrodesulfurizatian] to enhanre the desulfurization of the coals. 'lh.ese 

high terrperatures cause a:nsiderable coal loss due to oxidation, hydro

ca.rl:x:n volatilization, and coal gasification, with subsequent loss of 

heating value. Batch reactor tests have indicated an average product 

reoovery potential of 60 weight perrent based an the feed. 
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Exper:i.rrents have been conducted with several coals in both laboratory 

and bench-scale batch hardware to test IGT conrepts and to detennine the 

pretreatrrent and hydrodesulfurization operating conditions. Adequate 

experinental data on heat and material balances are not yet available 

to ClllCEptualize a proress design. It is, however, anticipated that the 

proress will employ the follCMing equii;xrent or proressing steps: 

• Fluidized bed reactors will be used for both pretreat:rrent and 

hydrodesulfurization stages; 

• Air will be used as the sourre of oxygen; 

• Off-gases from the hydrodesulfurization, provided they contain 

hydrogen partial pressure, will be a:>npressed and recycled to 

the hydrogeneration reactor to provide the neressacy hydrogen 

for desulfurization of ooal; 

• Hydrogen make-up may be neressa:cy to maintain hydrogen partial 

pressure; 

• '!be exothennic pretreatrrent reactiai will provide a portion 

of the heat neressa:cy for the enCbthennic hyfuudesulfurization 

reactiais; 

• '!be sulfide and sulfate sulfur will be renoved.f:rom the hydro

desulfurized product by either chemical or rredlanical rreans. 

'lltls step will be neressacy when the coal char product f.:rorn the 

proressing of rertain coals 0011.tains residual sulfur levels 

exreeding the allowable limits; 

• 'lbe hydrogen sulfide/carlxm dioxide gases rea:>vered fn::m the 

hydrodesulfurizer off-gas will be treated in a Claus plant to 

produre elemental sulfur; 

• Purification of the off-gas fran the hydrodesulfurizer system 

will J::e neressa:cy prior to recycle; and 

• Off-gas cleanup from the pretreater will be neressa:cy prior to 

venting the gases to the atrrosphere. 
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Versar has provided a suggested process flow sheet \\hich integrates 

the IGI' cnncepts and is shown in Figure 2-50. 'Ibis flow sheet has been 

provided to pennit the developrrent of process economics on a consistant 

basis with other processes. 

Status of the Process 

'Ihe IGI' process is in an early stage of develoµrent. An extensive 

bench-scale and pilot level tedmica.1 effort is needed before an integrated 

process design is cnnceptualized. '!he program, sponsored by EPA, is now 

directed toward testing in a 25 an (10-inch) cnntinlDus fluidized-bed unit, 

mich is sized for a:>al feeds of 10 to 45 kilograms (25 to 100 pounds) per 

lDur. 

~ pretreatrrent nms of about seven h:>urs each have been made in this 

25 an (10-inch) unit. A beneficiated Illinois No. 6 ooal, \\hich was 

crushed to minus 14 rresh and contained 2.43 w=ight percent of total sulfur, 

was used as feed. '!he abjecti ves of these runs w=re to test the operating 

a:m.ditians over a sustained period of tine and to produce pretreated 

material for subsequent hydrodesulfurization evaluations. The pretreat:nent 

runs have been successful, and they have confi.nred rrost of the results of 

corresponding batch tests. These runs indicated that a terrperature of 400°C 

(750 °F) , a residence tine of 30 minutes, an actual gas velocity of 0. 3 

Ill:!ter (one foot) per second in the bed, and 0. 616 cubic neter of oxygen 

per kilogram [one standard cubic foot (SCF) per pound] of ooa1 are a<Eguate 

to pmtreat the ooal men the unit is fed at a rate of about 23 kilograms 

(SO pounds) per hour. Ho...ever, material and heat balance infonnation generated 

en one of these runs contradicts conclusions derived frcm the batch nms. 
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'!he analyses of data indicated very low quantities of light hydrocarl:on in 

the off-gases [. 37 MJ/cu.m {10 B'IU/SCF] and a very high solids rerovery 

around the pretreatrcent unit {97. 7 wt%) • Thus only 2. 3 wt % of the roal 

was ronsurred in off-gases and water as oorrpared to the expected 8 to 12 

percent. Information from a single run is not adequate to draw definitive 

cnnclusions ; ha.vever, if these data are oonfinred in the Pilot r:::em:mstration 

Unit (PDU), then no excess heat ~d be available from the pretreatrcent 

stage for either steam generation or on-site oonsunption. 

'Ihe data from the larger unit will be used to establish the necessary 

energy and material ba.lanc;:e infonnation for the design of an integrated 

system and for an accurate eoonanic evaluation of the process. 

Supportive runs are being continued in the batch reactor to d=tennine 

the effects of nitrogen, carbcn nonoxide, water vapor and hydrogen sulfide 

concentrations in the treat gas an the hydrodesulfurization operation. 

Addi.ticnally, crushing tests on a run-of-mine, Illinois No. 6 ooal are 

being conducted to determine the crusher oonditions to minimize fines in 

coal preparation and to define the ooal preparation requirerrents for the 

process. 

IGI' estimates "that this process oould be ready for comrercialization 

in four or five years after the successful operation of a pilot denonstra

ticn unit. 

Tedmical Evaluation of-the Proooss 

'Ibis process is currently at the bendl-scale level, thus, a d=finitive 

assessrrent of its mdustrial potential is not possible at this tinE. ~ver, 

available info:anation is sunmarized in the following subsections. 

· Potential for Sufur Ierroval-

Lal:x:>rator:y and bench-scale experirrents ronducted.thus far indicate 

that the !Gr process can renove 83 to 89 perCEnt of the total sulfur from 

four bituminous feed ooals. 'Ihe process rem:>ves both pyri tic and organic 

sulfur. In nost cases, enough sulfur is renoved so that the treated product 

oould be burned in oonfonnance with current EPA new source performance 

standards for S02 emissions. 
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A preliminary evaluation of the <Esulfurization p::>tential of four 

selected bituminous roals was oonducted in a laboratory device (thenro

balanre) with 2 to 6 gram roal sanples. Pyritic, organic, and total sulfur 

rerroval rates obtained from these investigations are reported in Table 2-46 (a 
2 

) 

Sarrples for the above thenrobalanre tests were +40 nesh pretreated roal. 

'Ihe feed was plared in the sanple basket and then l<Mered into the treating 

zcne. A heating rate of 2. 8°C{5°F) per minute was used up to the tenni.nal 

terrperature of 815°C (l,500°F). Soaking tiJre at the tenninal ~rature 

was 30 minutes for each test. 

Table 2-46 indicates that for the vestern Kentucky No. 9 roal, in addition 

to 98 perrent pyritic sulfur rerroval, 88 perrent of organic sulfur rerroval 

was also achieved. Sufficient total sulfur renoval was realized in this 

test so that S02 emissions from a:nbustion of the treated product would 

be l_~o ng/J co. 42 Th/10 6 B'lU) • 

'Ihe sulfur reduction obtained for the Pittsburgh seam roal from the 

vest Virginia mine was 98 perrent pyritic and 83 percent organic sulfur. 

'!he reduction in total sulfur oontent, acrounting for sulfide/sulfate 

oorrp:mnds, was 83 perrent, with sufficient sulfur rerroved to oomply with t."1e 

current EPA new source perforrrance standard of 516 ng/J (1. 2 lb/10 6 BIU) 

of S02. 

:results for the Pittsburgh seam roal from the Pennsylvania mine indicate 

that in addition to all of the pyritic sulfur, 77 percent of the organic 

sulfur was also rem::>ved. '!his roal having a l~r initial total sulfur and 

relatively lCM initial organic sulfur rontent also yiel<Ed a product with 

acreptable 502 emission value. 

'!he sulfur reduction obtained for a beneficiated Illinois No. 6 roal 

was 98 percxnt pyritic and 82 percent organic sulfur. This sulfur reduction 

was such tha,.. S02 emissions from rorrbustion of the treated product would 

be belCM the current new source 502 standards. 
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TABLE 2-46. 

Sulfur Reitcva.1 
Raw Coal Efficiency, 
Characteristics W:tlght Percent 

SuUur* 
cantent wt. % 

.Source of Feed of Feed 
Pyritic~ <Kgan.ict Cba.l ~ (dry basis) 

N!stem Ky #9 :R0-1 3.03 97.8 88.5 

Pittsburgh Seam Fran 
W. Virginia Highly 

caking 2.41 98.4 83.l 

Pittsburgh Seam Fran 
Pa •.. Mine Hiqh Ash 

Content 1.01 100.0 77.l 

Illinois #6 Benef iciated 2.28 98.0 82.0 

IOr.ES: 
Experinental Conditions l<ere: At 1500 °F tenninal tenperature, 

S°F heat-up rates and 30 mins. soajdng tine. 

* Sulfur a:mtent of +40 nesh material. 

t '1he pyritic sulfur rencva1 during pretrea"tlrent ranges 
fran 38% to 51%. 

t 'lhe organic sulfur renoval during pretreatment ranges 
fran 0% to 10% 
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KVB ClIEMICAL CDAL CLEANING PRXESS 

'Ihe KVB cnal desulfurization process is based qxn selective oxidation 

of the sulfur cnnsti tuents of the cnal. In this process, dry cnarsel y 

ground coal (+28 nesh) is heated in the presence of nitrogen oxide gases 

for the rercoval of a portion of the coal sulfur as gaseous sulfur dioxide 

(S02) • 'Ihe J:ema:ining reacted sulfur in the ooal ·is clai.ned to be in the 

fonn of .inorganic sulfates or sulfi tes or is included in an organic radical. 

'lllese non-gaseous sulfur o:mpounds ai:e rerroved from the pretreated coal by 

subsequent washing with water or heated caustic soluticn foll~ by water 

wash. 

'Ihe active oxidizing agent is believed to be N02 • '!he process, however, 

uses a gas mixture oontaining oxygen (O. 5 to 20 percent 02 by voll.lne), 

nitric oxide (0.25 to 10 percent ID by volune), nitrogen dioxide (O. 25 

to 10 percent 002 by volune) and nitrogen (N2) the remainder. 

'Ihe process can be q>erated either on a batch or oontinoous basis as 

<Esired. '!here are no data available, as yet, to indicate which system is 

rrore eoonanical. For a cnntinoous operation, the reaction may be carried 

out at 120°C (250°F) 2. 4 atm (35 psia) for 1/2 to 1 hour period. '!he 

nechanism of oxidation is still unknown. 

Process r:escription 

Lalx>rato:ry ~rircents have been cnnducted with several cnals, on 50 

gram sanples, in a 2.54 rentineter (one-inch) diarreter batch reactor to test 

the sulfur renoval potential of the process. 'Ihe process has been cnncept

ualized lx>th by ~ 8-
3 >and Bechtel. ( 6 9 ) '1he KVB design inoo:rporates a SOIIB\hat 

rrore ~tirnistic water and caustic extraction operation than the flow schema 

suggested by Bedltel. In this secticn, the flCM diagram developed by Bechtel 

- will be used since it incnipOrates standard processing equiprcent in cnnrept

ualizing the proress. 

A sirrplified flow diagram of the process is shown in Figure 2-51 ( 6 9
) Dl.y 

ooal from the preparation section is pneuma.tically cnnveyed to a gas/solid 

cyclcne where it is separated from its cnnveying gas (nitrogen). '!hen it is 

gravicy fed into a fluidized bed reactor. '!he reactant gas is introduced 

th.rough the bottom of the :reactor th.rough a distributor. 'Ihe :reaction gases 

leave the reactor, passing through a two-stage cyclone separator vbic:h rerroves 

the fine cnal particles from the gas. 
252 



N 
U'1 
w 

DUii 
t."tllfCIOll 

Figure 2-51. 

nfCYCU 
UA• 
r,:fM11,lt 

KVB Process Flow Diagram 

"t I -\ 
MAkl ... ""• Ni I N<" ·-· ,_. 

.-~~~~~~-~-~ 

'( },,,. 

CfJMrtlffi~'IDh 
GUCllUH 
ltrlllM: 

llF.111 ... ,.. ..... >.• 
IU 1Mf'.Urffltl\lt11N 

l't'.IO 10 
HOllAftl 

••rtnFn 

-----·-·-~ 

t:l'-AU 
llAlfn ... 
lrOHAf" 

····-~0~ Cl\llHtC 

"' HOftA'1f 

U\'P'!UIM 
m 
l•ISt'Ot:AI. 



'Ille treated ooal from the reactor is next reacted with caustic solution 

to renove additional sulfur (organic sulfur) and to cx::mvert the ferrous 

sulfate to ferrous hydroxide and soluble sodium sulfate. The roal slurry 

from the extractor is filtered and water washed en the filter. 'Ihe product 

ooal is tlen dried prior to oorrpacting. 'Ihe p:rocess also inoo:rporates 

ti;eatrrent of the various effluents from the.system. 

'Ihe KVB laboratory test \YOr:k on their chemical roal cleaning process 

is presently inactive. Plans are to develop and c:orrnerciallylicense the 

process to roal produrers and users. Ftmding is being actively sought 

at this tine to speed up the developrental schedule in view of the current 

energy shortage. 

Tedmica.l Evaluation of the Process 

'Ihis process is in its early stages of develoµrent,and thus it is 

difficult to make an accurate assesSI1Eilt of its industri<il potential. 

H<::Mever, depending on the anount of desulfurization required, the extraction 

and washing steps may or may not be required. It should be rrentioned that 

in cases where d:ry oxidation ally could renove sufficient sulfur to rreet 

the sulfur dioxide emission standards, this tedmology rould provide a ve:ry 

sinple :and inexpensive system. . 'Ihus, there may be a potential for this 

process· for application to scare roals, primar~ly netallurgical grade ooals, 

where partial i:ercoval of sulfui rould be ve:ry beneficial. 

Potential for Sulfur Iercoval--

Lal:x:>rato:ry experinents conducted en 50 gram sanples in a batdl reactor 

with five different roals indicate that the process has desulfurization 

potential of up to 63 percent of sulfur with basic d.ry oxidation plus water 

washing treatnEnt and up to 89 percent with d:ry oxidation follc::Med by 

caustic trea' rrent and water washing. Table 2-47 presents the results of 

the laborator... studies.Ca 3k results indicate that higher fusulfurization 

is achieved when the treat-gas oontains 10 perrent by volurce of nitric 

oxide. 

'Ille washing step rerroves iron and loosely round inorganic material 

\t\hidl redures the ash rontent of the roal. KVB clains a 95+ percent ash 
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TABLE 2-47. COAL DESULFURIZATION DATA USING TEE KVB PIOCESS 

Sultur level 
Coal Sanf>le OxiclatJon 200°F Feed Sulfur Sulfur U?vel Sulfur level l\fter 10\ NnOll 

I<'lenUffr..aUon level After Oxi<lcttion After Water Wash Wash & water wnr.h 

Size Ti.Joo t 00 Jn Gas 'lbtal Orqan.ic 'Ihtal % Sulfur 'Ihtal t Sulfu1 Total ' suH'ur 
t-'esh ilrs. Mr FlCM • s Parove<l s Raroved $ narovro 4' 

\ Vol. l/min 
--

Loo/er .,, 
KHL;ann.f.1'9 •14tof29 - - - 4.3 0.7 - - - - 4.~ 0 

14to+28 3 5 .42 4.3 0.7 3.3 23 2.4 43 2.1 51 

14to+28 ) 10 .44 4.3 0.7 - - 1.6 63 0.5 09 

14t:o+20 1.5 10 .44 4.3 0.7 - - - - 1.4 67 

BOto+lO > 3 5 .42 4.3 0.7 - - - - 2.9 .J1 

IlUnois 
15 14to+2B 1.5 10 .42 J.O 1.9 - - - - 2.5 17 

14to+28 3 10 • 44 3.0 l.9 - - 2.0 33 1.0 67 

14to+29 3 5 .42 3.0 1.0 - - l.9 37 1.2 59 

--
K-16914 Ii 

l4to+28 3.5 10 .44 6.7 1.16 4.2 37 3.1 54 3.2 S2 

---

I 

l<-14 702 ti 
14t:o.f-20 3.0 5 

l4to+28 3.0 10 

K-16 394 ti 
14to+28 3.0 5 

-14tof21 3.0 ]0 

No oxidation, wash only. " ti 
U.S. nureau of Mlnes ~signation. 

.42 

.44 

.42 

.44 

5.3 1. 3 4.3 19 3.0 43 

5.3 1. 3 2.7 49 2.5 53 

3.2 1.9 2.5 22 - -
3.2 1.9 2.0 :rn - -

t 
4' 

It is a'la.imed that recent tests achie~ the srnm results in 10 mi.nut.es usi1'9 a rotary reactnr. 
nie Bafl\lles were dried at 250"F before analysis. 

3.1 41 
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l'.ellDval. with their system: hcwever, there are no published experirrental 

results to substantiate this claim. 

Nitrogen (the transp:>rting gas) fran the cyclone is passed tlu:ough 

a dust oollector for the reoovery of fine ooal particles and is then 

discharged via a blower into a ooal-fired heater prior to recycling this 

gas to the ooal. preparation and conveying section. 

Off-gas fran the reactor is scrubbed with water to :rercove sulfur oxides 

and nitrogen oxide gases. '!he acid product from the scrubber containing 

sulfurous, sulfuric and also nitric acid is oooled prior to storage. The 

treated gas fran the water scrul::ber is subseqlEntly reacted with calcium 

hydroxide to rettDve carbon dioxide as calcium carlxmate sh.rlge. 'Ihe purified 

gas fran the 002 rettDver is oooled to oondense water vapor. A fracticn 

of the gas leaving the purifier is vented to prevent a buildup of inert gas 

in the gas stream. By venting a portion of the gas and providing makeup 

gas, the i:equired gas proporticn can be rraintained. '!he recycle gas is 

tlEl carbined with makeup 002 and 02 to fonn the treat-gas. '!he treat-gas 

is cx:rcpressed and recycled to the reactor. 

'!he filtrate fran the ooal filter is treated with line to :regenerate 

caustic and fonn gypsum. '!he sludge f:rom the line treatrrent tank is 

concentrated in a thickener. 'Ihe underflCM of the thickener oontaining 

a large fractim of the gypsum is filtered to reoover the caustic solution. 

'Ihe thickener overflCM is divided into two streams. One porticn is recycled 

to the extractor and the other is sent to an evaporator for further rerroval 

of gypsum in order to prevent gypsum buildup in the system. 'Ihe steam 

generated in the evaporator is oondensed and used as wash water for the 

filter cake. '!he gypsum slun:y is oooled and set to the gypsum filter. 

Gypsum oonstitutes the solid waste from this p::rocess. 

Status of the .?rocess 

'lhe process has been tested batchwise in the laboratory, using 50 gram 

ooal sanples. KVB owns all rights to the proress as of April 1977 and has 

funded all the 'WOrlc thus far. U.S. Patent No. 3,909,211 was issu:d on 
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Septeml::er 30, 1975,'8 4 And the filing of foreign patents in major ooal producing 

oountries is in progress. 

ATLANTIC RIClIFIELD ffiMPANY OIEMICAL ffiAL CLEANING PR.X:ESS b 5 ) 

Process Description 

The Atlantic Ridifield Calpany (ARm) is developing a chemical coal 

cleaning process at Harvey, Illinois, which rennves both pyritic and organic 

sulfur compounds and ash from roal. '!he proress :requires the use of 

either a :reroverable or a non-recoverable :reaction prorroter. 

Very little has been published about the process, no flav sheet is 

available, and AID) has not permitted an on-site inspection. 

Status of the Proress 

Process developIIEilt work has largely p:roceeded on the basis of data 

generated fran batch-scale exi:erirrents. Ha-.rever, a 0.45 kg (1-pound) 

per hour rontim.nus reactor system was :rerently built and is currently 

reing used to provide additional data. 

Until :rerentl y ARCD has finanred this experi.nental program without 

external assistanre -. 'Ihe Electric Power !€search Institute, Palo Alto, 

califomia (EPRI) has finanred a study on the contintDus reactor system 

on five coals in midi there is a wide distribution of pyrite particle 

size. '!his study is now a::::mplete and a final report is expected to be issued 

in 1979. '!he EPRI rontract has been extended to derronstrate in the 

cx>ntinuous pilot plant low cost proress options whidl ARCO has developed. 

'Iedm.ical Evaluation of the Process 

Potential for Sulfur Ierroval-

'Ihe five roals selected by EPRI and tested in the ARCO process are: 

• ~r Kittarming, Martinka #1 

• Illinois #6, Burning Star #2 

• Pittsburgh #8, M:mtour #4 

• W:stern Kentucky #9/14, Colonial 

• Sewickley, Green County, Pennsylvania (beneficiated) 
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'Ihe roals were selected to meet the following criteria: 

• ?-Ean pyrite crystallite chord size for the five ooals 

sh:ruld cover a wioo range; 

• Pyrite and organic sulfur rontent should oover a wide range; 

• !Eduction of sulfur content to the NSPS cr:nplianre level; 

i.e., 258 ng/'1 {0~6 lbs/10 6 B'IU), should be attcdnable 

by rerroval of pyri tic sulfur in the case of at least one ooal; and 

• 'llle cnals should be frcm p:r:oducing mines on seam; with substantial 

:reserves. 

I:epending at the roal treated, overall reduction of sulfur was up to 98% 

for pyritic sulfur, up to 20% for organic sulfur, and 66-72% for total 

sulfur. Overall i:eduction of iron was up to 96% and of ash up to 78%. 

'Ihe B'lU yield of the process is estilllated at 90-98%. Ash content of the 

product is frequently redured by 50%, a:npared to feed ooal, and the 

process weight yield is about 95%, depending on ash J:eI10va1. 

2. 2. 3. 2 System Perfollllailce 

'!he :perfo:rmance of dlemical ooal cleaning systems was si.nulated using 

the Peserve Pmressing Asses~t M:xEl. ( 3 6 ) Perfor:manre was treasured 

by the increase in the available reserve base; after applying chemical coal 

·cleaning, v.hich could meet a given emission control level. '1he three nost 

efficient and best develq::ed of the dlemical coal cleaning process were 

included: 1) ~yers Process; 2) Gravichem Process; and 3) ERDA Process. 

Figures 2-52 through 2-58 present the rn:xlel results. Fbr discussion of 

these :results, three emission control levels were selected: 1) the National 

SIP Average of 1,075 ng S02/J (2.5 lbs 502/10 6 B'IU); 2) an intenIE<:liate goal 

or future gt.
0

deline of 650 ng S02/J (1.5 lls 502/10 6 B'IU}; and 3) a rrore 

stringent lewl of 260 ng S02/J {0.6 lbs S02/10 6 B'IU). Product variability 

was not included in the analysis because of the lack of available info:rmation 

on chemically cleaned roal products and the current status of chanical <Dal 

cleaning processes. 
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In the tbrthern Appalachian region, the increase in the available 

coal as a result of chemical coal cleaning at the 260 ng S02/J control level 

is negligible. However, at the 650 ng S02/J emission level, the anount 

of ooal which berorres available due to chemical ooal cleaning increases 

five fold, and at the 1,075 ng S02/J level, three tines as much of the 

coal reserves are {X)tentially available when clenical ooal cleaning is 

applied. [lt>te: above the SIP control level .of emission, the effect of 

coal diminishes] • 

In the s. Appalachia region, chemical cleaning increases the total 

am:>tmt of coal available up to 10%, with the greatest increase at the 

400-700 ng S02/J range of anission levels. Since the coal in this area is 

lCM in pyritic sulfur oontent, the chanical cleaning processes do not have 

a significant inpact on cx:npliance coal supply. 

In the Alabana region, no raw or chemically cleaned coal is available 

which would neet the 260 ng S02/J emission control level. : At the 650 ng 

SOi/J oontrol level, chemical cleaning allrost doubles the anount of coal 

potentially available and at the 1,075 ng S02/J control level, the effect 

of cleaning is to increase oonplianoe coal by 50 percent. Interestingly, 

at the 650 ng S02/J level using chemical ooal cleaning, 95% of the cleaned 

coal beoorres available. In contrast, 95% of the raw coal reserve base is 

in conpliance only if the emission level is greater than 1,700 ng S02/J. 

'1he F.a.stem Midwest region has a very minirral raw or cleaned coal 

reserve base that can rreet the nost stringent emission level of 260 ng 

SOi/J, because the coal in this.region is typically high in sulfur content. 

Cllem:i.cal coal cleaning in high sulfur coal regions proves beneficial for 

increasing coal availability. Fbr exanple, at the emission control level of 

1,075 ng S02/J, chemical coal cleaning processes will increase the anount of 

coal by three tines the anount of available raw· coal. 

'Ihe sane holds true in the Western Midwest. High sulfur ooal is 

foi.md in this region which also cannot rreet a stringent emission level of 

260 ng S02/J. Olemical coal cleaning will significantly increase the arrount 

of ooal available for rreeting the rrore rroderate emission control levels. 
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Olemical coal cleaning will increase the coal residue f:rom 6% to 26% in 

rreeting an emission control level of 516 ng S02/J and from 31% to 81% at a 

ex>ntrol level of 1,290 ng S02/J. 

In contrast to other regions, over 15 percent of western coals can 

rreet the 260 ng S02/J emission control level. When chemical cleaning is 

applied, up.vards of 35% of western coal is r.iade available. At levels 

above 260 ng S02/J, chemical cleaning does not greatly enlarge the arrount 

of coal available. It is interesting to note that 95% of the raw coal 

in this area can satisfy the 1, 075 ng S02/J emission control level. 

In the entire U.S., approxi.rrately 8 percent of the raw coal can rreet 

a stringent level of 260 ng S02/J. Chemical cleaning increases the total 

ancunt by 10 percent (equal to 42 billion tons of coal). By weight this 

rceans chemical coal cleaning can increase the aP.Dunt of United States 

oonpliance reserves by 38 billion rretric tons. 

Another approach to determine oomplying ooal reserves after chemical 

cleaning is to calculate the available energy (in KJ) that can rreet a given 

emission rontrol level. 'Ihe results, again using the RPAM and ignoring 

product variability are provided in Figures 2-59 through 2-65. (3 a) 

At the nost stringent emission level, 260 ng S02/J, no coal in the 

N:>rthern Appalachian region reserve base can conply ·with the control level. 

·'lhe chemical cleaning of the raw roal, however, will produce approxinately 

100-160 x 10 9 GJ at the 260 ng 802/J emission level. At the intenrediate 

level 650 ng S02/J of (1.5 lbs SO /106 B'IU), lt.>rthern Appalachian reserves, 

if chemically cleaned, can reach a total of about 700 x 109 GJ. In the 

raw coal, approximately 110 x 10 9 GJ are available at this sane emission 

standard. At the national average SIP emission level of 1,075 ng S02/J 

(2.5 lbs so /10 6 BTU), raw coal energy reserves are 475 x 109 GJ. If 

chemical cleaning is practices at the 1,075 ng S02/J level, 1,400 x 10 9 .GJ 

becorre available. Olemical coal cleaning typically raises the arrount of 

cnrplying energy reserve base about three to four tirres. 
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At the ITOst stringent a::mtrol level of 260 ng S02/J, large differences 

exist in rCM and cleaned coal reserves in the Southern Appalachian region. 

For raw coal, 20 x 109 GJ are present, while for a chemically cleaned produce 

210 x 10 9 GJ are available. At the next two levels of 650 and 1,075 ng 502/J, 

the differences becone less prononnced. At the 650 ng S02/J level, standard 

oonpliance raw ooal has 500 x 10 9 GJ while corrplying chemically cleaned coal 

has alnost 700 x 10 9 GJ. Smaller differences exist at the 1,075 ng S02/J 

level where raw cnal has energy reserves of 860 x 10 9 GJ and chemically 

cleaned cnal oontains 950 x 109 GJ. 

In the Alabama region essentially no rCM cnal exists which oould In2et 

the 260 ng 002/J emission oontrol level. When dlernically cleaned, approxi1mtely . 

2 x 109 GJ are available to In2et the level. At the 650 ng 002 /J oontrol 

level, 23 x 10 9 GJ of the reserve base beoorre available. Cllemically 

cleaning the ooal increases the energy available to approximately 

40 x 109 GJ. For the SIP level of 1,075 ng S02/J, 60 x 10 9 GJ are 

available in the reserve base versus 90 x 109 GJ for chanically cleaned 

cx:>al. 

At the 260 ng S02 /J level in the Eastern Mi~st region there are 

no reserves either for raw roal or chemically cleaned cnal. The 650 ng 

002/J level also has small reserve values when cnnpared to the total 

of the region. Raw roal rontains 40 x 109 GJ, while chemically cleaned 

roal can supply 160 x 10 9 GJ. This fourfold increase from cleaning is 

potentially significant for new source 002 emitters. For the least 

stringent level of 1,075 ng 81J2/J, raw cnal reserves cnntain 160 x 10 9 GJ; 

roal which has unoorgone chemical cleaning oontains 600 x 10 9 GJ, again 

a fourfold increase. 'lhese differences again point out and reinforce 

the fact that four to five tines rcore corcpliance fuels can be obtained from 

Eastern Mi~st ooal at internediate or m::xlerate emission levels if the 

cx:>al undergoes chemical cleaning. 

Virtually no energy reserves exist in the vest.em Mi~st region for raw cnal 

at the 260 ng S02 /J emission oontrol level. W1en chemical cleaning is 

instituted, 18 x 109 GJ of reserve becnrre available. When the emission 
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. cx:ntrol level is raised to 650 ng 502/J, 33 x 109 GJ of raw ooal can c:x:mply. 

'!he addi ti.on of chemical cleaning at this level raises the available 

energy reserves to approximately 80 x 10 9 GJ. By i.rrposing a least stringent 

level of 1,075 ng S02./J, this mgiai's raw ooal has mserves of 65 x 10 9 GJ. 

By instituting chanical cleaning there would be a benefit of nD:re than 

tripling the. available energy to about 210 x 10 9 GJ. Def.ini te gains in 

energy reserves a:ce then possible in this :region by inplercenting c:hernica.2-

ooal cleaning. '!he advantages gained becarce nDre pronounCEd Yhen the 

emission cx:ntrol level is 1,000 ng 002./J and above. 

M:>st raw ooal in the Westem region is capable of ~ting !CM sulfur 

emission cx:ntrol levels. At the 260 ng 002/J emission level 770 x 10 9 GJ 

a:ce available in the raw ooal. For chemically cleaned ooal, up to 2,400 

x 10 9 GJ can be utilized. At 650 ng 002/J the difference in the raw 

and clean ooals is much less. Raw ooal has a reserve energy oontent of 

2,600 x 109 GJ, while the chemically cleaned reserve base is 3,100 x 109 
GJ• 

As the emissicn cx:ntml level rises even higher to 1,075 ng 002/J, the energy oontent 

diffeJ:enoes between cleaned and uncleaned ooals are even less. Raw ooal 

has a valtE of 3,600 x 109 GJ,and chemically cleaned coal oontains 

3,700 x 109 GJ. Further increases in 002 emission levels reduce the 

differenCEs to the point at whidl they beaxce insignificant. 

Nationwide, app:roxinately 840 x 109 GJ a:ce present in raw ooal that 

can ~t a 260 ng &h/J emission a:ntrol level. Note that 92 percent of 

this energy a::nes from the vestem :reserve base. Jnplenenting chemical coal 

cleaning oo. the U. s. resexve base provides about 2, 60.0 x 10 9 GJ of enexgy at the 

stringent level. At the 650 ng SJ2 /J emission level, raw coal contains 

3, 700 x 10 9 GJ, -while chemically cleaning the coal raises this figure 

to as mudl as 4,800 x 109 GJ. 'Ihe na.gnitude of the differences :remain 

about ·the sane for cleaned and raw ooal as the emissicn level incmases. 

At the 1, 075 ng 002/J level, raw coal has available 5, 300 x 10 9 GJ, while 

the dlemically cleaned ooal energy reserve base rises _to 6,900 x 109 GJ. 
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Irrpact an Boilers 

Olemically cleaned coal could irrprove the overall performance of 

stoker boilers, provided the end product is suitable to be fed and 

fired in a stoker. Many of the chemical treatrrents 'INOuld :require that 

the roal be pulverized to a 100-micron size or less. 'Ihese ooals would 

have to be pelletized for stoker firing. 

l'm.y size cleaning plant oould provide a product for any size boiler. 

~ver, practically speaking, larger cleaning plants will provide cleaning 

at a lower unit cost. 'Ihus, one cleaning plant might be used to provide 

coal for all of the industrial boilers in one area. 'lhe cleaning plant 

would probably be located near the mine with the product distributed to 

the users by truck, rail or barge. 

Sorre of the chemical processes 'INOuld increase surfare reactivity 

of the coal which \VOuld inprove oombustion. Also, the free-swelling index 

may be reduced (provided the ooal cleaning process involves an oxidation 

step); thus reducing the caking tenc:Encies of coal. Environnentally, the 

roals berone nnre attractive as nnre sulfur and ash are rennved. Coals 

fired in stokers require at least 5 percent ash to protect the grates from 

overheating. Olemical cleaning of the cnal should not drastically alter 

the volatile rontent of the coal. ReduciPg the volatile matter below 

15 percent would cause problems in ignition and could preclude its use 

in spreader stokers. 

Due to process aeveloµcent Status (i.e •I pilot plants) I maintenance 

requirerrents are indeterminate, although problem; with abrasion and acid

initiated rorrosion would be e~cted. 

It is assu:ired that the use of chemically cleaned ooal \VOuld irrprove 

the operation of boilers designed to bum coal and that boiler rrodifications 

would not be neressary. 
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2.2.4 Perfonnanre of Physical and Chemical Cbal Cleaning Tedmiques on 
U.S. Cbal Ieserve Base at Various S02 Emissicn Limits and Percent 
!eduction Iequirenents 

Previous portions of this section of the report have addressed the 

~ght and an energy percentage of U.S. ooal that is capable of neeting 

various S02 emission control levels based upcn S02 per unit heating value. 

'Ibis section addmsses the inpact S02 emission cxmtrol levels might have on 

the availability of the U.S. ooal reserve base. 

Sinre it is quite cx::>nrei vable that EPA may oonsider altemati've 

regulatory options of the sane fonnat as the utility boiler proposed 

standard for the industrial ooiler sector, it was decided that sooe 

estimates of cx:>al. availability under various possible emissicn scenarios 

sh:>uld be ma&. 

'1he Reserve Processing Assessrcent Model <
92 >has been used to est:ilna.te 

the \\eight and energy perrentages of various regions of the U.S. cx:>al 

reserve base, \<fuich would be available after proressing by four cx:>al 

cleaning tedmologies, to neet a series of proposed S02 emission control levels. 

'!be geographical regions used in this analyses incl\Xled: 1) N:>rthem 

Appalachia; 2) F.astenl Mi~st; 3) vestenl; and 4) Entire U.S. '!be cleaning 

proresses sin'Ullated in the nodel are as follows: 

A - PCC at 1 1/2 inch and 1. 6 s. g. 'Ibis process separates the ooal 

and inpurities at 1.6 specific gravity after crushing the rCM 

ooal to 1 1/2 inch top size. ~ight and energy losses are 

calculated based upon those inherent in the separation process. 

B - PCC at 3/8 inch and 1. 3 s.g. 'Ibis proress separates the ooal 

and ~urities at a lower specific gravity of 1. 3 after crushing 

the rcn ooa1 to a 3/8 inch top size to liberate ash and pyritic 

sulfur. 'Ibis pIOCEss simulates al:out the best that PCC can 

achieve with respect to sulfur rejection, but with a large 

penalty in \\eight and energy loss to the refuse. 
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C - Mayers process. A chemical mal cleaning process capable of 

rerroving 90-95% of the pyritic sulfur in the raw ooal. It is 

assUIIEd that the process reduces the pyritic sulfur of the 

ooal to a level of 0. 2 percent. A 10 percent weight loss and a 

five percent energy loss is assUIIEd in the process as well as 

a 2 percent energy loss penalty. 

D - Gravichem process. This is a canbined physical and chemical 

cleaning process in which the coal is first crushed to 14 rresh 

and separated at 1. 3 specific gravity. The sink material from 

this separation is then treated in the Mayers process and 

oombined with the float. The energy penal ties assurred in the 

process are those inherent in the separation plus the penalties 

attributed to the Mayers processing of the sink material. 

Figures 2-66 to 2-89 show the availability in percent of the total 

reserve base, for the Northern Appalachian, Eastern lti.dwest, and W::!stem 

regions plus the entire U.S. to rreet percent S02 rerroval standards at various 

emission limits and floors, if the coal is cleaned prior to oonbustion. 'Ihe 

curves plotted for each region and the entire U.S. show l:oth percent energy 

and percent w=ight of the reserve base available. Three emission scenarios 

\Ere chosen oonsisting of a cap and a floor to illustrate three levels of 

emission oontrol. A rroeerate level was chosen at a cap of 1,290 ng S02 /J 

(3.0 lb S02/106 BTU) and a floor of 520 ng S02/J (1.2 lb S02/l0 6 B'IU). 

An intenrediate level was chosen at a cap of 860 ng S02/J (2.0 lb S02/l0 6 BTU) 

with a floor of 344 ng S02 /J (O. 8 lb 502/10 6 BTU). A stringent level was 

cl'Dsen at a cap of 520 ng S02/J (1. 2 lb S02 /106 B'IU) and a floor of 258 

ng S02/J (0. 6 lb S02/10 6 B'lU). All of these cases neglect any ronsic::Eration of 

sulfur variability. All of the cases assume that if the raw ooal emission 

level is below the floor or the clean coal emission level reaches the floor, 

then further cleaning is not necessary. This is reflected in the graphs 

at the point where the curves level off. 

In the Northern Appalachian region, at the rroeerate emission control 

level the available ooal as a result of physical cleaning decreases from a 

range of 35 to 45 percent at 0 :i;ieroent S02 reduction to a range 10 to 15% 
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at the 90 percent S02 reduction level. At the interrrediate emission level 

the available cna1 decreases from a range of 25-30 percent at 0 percent 

S02 mducticn to less than 10 percent of 90 percent S02 reduction. At 

the stringent emission level, the available coal decreases from a level of 

only 10 to 15 percent at 0 percent SOz :reduction to less than 3 percent at 

90 percent S02 reduction. 'll1e trends of decreasing available coal are 

also directly atPlicable to the dlemically cleaned ooal in this :region as 

shown on Figures 2-66 to 2-6 8. 'll1e available ooal energy in the Nortl'Em 

Appalachian :region as shCMn on Figures 2-69 to2-71 follows the sane 

general trends as the ~ght percent of ooal. 

'!he Eastem Midwest :region has only a minimal reserve base of cleaned 

coal that can neet even the noderate emission level at 0 percent S02 

:renova.l. '!he :reserve base estil'Clates of cleaned ooal are shown on Figures 

2- 72 through 2- 77. '!he physically cleaned coal :reserve decreases from 15 

perrent by ~ght at 0 percent S02 :rerroval to less than 5 perCEnt at 80 

pera=nt S02 ::i::enoval. 'Ihe dlemi.cally cleaned coal reserve decreases from 

a range of 30 to 35 percent by weight to less than 5 perCEnt at 80 perCEnt 

S02 renoval. At the intenrediate emission level the quantity of cleaned 

coal decreases from a range of 8 to 15 percent at 0 percent renoval to 

less than 3 pera=nt at 70 percent :rerroval. At the stringent emission 

level the quantity and energy available of the cleaned coal starts out 

at less than 4 percent at 0 percent :rerroval and <Ecreases to less than 1 

pera=nt at 70 perrent S02 i:ercoval. 

'1he Westem :region has a nru.ch larger reserve base of cleaned coal 

\4irlch will neet the three emission control levels. 'lhe :reasc:n for this is that 

the Westem :region contains a large quantity of lCM sulfur coal which is 

already belCM the suggested flCXJr emissions considered for this study. 

~ver, it is interesting to note that as shown on Figures 2-78 to 2-83 

the quantity and ene:-gy of available cleaned ooal decreases from the 80 

to 90 percent level at the ItD<Erate level to less than 40 percent at 

the stringent level. 

'1he effect of the three emission control levels on cleaned coal from the 

entire U.S. is shCMn on Figures 2- 84 through 2-89. At the noderate emission 
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limits, the availability of cleaned coal ranges from 55 to 78 percent of 

0 percent reduction to 45 to 55 percent at the 80 percent :reduction level. 

At the intenrediate emission limits th: availability of cleaned coal ranges 

fD:m 43 to 65 percent at 0 pera;mt reduction to 30 to 35 perrent at the 

80 percent reduction level. With the stringent level, quantity of cleaned 

roal decreases f:rom a range of 30 to 48 percent at 0 percent reduction to 

15 to 25 perCEilt at 80 percent reductic:n. 

'!he conclusion drawn f:rom the above data is that aJ.temative :regulatm:y 

q>tialS will have a great effect on the availability of coal resourres 

in this oount:ry for industrial toilers. 

305 



SECTIOO 2 
REFEREOCES 

1. U.S. Departnent of the Interior, aireau of Mines, ''Derconstrated Coal 
Reserve Base of the United States, By Sulfur category, on Januaey 1, 
197 4," Mineral · Industty ·Surveys. p. 6. 

2. lbid. 

3. lbid., p.7. -
4. lbid. 

5. Keystone Coal Industry Manual, U.S. Coal Mine Production by Seam (New 
York: M=Graw Hill, 1977), p. 12-664. 

6. Ieonard, Joseph w., et.al., Coal Preparation (New York: 'lhe Arcerican 
Institute of Mining, r.Etallurgical, and Petrolemn Engineers, Inc., 1968) 
p. 4-27. 

7. lbid., p. 4-28. 

8. M:Graw, Raym:md and Gerry Janik, "MCCS-Inplenentation at H:::irer City," 
p. 107-110 (Cited in 'Ihird Syrrposium on Coal Preparcition, CCtaber 
18-19-20, 1977). -

9. r.teandless, lee c. and a:IDert G. Shaver, AssesSI'IEilt of Coal Cleaning 
'lechnology: First Annual Report, EPA-600/7-78-150, July, 1978, pp. 105, 
127. 

10. Ieonard, J.W. and T.S. Spicer, ·Coal Preparation, 'Ihe Arcerican Insti
tute of Mining, r-Etallurgical and Petrolemn Engineers, Inc. , New York, 
1968, p. 13-3. 

11. Contos, G. Y. , I. F. Frankel and L. c. rtcandless, Assessrrent of Coal 
Cl-'Ieclmology: An Evaluation of Chemical C001 Cleaning Processes, 
EPA -78-173a, Auoust 1978. 

12. Personal camnmication with Mr. C.R. Porter, Nedlog Develoµ:rent Co. 
August 1977. 

13. "Chemical Ccmninution, An Inproved Route to Clean Coal", catalytic, Inc. 
Philadelpti.a, Pennsylvania. 1977, p. 1. 

14. Koutsoukos, E.P., M.L. Draft, R.A. Orsins, R.A. ?-Eyers, M.J. Santy and 
L.J. Van Nice (TIM Inc.), "Final Report Program for Pench-Scale I:evel
oµnent o = Processes for the Chemical Extracting of Sulfur fran Coal" 
F.hvironrr"f=rital Protection Agency Series, EPA-600/2-76-143a. (May 1976). 

15. Kermeoott tllernical Coal Desulfurization Process, in-hoose report. 1977., 
M'· 12-13. 

16. Friedman, s. and Warrinski, R.P. "C1lemical Cleaning of Coal", TRANS
ASME 99A, 361 (1977) • 

306 



17. Friedman, S. et.al. "Oxidative Desulfurization of Coal", ACS Symp:::>sium 
Series, 64, p. 164 (1977) 

18. Zavitsanos, P., "Coal Desulfurization by Microwave Energy", EPA-600/7-78-089, 
General El~ic C.O., IE-Entry & EnviroI1ItE11tal Systems Division, Philadelphia, 
Pennsylvaru.a. Jme 1978. pp. 32-58. 

19. Ibid. pp. 1-5. 

20. Stambaugh, E.P., "Study of the Battelle Hydrothennal Coal Process", 
EPA Draft Feport. N'.Jvember 1976. 

21. Battelle in-house report July 30, 1976. p. 5. 

22. Ganguli, P~S., It.SU, G.C., Gavalas, G.R.' Kalfayan, S.H.' "Desulfuriza
tion of Coal by Chlorinolysis", Vol. 21, NJ. 7, Preprints of Papers 
Presented at San Francisco, California. August 29-September 3, 1976. 

23. Fleming, J:Onald K., et.al., "Hydrodesulfurization of coals", Institute 
of Gas Technology, paper presented at 173rd ACS National Meeting, New 
Orleans, Iouisiana. March 20-25, 1977. 

24. Guth, E.D. and Robinson, J.M. "KVB Coal Desulfurization Process" KVB 
Brochure. March 1977. 

25. Trip Report to Electric Pov~r Fesearch Institute, Palo Alto, Calif., 
with Sheldon Ehrlich, Program Manager, Coal Cleaning; August 9, 1977. 

26. ~ilation of Air Pollutant Factors, Second Edition, AP-42, April 
3. p. 1.1. 3. 

27. frm>ilatiop or Air f\?llutant Factors, SUpplenent lb. 5, AP-42, Feb
ruary 1976, p. 1.7.2. 

28. Congressional ~get Office, 1978 7 Replacin~ Oil and Natural ~with 
Coal: Prospects lil the Manufacturing Industries, p.22. (Cited ll1 

~xgy Users Feport, 5 extober 1978, ~ge 16.) 

29. u.s. r:ept. of camerae, Bureau of the Census, 1977. Annual Survey of 
Manufacturers, 1975. Sept 1977 [M 75(AS)-4], pp. 22, 48-106 
Table 3. 

30. Q:>. cit., reference 28. 

31. Op. cit., reference 29. 

32. !:epart::nE.11t of Energy, F.EP.C, Offi02 of Electric P~r Regulation, 1978. 
"Status of Cbal Suppl~ fDntractc:; for New Electric Generating Units 
1977-1986,u May 1978, pp. 52-53. 

33. 9?. cit., reference 29. 

34. Op. cit., reference 28. 

35. Schweiger, B. "Industrial Boilers: ~t's Happening 'Ibday." Power, 
Vol. 121, N:l. 2 (February 1977, Part I) and Vol. 122, It>. 2 (Feb= 
ruary 1978, Part II, p. S.2). 

307 



36. coal~, Vol. 4, lb. 42. 16 <Xtober 1978 (lt=Graw-Hill), pp. 8-9. 

37. U.S. Departm;mt of the Interior, Bureau of Mines. Mineral Industry 
. SUrveys, "COal-Bi.tuminous and Lignite in 1975" (prell.ItllllaJ:Y release) 
p. 66. 

38. Ba.telle Colunbus laboratories, Reserve Processing Assessrrent Mathod
ology (RP.AM) • 

39. Maloney, K.L., f.bilanen, G.L., and Iangsjoen, P.L., "ICM-S_µl.fur 
ltestern Cbal Use in Existing Small and Internediate Size Boilers", 
EPA Report EPA-600/7-78-153a, (July 1978). 

40. Argcnne National laboratories, Environrrental control Inplications of 
Generating Electric Paver Fmn toai, 1977 TeChnOlogy Status Report. 

41. u.s. Bureau of Mines Mineral Yearbooks 1942, 1952, 1962, 1972, U.S. 
Govenment Printing Office, washington, D.C. 

42. Ba.telle COltmbus Laboratories, Section II, Emission Control Techniques 
(Low SUlfur Coal and Physical and Cllemical COal Cleaning), Draft ReJ:X)rt; 
p. 1-6. 

43. ~ller, K.J., "Flotation of Pyrite fn::m COal Pilot Plant Study", U.S. 
oureau of Mines. RI 7822 (1973) ., Trans. AIME 258, 30 (1975). 

44. Miller, K.J., "Coal-Pyrite Flotation", Trans. AIME 258, 30 (1975}. 

45. Trindale, s.c., B:::ward, J.B., Kolm, H.H., and Pc:Mers, C.J., "Magnetic 
Desulfurization of Coal", Fuel 53, p. 178 (1974). 

46. Murray, H.H., "High Intesity Magnetic Cleaning of Bituminous COal", 
?0\-2nd Syrcposium an COal Preparation, Iouisville, Kentucky (ectober 
1976). 

47. Keller, D.V., Jr., Smith, C.D., and arrch, E.F., "Denonstration Plant 
Test IEsults of the otisca Process ~vy Liquid Beneficiation of Coal", 
presented at the Annual SME-AIME conference, Atlanta, Georgia (March 
1977). 

48. Op• Cit., Reference 40, p. 382. 
49. Draft Final Task Raport, S02 Emission !Eduction Data fran camercial 

Physical Coal Cleaning Plants and Analysis of Product Sulfur Varia
bility. Task 6CO. Contract ~. EPA-68-02-2199. October 18, 1978. 

so. Ibid. p. 15 

51. !bid. pp. 16-24. 

52. Ibid. pp. 28-29. 

308 



53. Ibid. p. 12. 

54. Background Infornation for Standards of Perfonnance: Coal Preparation 
Plants, (Unpublished), Background Data.· 

55. Battelle Cblurnbus Lal:x:>ratory, Sulfur !eduction Potential of U.S. Cbal 
Using Selected Coal Cleaning TechniqtEs. June 26, 1978. Awendices A-D. 

56. Sargent, D. H., et al, "Effect of Physical Coa.l Cleaning Upon Sulfur 
Variability, :tbveml:er 15, 1979. 

5 7. Prelimina:ry Evaluation of Sulfur Variability in I.ow-Sulfur Coa.ls from 
Selected Mines. U.S. EPA 450/3-77-044. :tbvernber 1977. 

58. Op. Cit., reference 48, pp. 33-59. 

59. Op. Cit., reference 38. 

60. Op. Cit., reference 38. 

61. 9?· Cit., reference 11. 

62. Schultz, H., E. Hattman, W. Booker, "Trace Elements in Cbal - What 
Happens to 'lllern?" Arrerican Olernical Society :r-Eetin;J, paper no. 74, 
Philadelphia, April 1975. 

63. Hanersrna, J.W., M.L. Kraft and R.A. Meyers (~,Inc.) "Applicability 
of the Meyers' Process for J:esulfurization of U.S. Coal (A Survey of 
15 Cbals) A paper presenting experinental results. 1975. 

64. 9?- Cit., reference 14. 

65. Op. Cit., reference 63. 

66. Hamarsrna, J .w., M.L. Kraft "Applicability of the Meyers' Process 
for Chemical:Desulfurization of Coal: Survey of Fifteen Cbals," 
Envi:ramental Protection Teclmology Series, EPA-650/2-74-025a. 

67. u. S. Patent 3, 960, 513, "Methcxl for Rercova1 of Sulfur f:ran Coal", June 
1, 1976. 

68. Kennecott Chemical Coal Desulfurization Process, in-house report. 1977. 

69. Personal Ccmmmication, Dr. L.J. Petrovic, Iedgenont I.alxJratory, 
Kermecott Cbpper Corporation, ~gton, Massachusetts. 

70 Ergmi, s., R.R. OOer, L. Kulapaditha:ran and A.K. lee (Eechtel Corpora
tion), "An Analysis of Cllemi.cal Coal Cleaning Processes", Bureau of 
Mines, U.S. Departnent of the Interior, Cbntract :tb. J0166191. (June 
1977). 

71 Personal Commmication with Mr. C.R. Porter, Nedlog Developrrent Co. 
August 1977. 



72. Porter, C.R. and D.N. Goens, "Magnex Pilot Plant Evaluation - A Dcy 
Chemical PI:ocess for the Renova! of Pyrite and Ash fran Coal," draft 
of a paper to be presented at the SME-AIME Fall Meeting and Exhibit, 
St. I.Duis, Missouri, October 1977. 

73. "Chemical Ccrcminution, An Improved Ibute to Clean Coal" , Catalytic, 
Inc. Philadelphia,·Pennsylvania, 1977. 

74. "Feasibility Study of Pre-Canbustian Coal Cleaning Using Ol.ernical 
Camtinution; Final Re:p:>rt" Datta, R. S. , Et. al. , Syracuse Research Cor.p. , 
Syracuse, N.Y. Novali:>er 1976. ERDA Contract No. 14-32-0001-1777. 

75. Personal Camunication with G. Higginson, of Catalytic, Inc. August 
24, 1977. 

76. Friedman, s. and Warrinski, R.P. "Chemical Cl~g of Coal", TRANS
ASME 99A, p. 361 (1977). 

77. Personal camn.mication with s. Friedman, Pittsburgh Energy Research 
Center (IXlE). August 1977. 

78. Friedman, S. et al. "Oxidative Desulfurization of Coal", ACS Syrrp:>sium 
series, 64, 164 (1977). · 

79. Cleland, J.G., "Chenical Coal· cleaning, RrI, for IERI/Rl'P/EPA. 1976. 

80. Stanbaugh, E.P., "Study of the Battelle Hydrothennal Coal Process", 
EPA Draft Ie:p:>rt. lt>verrber 1976. 

81. Ganguli, P.S., HSU, G.C., Gavalas, G.R., Kalfayan, S.H., "Desulfuriza
tion of Coal by Chlorinolysis", Vol. 21, No. 7, Preprints of Papers 
Presented at San Francisco, Califomia. August 29-Septarber 3, 1976. 

82. HSU, G.C., Kalvinskas, J.J., Ganguli, P.S., & Gavalas, G.R., "Coal 
Desulfurization by lDN Tenperature Chlorin:>lysis", not published. 

83. Fleming, Donald K., et.al., "Hydrodesulfurization of Coals", Institute 
of Gas 'Iechnology, pape.c presented at l 73rd N:.S National Meeting, New 
Orleans, Louisiana. March 20-25, 1977. 

84. Guth, E.D. and Ibbinson, J.M. "KVB Coal I:esulfurization Process" KVB 
Brochure. March 1977. 

BS. U.S. Patent 3,909,211 Assigned to KVB Engineering, Inc., Tustin, 
California. Septenber 30, 1975. 

310 



S~ION 3.0 

"BEST" SYSTEMS OF EMISSIOO REDUCTION 

3.1 CRITERIA FOR SELECTIOO 

In the ensuing discussion of emission control technologies, candidate 

technologies are a::npared using three emission control levels labelled 

''noderate, interrrediate, and stringent. " These control levels "Were chosen 

c:nly to encarpass all candidate technologies and fonn bases for comparison 

of technologies for control of specific pollutants considering :performance, 

costs, energy, and non-air enviromrental effects. 

From these conparisons, candidate "best" technologies for control of 

individual pollutants, i.e. , Best Systems of Emission Reduction {BSER) , 

are rec::c:rrmended by the contractor for consideration in subsequent industrial 

boiler studies. 'lhese "best technology" rea:::mrendations do not consider 

CDibinations of technologies to renove m::>re than one pollutant and have 

not undergone the detailed environrrental, cost, and energy inpa.ct assess

nents necessary for regulatory action. 'lherefore, the levels of "rroderate, 

int:ennediate, and stringent" and the rec:nmendation of "best teclmology" for 

individual pollutants are not to be construed as indicative of the regula

tions that will be developed for industrial boilers. EPA will :perfonn 

rigorous examination of several conprehensive regulatocy options before any 

decisions are made regarding the standards for emissions from industrial 

boilers. Within this ITAR, the BSER may be a naturally occurring carpliance 

ooal., a physical coal cleaning process, or a chemical coal cleaning process. 

3.1.1 Operating Factors 

Five criteria for selecting the BSER are applied: :perfo:i::mance and 

applicability; preliminary cost; status of developrrent; preliminary energy 

use; and preliminary envi:ronrcental considerations. The descriptor 

"preliminary" signifies that the values are based on previous studies of a 

general nature and should be considered only as order-of-magnitude values. 

After selecting the .t:SER, nore detailed analyses of cost (Section 4.0), 

energy use (Section 5.0), and envirorurental irrpact {Section 6.0) will be 
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developed. For detennination of the BSER, the first ~ criteria, per

fonnance and c:x:>st, will be ~ighted rrore than the other three, status, 

environrrental i.npa.cts, and energy use. 

3.1.1.1 Perfo:cmance and Applicability--

Perfo~ is given the rrost ~ight of the five operating factor 

elerrents in selecting a BSER. Perfonnance relative to industrial lx>ilers 

applies to control of particulates, sulfur dioxide, and nitrogen oxide 

emissions. Particulate emissions will require in-stack ·oontrol devices 

because no naturally occurring or cleaned CX>al is ash-free. Physically 

cleaned ooal <Des c:x:>ntain less ash, thereby reducing the particulate 

emission control requirenents. However, this reduction will not be 

considered a ma.jar factor in detenni.n.ing the BSER perfonnance. 

'lhe majority of nitrogen in the nitrogen oxide emissions from industrial 

boilers originates from the cx::IIbustion air auwly. 'll1e a:mtrol 

teclmologies studied in this ITAR have no effect an the anotmt of air delivered 

to the boiler. Physical aoal cleaning does not reduce the inherent nitrogen 

content in the fuel itself; although chemical coal cleaning may reduce the 

inherent nitrogen content of the coal, the available results are inconclusive. 

'lberefore, nitrogen oxide reduction capabilities will not be c:x:>nsidered arrong 

the perfontance factors. 

Physical and chemical coal cleaning can significantly increase the coal's 

energy content and reduce sulfur content in the ash and pyrite rerroval process. 

Ebr certain aoals this sinutltaneous mu enhancerent and sulfur renoval 

capability can produce significant reductions in sulfur dioxide emissions. 

Cactustion of a naturally-occurring low sulfur coal rather than high sulfur 

coal nay also substantially reduce 502 enissions fran existing industrial 

boilers. 

In this report ~ generally refer to the emissions of sulfur in tel.1ns 

of the mass of S02 emitted per unit of carb.istion energy in the coal (ng S02/J 

or lh S02i10 6B'll.J), as is done in EPA's proposed New Source Perfo:r:m:mce 

Standards {NSPS) for utility boilers·. 'Ibis emission factor is used for both 

maxirm.mt all<:Mable 502 anissions and the percentage of 502 renoval. 'lllis basis 

reflects the wide range of heating values (kJ/kg or B'!U/lb) anong coals. 
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3.1.1.2 Preliminary cost--

cost is considered an inp::>rtant criterion for selecting a BSER for a 

particular coal and emission control level once perfo:rmance is denDnstrated. 

PreliminaJ:y costs used here are historical costs, referring to a 

generic type of control system. For exanple, there are generic costs for 

level 4 (process levels as defined in Section 2.0, pp. 120 through 134 

physical coal cleaning plants. 'Ihese costs, rather than the costs associ

ated with a detailed analysis of a particular system configuration, will be 

used in judging a level 4 cleaning plant as a candidate BSER. 

Prelirninacy trailSIX>rtation costs are estimated by natching seven supply 

coals and six detrand centroids. 'lhe seven supply ooals inclu:le six low 

sulfur coals (see Section 3.2.1.1) and one high sulfur coal-a bituminous 

coal from Butler, Pennsylvania. '!he selected destinations are industrial cities 

within the six states that have the greatest industrial energy demand: 

• Austin, 'lexas 

• Harrisburg, Pennsylvania 

• Coltmbus, Chio 

• Ba.tan lbuge, Iouisiana 

• Sacranen~, califomia 
• Springfield, Illinois 

'l'J:ansFOrtation of coal presently inclu:les two rrcx:les, rail and barge; 

the use of slurry pipelines nay begin saretine during the caning decade. 

'Ihe main cost cauponents for cleaned coals are the sp:>t narket F. o. B. 

mine price; the coal cleaning charge, which is a ftmction of the type and 

level of cleaning; and transp:>rtation costs. 'lhe characteristics of the 

raw coa1 and the desired product must be investigated before designing a 

cleaning plant and estimating the costs. In general, the finer a coal is 

crushed, the rrore inpurities are liberated. As the coal size is reduced, 

the coal plant for cleaning and dewatering the fines becones rrore carplex 

and, therefore, nore costly. 'Ihe transp:>rtation costs in dollars per 

unit of catbustion energy are lower for cleaned coal (nore so for physically 

cleaned than chemically-cleaned ooal) because cleaning the coal red~es its 

weight per 'lmit heat input. 
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3.1.1. 3 Status of Developtent-

Status of developrent is defined as the cx:mrercial availability of 

the cnntrol technology. Fbr naturally occurring roal, both the ability to 

profitably mine a given roal seam and the .relation of supply and demand 

influence the status of the roal. For pw:poses of discussion and selection 

of R5ER, it is assurred that the .reference roals can be profitably mined 

and are available on the spot mai:ket. 

A nurrber of physical ooal cleaning (PCC) processes are carmercially 

available, as discussed in Section 2.0. A candidate PCC plant cnnfiguration 

will be ronsicered available, even though no such plant exists. Iess 

cnnsideration is given to any plant cnnfiguration whi_ch uses present 

tedmology beyond its current application. 'Ihe.re are sare experi.nental 

PCC processes which are not cormercially available (see Section 2.2.2.1); 

they are not cnnsidered in this section. 

Cll~cal roal cleaning plants are presently in the research and 

developrent stage. sare pilot plant tests have been perfonred an several 

processes, and testing is a:mtinuing. Present estimates are that chemical 

cnal cleaning plants are about 5-10 years from cx:mrercializatian. (1) M:>.re 

weight will be given to those p:roresses at the pilot plant stage which 

have plans for ronnercialization than to bench-scale processes. 

3.1.1.4 Preliminary Energy Use--

Energy use is defined he.re as the energy n=qui.red to inplenent a 

CX>ntrol tedmology. Only p.re-roni>ustion activities, excluding mining, 

are cnnsidered in selecting a BSER. 

For naturally occurring lCM sulfur roa1s the primacy energy use is 

in cnal transµ::>rtation. The breakdown by node of transµ::>rt for the total 

anount of coal p:rodured in the U.S. in 1975 is given in Table 3-1. 

As ma.y be seen from the table, rail transi;x::>rt cnri..surres petroleum-fl.El 

energy at the rate of approximately 1. 44 x 105 J per rretric ton-km (200 BTU 

per ton mile) , excluding the energy used for return rail hauls and for 

operations .related to loading and unloading. Including the energy used in 

those activities raises the average energy consurrption of delivered coal to 
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Table 3-1 TRANSPORrATICN OF U.S. COAL P'.rollJCED IN 1975 (2 ) 

M:xie of Transport* 

Rail 

Barge 

Truck 

other** 

Total Production 

Mass of Coal M:werl 
(103 kkg) 

379.60 

62.72 

79.36 

74.29 

588.70 

* leaving the mine. In scree cases coal initially roved by rail is 
transshipped to a barge for final delivery to the oonsumer. 

** Incluies o:>al noved by o:>nveyor belt to rnine-rrouth power plants, 
coal used at mine for ~ or heat and other miscellaneous uses, 
arx'i coal shipped by sluny pipeline to the Black M:sa Mine in 
Arizona. 
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2. 52 x 10 5 J per ItEtric ton-km (366 BTU per ton-mile). ( 
3

) 'Ihe rrost energy

efficient node of transJ;x::>rting coal occurs on waterways: by barge on inland 

rivers and by ship on ocean or Great Lakes routes. Barges, on the average, 

consune approximately 2.12 x 105 J peI ItEtric ton-km (296 BTU per ton-mile) 

of delivered coal, with sorre variation depending on the angle between the 

velocity of the barge and the velocity of the water current. 

For physically and chemically cleaned coal, the energy use is a 

corrbination of cleaning requirerrents and transportation. 'Ille energy used for 

cleaning is primarily the energy lost in the rejects. 'Ille operations 

that use significant anotmts of energy are pulverizing, dewatering, and 

thennal drying. 

3.1.1.5 P:reliminazy Ehvironnental Cbnsiderations-

Qie of the main objectives of coal preparation is to :redure the quantity 

of pollutants in coal that is burned. Coal preparation involves, however, 

the transfer of potential pollutants from one segrren.t of the environnent to 

another: a fraction of the pollutants that would be emitted to air during 

the burning of raw coal becx:me incoi:porated mainly into solid refuse, a 

state in whidl the pollutants may be easier to control. 

'Ille major potential sources of environnen.tal contamination from coal 

preparation that will be assessed include: roal :refuse disposal areas {solid 

waste), thellllal chyers (air pollutiai), liquid effluent stream; {water 

pollution) , coal storage and handling (fugitive dust and runoff) , and 

cnal transportation (fugitive dust) . 

'Ihe disposal of coal cleaning plant waste is a potentially serious 

problem. Cbal refuse consists of waste coal, slate, carl:nnaCEOus and 

pyri tic shales, and clay associated with the cnal seam. It varies consider

ably in physical and dlemical dlaracteristics depending on both its source 

and the nature of the preparation process. 

'!he ~athering and leaching of coal refuse dumps produres several types 

of water pollution. lhese include silt, acids, and other dissolved mineral 

matter. Iefuse fran chemical ooal cleaning plants have additional chemical 

c:onstitlE!lts due to the solvents used in renoving sulfur during the 

cleaning proc:Esses. 

Siltation from c:oal refuse dumps is caused by finely divided coal, 

minerals and discarded soil. Acid drainage is produc:Ed when iron sulfides 
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are exposed to air and water. 'Ihe sulfur is oxidized to sulfuric acid, and 

the iron is solubilized as iron sulfate. 'Ihe acids forrced run off into 

drainage ditches or peroolate through the pile, where oonsiderable mineral 

matter may be dissolved. 'Ihe volume of wastewater from a refuse disp::>sal 

area is highly dependent on precipitation and surface water flow patterns. 

In oontrast to the highly acidic nature of drainage from roal. fields 

in eastem and interior regions, the nmoff frcrn westem coal refuse 

disposal is usually alkaline. 'Ihe dominant water rontaminants are calcium, 

magnesium, and sodium salts. 'Ihe low ooncentrations of iron and sulfates 

are direct results of the lav ooncentrations of pyritic material in westem 

ooal. Furthe.more, the annual precipitation in westem coal fields is 

generally low, so that the chances of significant drainage of water through 

the waste materials are rercote. 

Potential air pollutants associated with physical coal cleaning are 

particulate emissions, and to a lesser extent S02, and fugitive coal dust. 

Chemical roal cleaning processes,however, produce additional air p::>llutants 

including NO and CD and fine particulates. '!he fine particulate and S02 x 
emissions frornlx>th physical and chemical processes are largely caused by 

the the:rmal fuying proress. C
4

) 

Coal cleaning operations p.rodure two types of water pollutants: suspended 

. materials and dissolved substanres. 'Ihe e:'"'fluent streams f:rorn physical 

and chemical cleaning processes oontain similar concentrations of suspended 

solids· However,dissolved substances from a chemical cleaning plant would 

rontain small anounts of the solvents used. 'Ihese solvents may also 

dissolve other mineral cx:np:>unds and :rretal ions contained in the coal, thus 

changing the chemical characterization of the waste stream. 

'Ihe principal air pollutant from storage, transportation and handling 

of naturally occurring and cleaned ooal-especially the:rmally dried cleaned 

coal-is fugitive dust. 'Ihe anount of dust generated ·varies widely dep:mding 

on sudl factors as climate, topography, and characteristics of coal. 

Another environrrental consideration associated with ooa1 storage is 

roal pile leachate oontaminating ground water supplies. Outdoor coal 

storage piles have large surf ace areas and long residence tirres allowing 
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rainwater to react and fonn acids or extract sulfur rorrp:Jtmds and soluble 

rretal ions. coal pile leachate is generally similar to acid mine 

drainage. The quantity of coal pile leachate is highly variable depending 

upon the roal residence tine, the topography and drainage area of the coal 

pile site, the ronfiguration and volurre of the stock pile, and the type 

and intensity of precipitation. 

3 .1. 2 Selection of Iegulato:ry Options 

A set of S02 emission cx:ntrol levels is used to judge the perfonnance of 

the candidate rontrol cptions. Since the rontrol tedmologies ronsidered 

in this ITAR reduce neither nitrogen oxide nor particulate emissions 

fI:Oin industrial milers to a level cxxrparable to cun:ent particulate 

control technology, emission levels are not cnnsidered for these pollutants. 

'!he S02 emission levels chosen to evaluate naturally ~ing 
low sulfur roal and physical and chemical cnal cleaning oontrol tedmologies 

are: 1) stringent-516 ng S02/J (1.2 lbs S02/l06 B'IU), 2) intenrediate-

645 ng S02/J (1. 5 lbs S02/l0 6 B'IU), 3} optional noderate-860 ng S02/J 

(2.0 lbs S02/10 6 BTU), 4) IIDderate-1,290 ng S02/J {3.0 lbs S02/l0 6 BTU), 

and 5) the State Inplenentation Plan (SIP)--1,075 ng S02/J (2.5 lbs S02/l0 6 

B'IU). 

'Ihe selected levels specified in this ITAR are based upon long tenn 

averages of S02 emitted per unit of CXInbustion ~rgy. 

Stringent revel of COntrol-

'Ihe rcost stringent level of cx:ntrol dlosen for evaluation of the 

three cnntrol technologies is 516 ng 002/J (1.2 lbs S02/l0 6 mu). It is 

selected for tw::> reasons. '!he pri.nary reason relates to the arrount of 

potentially available cnal in each region and the total u. s. , based upon 

the reserve base assessrrents discussed in Section 2.0 and shown in surrmary 

Tables 3-2 and 3- 1. 'Ihese assessnents shav in a ve:ry forceful way that the 
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available raw coal and physically and chemically cleaned coal below an 

emission level of 516 ng S02/J (1.2 lbs S02/10 6 B'IU) decrease drastically. 

At this emission level, the arrount of energy available for the entire U.S. 

was estimated to be only 38% for naturally occurring roal, 50% and below 

for physical roal cleaning processes, and 59% and relow for chemical roal 

cleaning p:rocesses. The second reason for choosing this level is that it 

is currently the NSPS (New Source Performance Standard) emission limit 

for utility lx:>ilers greater than app:roxina.tely 75 MVs. It therefore represents 

an existing achievable level for large scale boilers. 

Intemediate level of Cant:rol--

'Ihe intemediate level of ront:rol chosen for evaluation of the three 

a:mt:rol technologies is 645 ng 502/J (1. 5 lbs S02/l0 6 B'IU) • 'Ihe rationale 

for the selection of this level is based upon the arrount of potentially 

available roal estimated by the reserve base assessrrent and shown in 

surrmary Tables 3-2 and 3-3. '!his emission level illustrates a break

point in the reserve quantity curves for fhysically and chemically 

cleaned coal in the regions and throuqhout the U.S. For exarrple, the 

Southern Appalachian and Alabama regions have much less energy available 

as either physically or chemically cleaned coal at the 645 ng S02/J 
(1.5 lbs S02/10 6 B'IU) level. 

"cptional" MXlerate level of Cant:rol-

'Ihe "optional" rroderate level of ront:rol chosen, 860 ng 502/J. 

(2.0 lbs S02/10 6 B'IU}, reflects a breakpoint in potentially available roa1 

land therefore the anDunt of energy available) for the Southern Appalachian 

and ~stern regions from raw roal, physically cleaned coal, or chemically 

cleaned coal. 'Ihe Alabama reqion also shows a breakpoint in potentially 

available coal at the "optional" rroderate level, but only for c..liemical 

coal cleaning. 

z.t:>derate level of COnt:rol--

'Ihe rroderate level of rontrol chosen, based upon current practices 

of the industry, is 1,290 ng S02/J (3.0 lbs 802/10 6 BTU). 'lhe selection 

of this level is based upon the am:>tmt of ootentially available roal f:ran 

physical cleaning processes shown on Table 3-2. 
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TABLE 3-2. 
WEIGlrr PERCENT OF U.S. ROOIOOJ\L O:W. RE.<;ERVE BASE 
AVAIU\BLE AT VARIOUS S02 EMISSION LIMITS FOR 
MW /\tm PHYSICALLY O..F.mED mAI. (5) 

344 (0. B) * 516 (1.2) * 645 (1.5) * 1160 (2.0)* 1,075 (2.5)* 1,290 (3.0)* 

A B R1\W A B RAW A B RAW A B RAW A B RAW A B RJ\W 

N. /\PPAIJ\CllI/\ 4 13 1 12 24 6 20 35 10 30 47 15 41 58 24 50 66 31 

S. /\PPJ\lJ\OII/\ 23 28 9 64 61 53 81 82 75 86 88 B2 91 93 90 93 94 92 

l\lJ\MM/\ 7 7 6 36 41 29 55 66 48 72 92 68 90 94 74 93 96 90 

E. MUMEST 1 1 1 3 3 2 4 6 2 9 11 5 13 17 8 19 25 10 

W. MI™EST 4 5 0 5 11 6 6 13 6 13 18 11 17 20 13 20 23 16 

WESTERN 70 71 45 BS 85 70 92 92 85 97 96 90 97 97 95 98 98 96 

FNIT.RE ll.S. 36 40 24 50 53 41 55 60 48 60 66 55 65 69 58 69 73 63 

l>ERCmn' rnER:;Y l\VJ\lLMIE OF U.S. REGirnAL Q)J\L 

RESrnvE Bl\SE AT Vl\RIOOS 002 EMISSIOO LIMITS FOR 

w l!AW AND Pll'fSICJ\lJ...Y CLEllNED CDAL 
l\J 344 (0. Bl* 516 (1.2)* 645 (1. S) * 860 (2.0)* 1,075 (2.5)* 1,290 (3.0)* 
0 

A B RJ\W A B MW /\ B Rl\W A B RAW A B MW A B MW 

N. APPJ\lJ\OIIJ\ 5 13 1 12 28 8 20 35 10 31 48 15 42 60 26 52 70 32 

S. APPl\lJ\Cllifl 24 29 9 66 69 54 BO 85 72 90 93 84 94 94 90 94 95 90 

1\U\B1\MI\ 6 6 7 37 42 29 63 73 46 72 82 69 90 94 75 93 96 90 

E. MUJ<'IF.ST 2 2 0 3 3 1 5 7 3 9 12 6 12 19 B 18 26 10 

W. Mil:ME.5T 3 4 0 7 13 7 9 15 9 15 20 10 20 22 14 22 25 lB 

WPS'llmN 70 71 45 85 85 71 94 94 82 96 97 90 97 97 94 98 98 99 

EN'l'IPT" U.S. 32 36 20 47 50 38 54 59 45 59 62 52 64 68 56 68 75 60 

l\ - PO'.: 1-1/2 indl1 1.6 S.G. 
B - PCC 3/8 indt, 1. 4 or 1. 3 S.G. 

* Emission limits are in ng 00,/J (lb.~ SOi/10~ B1U) 
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N. APPl\Ll\CHIA 

S. Al'Pl\I.JICllIJ\ 

l\U\IW11\ 

E. MI™EST 

W. Mil:l-EST 

WESIBR'l 

ENl'IRE U.S. 

N. Appalachia 

s. .AWalachia 

Alabama 

E. MicM:!st 

w. Mi<Mest 

\'es tern 

futire U.S. 

344 (0.8)* 

c D E 

5 

19 

9 17 

25 46 

1 

9 

7 7 

2 2 

2 8 

59 64 

31 35 

31 6 

4 1 

11 0 

77 45 

45 24 

c 
344 (0.8)* 

D E 

6 9 18 1 

19 26 48 9 

8 B 32 7 

1 1 4 0 

3 9 14 0 

59 65 79 45 

28 32 42 20 

C - ~yer's Process 
D - Gravichem 

TABLE 3-3. 

\-IEtGHT PEA'.D-11' OF U.S. mGICNAL cmL RESERVE AVAii.ABLE 
AT \11\RIOUS S02 EMISSIOO LIMITS FOR Rl\W 1IND OIEXICAIJ,Y 
CLEANED CDAL ( s) 

516 (1.2)* 

C D E 

21 26 36 

59 67 BO 

6 

53 

46 47 

4 4 

14 17 

79 BO 

49 51 

75 29 

9 2 

18 6 

89 70 

59 41 

645 (1. 5) * 
C D E MW 

35 42 50 10 

74 83 8B 75 

79 85 94 4B 

8 9 14 2 

16 17 22 6 

84 85 93 85 

55 60 65 4B 

c 
53 

90 

95 

15 

26 

93 

64 

860 (2.0)* 

D E MW 

58 65 15 

90 94 82 

96 98 68 

15· 20 5 

24 29 l1 

93 97 90 

67 72 55 

PEIUNl' ENERGY AVAIL/\BLE OF U.S. R&;IOOAL ffiAL RESERVE 
BASE AT VARIOUS S02 EMISSIOO LIMITS FOR RAW 1\ND cmMICAl.I..Y 
Cll'JINED CDAT, 

516 (1.2) * 
c D E 

13 19 28 B 

60 69 Bl 54 

48 49 76 29 

4 5 10 1 

15 18 19 7 

80 Bl 90 71 

46 49 57 38 

645 (1. 5) * 
c D E JlAW 

31 36 45 10 

79 83 87 72 

70 78 90 46 

6 9 13 3 

19 20 22 9 

8B 88 94 82 

55 57 63 45 

c 
81>0 (2.0)* 

D E 

55 56 65 15 

BB 90 94 B4 

92 97 99 69 

14 14 20 6 

30 25 32 10 

94 93 96 90 
64 64 69 52 

E - .95 Py.S./.20 Org. S. !eroval 
* Emi.ssicn units are in ng 002/J (lbs 002/10 6 BIU) 

1,075 (2.5)* 

C D E Rl\W 

67 6B 76 24 

93 95 98 90 

9B 

22 

41 

96 

71 

9B 98 74 

22 37 8 

37 51 13 

96 98 95 

74 77 SB 

1,075 (2.5)* 

C D E 

65 6B 77 26 

94 96 9B 90 

9B 9B 98 75 

21 21 34 8 

41 35 49 14 

98 98 99 94 

70 70 78 56 

1,290 (3.0)* 

C D E RAW 

79 81 85 31 

98 98 99 92 

99 99 99 90 

36 32 61 10 

50 46 62 16 

99 98 99 96 

78 80 85 63 

1,290 (3.0)" 

c D E 

81 82 88 32 

98 98 99 90 

99 99 99 90 

39 34 55 10 

52 49 61 18 

99 99 99 98 

79 78 84 60 



'!his emission level VK)uld make available rrore than 90% of both raw ooal 

and physically and chemically cleaned ooal from the Soutrem llppalachian, 

Alabama., and loestem regions. High emission levels are needed to allow 
appreciable anotlllts of eastern and midwestern raw coals to conply. 

SIP level of Cbntrol--

'Ihe SIP level of oontrol was supplied in an August 29, 1978 rrerrorandum 

from Acw:ex O:>l::poration: 1,075 ng 002/J (2.5 lbs 002/10 6 B'IU). At this 

emission level, the anotlllts of both raw coal and physically and chemically 

cleaned ooal f:rom the Southern Appalachian, Alabama, and Western Regions 

readl a peak and begin to level off with only small increases thereafter. 

3. 2 BEST SYS'IEMS OF EMISSION REIXJCTICN (BSER) 

3.2.1 Iescription of Candidate BSERs 

'!his section provides the rationale for chcx>sing the candidate BSERs 

and presents the selections. 'Ibe JIEthod:>logy is to eval~te the major 

dlaracteristics of the available oontrol tedlnologies :relative to the five 

operating factors presented in Section 3.1.1 and the regulato:ry options 

chosen in Section 3.1. 2. 

'!he candidate BSERs will then be oonpa:red and a BSER chosen in Section 

3.2.2 for each referenre ooal and regulato:cy option c:x::>rrbination. 

3.2.1.1 Candidate Naturally Occurring Coals-_ 

In this section ~ introduce the set of :reference high- and low sulfur 

ooals which ~re chosffi (based on engineering judgrrent) as representative 

of the reyriad of ooals available to the industrial boiler operator. A 

g:reater variety of low sulfur ~stem ooals v.ere oonside:red candidates 

because of their ability to JIEet l~r sulfur dioxide emission levels 

and their l~r costs. '!he candidates are: 

• High . ·ulfur bituminous ooal from Butler, Pennsylvania; 

• Bituminous roal from Buchanan, Virginia; 

e Subbituminous ooal from Gillette, in northern Wyoming; 

• Bituminous ooal from Las Animas, Cblorado; 

• Lignite from Williston, North Dakota; 

• Bi tmninous coal from Rock Springs, in southern Wyoming; and 

• Subbituminous coal from Gallup, New M=xioo 
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Of these seven coals, the first three are the :referenoo roals chosen to 

represent the roals used by PEOCo in developing pararreters for standard 

bo 'l (G) """' . . di l. ers. ~ue :remain.mg can dates have been selected to represent 

typical low sulfur roals from various -westem locations. The major 

relevant characteristics of these coals are smmrrized in Table 3-4. 

Perfo:oran.re 

Many alternatives for the supply of naturally occurring coal are 

available to rreet environnental constraints. The criteria for determining 

which (low sulfur) ooals from whidl. region will be able to rorcply with a 

given S02 emission oontrol level include the ooal's estimated sulfur 

cxntent, ash oontent, and heating value. 'Ihese characteristics influenre 

a ooal's oombustion p1:0perties and the degree to which sulfur oxides and 

other pollutants are generated in the boiler. 'll1e level of these pollutants 

and the eventual oonrentration of emissicns in the atrrosphere may then be 

reduced by the use of other oontrol technologies. 

Each candidate low sulfur ooal can comply with only certain environ

rrental oonstraints. Table 3-5 corrpa:res, for each ooal, the level of 

uno::nt:rolled S02 emissions :per unit energy of ooal burned with three 

alternative S02 emissicn levels. In general, stringent oontrol levels can 

be rret only by select low sulfur ooals of subbituminous or higher rank. 

coal with a sulfur oontent of one perrent must have an energy oontent 

exceeding alx>ut 31 x 106 J/kg (14,000 B'IU/lb) to ~t the stringent oont:rol 

level, assuming that the sulfur oontained by the boiler (bottom ash) is 

approximately 15 perrent of that originally in the coal. From both 

Tables 3-4 and 3-5 -we see that the -western ooals from Las Animas, Colorado 

and lbck Springs, Wyoming are the only candidates that rreet the stringent 

a::mt:rol levels. 

Internediate oont:rol levels may be rret by lav sulfur ooals of subbituminous 

or higher rank. Coal with a sulfur oontent of one perrent must have an 

energy oontent of no:re than about 26 x 106 J/kg (11,000 BTU/lb) to rreet inter

rrediate oont:rol leveJs, assuming that the sulfur retained by the bottom ash 

is approximately 15 percent of that originally in the coal. 
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TABLE 3-4. OIA.RACTERISTICS OF CJ\NDIDl\'IE Uli-SULFUR CDALSI 

low-Sulfur Coals 

Uuchan.:m, IDs Anjmas, Williston, Rock Springs, Gillette, Gallup, 
Va. (D) * Colo. (B) N. Dak. (L) Wyo. (B) Wyo. (SB) N.M. (SB) 

llcaUm.1 Vulue 

106 .I/Kg 3L7 26.3 16 .. 3 26.7 19.8 23.3 

(Utu/lb) (13,620 (11,290) (7,000) (11,500) (8 I 500) (10,000) 

Sul for Content 

'b 'l\Jtal 1.18 0.59 0.80 O.BO 0 .. 70 0.80 
~ 
~ /\sh Content 

!/. 10.38 24.01 6,8 9.0 8. l 9.4 

Moisture 'I. 
as recelved 2.0 2.5 35 11 30 10 
Volatile 
Matter i 13 12 12 15 29 19 
F j xod 
Cdi:-bon ~. 75 62 4 (1 65 33 62 
llydrO~JCll % 4 • 11 3.9 6.2 5.0 4. 5 5.0 
() XY<J c II i 5.9 6.1 39 21. 5 27.9 21. 5 
Nitroqen % l . 4 l. 2 0.70 0.10 0.75 1. 0 

Nole: n Bituminous; SB ·- Subbi.tuminous; L - Li<Jnitc. 

" 'l'husc coals are cllla l y~cd ilS canc1idatr2s for coal cleaning. 
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TABLE 3-5. OOMPARISCN CF UNCDmRJILED EMISSimS FR:M CAIDIDATE 
.LCM-SUIFlJR OOAI.S WITH ALTERNATIVE EMII~ CXN'IIDL LEVEL (ng/J) 

F.hvironnEl'!tal Cmtrol Level a 

Candidate Coals 

aitler, Pa. (B) cc 

aichanan, Va. (B) a: 

las Animas, Colo. (D) a: 

Williston, N.Dak. (L) 

Rock Springs, Wyo. (B) 

Gillette, Wyo. (SB) 

Gallup, N.M. (SB) 

M:Jderate 
(1,290 ng SOi/.T) 

2,0604> 

"<:ptional" 
M:Jderate 

(860 ng SOdJ) 

707 

835 

lt>te: B = Bituminous: SB = Subbituninous: L = Lignite. 

Intemediate 
(645 ng SOi/J) 

602 

584 

a Assurred fractioo of sulfur in the oottan ash: 5 percent for bituninous coal, 15 percent for 
all other coals. 

a: 'lhese coals are analyzed as candidates for ooal cleaning. 

$ Lbes not corrply with rroderate oont:rol level 

Stringent 
(516 ng SOi/J) 

381 

508 



Table 3-5 shows that the low-ranking coal from Gillette, ·wyoming (with 

19.8 x 106 Jjkg, 0.70 %S) and the subbitum:i.nous ooal from Gallup, t\ew 

:t-exioo (23. 3 x 106 Jfkg, 0. 80 %S) both rreet the intentediate a::ntrol level. 

"Optional" :rcr:><:Erate and noderate oont:rol levels may be achieved by low 

sulfur coals of nearly any rank, including lignites. Cbal with a sulfur 

oontent of one perCEnt nrust have an energy oontent exreeding c:nly about 13.1 x 

106 Jjkg (5 ,666 BTU/lb) to rreet noderat.e oont:rol levels for the sane boiler 

assunption given above. '1he bitun:inous coal from Budlanan, Virginia, and 

the lignites from Willistcn, North Dakota, rreet the "optional" noderate 

control level, while the high sulfur east.em ooal from Butler, Pennsylvania 

exceeds the noderate control level. 

Cbst 

F.O.B. mine prices (both tenn and spot prices) are shown in Table 3-6 

for the reference ooals. Except where indicated othe:rwise, t!Ese are 

May, 1978 prices.(') Shipping costs are estinat.ed fran furu.ces pro-

vided by the au:eau of labor Statistics for railroad coal transport 

f:ran 1969 through 1978. 'Ihrough the use of these indices, the shipping 

cost for a netric ton of coal was estimated at $6. 87 /netric ton ( $6. 23/ton) 

for a 245-mile transport by rd.il. 

Status 

It is assuned that the reference coals are available and can be 

profitably mined. 

Energy Irrpacts 

Cbal is a fuel of relatively lc:::M energy density ronpared with oil or 

gas. Hence, the energy oons'LllIEd per milt of ronbustion energy in transport

ing coal is relatively greater. 

Table 3-7 illustrates the ene.r:gy oonsurred in transportation on t\\O 

bases: (1) as the energy consunm per lll'lit of mass of coal, and (2) as 

a fractic:n of the potential ene.r:gy obtained by c:x:nbustion of the coal. 

'1he conputations are made for two very different coals, a local bituminous 

coal and a western subbituminous roal, delivered to a plant in Illinois 
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Table 3-6. 

Supply Area 

Central AppaJ,.achia 
(WV, KY I 'IN, VA) 
e.g., Buchanan, VA 

~~~ 
e.g. , Gillette, WY' 

SOUt!lein Wyaning 

F .O.S. mNE PRICES CF 5EIJ'O'ED I.CW StILFOR ~ 

F .O.B. Bid Prices - $1978 "" 

$/GJ $/UJ 
$/ton ($/10 6 :E'IU) $/ton _; /10 6 B'lU) 

22.00 0.99 29.oo i.11a 
(0.94) (l.05) 

6.25 0.40 8.00 0.52 
(0.38) (0.49) 

14.50 0.73 15.00 0.75 
e.g., B:x:k Springs, m {0.69) (0. 71) 

Nort:l'mn I.ignite 1.004 0.46 
e. q. , Wil.liston, ND (0.44) (0.44) 

Centnl Westem 
e.g., Ias Animas, CD 17.00 0.82 

(0. 78) 
16.00 0.77 

(0. 73) 

Southwestern 13.75 0.73 
e.g., Gallup, NM {0.69) 

15.00 0.74 
(0. 70) 

"' ~ ¥tlere in:licated ot.~. the prices are tOOse cited in Coal Week, 
May 29, 1978.(7 ) 

lb Estl:Dated at S7 .00/tcn and 8,000 Btu/lb. 
3'nie value in dollars per ton is f:rcm coal OJtlook, July 17, l97S!

8
l 'ttle value 

in dollars per energy unit is based upon 32.l J/Kg (13,800 Btu/lb). 
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Table 3-7. AN lLIIJSTBATIVE EX1IMPLE OF Em:BG'i C!N5t.JMED IN TFA~ 'n'D 
DIFFERENI' CDAtS 'IO A PLt\Nl' IN ~. ILLIOOIS 

Source of Coal 

Gillette, ·WYc. Mattoon, Ill. 

AssuneP. heating value 

106 J/kg 19.76 25.57 
(B'l'U/lb) (8,500) (11,000) 

Average sulfur content 

nq SOu'J 705 2,812 

(lb SOi/10 6 B'1U) · (1.64) (6.54) 

Transportation distance 

km 

(mi) 

By rail 2,124 160.9 

(l,320) (100) 

By baJ:ge 0 0 

(0) (0) 

Energy consma:i in transport 

10 6 J/kkg 562.0 42.6 

% of coal-carbJ.stion energy 2.80 0.17 
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'Jhe table shows that energy needed to deliver the western coal to 

Springfield exceeds the energy needed to deliver the local coal by a 

factor of 13. 2 on a per-weight basis. When neasured as a fraction of the 

energy potentially available when the ooal is bumed, the factor rises to 

16.5, illustrating the inportanCE of the heating value of ooal in oost 

trade-offs arrong altemative sourCEs. 

Environnental Factors Associated.With ICM SUlfur Coal 

The nature and quantity of pollutants resulting from handling and 

buming naturally occurring ooals vary significantly depending upon the 

dlaracteristics of the ooal. Coals in the U.S. va:cy widely in their 

rontent of ash, sulfur; iron and other netals. '!he type of coal utilized 

detennines the kinds and quanti_ty of pollutants produCEd f:r:an storage 

and refuse areas. 

'!here is a high positive oorrelation between pyritic sulfur conCEntra

tions and other coal oontaminants that have a high pollution potential. 

'lberefore, the pyritic oontent of the ooal is particularly i.nportant in 

detennining the arrom.t of netal sulfates and sulfuric acid prodUCEd in 

storage and refuse areas. Cbnsequently, leachates from storage piles 

of high sulfur easterii ooal are highly acidic and contain higher con

centrations of other pollutants than leachal.as from lower sulfur coals. 
'lhis occurs because the acid dissolves many other carplex sulfides 

and rretal salts, thereby increasing the concentrations of other o:mtaminants 

in the leachate. In oontrast, western coal,because of its low pyritic 

sulfur oontent,p.roduces a basic leachate from its storage and refuse 

amas. '!he daninant contaminants p:roduood f:r:an western coal--calcium, 

nagnesium and sodiurrr-are typically less hazarCbus to the environnent 

than are sulfuric acid and netal sulfates. 

'llu:ough coal preparation, pollutants which might no:anally be emitted 

during the catbustion of naturally occurring coal are converted into solid 

refuse or waste water, a chanical state in mi.ch the pollutants may be 

easier to ex>ntrol. 
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3. 2 .1. 2 candidate Physical Coal Cleaning Processes-

'Ihis section presents a sumnary and conparisoo. of physical ooal 

cleaning systems from the standpoint of perfonnanoe, preliminary oosts, 

preliminary energy use, status of developrent,andeffect on the environrcent. 

Perfonnance Factors for Physical Coal Cleaning Systems 

A oorrparison of system perfonnance can be'st be accnrplished by looking 

at each process level described in Section 2. 0 on a cnc1c011 ooal feed. 

'l'his basis allows the a:aparison of the following parameters level by 

level: 

• ~ight yield of clean ooal product based upon a. feed ooal rate 

of 544 netric tons (600 tons) per hour; 

• ~ight percent ash in the clean coal product based upc:n the 

ash washability and equiprent efficiency of the processing level; 

• ~ight percent sulfur in the clean ooal product based upc:n the 

sulfur washability and equiprent efficiency of the processin~ level; and 

• feating valte yield of the process based upc:n a feed ooal value 

of 27 ,300 KJ/kg (11, 740 BTU/lb). 

'Ihe camon ooal feed selected is a bituminous ooal fran the Upper 

Freeport seam, which can :readily be cleaned by cx;>nventional washing 

tedmiques. 'Ihe percent rerroval of ash and sulfur assigned to each process 

level is based en actual equiµnent perfomiance calculations using the 

washabili ty data for this coal. '!he washabili ty data was presented in 

Section 2. O (Figure 2-22,) • 'llle perfonnailce a:xrparison is shCMil in 

Table 3-8 for the five ooal cleaning process levels. 

'!he table indicates a range of S02 emission levels for the clean 

ooal products fr "ffi 645 to 2,463 ng S02/J (1.5 to 5. 73 lbs S02/l0 6 BTU). 

'Ihe percentage reduction of sulfur in the clean ooal product ranges 

from zero for the level 1 process to 68.2% for the "deep cleaned" product 

from the level 5 plant. The level 5 plant produces two products, a 

"deep cleaned" product and a middling product which have different product 

S}?ecifications and potentially dif-:erent markets. 'Ihe percentage reduction 
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TABIB 3-8 SlJMl1i\Ri' OF PERrolM'INCE OF PIIYSICl\L OJJ\L CTF.J\NING PRCx:ESSES BY J..EVF,I, OF a..El\NING 

BASED UPON HIGH SULFUR El\.S'IEm <DAI. (1.JWer Freeport Seam) 

Coal Parameter R1W Cbal 1 2 

We~ght % Ash in Product 23.90 22.5 20.0 

Weight % SUlfur in Product 3.4S 3.40 3.0 

26, 772 27,S86 28,Sl7 
Heating Value kJ/ky (B'TIJ/lb) (11,SlO) (11,860) (12,260) 

Metnc ton/hr 544 533 505 
Net Coal Yield (tons/hr) (600) {S88) (S57) 

Yield - Weight % 100 98 93 

Recovery - % Heating Value 100 99 97 
-----

LEVE!. 

3 

11.5 

1.89 

31,S20 
(13,SSl) 

399 
(439) 

73 

84 

Sa: 
4 Sa Sb 

7.6 5.80 11.31 

1.3 1.08 1.69 

32,S64 33,5SS 31,662 
(14,000) (14,426) (13, 612) 

381 192 20b 
(420) (212) (228) 

70 35.3 38 

87.5 43.4 44 

2,576 2,463 2,102 1,199 795 645 1,075 
ng/S02/J (lb S0?/106 mu) (5. 99) ( s. 73) (4. 89) (2. 79) (1. 85) (1. 5) (2. S) 

Weight % Sulfur I€ductioo ----· 0 12 44 62 68.2 50 

weight % Ash Reduction ---- 4 15 51 68 75.2 52 

% ng S02/J Reduction ---- 3 17 53 69 75 58 

"' Sa - !Eep Cleaned Product (Steam Fuel Ill): Sb - Middlings Product. (Stearn Fuel 112) 



of SOz per unit heating value for the clean coal product ranges from 3% 

for level 1 to 75% for the deep cleaned product from the level 5 plant. '!he 

percentage increase over the sulfur reduction percentage is caused by the 

increase in heating value of the clean ooal product. 

As shown in Table 3- 8 , the ~ight yields of the process levels 

range fi:om 9 8% for level 1 to 73. 3% for the rorrbined products of level 5, 

and only 70% for a level 4 pnx:=ess. In general, as nore processing 

operations are used in the system, the weight yield of the final product 

decreases. '!he excepticn to this is the level 5 plant ·where two products 

are obtained to rraximize weight recnve:ry. 'llle energy cnntent recnve:ry 

of the pi:oress levels ranges from 99% for level 1 to 87. 5% for level 4. 

'!be energy content recnve:ry for the cnnbined products of the level 5 

process is slightly greater than that for level 4 - 87. 9%. 

In surnna:ry, levels 1 and 2 can be used to acconplish ash reduction 

with rorrespcnding high weight yields and energy cnntent recovery but 

ve:ry little sulfur reduction. levels 3, 4 and particularly 5 achieve 

large reductions in sulfur and S02 :t:er unit heating vallE, but with 

decreased yields and energy content recnvery. '!his reflects the necessity 

for greater physical pi:oressing of the roal to achieve rejection of 

pyritic sulfur at the exi:ense of rejecting larger arromts of coal. Thus, 

the design of physical coal cleaning processes for sulfur :renoval is a 

carefully balanced trade-off be~ sulfur reduction and energy content 

recnve:ry. 

respite the slirplifying breakdown of cnal preparation into five 

levels, there are no generally defined standards for the selection 

of roal preparatior: process, and there is no off-the-shelf 

solution to producing clean roal. Few roal preparation plants in 

the Ulited States are identical. Block diagrams showing general unit 

operations for the various levels of physical cleaning may indeed be 

identical for different coals, but the equi~t selected to perfo:rrn 

these unit operations will vary depending on a variety of factors including 

coal characteristics, such as washability and site specifics (e.g., avail-
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ability of water, geographic cxmdi tions, market criteria) . Note that 

by substitution or addition of equiprrent, a ooal preparation plant may 
be a:>nverted from one level to another. 

Status of I:eveloprrent For Physical CDal Cleaning Systems 

levels 1 through 4 presented above are all practiced in CXJITIIErcial 

plants operating today. Also, there are exanples of level 5 practices at 

rretallurgical ooal plants where both a rretallurgical product and a 

middling steam a:>al product are produced. Furthe:rnore, all the unit 

operations proposed for a level 5 plant are being used in c:orcnercially 

operating plants today. 

Level 1 processes are generally used to size rZM coal to user 

specifications, to renove overburden, and sarretines in the case of western 
coals to·reauce nnisture content to decrease shipping w=ight and 

enhance heating value. Level 2 and 3 plants are mainly used to rerrove 

sulfur-oontaining mine dilutions from a:>al whose in-place characteristics 

actually or nearly comply with NSPS. 'Ihe pw:pose of level 4 and 5 plants 

is to liberate and :rerrove free pyrite from hard-to-clean ooals. level 4 

plants have pre<bminantly been used to beneficiate rretallurgical grade 

ooal, but market oondi tions ma.y demand their adoption for steam coal 

cleaning. 

Preliminary Costs and Energy Iequirerrents for Candidate Physical 
Coal Cleaning Systeµis 

All cleaning plants are assumed located at the mine rrouth. All 

product transport equiptent is assurred to belong to the railroad. 'Ille 

estima.tes are based on June 30, 1978 price and wage levels. 

Capital Costs 

'Ihe capital oost of ooal cleaning plants is oomposed of direct and 

indirect costs. Direct oosts include the oost of equiprrent and auxiliaries, 

land, and the labor and ma.terial required to install the equiprent. Although 

real estate oosts vary, land is assurred to oost $2,400 per acre. 
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Indirect capital cx:>sts are oosts that cannot be attributed to a 

specific piece of equiprent, but are necessary for the entire system including: 

Engineering -

Construction and 
field expenses -

Contractor fee -

Start-up -

Contingency -

~rldng capital -

Annual Operating Costs 

10% of direct oosts 

10% of direct oosts 

10% of direct oosts 

2% of direct costs 

20% of total direct and indirect a::>sts 

25% of operating and maintenance a::>sts 
including costs of utilities, chemicals, 
operating labor, maintenance and repairs 
and dispJsal oosts 

'!he coal processing costs include variable operating, rraintenance, 

and associated overhead cx:>sts for operating the coal preparation facilities. 

Fi}(ed charges cx:msist of capital anortization, ~,insurance and 

interest on borrov;ed capital. 

Operating personnel oosts are estirrated based en two shifts of 

operation totalling 13 hours per day and a third 8-hour shift for mll.nten

anoe. '!he plants are assurced to operate 250 days per year. '!he aIUlual 

salary oosts are $23,700 per year for direct and maintenance labor and 

$30, 600 per year for supervisory personne1!10
> Cperating manpower varies by 

cx:>al cleaning level as follows: 

Physical 
Cleaning 
Level 

1 
2 
3 
4 
5 

Direct Labor 
Man/Day 

8 
10 
10 
18 
20 

Supervisory Labor 
Man/Day 
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2 
2 
3 
3 
3 

Maintenance 
Man/Day 

4 
6 
6 

10 
15 



Other operating rost bases are presented below. 

Operating Cbst Bases 

Maintenance, supplies, and replacerrent parts - 7% of total tumkey rosts 

Utilities and Cllemicals 

~r @$.0072/MJ ($0.0258/kwh) 

water @ $0.15/1,000 gal. 

magnetite @ $71. 70/rretric ton ($65/ton) 

flocculant @$4.40/kg ($2/lb) 

'Ihe quantities for utility and chemical requirerrents are based on 

available published information. ( 4 ) 

Iefuse Disposal Costs 

$1.10/netric ton ($1.00/ton) 

OVerhead Costs 

payroll overhead = 30 percent of total labor rost 

plant overllead = 26 percent of labor, maintenance and suwlies, 
and chemical rosts 

capital Olarges 

capital related charges include annualized capital rosts, taxes, 

insurance and general and administrative oosts. Asstnning equal paymant 

loans, the fixed dlarges per period per dollar of loan as a function of 

the loan period and the interest rate are given by: 

where: 

R = i (1 + i)n 

(1 + i)n - 1 

R = capital rerovery per period per cbllar invested 

i = interest rate per period expressed as a decimal 

n = number of periods in the arrortization schedule. 

'Ihe factor R multiplied by the anortizable rost will yield the 

per-period fixed oost oovering interest and principal. 
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Ebr pw:poses of this exercise a life expectancy of 20 years for a roal 

cleaning plant and an interest rate of 10 percent \\ere assurced. 

Property taxes and insuranre vary ronsiderably in diffe:i:ent parts 

of the rount.l:y. Ebr this study, taxes, insuranre and general and administra

tive rosts \\1ere taken as 4 peramt of depreciable investrrent. 

Cbst Estimates 

A variety of organizations ha"'e mad= cx:>st evaluations of the various 
levels of physical cx:>al cleaning based oo different plant designs. (lo) (t l) <1 2.) <1 31 

'Ihe basic problems in detennining prelimi.nazy oosts are: 

• projecting past data to reflect current and future ecx:nanic ronditions; 

• oorrelating plant designs and plant oosts with levels and degrees 

of cleaning; 

• lack of available cx:>st infonration to rover all cx:>sts; and 

• inex:>nsistency in plant capacity. 

'Ihe available data \\1eJ:e carefully examined as a basis for developing 

preliminary cleaning plant total di:i:ect capital cx:>sts (in June 1978 dollars) • 

In nest cases the cx:>sts for each level \\1ere developed based oo t:i:eating a 

referenre ooal to upgrade the energy cx:>ntent and redure the sulfur cx:ntent 

to neet the current NSPS sulfur dioxide emissions cx:ntrol level of 516 ng/10 6 J 

(1.2 lbs/106 B'IU). In one case ('Ihe Electric Light and Po\\1er Study) (n) 

rosts \\ere based on one selected cx:>al being beneficiated at five 

preparation levels. In another case (lbffrnan-Munter Study) (12.) oosts \\ere 

developed for existing plants. 

'Ihe study of updated di:i:ect capital rosts indicated that for each 

generic type or class of cleaning (regardless of equiprent used in the 

circuits) the spread of direct capital cx:>sts was relatively small. 'Ihe 

range and average of adjusted direct capital cx:>sts (adjusted for thmugh

pm: and pricing basis) are listed below: 
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Range of 'Ibtal Direct Average 'Ibtal Direct 
level Capital C.Osts, 1978 $ Capital C.Osts,1978$ 

1 2.4 x 10 6 to 3.4 x 10 6 2.9 x 10 6 

2 5.3 x 106 to 6.6 x 106 6.0 x 10 6 

3 9.3 x 10 6 to 11.4 x 10 6 10.5 x 106 

4 10.3 x 106 to 14.5 x 106 12.0 x 106 

5 18.1 x 10 6 to 18.4 x 106 18.3 x 106 

Preliminacy total annual operating cost estimates have been prepared 

for plants representing the five levels of physical coal cleaning discussed 

in Section 2. 0. 'Ihese estimates, presented in Table 3-9 , are based on 

an assurred plant throughput capacity of 7,200 rretric tons (8,000 tons) 

per day. ~ reference coal used as the basis for these estirrates is a 

high sulfur eastel:n ooal which contains 3.40% total sulfur (2.79 perCEnt 

pyritic sulfur) and 26, 716 kJ/kg (11,846 BTU/lb) of heat content. 

Energy Use 

'Ihe energy requirements for the five levels of cleaning range from 
245 kw to 2 , 304 ]:cw for the 7, 260 rretric ton/day plant as ~ on 

Table 3-9. 

3. 2.1. 3 Environnental Factors Associated with Physical Coal Cleaning

<llaracteristics 9f the wastes from a physical ooal. preparation plant 

are highly dependent on the raw coal utilized and the final product. 

'lhe two major sources of oontamination associated with the candidate 

BSER physical coal preparation plants are fugitive emissions from coal 

storage and refuse area leachate. Note that the candidate plants do not 

have thennal dryers, so flue gas emissions from drying will not occur. 

Fugitive emissions may occur f:ran the handling of coal, h~ver. 'lhese 

emissions are minimized by proper coal handling procedures and the use of 
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TMIE 3- 9 

LeVt:!lS 0 f i Clean nq 

Yielrl: wt i 
~_o:J~!Y:_- i Fnergy 

B'lU mntcnt R:M a::>al, kJ/kg (B'lU/lb) 
rrru ro~tent cl~al., kJ/kg (B'ru/lb) 

Hourly input, R1'I mal., rretric t:.cris/hr (tons/hr) 
11ourlr output,_ clean a:>al, rretric tons/hr (tens/hr) 

Total Turnkey costs, $ 
Land rost, $ 
\ol:lrking capital, $ 
~and total =nital inveetnent, $ 

Total annual operating rosts {excluding roal cost) , $ 
Total annual cperatina rosts (including coal cost), $ 

ClJst of preparation (excluding roal cost) , $/rretric t£n 
($/ton) of clean coal 

Cbst of preparation (including coal oost) , $/rretric an 
($/ton) of clean ooal 

Ct>st of preparation (excluding mal a::>st) 
($/10• Bru) of clean roal 

$/106 kJ 

cost of preparation (including mal oost) $/106 kJ 
($/106 BTU) of clean coal 

Average 17lergy ~lrement, KW (101 BW/hr) 

* Ba.c;ed on 13 hr/day, 250 days/year operation 

J\W\LYSIS OF J\NNU!IL PllYSICJ\L Q)AL 0..FJ\NING CDSTS-
7 ,260 rretric tons/day (8,000 tons/day plant)* 

1 2 3 

98 85 75 
100 92 85 

26,772 (11,510) 26, 772 (11,510) 26,772 (11,510) 
27,850 (11,974) 29,490 (12,678 30,054 (13,265) 

558.3 (615,4) SSS. 3(615.4) 558.3(615.4) 
547 (603) 474. 4 (523.1) 418.6 (461.6) 

3,962,000 9,506,400 16,634,400 
120,000 100,000 264,000 
170,800 365,200 . 555,600 
4,252,800 10,051,600 17,454,000 

1,512 ,400 3,377,500 5,409,200 
35 572.400 37,377,500 39,409,200 

0.88(0.SO) 2.19(1.99) 3.97(3.60) 

20.01 (18.15) 24 .24 (21. 99) 28.97(26.27) 

. 0.032(0.034) 0.074 (0,078) 0.128 (0.135) 

o. 729 (0. 770) 0.822 (0.867) 0.939 co. 990) 

250 (0.8) 650 (2,2) 1,000 13 .4) 

4 5 

70 78 
87.5 92 

26, 772 (11,510) 26, 772 (11,510) 
34,132 (14,674) 32,220 (13,052~. 

558. 3(615.4) 558. 3(615. 4) 
390, 7(430.8) 435.4(480.0) 

19,010,400 28,989,600 
720,000 480,000 
714 ,300 933,800 
20,444,700 30,403,400 

6,635,300 9,393,100 
40,635,300 43,393,100 

5.22(4. 74) 6.64{6.(.12) 

31.99(29.02) 31.67(27.82) 

0.153 (0.161) 0.206 (0.217) 

0.937 co. 989) 0,952 (1,00) 

1,300 (4,5) 2,300 (7,9) 

•• tleating value of the a::clJined product. 'lbe plant will generate b.o product streams, a very high B'lU stream and a middling stream 



bag houses on grinding and crushing equiprrent. Coal storage and n=fuse 

area leachate from physical coal preparation plants is similar to acid 

mine drainage for the cleaning plants processing eastem ooals. For 

the candidate BSER cleaning plant processing Colorad::> bituminous ooal, 

the drainage will be basic rather then acidic. 

'!he anolmt of refuse may be calculated for each cleaning plant. 

Eastern high sulfur ooal preparation will produce 5 • 5 x 10 5 :rretric tons 

of refuse per year and eastem low sulfur ooal preparation will produce 

about 4.0 x 105 :rretric tons of refuse per year. 

3. 2 .1. 4 Cllemical Coal Cleaning--

'Ihis section presents a oomparison of technical results obtained f:ran 

the assessnent of major dlemical ooal cleaning processes as described and 

discussed in Section 2. 2. 3. 'Ihe analysis and conclusions presented herein 

are based an process claims made by individual developers, research reFQrts 

and published information. 

Sulfur leroval and Energy Content Fecovery Potential 

A oorrparison of process perfonna,nce can best be accorrplished by looking 

at each process on a OOTIIIDil ooal feed. 'Ihis was done in a previous report 

en Chemical CDal Cleaning Processes published by Versar in 1978 p s} 

(Although this study used a ooal that is dissimiliar to the three 

· reference coals, the results are applicable) • 'Ihis basis all~ 

the oonparison of the following para:rceters process by process: 

• Weight yield of clean ooal product based upon a feed coal rate 

(rroisture free basis) of 7 ,110 rretric tons (7 ,840 tons) per day 

[7 ,200 :rretric tons (8,000 tons) per day of 2 percent rroisture 

ooal]; 

• Weight percent sulfur in the clean coal product based upon the 

sulfur renoval efficiency of the process; and 

• Heating valre yield of the process based upon a feed coal value 

of 28,610 kJ/kg (12,300 BTU/lb) and netenergy content yield in 

percent. 
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'!he ronm::n coal feed selected is a bituminous coal frcm the Pittsburgh 

seam, whidl cannot readily be cleaned by conventional washing techniqoos 

to neet a ex>ntrol level of 1.2 lb S02 /10 6 B'IU for large boilers. This 

ex>al <bes have an organic sulfur content lCM enough (O. 7 ~ight peramt) 

so th.at conplete :rerroval of pyritic sulfur would result in a product which 

will neet the control level. 'Ihe peiamt rercoval of pyritic and organic 

sulfur assigned to each process is based en data supplied by individual 

&velopers. 'Ihe perfonnance a:mparison is shown an data supplied by 

individual &velopers. 'Ihe perfonnanre conparison of the eleven chemical 

ex>al cleaning prooosses is s.oown in Table 3-10. 'lhe table indicates a 

range of 802 emission levels for the clean coal products of 344 to 903 ng/J 

(O. 8 to 2.1 lb/106 B'IU). 'lhe calculated sulfur dioxide emissions for processes 

which :r:ercove both organic and inorganic sulfur are lov.er th.an the 516 ng/J 

(1.2 lb/10 6 BID). Of the four processes which rerrove pyritic sulfur, only 

two (~ and I.edgerront) will produce a slightly higher sulfur level than 

that required to neet the current control option; ~ver, within the levels 

of accuracies involved they also might be ex>nsidered to be in ex>rrpliance. 

As sh::>wn in Table 3-10, the energy rontent yields estimated for these 

processes a:re generally greater than 90 peramt with a range frcm a !CM 

57 percent for the IGT process to a high of 96 peramt for the GE process. 

All energy rontent yields listed in Table 3-10 reflect lx>th the cnal loss due 

to processing and the coal used to provide in-process heating needs. 

~ver, with the exception of the !Gr process, the actual coal loss due 

to processing is clained to be small. For rrost processes, the major energy 

antent loss is dlE to the use of clean cnal for in-process heating. 

It is believed that the high yield estimated for the GE process may 

not adequately reflect the heat r:equirenents that may be needed to regenerate 

the caustic reagent ercployed in the process. 'Ibis process is in its 

early stage of c ~velopnent, and the energy requi.rerrents for the 

process cannot be prq;ierly assessed at th.is tine. It is possible, that in 

the final analysis, the energy content reex>vecy from this process will be 

rrore in line with other chemical roal cleaning processes. 
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'mBrE 3- 10 P:R:JC:ESS P.ERroR>Wa AND a::>sT a:H'A!Us:N FOR MAJOR 
CE::MICAL <DAL CLEANING PRXESSES 

PRX:ESSES WHIOi mOJE PYmTIC SULruR cm.y 
SYrul.CUSEt 

FEE:Dt 
~ PHYSICAL 

TlW IDL ~ a.EANIN3 

Net a:>al yield, rretric tons 7,110 6,400 6,400 5,645 5,645 
per day (tons/day)* (7,840) (7,056) (7,056) (6,225) (6,225) 

aright % sulfur in the product 1.93 0.83 0.83 0.97 1.50 

!hating value, kJ/k.g 28,610 29,854 29,854 28,842 33,960 
(Bro/lb) (12 ,300 (12 t 835) (12,835) (l.2,400) (14,600) 

rq/J (lb 502/106 BIU) l,333 559 559 688 903 
Percent net (3.1) (l. 3) (1. 3) (l.6) (2.l) 

energy content yield - 94 94 80 95 

PICCESSES WHIOi ~ PYRITIC AND ornc SULFUR 

i 
ERDA ~· BA'l'IELLE JPL IGl' KVB ARD 

Net a:>al yield, netric 6;400 6,826 6, 755 6,470 4,270 6,070 6,400 
talS per day (tells/day)* (7,056) (7,526~ (7 ,448) (7,135) (4,704) (6,690) (7,056) 

teight % sulfur in 
the pmduct: 0.65 0.50 0.65 0.6 0.55 0.61 0.69 

!hating value, kJ/k.g 29,854 28,610 26,400 28,610 27,180 30,517 28,842 
(Bro/lb) (l2, 835) (l2,300) Ql,350) (l2 ,300) (Ll,685) (L3,l.20) (l2, 400) 

nq/J (lb S02/l06 B'l'U) 387 344 516 430 387 387 473 
(0. 9) (0. 8) (1.2) (1.0) (0. 9) (0.9) (1.1) 

Percent net 94 96 88 91 57 91 91 
enerav a:ntent vield 

* All values reported are oo a m:>istl.1%e f:ree basis. 
t 'lhe a:>al selected is a Pittsburgh seam coal ttan Pemsylvania whidl. oontains 1.22 

weight peroe.."lt pyritic, 0.01 percent sulfate and 0. 70 percent organic sulfur. It 
is assuned that this coal has a heating value of 28,610 kJ/k.g (l.2,300 BTU/lb). 
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Processes which rerrove pyritic sulfur alone are primarily applicable 

to roals rich in pyritic sulfur, so that efficient renoval of pyritic 

sulfur could bring these coals into corrpliance. Processes which rerrove 

lx>th types of sulfur are primarily applicable to coals which cannot be 

adequately treated by pyritic removal processes. 

Anong all chemical coal cleaning proces5es, the TIM ~yers) process 

is the nost advanced, with an 8 netric ton per day Peaction 'lest Unit (RrU) 

in operation. 'lhe process rerroves 80-96 percent of the pyritic sulfur fran 

ncmi.nally 14 nesh top size coal. 'Ihirty-two different coals have been tested: 

~ ~stem coals, ~ty-tlu:ee from the Appalachian _Basin; six from the 

Interior Basin; and one from the restem Interior Basin. 

Another option for the Meyers processing plant which is attractive 

is a canbination physical and chemical cleaning operation--the Gravichem 

process. In this process, the nm-of-mine coarse coal containing high ash 

and high pyritic sulfur would first be treated in a physical coal cleaning 

plant. 'Ihe heavy fraction f:ran the gravity separation system, consisting 

of about 40 to 50 percent of the total coal and containing low ash and high 

concentration of pyritic sulfur is then fed to the Meyers process which will 

yield a low sulfur product. 'lhe Gravichem process can prcrluce an overall 

yield of about 80 percent on the run-of-mine coal and will reduce the pyritic 

sulfur content by 80 to 90 percent. 

AnDng the processes capable of raroving pyritic and organic sulfur, the 

ERDA process has one of the highest probabilities of technical success. The 

ERDA process is currently active, and nost teclmologies employErl in this system 

have been already tested in other systems such as I.edgerront and TRW. 'lbe 

process is attractive because it is claimad to rerrove nore than 90 percent of 

pyritic sulfur and up to 40% of organic sulfur in coals starting with minus 

200 nesh CO<ll. Coals tested on a laboratory scale include Appalachian, Fa.stern 

Interior and Western. 
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Prelimi.nazy Costs 

'llri.s section presents preliminary economic information on the three 

candidate chemical coal cleaning BSERs. 'Ihe first two processes, the 

~yers and the Gravichem (physical coal cleaning plus Mayers} are capable 

of reducing only a portion of the pyritic sulfur in the feed coal, while 

the third pxocess, the ERDA pz:ocess, is capable of reducing both pyritic 

and organic sulfur. 

'Ihe process econcmics are based on preliminary conceptual processing 

scherres. 'lhe process operating conditions, the process chemistry, the levels 

of renoval of pyritic and organic sulfurs, the energy content and yield 

recove:ry information are based on evaluation of the individual developer's 

claims. Where cost infoIIllation was supplied by a developer, these costs were 

utilized, to the extent possible, as the basis of the cost information in this 

report. H::Mever, the costs were roodified to allav the evaluation of the various 

processes on a camon basis. 

'lhe econanic estimates presented for the Mayers and the ERDA processes 

are based on a plant which processes 302 netric tons (33 tons) per hour of 

high sulfur eastern coal on a 24 hour per day and 330 days per year basis 

(8,000 tons/day, three train plant). 'Ihe basis for the Gravichern process 

is a 96 netric ton (106 tons) per hour M:yers process unit (a single train 

plant) operating 24 hours a day and 330 days per year basis. 'Ihe physical 

coal cleaning section of the plant processes 558 metric tons (615 tons) 

per hour of riN coal (8,000 tons/day} operating 13 hours per day and 250 

days per year. 'lhe third shift is set aside for scheduled plant maintenance. 

'Ibtal Direct Capital Costs 

'lbtal direct capital costs for the Mayers and ERDA processes were 

extracted fran "Technical and Econcmic Evaluation of 01.emical <bal Cleaning 

Processes for Feduction of Sulfur in Coal".<
15

> 'Ihese costs ~re adjusted 
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to June 30, 1978 bases by using a.P.Propriate plant cost indices~16 ) 'Ihe 
direct capital cost for the EXiysical coa1 cleaning portion of the Gravichem 

plant was extracted from the "~er' s Process Develoµrent for 01.emical De

sulfurization of Coal" report. (i 7) 'Ibis cost was adjusted to reflect June 30, 

1978 prices by using appropriate indices and was then adjusted to the desired 

plant capacity using a scale factor of 0.7. 

'Ihe oost of the land used in these estimates is the sane as that used 

for developing oosts of the :Eilysical coal cleaning plants. 

Indirect·capitai·eost 

Itens inclOOed in indirect costs and their values are the sane as those 

developed for the :Ebysical coal cleaning plants. 

Annual Operating costs-

~ting lllanpCMer, energy and utilities requi.rarents for the chemical 

ooal cleaning plants were extracted f ran the Versar chemical coal cleaning 

report. (rs} '!he operating and rraintenance personnel wages and cost basis for 

utilities and chemicals are the sane as discussed in physical coal cleaning. 

'lbe oosts for steam and other chemicals used only in chemical coal cleaning 

process estimates are listed belc:w: 

600 psig steam @ $4.83/1,000 lb. 

LillE @ $35/netric ton ($32/tai) 

Lignin sulfonate binder @ $0. 06/lh. 

Maintenance supplies and material for all chemical coal cleaning cases 

were taken as 5 percent of the total tumkey costs. 

'1he cost for the disp:>sal of byproducts generated by the chemical coal 
cleaning plants was extracted fran the chemical ooal cleaning report. ~5 ) 

'1he cost basis for overhead, capital charges and raw coal oosts are 

presented in the physical coal cleaning discussion. 

Preliminacy capital and armual operating costs for each process based on 

a high sulfur eastem coal are presented in Table 3-11. 'Ihe :results 
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TABLE 3-11. 11Nl\L'/SIS OF J\NNUAL OIEM!CAf_, (l)Al, OEJ\NING cnsTS -
7,258 rretric tons/day (8,000 tons/day plant) 

Prooess !Ver s 

Yield, wt % 90 
Jecoverv: % kJ (% BTU) 99.2(941 

B'IU cxntent Im roal kJ/kg (lmJ/lbl 26, 772 (11,510) 
B'IU cx:ntent clean roal kJ{kq (BTU/lb) 28,507 (12,256) 

Jburly input, R:Jol roal, rretric tons/hr (tons/hr) 302 (333) 
lbur_l:Lout:Dut, clean roal, rretric tons/hr (tons/hr) 271 (300) 

1btal 'l\tmkey =sts, $ 157,500,000 
lald cost, $ 120,000 
W:>rld.ng capital, $ 5,973,000 
Grmd total caoital investnent, $ 163,593,000 
1btal annUdl operating costs 1exc1ucu.ng COal costJ , $ 53,291,000 
1btal annual 00<>ratinq a:>sts (includinq a:>al rost) , $ 98 171 000 

Cost of preparation (excluding roal rost) , $/Iretric ton ($/ton) of clean roal 24. 73(22.43) 
<l:>st of preparation (including coal =st), $/rretric ton ($/ton) of clean a:>al 45.55 (41. 32) 
Cost of preparation (excluding roal rost) , $/106 kJ ($/10• R'IU) of clean roal 0.867 (0.915) 
Cost of oreoaration (includina a:>al rost), $/106 kJ ($/106 B'IU) of clean a:>al l,60 (l,69) 
Ene1"9Y Ieqtu rerrent 

Electric ~r, Kw (10 5 MU/hr) 25,200 (86) 
Product a:>al for in prooess leaching, nettle tons/hr (tcns/hr) 6 11(12) 
600 psig steam, kg (lbs) -
* 

** 
Entering and leaving physical roal cleaning plant operating @ 13 hr/day, 250 days/year basis 
Entering and leaving dlemical coal cleaning plant operating @ 24 hr/day, 310 days/year basis 
Mi'!yer's roal cleaning plant 
Physical roal cleaning plant 
'lhe use of product coal as fuel has been reflected in the ..eight yields reported al:ove 

ERl:tl. 

90 
99.2(94) 

26, 772 (11,510) 
28,507 (12,256) 

302 (333) 
271 (300) 

216,580,000 
120,000 
7,931,500 
224,631,500 
70,832,000 
115.712 000 

32.87(29.81) 
53. 70 ( 48. 70) 
1.15 (1.22) 
l.88 (1,99) 

15,650 (53) 
25.8(29.5) 
O. 9xl0 9 (2xl0 9

) 

Grav idtem --
79.8 
96.0 

26, 772 (11, 510) 
31,126 (13,382) 

558 (615. 9)* 96 (106) ** 
469 (517)* 86 (95) "* 
62,324,000 
120,000 
2,429,600 
64,873,600 
21,597,300 
55,597,300 

14 .92(13.53) 
38.41(34.84) 
0.48 (0.51) 
1.23 Cl,30) --
8, 400A(29) 1,000 y (3.4) 
3.6 (4) --
- --



indicate that the cost of coal cleaning is $24.73, $32.87 and $14.92 per netric 

ton, exclming the raw coal cost for the Meyers, ERD.J\, and Gravichem (physical 

coal cleaning plus Meyers process), respectively • 

. ·F.nergy . In'pact 

'!he energy requirenents for these plants. are given in Table 3-11. It has 

been assuned that the Iitysical coal cleaning plant included in the Gravichem 

p:rocess will operate 13 hrs per day, 250 days per year. All chemical coal 

cleaning plants will operate on a 24 hour per day and 330 days per year basis. 

Env.ironnelt.al Factors .Associated With Chemical Cba1 Cleaning 

Olaracteristics of the wastes fran a chemical coal preparation plant are 

highly dependent on the processes utilized, which are in tum dictated by the 

raw coal and final product. 

As chanical cleaning processes becane increasingly nore carplex and finer 

size fractions of the coal are cleaned and collected, the µ::>llution potential 

changes because: (1) canplex chemical cleaning plants freql:ently use thennal 

driers which are a source of gaseous (NOx' S02 and CO) and particulate air 

µ::>llution: (2) there is a greater otp:>rtunity during p:rocessing for the 

soluble pollutants to be cootacted by a leachant; (3) chemical additives are 

used in the static thickeners and froth flotation cells, thus increasing the 

nurri:Jer of potential µ::>llutants in air emissions and :refuse; and 4) nost 

dlemical ooal cleaning plants bum cleaned coal for steam,lheat production 

and therefore have much the sane kinds and anounts of air µ::>llutants as the 

industrial boilers themselves. 

'Ibere is insufficient data and operating experience to quantify the anount 

of leachant lost in the clean coal or refuse, so envi.rormental inpacts cannot be 

quantified. '!be annual anount of refuse material is known, ~ver, based on 

a 7216 netric ten/day (8000 ten per day) plant. '!he anount of :refuse disp:>sed 
of is as follows: Gravidlern - 6. 8 x 10 5 kkg per year ( 7. 5 x 10 5 tons per 

year), Meyers - 2.0 x 10 5 kkg per year (2. 3 x 10 5 tons per year), and ERDA 

2.0 x 10 5 kkg per year (2.2 x 10 5 tons per year). 
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3.2.2 carpariscn of candidate Best System; of Emission !eduction for S02 
Control 

This section presents the selection and characteristics of tlu:ee 

typical coals, whidl will be used for conparison of the candidate Best 

Systems of Emission !eduction (BSER). 'Ihe perfonnance, cost and other 

relevant factors for each candidate B.SER will be conpared for each coal 

type at the five selected emission levels. 

Selection of Iepresentative Coals for Industrial Boilers-

'Ihree representative coals have been selected as a basis for detennining 

the perfonnance and costs of each candidate rontrol technology. 'Ihe coals 

are representative of those originally chosen by PEDCo Environnental to 

be used in the development of each ITAR (ia) , but are not identical. Because 

the design of a physical coal cleaning system is dependent upon the washa

bili ty characteristics of an individual coal and the coal types supplied by 

PEOCo -were merely average roals, they could not be used for this analysis. 

'Ihus, three coals -were chosen 'Whose dlaracteristics were close to those 

specified and which are representative of a high sulfur eastern coal, 

a low sulfur eastern coal and a low sulfur westem coal. 'll1e characteristics 

of the coals selected are shown in Table 3-:-12 • 'Ihese coals were selected 

primarily on quality and washability characteristics. 'Ihese characteristics 

are presented in nore detail in the later sections. 

3.2.2.1 Naturally Occurring I£M Sulfur Coal as a BSER--

'lbe uncontrolled S02 emissions fn:m each of the representative coals 

range from 447 ng 502/J {l.04 lbs S02/10 6 B'IU) for the low sulfur westeni 
to 2,490 ng S02/J (5. 79 lbs 502/10 6 B'IU) for the high sulfur eastern. The 

matrix shown belCM indicates the ability of the three reference rZM ooals 

to rreet the selected 502 emission levels on a long tenn average basis. 

Cbal 

High-S Eastern 
Ww-S Eastern 
Ww-S l'estem 

S02 Emission levels 
n S02/J (lbs S02/l0 6 B'IU} 

1,290 (3.0) 1,075(2.2) 860 (2.0) 

IO:::sn't M=et I:oesn't M:et 
M=ets Meets 
M:ets Meets 
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sn't Meet 
Meets 
Meets 

645 (1.5) 

sn't Meet 
I:oesn't M=et 

Meets 

516 (1. 2) 

D:lesn' t M:et 
I:Oesn't Meet 

Meets 



'I'ABLE 3-12. REPR!:SH'ITATIVE CXJALS FOR INOOSTRIAL BOIIER> 

PAIW'11.·ilim --- -

Coal 'lype 

Seam 

County, State 

HAW COl\L ANALYSIS 

Ash, % 'I" 

'.lbtal s, % t 

Pyri tic S, ;>; "I' 

Heating Value k.J/kg (BTU/lb)t 

1-tlisture Content 

Ash Fusion Tmp. I 
0 1.' 

S02' flnission Level, ng/S02/J 

(lbs S02 /10b D'IU) 

Uigh Sulfur Eastern 

Upper Freei::ort ( 'E ' 
coal) Seam 

Butler, Pa. 

23.9 

3.45 

26,772 
(11,510) 

2.51 

5.0 

2,020-3,000 

2,576 

(5. 99) 

·1· Analyses ctr:e en a M:>isture Free Basis 

I..cM Sulfur Eastem 

Eagle Seam 

Buchanan, Va. 

10.38 

1.18 

0.60 

31,685 
(13, 622) 

2.0 

744 

(1. 73) 

I..cM Sulfur West~ 

Prilooro Seam 

Las Animas, Co. 

24.81 

0.59 

0.30 

26,270 
(11,294) 

2.5 

2,230-2,910 

447 

(1. 04) 



'Ihis matrix indicates that the naturally occurring low sulfur coal 

from the western region is easily capable of rreeting all five emission 

levels en a long teJ:In average basis. Coupled with an F. o. B. mine price 

of $18.75/kkg ($17.00/ton) or $0.82/GJ ($0.78/10 6 BTU) makes it a prirre 

candidate for BSER for all three emission levels. Also as shown above, 

the low sulfur eastern coal is capable of neeting the noderate, the optional 

noderate, and the SIP emission levels as a naturally occurring coal. 

'lb.is fact plus its F.O.B. mine price of $24.25/kkg ($22.00/ton) or $0.99/GJ 

($0.94/10 6 BTU) makes it a prirre candidate for BSER at this emission level. 

Hcm;ver, the above analyses of naturally occurring low sulfur coals 

as possible B.SERs do not take into acoount transportation oosts of these 

ooals to the industrial ooiler site. It is only after calculation of 

transportation costs and transportation energy use from the coal supply 

area to a series of industrial remand amtroids that a true picture of 

perfollllaI1re and cost can be dete.nnined to judge the BSERs with respect 

to the naturally-occurring coals. 

3.2.2.2 Physical COal Cleaning Systems as a BSER--

A prirnal:y factor in the choire of the three representative ooals 

for perfonnanre and oost analysis, was that sooe washability data for 

each ooal was available at various size fractions. Based upon this 

washability data and a knowledge of equip'CEilt efficiency perfo:rmanre 

factors, a flow sheet or series of flow sheets can be developed to 

beneficiate each representative ooal. 

'lhe major design criteria used for the preparation of the flCM sheets 

for each ooal are sumnarized as follows: 

• Plant input in eadl case is 544 rretric tons per hour (600 

tons per hour) ; 

• Annual capacity throughput is 1. 8 million rretric tons 

(2. O million tons) based upon a 13 hour ope~ating day and 

250 operating days per year; 
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• In all cases, the plant is located at the mine nouth,and all 

:resourCEs such as ooal, water, power, etc. are assurred 

:readily available; 

• All proCEss equiprent used is connercially available and proven; 

• Actual equip:rent perfonnance partition factors have been 

used to adjust rCM ooal washabilities characteristic to 

perfonnanCE guaranteed specifications; and 

• I:Esign of emission oontrol facilities is based upon federal new 

source perfonnanCE :regulations - EPA standards for air and water 

quality, MESA :regulations for :refuse disposal-, and MESA/OSHA 

noise limitations. 'll1e BSER designs Cb not rontain di:rect 

themal dl:yers, because they a:re not neoessru:y to ~t custorrer 

specifications for clean CDal. 

Washability Cllaracteristics of G:>als selected 

Raw ooal washability data for the three representative roals selected 

are p:resented in Tables 3-13, 3-14, and 3-15. Each of these tables shows 

specific gravity float-sink characteristics of the :representative ooals 

acoording to specific size fractions. In the absenCE of any ad.di tional 

data, the flowsheet design is based upon the size fractions specified. 

Physical Cbal Cleaning Flow Sheet I:Esign 

'Ihe major objective for each design was to obtain maxinrum sulfur 

:rejection at an aCCEptable heating value recovery. In nost cases, the 

clean ooal product specifications ~re chosen to reflect the lCA\lest 

possible S02 per heating value unit emission level for each :rep:resentati ve 

roal. 

G:>al Pi2paration Flowsheet for the High Sulfur Eastem Coal 

'll1e first task to be perfonred in <Esigning a roal preparation flow-

sheet for this coal was to calculate the range of possible clean ooal 

properties for each size fraction given in the washabili ty tables. '!his 

is accxnplished by calculating clean CDal properties in tenl\S of ash, 
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Spec 
Gravity 

'-

Size Fraction: 

Float 1.30 

1.30 - 1.40 

1.40 -· l.50 

1.50 - 1.60 

1.60 - I.BO 

Sink 1.80 

Size Fraction: 

Float 1.30 

1.30 - 1.40 

1.40 - 1.50 

1.50 - 1.60 

1.60 - 1,80 

Sink 1.80 

Size Fraction: 

Float 1.30 

1.30 - 1.40 

1.40 - 1.50 

1.50 - 1.60 

1.60 - 1.80 

Sink 1.80 

TABLE 3-13. Raw Coal Washability Data for a High Sulfur E~tem Coal
Upper Freeport "E" Seam, Butler, Pennsylvania< 1 9) 

Characteristics for F.ach Size Fraction/Specific 
Gravity Elerrent (Dry Basis) 

Clmulative Iecove.ry 
(Dry Basis) 

l\sh Total 1\sh 'lbtal ~ight Btu/ Pyritic ~l9ht Btu/ Py.ritic 

' % lb 91lfur,% Sulfur,% % % lb Sulfur,% Sulfur,% 

2" x 3/9" (30.0%) 

38.2 3.4 14,589 0.44 0.85 39.2 3,4 14 ,599 0.44 0.85 
24.2 10.1 13,613 1.51 2,27 62.4 6,0 14,210 o.e5 1.40 
9.5 25.2 12,011 2.28 2,70 70.9 8.3 13,947 1.03 1.56 

4.0 30.7 10,566 2.95 3.70 74.9 9.5 13,766 1.13 1.67 
4.5 44.7 8,837 5.35 5.70 79.4 11.5 13,486 1.37 1. 90 

20.6 73.6 3,949 8.74 9.03 100.0 24.3 11,522 2.89 3.37 
3/8" x 28 rresh (55.0%) 

45.8 3.3 14,604 0.43 0.05 45.8 3.3 14 ,604 0.43 0.85 
19.2 10.5 13, 767 0.96 1.50 65.0 5.4 14,356 0.59 1.04 

4.5 21.l 12,050 1.84 2.20 69.5 6.4 14,005 0.67 1.12 

3.5 29.2 10,752 2.30 2.80 73.0 7.5 13,851 0.75 1.20 

3.1 44.0 8,852 3,63 3,90 76.1 9.0 13,649 0,86 1. 31 

23.9 72.B 3,887 B.71 10.35 100.0 24.3 11,414 2.74 3.47 

28 nesh x O (15,0%) 

46.3 3.0 14,649 0,32 0.74 46.3 3.0 14,649 0.32 0.74 
18.7 8.5 13,822 0.96 1.50 65.0 4.6 14,411 o.so 0.96 
7.0 16.0 12,080 1.57 2.22 72.0 5.7 14,184 0.61 1.08 
3.9 28.1 10,840 3.10 3,65 75.9 6.8 14,013 0.74 1.21 
3.5 35.1 7,977 3.76 4.10 79.4 9.1 13,747 0.87 1.34 

20.6 74.2 3,781 1.12 11.9 100.0 21. 7 11,694 .92 3.52 

* 2" = 50 nrn.1 3/8" = 9.5 nrn. 



TABLE 3-14. Raw COal Washability Data for Low Sulfur Eastem Coal 
Eagle Seam, Buchanan, Virginia (20} 

SPECIFIC GRl\VI'rl DRY n/ISIS -- -------··------
aJM. mo M'!RY 

___ (Flo~t,.L __ -··· 
ClJ•. Rl'!JECl' 

(Sink} 

% Wt. '!. /\sh % Sul. % Wt. % 1\sh % Sul. '/, WI:. % 1\Sh % Sul. 

1. ·io 
I. 35 
l. '10 
1. 45 
l.50 
l.60 
1. 70 

1. :m 
l. 35 
l.40 
1.'15 
l. 50 
1.60 
l. 70 

l. 10 
1. 15 
J.40 
I. 45 
l. 50 
l.60 
l. 70 

l. 30 
1. 35 
1. 40 
1. '15 
1.50 
1. 61) 

1. 70 

l.10 
1. ]"i 
1. 40 
1. 45 
). 50 
l.60 
1. 70 

J. JO 
). 35 
1.40 
l.45 
1.50 
1.60 
1. 70 

66.8 
8.7 
8. B 
3.7 
1. 3 
1.0 
0.5 
9.2 

70.] 
II. 5 
5.1 
3.8 
2.2 
2.1 
l.-, 
6.5 

54.4 
16.0 
7.1 
].8 
l. 5 
4.7 
2.3 
R.2 

* 5",,,125 mni 1/4"=6. 3 nm 

2.05 
4.75 
6.65 

12.74 
17.0R 
23.27 
31.94 
76.77 

1.96 
5.36 
7.63 

10.67 
111. 80 
21.41 
47. 56 
76.76 

2.32 
5.00 
9.41 

12.61 
14.90 
18.17 
26.34 
71. fl7 

0.69 
0.99 
0.84 
1.10 
1. 33 
2.45 
3.57 
3. (,3 

O.BR 
1. 39 
l.29 
1.17 
1.45 
l. 77 
3.09 
3. 61 

0. 79 
0.95 
l..24 
1.16 
I.OB 
1.1.l 
l. 41 
3.89 

66.B 
75.5 
84.3 
BB.O 
89.3 
90. 3 
90.8 

100.0 

70.l 
78.6 
R3.7 
87.5 
89. 7 
91.8 
93.5 

100.0 

54.4 
70.4 
77.5 
Bl. 3 
84.8 
89.5 
91.8 

100.0 

2.05 
2.36 
2.81 
3.23 
3.43 
3.65 
3.81 

10.53 

l. 96 
2.33 
2.65 
3.00 
3.28 
3. 70 
4.50 
9.20 

2.32 
2.93 
3.52 
3.95 
4.40 
5.12 
5.65 

11.0B 

0.69 
0.72 
o. 74 
0.75 
0.76 
0.78 
o.79 
1.06 

O.BB 
0.94 
0.96 
0.97 
0.98 
1.00 
1.03 
l.20 

0.79 
0.83 
0.86 
0.88 
0.89 
0.90 
0.91 
1.16 

100. 0 
33.2 
24.5 
15.7 
12.0 
10.7 

9.7 
9.2 

100.0 
29.9 
21. 4 
16. 3 
12.5 
10.3 
8.2 
6.5 

100.0 
45.6 
29.6 
22.5 
113. 7 
15.2 
10.5 
8.2 

10.53 
27.58 
35.69 
51.97 
64.06 
69. 77 
74.56 
76.77 

9.20 
26.16 
34.43 
42. 81 
52. 59 
60.66 
70.71 
76.76 

11.08 
21.54 
30.48 
37.13 
42.11 
48.38 
61.90 
71.87 

1.06 
1. 79 
2. 07 
2. 77 
3.28 
3.52 
3.63 
3.63 

l.20 
1. 96 
2.18 
2. 46 
2.as 
3.19 
3.50 
3. 61 

1.10 
1.59 
1.94 
2.16 
2.36 
2.60 
3.39 
3.89 



TABLE 3-14. Raw Coal Washability Data for I.av Sul.fur ~stem Coal -
Eagle Seam, Buchanan, Virginia (2 0) (continued) 

QM. RECXJVERY aJM. !EJECT 

SPECIFIC GRAVIT'i DR'i BMIS 
(Float) 

(Sink) 

Sink Float % Wt. % Ash i sut; % Wt. % Ash % Sul. % Wt. % Ash % Sul. 

60 Mesh x 100 ?-Esh = 2. 9% of Raw .IQ1 Crushed to 5 " 

1.30 46.6 3.02 0.79 46.6 3.02 o. 79 100.0 12.63 1. 26 
1.30 1.35 17.7 5.12 0.84 64.3 3.60 0.80 53.4 21.02 1.67 
1. JS 1.40 8.4 a. 69 1.0,5 72. 7 4.19 0.83 35.7 28.90 2.08 
1.40 1.45 4.5 12.44 1.14 77.2 4.67 0.85 27.3 35.12 2.40 
1.45 1. 50 3.8 15.03 1.08 81.0 5.15 0.86 22.8 39.60 2.65 
1.50 1.60 6.3 17.28 0.97 87.3 6.03 0.87 19.0 44.52 2.96 
1.60 1. 70 3.6 24.85 1.19 90.9 6.77 0.88 12.7 58.03 3.95 
1. 70 9.1 71.15 5.04 100.0 12.63 1.26 9•1 71.15 5.04 

VJ 100 M:!Sh x 0 == 4. 3 % of . Raw R)M Crushed to 5" l1l 
w 

1.30 4.0 2.93 0.83 4.0 2 .93 0.83 100.0 15.91 2.55 
1.30 1.35 22.4 4.98 0.90 26.4 4.67 0.90 96.0 16.45 2.63 
1. 35 1.40 20. 3 7.66 0.83 46.7 5.97 0.82 73.6 19.94 3.18 
1.40 1.45 11.4 11. 77 0.89 48.1 7.11 0. 83 53.3 24.62 4.08 
1.45 1.50 11.0 13.34 0.81 69.l 8.10 0.83 41.9 28.12 4.95 
1.50 l.60 14.7 17. 74 0.92 83.8 9.79 0.84 30.9 33.38 6.42 
1.60 1. 70 6.9 23.45 1.08 90.7 10.83 0.86 16.2 47.57 11.41 
1. 70 9.3 65.47 19.07 100.0 15.91 2.55 9.3 65.47 19.07 

* 1 1/2" == 37.S rrrn; 1/4" = 6.3 rrrn 



'D\BLE 3-15. Raw Coal Washability Data for Il:M Sulfur Westem Cbal -
Prinero Seam, Las .Animas, coloraoo (20) 

ctr-1. mCDVERt' ON. IEJECT 
SPECIFIC GRAVIT/ DRY BASIS (Float) (Sink) 
Sink Float % Wt. % Ash % Sul. % Wt. % Ash % Sul. % Wt. % 1\sh % Sul. 

1 1/2" x 1/4" = 85.91% of R:lw Coal 

1.30 27.81 6.11 0.66 27.81 1. 70 .18 100.00 26.04 • 64 
1. 30 1.35 16.75 12.19 o. 62 44.56 3. 74 .29 72.19 24.34 .45 
1.35 1.40 10.99 16.55 0. 63 55.55 5.56 • 36 55.44 22.30 • 35 
1.40 1.45 6.76 21.41 0.66 62. 31 7.10 .40 44.45 20.48 .28 
1.45 1.50 5.54 26.37 0.62 67.85 8.47 .44 37.69 19.03 .24 
1.50 1.60 7. 69 33.40 0.70 75.54 11.04 .49 32.15 . 17.57 .20 
1.60 . 1. 70 4.58 41.74 0.58 80.12 12.95 • 52 24.46 15.00 .15 
1. 70 19.88 65.85 0.61 100.00 26.04 .64 19.88 13.09 .12 

w 1/4" x 0 - 14.09% of Raw OJal 
U1 
~ 

1.30 55.46 4.93 0.66 55.46 2.73 .37 100. 00 17.31 .64 
1.30 1. 35 13.92 11.62 o. 62 69.38 4.35 .45 44.54 14.58 .27 
1.35 1.40 6.05 16.65 0.59 75.43 5.35 .49 30.62 12.96 .19 
1.40 1.45 3.70 21.42 0.57 79.13 6.15 .51 24.57 11.95 .15 
1.45 1. 50 2.33 26.41 0.57 81.46 6. 77 .52 20.87 11.16 .13 
1. 50 1.60 3.22 32.23 0.59 84.68 7.80 • 54 18. 54 10.54 .12 
1.60 1. 70 2.20 39.66 0.61 86.88 8.68 .55 15.32 9.51 110 
1. 70 13.12 65.80 0,64 100.00 p.31 • 64 13.12 8.63 .OB 



sulfur and B'1U for each specific gravity of separation at each size fraction 

using actual equipnent separation efficiency factors. These perfm::manre 

characteristics are then graphically displayed as Figures 3-lA through 3-2B. 

'Ihese graphs show the attainable levels of each size fraction ooal product 

in teI.Il'lS of sulfur, ash and heating value oontent as well as % weight 

reoovery, % energy oontent reoovery and anomt of sulfur pet" energy cx:ntent 

unit at various specific gravities of separation. These perfonnanre 
characteristics are all based upon the use of heavy nedia processes. 

Based upon the perfonnanre characteristics graphs d~scribed above, 

it was <Eci<Ed that a ~ product level 5 flCMSheet should be used to 

benef iciate this ooal to obtain an optimal tradeof f between S02 reduction 

and energy oontent reoovezy. Figure 3-3 shows a sinplified block style 

flow diagram of this a:mreptual flowsheet. 

'lhe flowsheet oonceptualized for this high sulfur eastem ooal uses 

a teavy rredia vessel to effectively separate the ooarse size ooa1 into a 

middling product stream and a refuse stream. The intenrediate sized 

material is routed to a dual stage heavy rredia cyclone circuit to produre 

a "<Eep cleaned" product from the first stage and a middling product from 

the secx:nd stage. '!he fine sized material is routed to a hydrocyclone 

circuit for cleaning and ooal moovezy. 'Ihe clean ooal product f::rom this 

circuit is blen&d with other products to fonn the middling product. 

'Ihe characteristics of the reM ooal and clean ooal products frorn this 

plant are oorrpared in Table 3-16 • 

'Ihe "<Eep cleaned" ooal product will rreet an S02 emission a:nt:rol level 

of 645 ng 002/J (1. 5 lbs 002/10 6 BTU) on a long term average basis. The 

equivalent S02 reduction was 74.2% based upon S02 emission per 

1.mit energy oontent. '!he total sulfur in the ooal is redured f::rom 3.40% to 

1. 08% which is a 6 8. 2% reduction. Also significant is the ash reduction 

which decreases from 23.4% in the reM ooal to 5.8% in the product, a 

reduction of 75.2%. 

'!he middling product will rreet an S02 emission cx:nt:rol level of 1,075 

ng S02/J (2. 5 lbs S02 /10 6 B'IU) on a long tenn average basis. The S02 
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TABLE 3-16. PERFORWCE SlM<lARY CF LEVEL 5 CDAL PREPARATION ON 
F.ASTERN HIGH SUll'UR CDAL FOR STF1!M FUEL PURPOSES 

Heatin] Value + 

% SUlfur, Pyritic + 

% SUlfur, Total + 

Ash%+ 

Avg. ~isture % 

nq SOz/101 B'lU 

26, 772 kJ/kq (ll,510 B'IU/lb) 

2.51 

3.45 

23.90 

5.0 

2,576 (5.99) 

Steam Fuel il (Deep Cleaned Stean F\lel #2 (Middlings) 

Product QJa1 Dcy As Rec'd 

Heating Value 33,555 kJ/kq 30 ,533 kJ/kg 
(14 ,426 B'IU/lb) (13,127 B'IU/lb.) 

% Sulfur (Pyritic 

Total 1.08 0.98 
Ash % 5.80 5.28 

M::listure % 

nq 502/lO 5 
• B'lU 643 643 

(lb 502/lO' B'IU) (l.50) . (l.50) 

Perfonrance 

% Wt. Aec:overy 

% Energy CCl'l.tent leccvexy 

% Sulfur ~ 

35.33 

43.42 

68.24 

75.21 % Ash Redtx:tion 

% 502/Ehergy Unit 
Coo tent 

Pe fuse 

Ash % + 

74.15 

64.92 

8.91 

Dry 

31,662 kJjkg 
(13, 612 B'IU/lb.) 

1.69 

11.31 

1,067 
(2.48) 

38.00 

44.06 

50.30 

51.67 

57.12 

% Sulfur (Total) + 

?.eating Value + 12,563 kJ/kg (5,401 B'IU/lb) 

+ Values are on a dry basis 
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As Rec'd 

28,847 kJ/kg 
(12,402 B'IU/lb.) 

1.54 

10.30 

1,067 
(2.48) 



reduction fran the raw roal is 57.1% based upon S02 emission per unit 

energy oontent. 'lhe sulfur reduction is 50. 3%, while the ash reduction 

is 51. 7%. 'Ibis product would make an excellent fuel for a SIP-oontrolled 

industrial or utility toiler. 

A mass balanced flawsheet for this two-product, level 5 plant is 

illustrated in Figure 3-4 • '!he input to the . plant is 544 netric tons/ 

hour (600 tons/hour) which is split into two streams at the raw coal 

screen. '!he cnarser sized na-terial is routed to the heavy nedia vessel 

at a rate of 163 netric tals/bour (180 tons/hour). '!his coarse sized coal 

is separated at a specific gravity 1. 65 into a clean ooal product of 

U4 netric tons/hour, ( 137 tons/hour) and a refuse stream of 39 netric tons/ 

hour, (43 tons/hour). 'Ihe clean ooal fran this ooarse circuit is the najor 

quantity of the middling product. 

'Ihe fine ooal stream from the rCM ooal screens is size.d into two 

fractions at the desli.ne screens. 'lhe fine size fraction 28 nesh x O is 

cleaned in a hydrocyclone circuit with the clean coal reporting to the 

middling product and the refuse going to a clarifier and disk filter for 

dewatering. '!he intelJ'Cediate-sized coal fraction 9.5 nm x 28 nesh 

(3/8" x 28 nesh) is fed to a heavy :rredia cyclone circuit for separation 

at a low gravity, 1.43, to produce the "deep cleaned" ooal product. '!he 

sink naterial from this circuit is re cleaned in a heavy nedi.a cyclone 

circuit at 1. 60 specific gravity to produce another portion of the middling 

product. 

The conceptual flawsheet described above represents the B.5ER for 

physical coal cleaning on the high sulfur eastern coal. 'Ibis oontrol 

tedmology has been denonstrated to be capable of rreeting a 645 ng 002/J 

(1.5 lbs S02 /10 6 BTU) emission oontrol level which is the intenrediate emissior 

limit. This ..3SER physical ooal cleaning oontrol teclmology is also 

capable of rreeting the rrc:><Erate emissions control level of 1,290 ng 002/J (3. 0 

lbs 002/10 6 BTU) for this coal. 
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Coal Preparaticn Flowsheet for the I.oN Sulfur Eastern Cbal 

A level 4 coal preparation flCMSheet was designed to beneficiate 

the lav sulfur eastern ooa1 to produce a product coal which will achieve 

a 516 ng S02 /J (1.2 lbs S02 /10 6 B'IU) emission ~trol level on a long te:rm average 

basis. '!be level 4 fla-.isheet was designed for this ooal, based upon 

perfonnance dlaracteristic curves calculated for two size fractions from 

the washability data presented in Table 3-14 in a preceding section. 

'!he perfomance dlaracteristics for two size fractions of the Eagle Seam 

lav sulfur eastem coal at various specific gravities of separation are 

shown en Figures 3-5 and 3-6. 

Based oo the perfonrance dlaracteristics shown on these figures, it 

was decided that the flavsheet for this ooal should include washing of 

three size fractions to obtain a clean coal product which achieves rraxi.mum 

S02 reduction at an acreptable energy reoovei:y. 

'Ihe ooarse coal fraction is beneficiated in a heavy nedia vessel at 

1.65 specific gravity to yield a coarse c:oal product with oonsiderably 

less ash, sate reduction in sulfur and enhanced energy content. '!be inter

m!diate size coal fraction is ben.eficiated in a heavy m!dia cyclone circuit 

at 1.5 specific gravity. 'Ibis produces a product with slightly higher sulfur 

content than the coarse coal product, but a lower ash content and enhanced 

energy a:ntent. 'Ihe fine size coal fraction is beneficiated in a hydro

cyclcne ci.rcui t to reduce ash and sulfur content, with an increase in 

product energy content. 'Ihe clean coal products from each circuit are 

canbined to produce a plant product which achie-ves maximum S02 :reduction 

with an acceptable energy recovery. 

A level 4 coal preparation flowsheet for the low sulfur eastern coal (Eagle 

Seam) is shown on Figure 3-7. Table 3-17 presents a perfonnance surrmary of the 

clean coal p:roduc t from this flowsheet. After crushing and .rennval of coarse 

:refuse, the raw coal is screened, sized and further crushed to produce bx:> 

size fractions, 5" x 1/4" (125 nm x 6. 3 nm} and 1/4" x O (6. 3 nm x O}. 
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TABLE 3-l 7. Perfo.cmance SUmw:y of Level 4 Coal Preparation on Reference 'Is:M 
Sulfur F.astem Cbal For Steam Fuel Purposes 

RAW a:lM. 

Heating Value'/' kJ/kg(B'IU/lb ) 
% Pyritic Sulfur* 
% Total Sulfur* 
% Ash* 
% M::>isture 
ng SOdJ (lb. SO:dl0 6BlU) 

PR)IlJCT am, 

Heating Value,* kJ/kg (B'lU/lb. l 
% Total Sulfur* 
% Ash* 
ng f?J:h/J (lb. &>z/l 'l6 BTU) 

% Wt. ~ecy 
% Enerqy Content ~ 
% Sulfur R:!ductim 
%Ash~on 
% ng SOz/J (lb. SOz/105 BTU) leduction 

* ~isture-Free 
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31,685 (13,622) 
0.60 
1.18 

10.38 
2.0 

744 (1. 73) 

33, 883 (14, 567) 
0.89 
4.13 

524 (l.22) 

84 
90 
25 
61) 

12,468 (29) 



'Ihe coarse fraction is conveyed to a heavy rredia vessel of specific gravity 

1. 65. After mnoval of the heavy rredia in drain and rinse screens, the 

sink product of the heavy rredia vessel is disposed of and the float product 

is crushed to a minus 3 .17 cm. (1 1/ 4" ) size, dewate:red in a centrifuge 

and conveyed to clean cna.l storage. 'Ihe fine r<M cna.l fraction is further 

fractionated with the introduction of water an desliming screens into a 

6.4 nm x 28 rresh (1/4" x 28 M) fraction and a 28 M x O fraction. 'Ihe 

larger fraction is beneficiated in a heavy rredia cyclone, with the sink 

going to :refuse storage and the float going to clean coal storage after 

dewatering in a centrifuge. As before, the heavy media is recovered 

:Eran both sink and float products on drain and rinse screens imrediately 

following separation in the cyclone. 

'Ihe fine product off the deslimi.ng screens goes to a conplex cirC\lit 

of sunps and cyclones for further beneficiation and dewatering. A hydro

cyclone is used to separate ul trafines from sonewhat larger size particles. 

Ultrafines flow to a clarifier and then to a disk filter for thickening 

and dewatering. '!he filter cake is disposed of as refuse. 'lhe beneficiated 

fines are carbined with previously cleaned coal products for blending and 

storage. 

coal Preparation FlCMSheet for the IDN Sulfur l'estem Cbal 
I 

Graphs of attainable clean cna.l characteristics as a function of 

specific gravity of separation we:re produced for two coal size fractions 

from the washability data given in Table 3-15; for the low sulfur western 

coal (Prinero Seam ) . These graphs a:re shown on Figures 3-8 and 3-9. 

Since the major weight fraction of the CX>al falls in the 3. 8 an x O. 63 an 

(1 1/2 inch x 1/4 inch) size fraction, it was decided that a level 2 

flawsheet should be designed for this coal type to maximize yield. In 

the level 2 flowsheet, the coarse ooal fraction is washed, while the fine 
' coal fraction is sinply blended into the product ooal. The combined clean 

ooal product from this plant is considerably la-Jer in ash than the raw ooal, 

with a oonesponding increase in heating valt:e. Havever the percentage of 

total sulfur in the product is slightly greater than in the rCM coal 

371 



90 

> 80 a: 
Ill 
> 
0 7'0 (,) 
Ill 
a: 

~ 
&O 

~ so 

., 
18 

11 

14 

12 

10 

8.0 

1.0 

SPECIFIC GRAVITY 

FIGURE 3-8a PERFORMANCE CHARACTERISTICS AT VARIOUS SPECIRC GRAVmES OF 
SEPARATION FOR A LOW SULFUR WESTERN COAL lPRIMERO SEAM! AT A SIZE 
FRACTION OF 1 112" X 114" 137.5 mm x 6.3 mml !DRY BASIS) 

372 



31.401 

30.238 

f 
29.075 

27.912 

> cc w 
> 90 
0 
CJ w 
cc 80 
I-z w 

70 I-z 
0 
CJ 60 > 
0 
cc w 56 z w 
'#. 

13.500 

13.000 
ai ... 
3 
I-
Ill 

12.500 

12.000 

224 .52 

~ 
219 ~ .51 I- I-

Ill Ill 

~ 
215 

'!, ... ... .so cc . a! 
~ ~ 
I&. I&. ... 211 ... . 49 
~ ~ 
ID ID 
Cll 

206 ai .48 c ... 
202 .47 

1.30 1.40 1.50 1.60 1.70 1.80 
SPECIFIC GRAVITY 

FIGURE 3-8b PERFORMANCE CHARACTERISTICS AT VARIOUS SPECIFIC GRAVmES OF 
SEPARATION FOR A LOW SULFUR WESTERN COAL IPRIMERO SEAM! AT A SIZE 
FRACTION OF 1 1/2" X 1/4" 137.5 mm x 6.3 mml [DRY BASIS) 

373 



90 

80 

70 

14.0 

12.0 

i 10.0 

'# 
8.0 

s.o 

1.0 

.5 

1.30 1.40 1.50 1.60 1.70 1.80 

SPECIRC GRAVITY 

RGURE 3-911 PERFORMANCE CHARACTERISTICS AT VARIOUS SPECIRC GRAvmes OF 
SEPARATION FOR A LOW SULFUR WESTERN COAL IPRIMERO SEAMI AT A SIZE 
FRACTION OF 1/4" X 28 MESH (6.3 mm x Z8 M) [DRY BASIS) 

374 



32.564 

~ 31.401 

30.238 

~ 
211 

i3 
206 ~ 

a: 
::I 
u.. 202 .... 
::I 
en 
Cll 198 c 

> 100 
a: 
"" > 
0 
CJ 

"' a: 
90 ... z 

"" ... 
z 
0 
CJ 
> so 
0 
cc 
"' z, 
"" ~ 

70 

14.000 

a:i .... 
3 13.500 ... 
Ill 

13.000 

::I .49 .... 
Ill 

~ .48 ... 
cc 
::I 
u.. .47 .... 
::I 
en 
a:i .46 .... 

1.30 1.40 1.50 1.60 1.70 1.80 
SPECIFIC GRAVITY 

·-------- ~--

FIGURE 3-9b PERFORMANCE CHARACTERISTICS AT VARIOUS SPECIFIC GRAVITIES OF 
SEPARATION FOR A LOW SULFUR WESTERN COAL (PRIMERO SEAM) AT A SIZE 
FRACTION OF 1/4" X 28 MESH (6.3 mm x 28 Ml [DRY BASIS] 

375 



reflecting a cnn09Iltration of the 01ganic sulfur in the product. '!he mass 

balanced flowsheet for this ooal is shown on Figure 3-10 • Table 3-18 

presents the perfonnance characteristics of the clean ooal product in 

cnnparison to the raw ooal. As can be readily seen f ran the oorrparison 

shown in this table, the reduction in ash is appreciable, 'While the 

reduction in SOi emission per unit heating valte is alnost negligible, i.e., 

only 1%. 

3.2.2.3 01.emical Cba1 Cleaning_Syst.em:; as a B.SER--

'Ihis section presents a a::mparison of technical results and preliminary 

oosts obtained from oonceptual application of three chemical ooal cleaning 

systems on the three representative ooals chosen for cnnparison in this 

ITAR. 'llle analysis and conclusions presented herein are based on process 

claims Ina<E by the process developers, research reports and other published 

infonnation. '1be results obtained a:re based upon best engineering judgnent 

fran oonceptual systems. 

Performance of Cltanical Cba1 Cleaning Systerrs on the High Sulfur 
Eastern Cbal 

'llle data presented in Table 3-19 reflects the best level of perforraanc:E 

that eadl of these candidate dlemical ooal cleaning processes (.Meyers, 

ERD.2\, Gravichern) can attain when applied to a high sulfur eastern coal. 

'lhe main d>jective in chemical coal cleaning is to reduce the emitted 

am:nmt of sulfur dioxide produced during coal canbustion. 'llle ERDA 

process rrost effectively acxnuplishes this task of S02 reduction from 

this particular ooal. Approximately 529 ng 002/J (1.23 lbs 002/10 6 B'IU} 

are released after inplenentation of the ERDl\ technology. 'Ihe Gravichern 

and Meyers processes perfonn in the sane range of emission levels as 

ERDA [580.5 ng 002/J (1.35 lbs 802/106 B'IU} and 636.4 ng 002/J {1.48 lbs 

SOi/106 B'IU}, re~ctively], but not as effectively. 

'1be serond nost inportant oonsideration in evaluating the perfonnance 

of these chemical cleaning processes is the usable heating value of the 

product ooal. Here the Gravichern process appears best, providing 30,466 

kJ/kg {13 ,098 B'IU/lb) of energy in the cleaned ooal product. 'Ihe ERDA and 
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TABIE 3-19 Perfomance Si..mnary of A Level 2 Flowsheet en the Westem row Sulfur 
Coal (Primera seam) 

Heating value~ kJ/kg (BTU/lb.) 
% Pyritic Sulfur* 
Total Sulfur %* 

Ash%* 
M:>istum % 
nq SJ2/J (lbs 502/106 BIU) 

PR'lC:OC'T CDAL 

Heating Value*, kJ/kg (B'IU/lb.) 
% Total Sulfur* 

Ash%* 
:ig SJdJ (lbs 502/10 6 B'IUJ 

% Wt. ~a::ivery 

% Energy OJntent Pe:Dvery 
% Sulfur Reductiai 
% Ash Reducti.on 
ng SOdl.06 (% lb. OOz/106 BIU) -~on 

Energy OJntent kJ/kg (BIU/lb.) * 
Ash %* 
% 'lbtal SUlfur* 

* ~-bisture Free 
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26 ,268 (ll ,293) 
.30 
.61 

24.Bl 
2.5 

447.2 (l.04) 

29,201 (12,554) 
.65 

16.5 
442.9 (l.03) 

82 
91.2 
6. 5 (increase) 

33.5 
430 Cl.OJ 

12,916 (5,553) 
62.63 

.46 



TABLE 3-19 Pocx:::ESS AND cosr PERfO™A..'D;: OF CANDIDl\TE O!EMICl\L COAL a.ETINING SYS'In1S 
FOR A HIGH SULnlR ~ ~ 

Product Coal F1:tJll Product Coal Fra:i PJ:Oduct Coal Fran 
Feed* MEYEPS PnCX:ESS Emil\. Process GMVICBEM Process 

J1t Qlal Yield, Metric TCXlS Per 7,250 6,532 6,532 5, 792 
Illy ('ltns/tlay) (B,000) (7 ,200) (7 ,200) (6 ,384) 

Pyritic SUlfur RenDval (%) -- 90 90 90 

I 
Clrgallic SUlfur Ie!xJval (%) I -- -- 25 --
· l'em!nt Net EneD;JY Content I -- 94 94 91 

Femmt tt!ight Yield -- 90 90 79.8 

tight \ SUlfur in Product 3.45 0.89 o.73 0.89 

llllatin:; Value kJ/kg (B'lU/lb. ) 26,772 29,507 28,507 31,126 (11,510) (12,256) (12,256) (13 ,382) 

13!1>2 (lb. SOz/10 1 B'IU} 2,576 623.4 511.6 571.8 --;- (5.99) (1.45) (1.19) n.3,, 
lDsta1led capital cost (~ -- 174.9 224.6 64.9 

. 
. Jamal Pto:lessing Eltcluding Coal -- 53.3 70.8 2] .6 
.Cmt {SfM) 

1aml Process~ Incl~ Coal -- 99.l llS.7 55.6 
oz ($ml 

$/Amiual ~c Ton ($ Amual - 24.73 32.85 14.92 
'bl) of Clean Coal, Exel~ (22.43) (29.80) (13,53) 

<ml Cost 
.. 

I 
I 

$/Annual Matric Ton ($/Annual i - 45.55 53.69 38.40 
'bl) of Clean Coal, Incluling I (41.31) (48.70) (34.83) 
CClll Cost+ 

S/li.lojoule (S/106 B'lU), -- 0.87 1.16 0.48 
Elcl.udmJ C.oal cost (0.92) (l.22) (0.51) 

$/Kilojoule ($/10 6 B'!Ul , -- 1.60 l.89 1.23 
Including C.oal cost + (1.69) (l.99) (1.30) 

*'lbe coal selected is an t'pper Freeport (''E' Coal) f:rcxn Butler County, Pemsylvania which contains 3.45 weight percent total 
sulfur, 2.51 weight percent P'{titic and 0. 94 weight percent organic sulfur en a dry basis, It is assured that this coal 
has a heating value of 26, 772 kJ/kg (ll ,510 B'IU/lb) • 

+ ~ Coal c.ost , s10. 74/kkg ;sn, oo/tonl . 
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~yers processes each can provide 27 ,903 kJ/kg (11,996 B'lU/lb) in the 

final product. cne ronsi<'Eration whidl is closely tied to the obtainable 

energy content (in tenrs of evaluating the total product heating rontent) is 

the net roal yield attainable with each cleaning technology. Both the 

~yers and ERDA p:rooesses have yields of 90 percent, while Gravichem will 

recover (by weight) 79.8 percent of the original raw feed. 

'llE final major source of performance variability anong the processes 

lies in the weight perCEnt of sulfur in the product roal. 'lbe weight 

pera:mtage of total sulfur in the product of roal cleaned by either the 

?weyers or Gravidlem process equals O. 89%. Greater sulfur IeroVal is 

acronplished by the ERM process, producing a O. 73 total sulfur per

centage. 'lhe :reasai ERDA has a lower percent figure is that it renoves 

both pyri tic and organic sulfur from the raw roal. ~yers and Gravichem 

p:rocesses only take out the pyritic sulfur. Carparison on a pyritic 

renoval basis shows that all three proresses rerrove 90 pera:mt. In 

addition, ERDA renoves 25 percent of the organic sulfur material f:ran the 

roal. 

'Ihe increased sulfur renoval and cleaning efficiency of the ERDA 

p:rocess results in increased cleaning costs. For both the capital and 

processing cost segnents of the total cost, the ERDA process has the 

highest of the three cleaning technoloqies. 'llle total (oretransoorta

tion) cost to a user including the cost of the UM coal is $1. 82/kJ 
6 -

($2. 03/10 B'IU). 'lhe sane cost fiqures for the Mevers and Gravichem 

processes are approximately 15 and 35 percent less, respecti.velv, 

than ERDA. 

'lb sumnarize, ERDA has the lCMeSt S02 emission level, the highest per 

kilo _jvu.u:: (per B'IU) rost and an intenrediate energy cnntent. '!he ~ers 

proress gives the highest S02 emission level and an interrcediate total 

rost and energy rontent. Gravichem cleaning :results in the lc::J\Est total 

rost, the highest energy content and an intenrediate S02 emission level. 
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Perfm:mmce of Cllemical Coal Cleaning Systems on a IDw Sulfur 
Eastern Coal 

'Ihe proress perfonnance and preliminary rost information for the 

candidate chemical roal cleaning proresses on a low sulfur eastern roal 

are sumnarized in Table 3-20 • Of the three proresses ~yers, ERDl\, and 

Gravic::hem the ERDA process extracts sulfur in both its inorganic and 

organic fonns, resulting in the l~st level of 802 emissions of the 

tlu:ee processes, 300 ng 802/J (0. 70 lbs S02/l0 6 BTU). H~ver, all of 

these processes produce a clean roal product having less than 387 ng S02/J 

(0.90 lbs S02/l0 6 BTU). 

Other irrportant ronsiderations of any roal cleaning processes are 

percent \eight yield and the energy a:::m.tent of the resulting roal. Of the 

three proresses, Gravichern attains the highest energy content; hc:Mever, it 

ranks l~st in the \eight percent yield. Each of the processes enhances 

the energy content of the rCM roal. 

'Ihe oosts of installing and operating chemical c:nal cleaning processes 

are significant. They are an irrportant factor in selection of which process 

is to be used. Preliminary rost figures for the three processes are also 

listed in Table 3- 2 0. 

'!he annual processing CX)Sts in Tab!...... 3-20 indicate the oost of 

processing the roal by the :respective processes. 'Ihe rost trend for the 

processing is highest for the ERDA process ($70. 8 million) and lCMest 

for Gravic::hern ( $21. 6 million) . 'Ihe processing and installation rosts are 

reflected in the annual oost of clean ooal per ton and also in the oost 

per million BTU. . ERDA is the nest eJq?ensi ve of the three processes while 

Gravichem is the least rostly. 

Perfonnance of Cllemical Coal Cleaning Systems on the I.ow Sulfur 
W=stem Coal 

'!he effects of c::hemi~al roal cleaning on a low sulfur western coal 

are derccnstrated in Table 3-21 • '!he three processes listed (I-layers, ERDA. 

and Gravic::hern) are the IIOst efficient and best developed of the chemical 

roal cleaning technologies. '!he values given for each are the best 

possible that system can achieve. 
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TABLE 3-20. PRX:ESS NlD CDST PERrol'WNCE OF CANDIDM.'E rnEJ.IICl\L CDAL ~ SYSTEMS 
roR UM SUllUR E1SlEm O'.Y>L 

Prodlct Coal Fl:all Product Coal Frail 
Feed* MEn:RS Process Ero!\. Pmcess 

Net Coal Yield, Mettic Tcrls Per 7,250 6,532 6,532 
Day ('l'als/Day) (8,000) (7,200) (7,200) 

Pyritic Sulfur ~ (\) -- 90 90 

Organic SUlfur Paicva.l (\) - - 25 

Percent Net niergy C.antent -- 94 94 

Percent W!i.ght Yield - 90 90 

Wright ' SUlfur In ~ Product 1.18 .64 .5 

Heating Vall.1e kJ/kg (B'IU/lb) 31,685 33,092 33,092 
(13,622) (14,227) (14,227) 

~~z (lb. OOt/106B'lU) 744.0 387.0 301 

-"J (1. 73) (0.90) (0. 701) 

Installed capital Cost (~) -- 174.8 224.6 

Annual ProcessiIJ] EKcl.udinq Coal - 53.3 70.B I 
Cost ($™) 

.1'mual Pmcessing Including - 129.B 147.4 
eoai eost <sm> 

S/11nnUa.l Yetric 'lbn ($ Annual -- 24.73 32.85 
Ten) of Cleiln Olal, Excluding (22.43) (29.80) 
Coal Cost 

$/Annual Metric Ten ($/Annual -- 60.25 68.40 
Ten) of Cleiln Coal, Incltxling (54.65) (62.04) 
Coal Cost+ 

$/Kilojoule ($/10°B'IU), -- • 75 1.00 
Exclu:iing Q)al Cost (. 79) (l.05) 

$/Kilojoule (S/lO'BW .. -- 1.82 2.07 
Inclu:li..ng Coal Cost + (l.92) (2.lB) 

Product coal Fran 
GPAVIrnEM Process 

5,792 
\ (6,384) 

90 

-
91 

79.8 

.64 

36 ,132 
(15,534) 

352.6 
(0.824) 

64.9 

21.6 

79.6 

14.92 
(13.53) 

54.98 
(49. 87) 

.41 
(.44) 

l.52 
(1. 61) 

* 'lb! coal selected is fran the Fagle Seam in Buchanan County, Vi:Iginia, whidl contains 1.18 weight pera!ll.t total sulfur, 
0.60 ....eight percent pyritic sulfur and 0.58 weight percent organic sulfur on a dry basis. It is assme:i this coal has 
a heating val~ Of 31, 685 kJ'/kq (13, 622 B'IU/lb) • 

+ Paw Coal Cost • $31. 97/kkg ($29. 00/tm). 
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'mBLE 3-21 PfCCESS MID ccsr PERroFMANCE OF CANDIDM'E CHEMICAL COAL~ SYS'ID1S 
FOR A !.DV SUllUR l~ COAL 

-------~=~~~~=~ ,_;• = I ~ ~ _;·- ~_.·_ ... _Prc_~-~-~-~-ran---+-~-YI-~-coal-P_ro_~_::"_s __ 
I 

- I flt"Qial Yield, Mettic Tais Per 7 ,250 i 6, 532 6 ,532 
l'lf ('!als/Oayl (B,000) ! (7,200) (7 ,200) 

90 

5,792 
(6 ,384) 

90 1fdtic SUlfur Paroval (%) 90 

::::z:~- ---+--- -- _______ , --·-- --- -;~----- ---l-- -----:; _____ .,._ ____ 9_1 ___ _ 

fl!D:mt teight y~~···-----r-,.·--~·~ :----·-~, -1 90 i 79.B 

~~-:-~·~:a:·-r- .... -----~~~--- i --- ·-· ~~~------··r-----:.·2-5-----r---0-.32-----
-~---Value-- ~~~~-~-'~_ L _ ~~;~. ~---_ i _-.--~,-h~7_:_:_3 6-7) ______ -_-_-_~l-.-.~~~~~-(-h_7-_:-;~~~-)---+---(h_9_:_~~-9-) ___ _ 

:,:· ;: ;;,, -- L - ~~:;,_ -~-- --- ~:~:;-- ----+-____ '.~'.'. -------~-'.-'.'-:'----
i ·- , ...... ,... ....... ~ .. -.. -... _- ... ~~- -~-+- ...... --.-.. ............. ..,...~,._. ................. __ , .. __ -""""" ... -~-~----··--~ - -.. ···--·-·-···-· ------ .......... ··- ........ 

lma1 Pmcessing Ch;t EJa::ludin4 -- l 53.3 70.B I 21.6 . 
a.lOlllt (sml I I 

I 
-~- ···- -- .... ·- ·~--- -· ... - .... _,_ __ 

.... ----- .;. ·-··- ... ~ .. ·----·····- ~-- ·--- ..... - ..... ~.-- ... ~~-~--- ,.._ ....... -
llmal Pmcessing Cost -- 99.5 117.0 56.6 
1DcblliD:J Ccal Cost ($f.!1) 

Mmm1 M!tric Ten ($ 1.mual -- 24.73 32.BS 14.92 
la) af Clean Coal, Excluding (22.43) (29.80) (13.53) 
a.1.0lllt 

$IJma1. M!tric Tcn ($/Annual -- 46.15 54.27 39.03 Ill)" of Clean Coal, Including (41.951 (~0 .~3) (35.49) Q:IJ.Ccat + 

r/Wojau1e { $/10' MU) , -- .90 1.19 .so 
~Ccal O:lst (.95) (1. 26) (.53) 

-~ ($/10 1B'1Vl, -- 1. 73 2.02 1.35 
~Coal OJst + (1.82) (2.13) (1.42) 

• 2be a>al. selected is fn::m the PrilTers Seam in Las Animas county, coloraoo which cnntains 0.59 weight percent total sulfur, 0.30 
Pflitic and 0.29 organic sulfur on a dry basis. It is assurred this coal has a heating value of 26,270 kJ/kg. 

t lliw Qial Cbst:, $19. 74/kkc:r ($17 .00/tai). 
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In tems of reducing the S02 emission level, the ERDA process is 

again the best, with an emissicn level of 180 ng f!J2/J (0.~2 lbs s62/l0°Bw) • 

ERDA is follaE<l in order by Gravidan at 210 ng 802/J - ( O. 49 ms-· 
S02/10 6 BTU) and ~yers at 232 ng S02/J (0.54 lbs S02/l0 6 B'IU). 'Ibe S02 

level of the- EIDA product is low because of the snall ~ight percentage 

J0.25) of sulfur in the clean roal. ERDA mrrows 90 percent of the 

pyritic rontents and 25 perCEnt of the organic material. Gravichern and 

~yers also mrcove 90 percent of the pyrites. 

'!he Gravichem qpera.tion pn.xiuoes a clean roal with the greatest 

energy rontent - 29,959 kJ/kg (12,880 B'IU/lb). The lesser anount of 

27,437 kJ/kg (11,796 B'IU/lb) is present in the products from the Meyers 

and ERDA processes. Conbining this infomation with the net roal yields 

(by weight percentage) from each p:roc:ess will give the total energy 

rea:>very of the p.rocessing. 'Ille highest coal yields of 90 percent result 

from using the ~yers and ERDA p:roc:esses. Gravichem' s net yield is 79. 8 

percent .. 'lhe increase in its energy cx:mtentis not enough to offset 

the low net yield; therefore, the Gravichan process does not yield the 

largest annmt of total energy. 

'lhe greater cleaning potential of the ERDA process results in higher 

total rosts in both the investm:mt and operating sectors. The installed 

capital rost of $224 .. 6 million and the annual rost of $119.6 million are 

the high.est for the three p.rocesses. The Meyers process rosts are 

$174. 8 million for capital and $102.1 million for annual processing, 

vmile Gravichem has cost figures for the sane respective areas at $64.9 

million and $58.6 million. Translating trese figures into cbllars per 

unit energy m.mbers still indicates ERDA as the nest eJ<peil.Sive cleaning 

process. Includ:'.ng the price of raJi/ a::>al, ERDA cost equals $2. O~kJ 

($2.13/10 6 B'IU). Meyers' and Gravichem's wst (including the rost of roal) 

equals $1. 73/kJ of product ($1.82/10 6 BTU) and $1.35/kJ of product ($1.42/10 6BTU), 

respectively. 'Ihese oost nurrbers reflect the magnitude of prices to the 

user before any transp::>rtation rost are added. 
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3. 2. 3 Sumnazy of Best System:; of Emission !eduction 

'Ihe "best systems of 802 emission reduction 11 (BSERs),which pennit 

cmpliance with three alternative 802 emission oontrol lewls, ai:e chosen 

based UfXJil perfonnance and oost with respect to the three reference ooals. 

· '!be matrix in Table 3-22 indicates the dnice of the best systems of 

emissicn reduction--chosen anong r~ ooals, altematiw levels of PCC, 

and alternative types of CCC-for the three candidate coals and the five 

emission limitations. 

'mBLE 3-22 BEST SYSTEM OF EMISSION REIXJCl'ION FOR THREE CANDIDATE 
CDALS AND FIVE ·S02 EMISSICN CXN!roL LEVEL.5 

S02 Emission ~Levels 

ng S02/J (lb 502/106 B'IU) 

<mt 1,290 (3.0) 1,075 (2. 5) 860 (2. 0) 645 (1.5) 

Righ-S Fastem PCC level 5 ~ level 5 ~ level 5 PCC Level 5 
Middlings Middlings "Deep Cleaned" "I::eep Cleaned" 

ia,,..s Fast.em Raw Coal Raw Coal Raw Cbal PCC level 4 

l.clf-S Westem Raw Cbal Raw Coal Raw Coal Raw Cbal 
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SECTICN 4.0 

<DST IMPACT 

4.1 BFST SYSTEM OF EMISSICN REDUCl'ICN - -<DST OVERVIEW 

This section discusses the basic cost elerrents associated with the 

three caitrol tedmologies considered in this ITAR: naturally-occurring, 

lcw sulfur coal, physical coal cleaning, and chemical coal cleaning. For 

each cost elerrent the bases and references upon which the cost was deter

mined are provided. Fran these cost elarents, the BSER cost at shipping 

point is calculated for each reference coa.l (i.e., high sulfur eastern 

coal, low sulfur eastem coal and low sulfur western coal). These costs 

fonn the basis of the costs to the industrial ooiler operator, presented in 

Secticn 4.2. 

As discussed in Section 1.1, the reference coals used in this cost 

analysis differ fran the reference coals provided to the ITAR contractors 

by PEOCo Environnental, Inc. The roal factors whidl produce cx:st differen

tials are primarily frel price, ash ex>nt.ent, and heating value. '!he high and 

low sulfur east.em ex>als are virtually the sane, and from the standpoint of 

ooiler Op;;!rator CX>Sts the difference be~ the two sets Of reference coals 

is insignificant. '!he frel prices used for the east.em ex>als are the sane 

as PEOO:> suggested (i.e., $18. 79/kkg for high sulfur eastern coal and $31. 97/kkg 

for low sulfur eastern roal) • Since the heating values of the eastern coals 

used in this IT.AR are similar to those of the specified coals, the annual 

raw coal fuel costs paid by the ooiler operator will be approximately the 

sanE for either set of reference eastern coa.ls. The sulfur ccotents are 

also relatively close (see Table 1-2). 

There is a rrore pronounced cost differential between the low sulfur 

~stern coals because this ITAR uses a ~stern bituminous coal, while 

PEIX:o presented a subbituminous coal. There are rrajor cost differences 

associated with using a \\estern bituminous coal mined in Colorado instead 

of a subbi tuminous coal fran Wyoming. The fuel price of the Colorado coal 
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is $19.25/kkg versus $7.15/kkg for the wyoming roal. Also, the ash rontents 

differ significantly with the Coloracb roal rontaining 24. 8 perrent ash and 

the Wyaning coal oontaining 5. 4 percent ash. The greater ash content will 

increase waste disposal costs by a factor of about 4. 'Ibis value is smaller 

than the ratio of ash contents because the greater heating value of the 

Coloracb coal :reduces the f\El requirerrents. 

'Ihe greater heating value of the bi turninous western coal should reduce 

the capital coal and the capital dlarges to the boiler operator as oonpared 

to buming a subbi tuminous coal. IElati ve to the boiler costs presented by 

PEDCo, the biturninous ooal should reduce capital charges by 10-U percent, 

but will increase fuel costs by a factor of 1. 85. 

4.1. l COst Elenents for I.ow Sulfur Coal Control System 

In this secticn we present.the costs associated with burning lo.v sulfur, 

untreated coal. Three basic cost ccmpanents are included: (1) fuel costs, 

(2) transportaticn costs, and (3) costs of bJrning the coal in specified 

boilers (with no post-canl:::usticn polluticn controls). 

The low sulfur supply coals are the six low sulfur coals described. in 

Section 3 (Table 3-4) • 

4 .1.1.1 Processing ~sts at Mine 1-b.lth--

A raw coal of marketable quality nust crnfonn to specific size charac

teristics and requirercents. Thus, the raw lo.v sulfur coal is nonnally 

crushed and screened prior to shiprent to the user site. The rrethcrl of 

screening and crushing depends on the hardness and rroisture ccntent of the 

nm-of-mine coal. HCME?Ver, size reduction, screening and the rejection of 

rocks, where applicable, represent a minirral effort in coal preparatirn 

practice. 

For this study, the spot market price for the low sulfur coal is defined 

as the breakeven cost plus profit for providing one ten of coal to the 

shiwing point. This ca.st includes all appropriate expenses such as mine 

develq:m:mt costs, labor and-equiµrent, appropriate insurance and taxes, 
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ro,yalties, profit, and a coal preparation cost equivalent to level 1 

cleaning cost. 

kny processing costs are added directly to the raw coal price since this 

study treats the mine and the coal preparaticn plant as an integrated 

operation under a carnon ownership. 

4.1.1.2 Ccnpliance of Selected I.ON Sulfur Coals with Alternative S02 
Emission Limitations-

This secticn examines the distribution of costs for burning low sulfur 

coal in carpliance with specified S02 emissicn limitaticns. The S02 emissions 

associated with the six reference low sulfur coals are presented in Table 

4-1. For Table 4-1, two bases are used: (1) a conservative basis in which 

no sulfur as S02 is retained by the bottan ash or sl~g in the boiler and 

(2) a nnre realistic l::asis in which sare sulfur is retained in the bottan 

ash (five percent for bituminous coals and fifteen percent for subbiturninous 

coals, in which alkaline ccnpcnents canbine with scrre of the sulfur). 

Table 4-2, based upcn the values in Table 4-1, indieates which of the 

supply coals ~uld be able to ccriply with a set of alternative emission 

limitatic:ns. This table shows that all of the selected low sulfur coals can 

neet the liroitaticn of 1,075 ng S02/J (2.5 lb S02 /106 BTU), which is assuned 

to be the average State Inplenentatirn. Plan (SIP) requirerrent for existing 

boilers. Olly one (the Las Anirras,- Colorado bituminous coal) can neet the 

nost stringent oontrol level of 516 ng S02/J (1. 2 lb ~/106 B'IU) • All of the 

coals except the Williston, North Dakota lignite can rreet the rrcderate 

oontrol level of 860 nq ':0-i_/J (2.0 lb SOi/106 BTU) if no sulfur retention in rlle 
boiler is assurrEd. The tv.o ~stern bituminous low sulfur coals rreet the 

intenrediate standard of 645 ng 502/J (1.5 lb S02 /10 6 BTU) with no sulfur 

retention credit; in contrast, the two subbituminous coals can only neet 

this intenrediate standard if credit for sulfur retention is taken. 

4 .1.1. 3 An"1ualized vs. I.evelized Costs--

~ following sections present oosts to the toiler operator for 

using lc:M sulfur coals in the form of annualized costs (the rrethcrl used by 

the EPA and its contractors). This section slx>ws the rreth:>d used to 

derive the annualized cost and provide the rationale for including a second 

type of cost - levelized cost. Appendix B descril:es the nt.merical 
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TABLE 4-1 

S02 Einissions fran Burning candidate 1oN Sulfur Coals 

Sulfur Emissions 
ng SO/J 

Heating Value (lb S02/l06 BTU) 

kJ/kg N::> Sulfur Partial Sulfur 
Coal Source 'fype B'llJ/lb % SUlfur Retention* 

Buchanan, Va B 31, 700 1.18 744 
{13,600) (1. 73} 

Williston, ND L 16,300 0.80 982 
(7, 000) (2.23) 

Gillette, Wy SB 19,SOO 0.70 707 
(8,500) (1.65) 

Ibck Springs, B 26,700 0.80 599 
Wy (11,500) (1.40) 

Ias Animas, B 26,300 0.60 449 
Co {11,200) (1. 05) 

Gallup, NM SB 23,300 0.80 689 
(10,000) (1. 60) 

Legend: B - bituminous; L - lignite; SB - subbituminous 

*Assuming IX> retention of sulfur in the J:oiler 
**Assuming some retention of sulfur enitted as S02 : 5% for 

bituminous coals, 15% for subbituminous coals arrl lignites. 
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Retention** 

705 
{1.64) 

839 
(1. 95) 

602 
(1.40) 

569 
(1. 33) 

427 
(1. 00) 

585 
(l.36} 



Coal Source 

Buchanan, Va 

Williston, ND 

Gillette, Vly 

R:x::k Springs, Vly 

ras Animas, co 

Gallup, NM 

TABLE 4-2 

IDw SUlfur Coals in Compliance with 
Selected SO 2 Emission Limitations* 

S0 2 Emission Control Levels nq_ SO,_/J (lb S02/1Q6 B'IU) 

516 (1.2) 645 (1.5) 860 (2.0) 1075 (2.5) 1290 (3.0} 

- - A/B A/B A/B 

- - B A/B A/B 

- B A/B A/B A/B 

- A/B A/B A/B A/B 

A/B A/B A/B A/B A/B 

- B A/B A/B A/B 

*The syml:x:>l A indicates carpliance when the value of SO 2 emissions does 
not account-for retention of sulfur emitted as S0 2 during combustion; 
B irrlicates canpliance with sulfur retention of 5% for bituminous coals and 
15% for subbituminous coals (see Table 4-1). 
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bases, conputational rrethod, and resultant levelized costs. The values 

presented as annualized costs are the sum of (1) the levelized capital costs 

and (2) the first-year operation and maintenance {O&M) costs. The difference 

be~ the two is that the capital costs are levelized over the ecc:nanic 

lifetime of the boiler, while the O&M costs are sirrply the cperating charges 

incurred during the initial year of operaticn. Therefore the capital costs 

reflect inflaticn and interest l::urdens over an extended pericd of tirce, 

whereas O&M costs do not. This provides an inherent advantage to tech

nologies that are operating cost intensive, since they are not penalized 

for inflated future costs. Ievelizing both types of cost, as is dooe in 

Appendix B, eliminates this inccnsistency. 

The fixed charge rates and other cost factors for detennining the 

annualized costs are listed in Table 4-3 for the four major types of 

industrial coal-burning boilers considered in this study. 

4.1.1.4 IJ::k.:I Sulfur Coal Costs--

The fuel costs are one carp:nent of the operating costs of burning coal 

in an industrial boiler: The yearly fuel costs are based upcn the spot 

narket prices, F .O.B. mine, in 1978 dollars (listed in Table 4-4) and an 

assurred capacity factor of 60 percent. The 1978 annual fuel costs to the 

boiler operator are. presented in Table 4-5~ 

4 .1.1. 5 Transi;x:>rtation Costs for IJ::k.:I Sulf,.r Coal Control Systems-

Transpartatioo costs for shipping the representative coals {described 

in Sectioo. 3 .1.1. 3) can be an irrportant elenent in the total cost of 

burning lav sulfur coals. It is assurred that high sulfur coal transporta

tion costs to the industrial boiler operator will result in primarily local 

denand. Presented in Tables 4-6 through 4-10 are the transportaticn 

costs of shipping the six representative lav sulfur coals to industrial 

boilers located at six demand amters. 'Ihe a:Bts are presented as both 

$/kkg and $/year. The tables represent :toilers with five input-fuel 

capacities - 8.8 ?-W, 22 J:JW, 44 J:JW, 58.6 J:JW, 117.2 Wl - eadl operating at 

a capacity factor of 60 peramt. 

In m:::>St cases, these transportaticn costs reflect nultiple-m:rle 

transi;x:>rt; e.g., rail and barge shiprent of coal fran Williston, North 
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"mm.E 4-3 

AsSlllrptions Used in the Financial 
Analysis of Low Sulfur Coal Cathlstion* 

Assutptian or Derived Factor/ 
Boiler Type 

Pac±aged Watertube Field Erected Watertube 

Investr.en.t Life 

Operating Cost 
Escalation Pate 

Discount Pate 

other Fi.Jmd Charges* 

Fi.Jmd Charge Rate 

• Underfeed Stoker • Spreader Stoker 

30 years 

7% 

10% 

4% 

14.61\ 

e Olain-Grade Stoker 
• Pulverized Coal 

45 years 

7% 

10% 

4% 

14.14% 

*Assunptioos specified by PEOCo in a neroranducl to Acurex/Aerothenn ( 1 5 ) 
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TABLE 4-4 

F.O.B. Mine Prices of Selected IDw-Sulfur COals 

F.O.B. Bid Prices - $ 1978* 

Tenn Sp:>t 
$/GJ $/GJ 

Supply Area ($/ton) ($/106 BIU) ($/ton) ($/10 6 BTU) 

!Dw Sulfur Fastern 22.00 0.99 29.00** 1.12** 
e.g., Buchanan, Va (0. 94) (1. C6) 

Gillette, Wy 6.25 0.40 8.00 0.52 
(0.38) (0.49) 

lbck Springs, Wf 14.50 0.73 15.00 0.75 
(0. 69) (0.71) 

·11· t Wi 1st.on, ND 7.00 0.46 7.00 0.46 
(0.44) (0.44) 

las Animas, Co 17.00 0.79 17.50 0.82 
{0.75) (0.78) 

Gallup, NM 13.75 0.73 15.00 0.74 
(0. 69) (0. 70) 

*Except where indicated otherwise, the prices are those cite::Lin COal 
~, May 29, 1978. --

**The value in dollars per ton is from Coal Qltlook, July 19, 1978. The 
value in dollars per energy unit is based ui;:on 32,100 kJ/kg (13,800 B'IU/lb). 

tEstinated. 
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TABIE 4-5 YEARLY FUEL COSTS (1978 $) AND FUEL INPtTl'S BY BOILER-TYPE CAPACI'lY t 

---- -------------------,..--- ---
[bller Capacity 

U'e<:od rate) 

--~'.~~~~--------

ll1J1h.u~11. VII 
Oow-~11 f~1r l:...ste111) 

ta~ A.11im.1B. UJ 

Hil llvti.111, N> 

1iUlt•tte,, \-rt 

lh:k St•dll'f!:i, W'I 

I i.11 J ttp, ~"' 

··--·-· --·-----·-------

8.8 ltW 

(JO ll 101 lnlJ/hrl 

$/'l'cor kl.q/Y'cnr 

IC>S,600 ':J,250 

121,400 6,2b0 

711, 740 10,200 

57,ROO 8,410 

99, JOO 6,210 

ll8,000 6, 350 

22 i't'I 

(75 x 10• rrn 

$ Y<!ar 

414,000 

JOJ,500 

19t';,ffi;c) 

14•,soo 

247,750 

297,000 

•/hd 

fl.ky/Y'CiV 

IJ, 150 

15,650 

25,500 

21 ,ODO 

15,500 

15,900 

44 llt 58. 6 Ill 

(150 )l 101 IJ'IU/hr) 1200 x 10• ll'IU/hrl 

Wern ~(_ '--· $/Year l<k• "'~-" 

828,000 26, lOO 1,109,000 15,200 

607,000 )), )()() 811,400 41,900 

J9J, "/()() 51,0l)O !:127,600 68, JOO 

2a~,ouo 42,000 187,JOO 56,Ulll 

495,500 11,00U 664,000 Cl,600 

594,000 11,uoo 796,000 41,500 

"I" Cbsts are rosed upoo (1) spot prices, F.O.B. mine, in $/GJ (see 'I'able 4-4) and 
(2) capacity factor equal to 0. 6. 

117.2 llt 

(4(MJ x IO" 111U/l"I 

$/YPAr kkg/Year --------------·. 
2,218,0UO "/0,400 

l ,f1:.!6,800 81,000 

1,055, 200 lJf.i,(100 

774 t(i,(NJ 112,WO 

J ,J26t000 83,200 

1,592,000 8~,000 

--
. -··-



Table 4-6. 
t 

TRllNsrom'A'l'IW CDSI'S: 6 UM SUI.FUR OOl\LS 'IO 6 DESI'll~TIOOS 
($,lkkg and $/year, based upon demand by an a.a K'l (30 x 101 MU/hr) 

Boiler qJerating at 60% capacity factor) 

Conl~n1<1KI Au•lln, 11. I l<wrl•borg, Pa. Columbo•, Oh. Onion fl<M'!J"• to. Sur.r<11net1lo, Co. S,.. 11191 lf'ltl, 11. 
Sl•'l•ly Crnlrr ..__,...--..,,, 

Crnlf'r $/kkg $/yMir $/kkg $/yC'<W $/kkg $/yf'Of $/kkg $/rni• $,.kk9 

llucho>0n, Vu. IS.21 00,100 )." "·'°° ti."1 21, 500 IZ. 7l 116,0llO l!J.SI 

I 01 Anlmn•, Co. ll.112 114,000 "·" IOI!, 500 12.11 7',600 11.00 75,100 15.00 

Wllll.ion1 HJ>. 11.10 181,ltOO 15.'1' IS0,000 12.!12 IJ0,800 15.11 15ti,OOO 11.78 

Glllf'll.,, Wy. 16.'17 ll0,500 .,.25 161,!IOO 16.5] 1)9,000 18.ll 15'1,000· 11.Zle 

llod< Springs, Wy. IS.21 '"·900 21.11 1'11,WU "·°' 118,600 10.87 111,2111) '·'° 
f;nllo.,.M.M. 12.05 16, 500 2J.1J 1511, 700 "·"' 12'1, 100 IUl'1 94,ZOO 10.96 

t The values of $/kkg ani based upan the follc:Ming estimated rates. 
(l ,2) 

Railroad, Multiple Rates: 1.41¢/kkg·Rm (2.5¢/txn-mile), <400 I<m 
0.68¢/kkg-l~ (1.2¢/tcn-mile) 1 >400 IW 

Water: O. 34¢/kkg-Rm (0.6¢/ta'Mnile) 

$/y-. $/kkg $/yf"fW 

155,'°'1 1.'" 17, 5'IO 

,, '700 0 .115 51, llOO 

IOl,'100 11.10 114,000 

1'15,000 1'1.'10 121, ICJO 

5!1,600 15.0S 91,500 

69,600 15.ro 99,100 

The oost in $/year is the product of $/kkg and the roa1 used in kkg/yr by an B.8 Ki boiler at 60 percent 
capacity factor (see Table 4-5). 
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Table 4-7. rmr.N.SroRTATION COOTS: 6 I.CM aJIFUR OJA.LS 'IO 6 DESTINATIONS 'I' 
($/kkq and $/year, based upon demand by an 22 l+1 {75 X 101B'lU/hr) 

Boiler operating at 60% capacity factor) 

I ;'<'.:::tl !:Jen'and 
supply (',enter ~a~ llustin, Tx. llarrisu .. u:g, Pa. Colurrbus, Oh. Baton R:xl<Je , La. Sacramento, ea. 
Center $/J.;kq $/year $/kkg $/year $/kk9 $/year 

Buchanan, Va. 15.27 200,500 3.16 41,500 4.47 59,000 

I.as llninias, Co. 13.42 210,000 16.69 261,000 12. 71 299,000 

Williston, N.D. 17.78 403,500 15.49 395,000 12.82 327 ,000 

Gillette, 1-fy. 16.47 346,000 19.25 405,000 16.53 347,500 

PDck Springs, uy. 15.27 237,000 23.13 359,000 19.09 296,500 

Gallup,N,M. 12.05 191,000 23. 73 376 ,500 19.64 312,000 

'Ihe values of $/kkq are based upon the following estilll:"lted rates. 

Pailroad, 1'\iltiple Fates: 1.41¢/kka-km (2. 5¢/ton-mile), <400 km 
0,68¢/kkCf-km (l,2¢/ton-mile), >400km 

Water: 0.34¢/kk9-km (0.6¢/ton-mile) 

$/kkg $/year $/kkg $/year 

12.73 167,000 29,51 390,000 

12.00 88,000 15.60 244,000 
I 
' 

385,000 17.78 
\ 

453,500 15.11 I 

I 
10.33 385,000 17.24 362,500 

18.87 293,000 9.60 149,000 

14.84 235,500 10.96 174,000 

Springfield, Ill. 

$/kkg ' $/year 

7.64 94,000 

8.45 132,000 

' 11.18 285,000 

14.40 
! 

303,000 

15.05 234' 000 

15.60 ! 298,000 

'!he cost in $/year is the produc:t: of $/kkg and the coal used in kk9jyr h-J an··44 Ml' boiler at 60 percent capacity factor (see '!able 4-5). 



Table 4-8. TRANSroRTATION CCSTS: 6 IJ:M SUI.FUR <DALS 'IO 6 DESTINATIONS 'I' 
($/kkg and $/year, based upon demand by an 44 ~(150 X 101BW/hrl 

Boiler operating at 60% capacity factor) 

!~ '\,._ Austin, 'IX. Harrisrurg, Pa. Colrnbus, cti. Baton Jbuge,la. Sacraioonto, Ca. 
Supply Center 
Center $/kkg $/year $/kkg $/year $/kkq $/year 

B.lchanan, Va. 15.27 401,000 3.16 83,000 4.47 117 ,500 

Las Animas, Co. 13.42 420,000 16.69 522,500 I 12.71 398,000 

I 
Williston, N.D. 17.78 907,000 15.49 790,000 I 12.82 654,000 

I 

Gillette, Wy. 16.47 692,500 19.25 809,500 16.53 695,000 

lbck Springs,Wy. 15.27 474,500 23.13 718,000 I 19.09 593,000 
: 

Gallup, N.M. 12.05 382,500 23.73 753,500 19.64 623,500 

t 1he values of $;kkg are based upoo the folla,.iing estimates rates. 

Railroad, Multiple Rates: 1. 41¢;1<kq"".an (2.5¢/ton-mile), <400 Jan 
0.68¢/kkg-lon (1.2¢/ton-mile), >400 km 

\<ater: O. 34¢,tkkg-Jan (0.6¢/ton-mile) 

$/kkq $/year $/kkg $/year 

12.73 334,000 29.51 779,500 

12.00 375,500 15.60 488,500 

15.11 770,000 17.78 907,000 

18.33 770,000 17.24 725,000 

18.87 586,000 9.60 298,000 

14.84 471,000 10.96 . 348,000 

Springfield, Ill, 

$/kkg $/year 

7.64 187,500 

8.45 264,500 
I 

11.18 570,000 

' 

I 14.40 

I 
605,500 

I 
i 

15.05 467,500 

15.60 495,500 

'Ille cost in $/year is the product of $/kkg and the coal used in kkc;:!/yr by an 44 ~1'1 boiler at 60 percent capacity factor (see Table 4-5). 

I 

I 
I 
I 
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Table 4-9. 'l'RANSPORTATIOO OOSTS: 6 LCM SULFUR COALS '10 6 DESTINATirnst 
($jkkg and $/year, based upon demand by an 58.6 Kol {200 x 10

1 
B'IU/hr) 

Boiler operating at 60% factor) 

---------- --·------- --- ~ --··--------~ - - --·-
m111I Austin, h. I l<irr Is h11rg, Pa. Col11111bu~, Oh. IJolon flougc, Ln. Socromcnto, Cu. Sprlngllcld, II. 
11cr --·----- --·- ---- -- _, ______ 

$/kkg $!yr.or ~--s,r;;.;· $/kk $tf<l<:g $fycmr $~g $/yeor $/kkgf $/year $/kkg $/ycor 
-- ------ ------~ ----- -----· -~--- ------

Vo. 15.27 5J1 ,:JOO J. 16 11."1 157,500 12. 71 l1f17 ,6fXJ 

··~--·----- ---- . ------- ------ ---1----·--

to~ Anlmc 1!\, Co. ll.4Z 562,000 16.69 100,200 IZ.71 SJJ,300 12.00 501,200 

-·----· 

wm1~1011, u.n. '1.16 I ,215,tiOO t 5. r,9 1,050,600 12.82 076 t'•OO IS.11 1,nJl ,noo 

----·- ----· --- -·---· -

Y· lii.t•7 920,000 19.25 1,0011 '700 16.51 9JI, JOO 10.33 1,011,000 

----·- -·--- ----- --- ----
llock Sprlr llJ~, Wy. 15.27 635,000 21.IJ %2, IOO 19.09 794,600 IR.87 705,200 

-----~- ·--- - -·- - ---
Gollup, U. M. 12.05 512,600 11. n 1,009, 700 19.6'• 035,500 111.BI• 6JI, 100 

- ------ ·----

'f- 'Ihe values of $/ kkg are based up;:m the following estimated rates. 

Railroad, Multiple Rates: 

Water: 

1.41¢/kkg-!·~ (2.5¢/ton-mile), <400 km 
0.68¢/kkg-km (1.2¢/ton-mile), >400 km 

0.34¢/kkg-km (0.6¢/ton-mile) 

--~---

2?.51 I , 0t1t1 , 500 7 .611 

--· -

15.60 6514,600 8.ltS 

n.1a I, 215,fiOO 1\. 18 

-
17.2'1 971,500 llt.40 

9.60 . 399,300 15.05 

10.96 •166,300 15.60 

'lhe cost :in $/year is the product of $/kkg and the coal used .in kkCJ/yr by an 58.6 MN toiler 
at 60 percent capacity factor (see Table 4-5). 

---

251 ,JOO 

---·--· 

lS't ,ttOO 

----
763,800 

-----
811,370 

626,500 

.... 

66'1,000 



T1\BIE 4-10. TMNSPORmTICN CDSTS: 6 UM 5ULfUR roAI..S TO 6 IESTINATIOOSt 

Coal 
suwly 
O!nter 

B 

remand 
O!nter 

anan, Va. 

Las 1\n1mas, Cb. 

Wilhs1on, N.D. 

G1-llette, W'j. 

($/lckg and $/year, based upcn OOmaid by a 117.2 Mi (400 x 106 Bro/hr) 
Boiler operating at 60% factor) 

lbck Springs, W'j 

Gallup, N.M. 

t 'lhe values of $/ kkg are based upon the following est:lmated rates. 

Pailroad, Multiple Rates: 1.41¢/kkg-Km (2.5¢/tcn-m.i.le), <400 l<l'n 
0.68¢/kkg-Km (1.2¢/ton-mi.le), >~00 l{rn 

Water: 0.34¢/kkcrJ{ln (0.6¢/ton-mile) 

'lhe oost in $/year is the product of $/kkg and the coal used in kkq/yr by an 117.2 ~boiler 
at 60 percent capacity factor (see Table 4-5). 



Dakota, to Baton Rouge, Louisiana. Rail transport oosts of bulk camodities 

like cool depend on a wide variety of factors. Such factors include origin 

service crnditions (unloading rrethcd and trackage necessary to reach the 

mine); line haul service conditions (rating, annual \\eight, train schedule, 

interchange facilities); and destinatic:n service ccnditions (unloading 

rrethod, trackage necessary to reach receiver). Given these factors, there 

are a mtltitude of rates that can apply to railroad shiprent of coal. 

The rates UIX>Il v..ihich the values in Tables 4-6 throo.gh 4-9 are ba.sed 

are: ccnventirnal railroo.d of 1.41¢/kkg-km (2.5¢/trn-mile) for rail distances 

less than 400 kilaneters, and 0.68¢/kkg-km (1.2¢/ton-mile) for rail distances 

greater than 400 kilareters; water rates of 0.34¢/kkg-krn (0.6¢/tan-rnile). (1,
2

) 

'lhese rates are based upcn a carposite of values, such as those represented 

in Figure 4-1. It should be emphasized that (1) large, industrial coal 

users probably coo.ld negotiate trainload or annual volUIIE rates 20 to 30 

percent la\\er than the rates used here and that (2) the transportaticn 

costs presented in Tables 4-6 throo.gh 4-9 are intended to illustrate only 

representative oosts. Specific costs· actually negotiated are situation 

dependent and could vary by ±25 percent. 

4.1.1.6 The Costs of Bum:i,ng IDtl Sulfur Coals in Representative Boilers--

Yearly oosts are based on two t~s of coal being burned ir the five 

representative boilers for mich transportation ex>sts ~re calculated. 

Based upon oost calculations by PEOCo ( 
3

) , the yearly oosts for buming ooal 

in the representative boilers are presented in Table 4-11. 'Ihose costs 

. are significantly higher fo.: buming subbiturninous ooal than for buming 

the low sulfur eastern bituminous ooal. 

Tables 4-12 through 4-16 present the annualized cnsts for each la.v 

sulfur ooal and reference boiler corrbination. Table 4-17 presents the 

nonnalized annualized cnsts for the low sulfur ooal-boiler cx::robustion. 'lh.e 

oosts to the j '1dustrial boiler operator for using a low sulfur ooal cb not 

differ by nore than 16 percent regardless of ooal type used. 'Ihese rosts 

are based upon the annualized rosts generated by PEOCo Envirorurental , Inc. , 

with the fl.El rost for using each roal providing the rost differentials. 'Ihe 

values in Table 4-12 cb not reflect differences in ex>al handling, ash 

handling and/or transportation. 
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1Nllf: 4-11. NffOll.IWi l\Hl'S FOO IUi SLIHJR UYllB IN '111t; S'flll«.ilRll llllllF.llS UI (1978 SI 
(f:XCJJl>fNC; Cl'M\L OWISI 

Package W..tertuba Flald-rn1C1:ea Fia1a-t;ractec1 na_ 
Hoterl-ul• Water tulle Watartube 

8,8"" 22,..., 44 IM 58.6 "' 

Fant cm l!autom &1aton• P.aa~..rn 

lD' sulfur Sult.it. hJ.il sulfur S1~ihlt. )CM aJlfur S11IJ>it. low a1lFur Sul-UI t. 

G ........ 
--·--· 

1 fllte<:t <bats 
(ll!fl9 fuull 

-
d 

161'1 lb•t..w 

r~1116t.al 
(l"v 

.. 11"" ft,1ell 

·----
o .. ,"J~• 

.. 11 • .,.1) 

zed L'osl J\t11t1a.:tli 
(CIC' ;lu1llnq fuul I 

_ _. _______ 
lJ6l• 

I 

---- -·- --·-··-·---

j~·rr c ... 1 
---···--·-

400,200 441, 700 660, lOO 

-
138,500 145,400 212,900 

538, 'IOU 587, IOU 873,200 

-
2.16,JOO 12),600 561,400 

·-· 
775,000 910, 700 1,4.1'1,C.OO 

- . 

165,600 57,llOO 414,000 

------- -·--·- ·----·-·-·-- - ·----------
940,600 %0,500 1,8!">0,fiOO 

-·-----· -------- ·-------- ---------·-

7J0,200 889,400 l,Oll,600 l,269, 700 l,486, 400 

224, JOO 297,900 320, 700 386,500 41~.lou 

954,500 l,1H7,JOO 11 134, JOO l .6S6,200 1.901,800 

745, 700 l,084,500 1.455;/uo I .~4 ,400 2,025,600 

l, 700,200 2,271,800 1, 790,UOO J,160,600 J,927,400 

144,500 828,000 2119,000 1,109.000 )87,JOO 

-------- -------- --· ----
l,OH, 700 1,099 ,ROO J,019,000 4, 269,600 4, l14;/00 

------ -------- ----------- - ------~- ~~-·----~ 

~ .... ..-.....ctoo 
Natertlh! 
117.2 llf 

Eaamm 
low eulfur fi•lillt. 

-~ -- -------
2,221,100 2,591 ,too 

65'1, lOO 697,200 

--
2,878,200 3,288, 000 

-·-----------·--. ---
2, 792, 500 3, 758,200 

--------
5,670, 700 7,047,000 

--· ---·-- ·--·- --·-· . -·- .. 

2,218,000 774,600 

--------- -- ---- --
7,A88, 700 1,RJ.l ,f•OO 

--·-----··-·--· --·-· 
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TABU:: 4-12. CX>S'l'S FOR OPERATING 8.8 lfi (30 x 106BW/hr) roAL FIRED BOILERS USIOO UM SULFUR a:w.st 

SYS'll'M .. IMPJICr 

S'r.ANDARD BOILERS 'l'lt'PE 1tlD LEVEL OF lY't.P1'Dm 

IEVEL wrrnm ttlIOI % INCmASE IN 
l.Hiff.l'IO.UD (ll;TS 'lUmL l\tNJl\LIZF..D 

llEAT INPUT EMISSI~ FAIL $/Mfl * <DS'lS OVER 
CilAL 'l'YPt' 1+1(10 BIU/hr) TYPE CilAL SOOKE IYJ 002/J (lb 002/101B'lU)"' ( $/10' B'l\J) Jml:RE:t«E CXVILS 

8. 8 (30) Packaged Budlanan, Va. Bitllldnous 860 (2.0) $20. 34 ($S. 96) (1. 79) 
Watertube 

Las Animas, co. Bituninous 516 (1.2) ~19, JB ($S. 68) cs. 88) 
Underfeed 
Boiler lbck Springs, Wy. Bittninou.s 645 (L 5) $18.90($5.54) (B.21) 

Willistoo, N.D. Lignite 1,075 (2.5) $21. 39 ($6. 27) (1.2!1) 

Gillette, Wy. Sub-bituminous 860 (2.0) $20.94($6.14) (0, BS) 

Gallup, N.M • Sub-bitlJllinOl,lS 860 (2.0) $22.26($6.52) (S.40) 

t 'Ihe costs are found by adding the 1978 fuel costs in Table 4-S to the yearly miler costs exclu:ling fuel costs in Table 4-11. 

a '!he western bituminous coals are assl.lllE!d to te burned in milers CXJnStructed to bum an average between eastern !CM-sulfur coal and 
western sub-bitllllinous coal: the sub-bituminous ooal and lignite are asst.med to be bumed in boilers constructed to bum 
"sub-bituminous coal" (see Table 4-11). · 

'lhese are the llDSt stringent of five S02 levels ~ich the un1XJ11txolled 002 emissions fran each ooal can neet. '1he levels am 
516, 645, 860, 1,075 and 1,290 (ng 002/Jl. No retentiai of sulfur is assured in the miler. 

fl ' f (I) Cbsts re ect changes lll uel oost and energy oontent of the fuel. No cost oorrectiais have been made to PEOCb Envirawmtal 
values for additimal coal handling, ash handling or transportatiai to the miler. 

** Jeferenoe coals - Subbituninous ooal and lignite are CDtpaZed with sul:bituninous (PEIJO:>) 1 Buchanan, Va. is cnrpared with east.em 
high sulfur coal. 
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TJ\Bl.E 4-13. CDb"TS roR OPERATING 22 (Iii (75 x lO&BW/hr) rnAL FIRED 0011..ERS WING UM SULFUR CDALS t 

SY .l:M 
·----~-

IMP/Cl' 
b~l'l\NDJ\IID 0011.ams TYPE AND LEVEL CF rr...Pl'lnr ---

LEVEL Wl'n1IN \'tllat \ INCm.l\SE IN 
l.BXNfRJLUD OE'l'S IDrAL Alff.Jl\l,IZED 

llEJ\'I' INPl.1l' EMISSIONS FALL $/lffl COSTS~ • Ml'I ( 10 D'l\l/hr) 'l"iPE CDl\L sa.na cnAL 'l"fl>if n;J SO./.t"'(lb 002fl068'1tl)"' ($/106 B'IU) lmERENCE C1W.S --
22 

t 

---· 

(75) Field Buchanan, Va. Bituminous 860 (2.0) $16.00($4.69) (2. 32) 
Erectt..>d 

Las Animas , Cb. Bituminous 516 (1.2) $15.0!)($4.41) (6. 00) Watertube 
Boiler lbd<. Springs, Wy. Bituminous 1,075 (2.5) $14.57($4.27) (8.9?) 

Willistoo, N.D. Lignite 860 (2.0) $16. 41($4.81) (1.671 

Gillette, Wy. Sub-bituminous 645 (l.5) $15. 95 ($4. 67) (l.18) 

Gallup, N.M. Sub-bitumi.nous 860 (2.0) $17.27($5.06) (7.00) 

'JI.a costs are found by adding the 1978 fuel rosts in Table 4-5 to the yearly boiler oosts exclu:Jing fuel oosts in Table 4-11. 

'lhe ~stem bitlmrl.nous ooals are assl.lled to be burned in boilers constructed to bum an average beb.een eastem low-sulfur roal and 
\>\!stem sub-bitmtlnous roal; the sub-bitt.ninous ooal and lignite are assumd to be bw:ned in boilers .oonstructed to bun 
"sub-bituninous =al" (see Table 4-11). 

'lh:!se rue the nost stri119e11t of five 002 levels W'lich the ~cx:ntrolled 002 emissions ftan each ooal cm neat. 'lhe levels are 
516, 645, 860, 1,075 and 1,290 (ng OOl/J). No retention of sulfur is assl.llEd in ~ boiler. 

. ( 1) 
Cbsts reflect dlanges in fuel oost and ene1:9Y cx:ntent of the fi.el. No oost oorrecti<nS have been .made U> PFJJCo Envircnnental 
vallcl:i for adUtiooal roal handling, ash handling or trans(X>rtatico to the boiler. 

lbferenoe ooals - Subbituminous and lignite are conpa:red with subbit\Jllinous (See 8. 8 K'i sheet) 

** 
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TABLE 4-14. O::STS FOR OPERATING 44 MW (150 x 106B'1U/hr) CXW.. FIRED OOILERS US!~ UJiii SULFUR aw.st 

SYS'ID1 IMPJ\C'f 

STANDARD OOIIERS TYPE AND IEVEL OF ITill1Tlrlr 

IEVEL Wl'IHIN WllIOl \ INCIEl\SE IN 
utnNl'RLI.m cmTS 'IUfAL JltHJALIZED 

llE/\T INPln' 
<DAL 'lYPEa 

EMISSIOOS FALL $/Mt! • cmTS OVER 
t+J(lO BID/hr) TYPE CXlAL SOORrn ng S02/J°"(lb S02/l06B'ltJ)m ($/lO'B'IU) imEIUO crws 

t 

0 

* 

•• 

44 (150) Field Buchanan, Va. Bi tun.inous 860 (2. 0) $13.40 ($3. 93) (2. 76) 
Erected Las Animas, Cb. Bituminous 516 (1.2) $12.45($3.65) (6. 39) Watertube 
Boiler ItJck Springs, , ~. Bituminous 1,075 (2. 5) $11.97($3.51) (10.0) 

Williston, N.O. Lignite 860 (2.0) $13.77($4.03) (2.0) 

Gillette, ~. Sub-bitun.inous 645 (1.5) $13.31($3.90) (1.41) 

Gallup, N.M. Sub-bituminous 860 (2.0) $14.63($4.29) (8. 37) 

'lhe oosts are folUld by adding the 1978 fuel costs in Table 4-5 to the yearly ooiler oosts excluding fuel c:osts in Table 4-11. 

'lbe ~stem bituminous ooals are assll'IBd to be bu.med in boilers o:ll'IStructed to bum an average bebieen eastem low-sulfur c:oal and 
~stem sub-bitwdnous =al; the sub-bitlmlinous ooal and lignite are asswed to be burned in t:X>ilers oonstructed to turn 
"sub-bituminous ooal" (see Table 4-11) • 

'lhese are the nDBt stringent of five S02 levels which the una::ntrolled so.a endssians fran eadl ooal e<n neet. 'lhe levels am 
516, 645, 860, 1,075 and 1,290 (ng 002/J), No xetentian of sulfur is assmm in the miler. 

(S) 
Cbsts reflect manges in fuel oost and energy oontent of the fuel. No oost oorrectioos have been made to PI:DQ:) Enviramental 
values for aif.liticnal:ooal handling, ash handling or transportation to the t:X>iler. 

lkferenoo ooals - Sul::bituminous and lignite are =npared with slbbituninous (See 8.8 Mi sheet) • 
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TABLE 4-15. CDS'l'S FOR OPERATING 58.6 ~'1'1 (200 K 106B'lU/hr) roM. FIRED OOILER5 USU-D UM SULflJR OOALSt 

SYS'n!M lMPlCI' 

STl\NDARD OOILER'> TYPE llND LEVEL OF • -
IBVEL WI'llllN NUCli . \ INCWJ\SE IN 
tHllfl'IDLLID CDSTS 'lOl'AL .NffJALIZED 

1 IE1\T JNPlff EMISSIOOS FALL $/M'tl • OJS'J'S O\/ER 
r-1\'(10 O'ru/hrl 'l'YPE O:W. SOOKE CllAL T'iPEO .-ig 002/J°'(lb 00z/l01BIU)"' ($/lO'B'lU) imEHHE CDT\LS 

58. 6 1200} Field Buchanan, Va, Bi tuidnous 860 (2.0) $13. 86 ($4. 06) (2.53) 
Erected 

Las Ari iJras. Co. Bit\Jl\inous 516 (1.2) $12. 90 ($3. 18) (6. 52) Water '1\be 
Doiler RxX Springs, Wy. Bituminous 645 (1. 5) $12 .41 ($3.64 (10.07) 

Williston, N.D. Lignite 1,075 (2.5) $14.46($4.24) (1.97) 

Gillette, Wy. Sub-bltlllrlnous 860 (2.0) $14.01($4.10) (1.20) 

Gallup, N.M. S\.D-bi tumi.nous 860 (2.0} $15.33(:?4.49) (8. ll) 

t 'ltle costs are found by adding Uie 1978 fuel oosts in Table 4-5 to the yearly boiler oosts exclu:lin9 fuel rosts 1n Table 4-ll. 

o 'IDe west.em bituni.noua wals are usured to be burned in tioilers ocnstructed to bum an average teboeen eastezn low-sulfur CDal and 
west.cm sub-bit1111inous ooah the sub-bittninous coal and lignite am assi.med to ):,e Wmed in lx>ilers <DIBl:rocted to b.un 
"sulr-bl tl¥Jlinous coal" (see 'l'able 4-11) • 

·n~se are the llDSt stringent of five so2 levels whidi the 1.11oontrolled 002 emissions fJXlll each ooal can neet. 'Ihe leveJ.s aw 
516, 645, 860, 1,075 and 1,290 Cng OOz/J). No .rel:entioo of sulfur is a.ssi.med in the lx>iler. 

( 3 J 
Cbsti> reflect d1ange1> in fuel a:>st and enexgy rontent of the fuel. tlJ aJBt wrrectioos have been made to PEDOo Dlvironmmtal 
valws for adUtional ooal handling, ash handling or transportation to the lx>iler, 

u ,&,for<.!n~ ooals - Subbituminous and lignite am ronpared with sul:bituminous (see 8. 8 m sheet). 

•• 



'11\BIE 4-16. CDSTS 1'UR OPERATING 117.2 1+1(400 x 1061m.J/hr) aw.. FIRIID OOILP~ USitl'.l I.t:tl SULFUR aw,.st 

SYSl»t lMl'fCJ' -
S'l'l\tlWlD OOILEHS 'J'YPE mo JEVEL OF ~UUL 

LEVEL WI'111IN WllIOI ' I NL'IEl\SF. lN 
/\UZEIJ l.Hilll'RJI.Ll'J) CUJ'IS '!Ul'l'IL .11.tflll 

I U\l\'l' INlVJ' EMISSICl-15 Fl\IL $/Kf1 
* 

CDS'l'S <NEH 
""1(10 ll'IU/hr) 'lYl'E aw, SUJRCE CD/\L TYPEO ng SChl.:l"'(lb 002/lO'mul''' ($/106 B'IU) mrnrMKE (J)l\IS 

58.6 (200) field Buchanan, Va. Bitmrlnous 860 (2.0) $12.81($3. 75) (2.66) 
Erected 

Las Animas, Co. Bituminous 516 (1.2) $11.85($3.47) (6, 25) Water 'l\iJe 
Boiler lbdt Springs, wy. Bi tllllinoUS 645 (1. 51 $11. 36 ($3. 33) (10.12.) 

Williston, N.D. I.ignite 1,075 (2.5) SIP $13.15 ($3. 85) (2.18) 

Gillette, wy. Sub-bitinino~ 860 (2.0) $12. 70($3. 72) (1. 32) 

Gallup, N.M. Sub-bitu, inous 860 (2.0) $14.02($4.11) (8.94) 

t 'the costs am fomd by a:Jding Uva 1978 fuel rosts in '!'able 4-5 to the yearly boiler CDBts exclud.ing fuel ooats in Table 4-11. 

a 'Jtva \EStem bit\llllnoua ooals am assmed t:o be bumed in boilers oonstruct:ed lo bum an 1111erage be~ eaatam low-sulfur cval and 
\>Cat.em sub-bitllllinous ooal1 the sulrbittaninous ooal and lignite are ll&Slllad to l,JB bumed in bollem oonatructed to rum 
"sub-bitwtioous ooal • (see Table 4-111. 

•• 

'lliese are the nosl stringent of fiw 002 levels which the moontrolled S02 emissions from each a:>al can met. 'ltie levels are 
516, 645, 860, 1,075 and 1,290 (ng OOz/.J). No retention of sulfur is aasllled in Uie boiler. 

( 3) 
Cbsts reflect d1aoges in fuel oost and energy oontent of the fuel. No oost oormcticns have been made to PUlCb D1virorvmntal 
valLDs for additiooal cnal handling, ash handling or transportation to the boiler. 

Ieferunoo ooale - Subbituminous roal and lignite are oonpared with sulbitlllli.nous (PEDCo) 1 Buchanan, Va. is oonpared with eastern 
low sulfur a:ial; Las Anirias, Cb, and Rock Springs, wyo. axe oonpared with eruitem hi<ti sulfur ooal. 

** 
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TAIU..E 4-17. 

Stanrlard 
Boilers 

Bud1anan, 
(~1-l(t]) Va. 

8.B $ 20, 34 

22 16.00 

44 13.40 

51:1.G 13. 86 

117.2 12. 81 

Cc.rrqlliance ng SOz/J 744 
Liini ts 

(lb/lob B'll.Jl 11. 73) 

NORMl\LIZED WST ($/?ffl) roR .J.!Jd SULFUR roALS 

Source and $/M'lh for 
low Sulfur coal Typest 

Williston, Gillette, Rock Springs, 
N.D. 

$ 21. )~l 

16.41 

13. 77 

14.46 

13.15 

987 

(2.23) 

Wjo. 

$ 20.94 

15.95 

13.31 

14.01 

12.70 

798 

(l.65) 

wyo. 

$ 18.90 

14.57 

11.97 

12.41 

11. 36 

507 

(1.18) 

Las l\nimas, 
Cb. 

$ 19.38 

15.05 

12.45 

12.90 

11. 85 

449 

(1.04) 

·1 Above costs reflect chwlges in fuel cost and energy c~tent of the fuel. No cost 
correctioos have been made to the PEOCo Envircnrental 3 values for additiooal 
coal hancHing, ash handling or transportatirn to the boiler. 

Gallq:i, 

~ 

$ 22.26 

17.27 

14.63 

15.33 

14.02 

689 

(1.60). 



4.1.2 Cbsts for BSER Cbal Cleaning Facilities 

Cbst estimates have been prepared for the best phsycial coal cleaning 

system:; to beneficiate the t\oJo representative eastern coals selected as the 

basis for this study. 'llle refe:rence low sulfur v.estem coal does not require 

. cleaning to neet S02 emission control levels studied in this ITAR so no 

cleaning plant cost estimates are presented. 'Ihe characteristics of the 

bx> eastern coals are presented in Table 4-18. 

A sumnai:y of "Best" Systems of Emission !Eduction Cbsts for each roal 

is presented in Tables 4-19 and 4-20. 'Ihese B.5ERs are level 5 (process 

levels as defined in Section 2. 0) for high sulfur eastern a:>al and level 4 

for lCM sulfur eastern coal. An exarrple of the detailed installed capital 

costs is given in Section 4.2. Appendix E presents the detailed capital 

and cperating rosts for each BSER. 'Ihese rosts used ai:e based on material 

balances and heating valte yields developed from available washability data 

and partition curves on. the :refe:rence coals. '!he plants am assmred to 

operate 3, 333 hours per year. ( 4 > 

4.1.2.1 capital Costs--

'Ihe capital a:>st of a:>al cleaning plants is composed of direct and 

indirect rosts. Direct costs include the cost of equipill3Ilt and auxiliaries 

and the laror and material Ieqlli:red to install the equiprrent. Installation 

costs includ=: piping, ducting, electrical, erection, building structures, 

instrurrentation, insulation, painting, site developnent, cxnstruction of 

accEss mads and railroad facilities for incoming and outgoing cars, and 

loading and tmloading facilities for rCM materials and by-product wastes. 

Costs for oontrol x:oans, administration building, maintenance shops and 

st:ockn::x:ms a:re also a part of the direct costs. Indi.I:ect rosts are costs 

that cannot be attributed to a specific piece of equipnent, but are necessary 

for the entire system. 

cost estimates are based on conceptual flow sheets presented in 

Section 3.2.2. Both plants naninally process 1.8 x 106 rretric tons (2.0 x 

106 tons) of roal annually. '!hey are located at the mine nouth, and the 

product coal is loaded into rail.road cars for shiprcEilt to the consmrer. 

Product transport equiprrent is not included in the cost estimates. 
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TABLE 4-18. CW\RACimISTICS CF '.mE REFERENCE HIGH 
SJIFUR EASTERN C~ AW WW SJLEUR PASTERN 

CDAL 

Cbal 'lyPe: 

Seam: 

Cbunty, State: 

IWi <DAL ANALYSIS 

Ash, % t 

Totals, %t 

Pyritic S, %t 

Heating Valte kJ/kg 

r-t>isture Cbntent 

ng 002/J 

• (lb S02/106 BTU) 

High Sulfur Eastem 

t:Jwer Freeport ( 'E' 
ooal) * 

Butler, Pa. 

23.90 

3.45 

2.51 
(B'IU/lb) t 26, 772 (11,510) 

5.0 

2,576 

(5. 99) 

* \ersar reference ooals 

t Dey Basis 

412 

I.ow Sulfur Eastem 

Eagle* 

Buchanan, Va. 

10.38 

1.18 

0.60 

3l,685 {13,622) 

2.0 
744 

U.73) 



TABLE 4-19. SUMMARY OF CLEANnt; COSTS FOR HIGH 
SULFUR ecru:. (BSER-Ievel 5 > 

Basis: 1.87 x 106 netric tons (2.0 x 106 tons) per year of 26,772 kJ/kg 

(11,510 B'IU/lb) ooal feed 

3,333 hours per year operation 

Capital arortized over 20 years @ 10% intemst 

Grass nx>ts plant installation 

73.3% v.eight yield, 87.5% heating value :recovery 

Installed capital Cost: 

Annual Operating Costs 
an Clean Coal Basis: 

$18,123,000 

$6,350,200 processing oost excluding ooal cost 

$40,350,200 including ooal oost 

$4 .• 78/netric ton ($4.33/tOn), exclucling coal rost t 

?30.27 /metric t:On ($27.52/ton), including coal cost t 

$0.149/10 6 kJ ($0.158/10 6 BTU), excluding ooal cost t 

$0. 934/10 6 kJ ($0. 988/106 B'lU), including coal cost t 

t Values are an average for the two product streams 
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'mBLE 4-20. ~OF CLFAN.J:N; COOTS FOR UlV SJIFUR EASTERN CmL (BSER-I.evel 4) 

Basis: 1. 87 x 106 metric tons (2. 0 x 106 tons) per year of 
31,685 kJ/kg (13,622 BTU/lb) coal feed 

3,333 hours per year q>eration 

capital. anortized over 20 years @ 10% interest 

Grass roots plant installation 

83.8% weight yield, 89.6% heating value rerovery 

Installed capital Cost: $15,975,000 

Annual ~rating Costs 
on Clean Cbal Basis: $5,258,900 prooess:ing cost excluding coal cost 

$63,258,900 including ex>al cost 

$3. 4q/metric ton ($3.14/ton), excluding ooal rost 

$41. 60 /netric ton ($37. 75 /ton) , :including coal oost 

$0.102/101> kJ ($0.108/10 6 B'IU), excluding ooal oost 

$1.23/10 6 kJ ($1. 30/106 B'lU), including ooa1 oost 
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'Ihe cost estimates are based on informa.tion obtained from vendors as 

~11 as extrapolation from Versar in-house informa.tion. (S,6,7,B,9,10) 

Based on available data, installed capital costs ,for the preparation plants 

~re estimated at 2. 35 tirces the preparation plant equiµrent cost. 'Ibis 

estimate assurres the following capital cost distributions for the prepara
tion plant. (11 ) 

Plant Fquipnent 
Building structures 
Piping 
Electrical 
E:rectiai 

Peramt 
42.5 
25.2 
5.1 

11.6 
15.5 

100% 

In:lirect capital Q)sts 

In:lirect costs are tmse not attrih.lted to specific pieces of equi:E!fEI1t. 

Items included and their values are as follCMS: 

Irxlirect•Costs 

Ehgineering 

Construction and 
Field expenses 

Contractor fee 

Start-up 

Contingency 

Working capital 

Land Cost 

Values (12) 

10% of direct oosts 

10% of direct costs 

10% of direct costs 

2% of direct oosts 
20% of total direct and indirect costs 

25% of operating and rraintenance costs 
including costs of utilities, chemicals, 
operating labor, maintenance and repairs 
and disposal costs 

'I'he cost of the land i:equired for equiprrent is also a direct: oost. 

Land costs vary considerably from location to location. For these estirrates 
. ( 1 3) 

land is assurred to be $2 , 400 per acre. 
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Pricing levels 

Estimates are based on June 30, 1978 prioo and wag:! levels. :t:-b 

allCManoo has been ma.de for futur:e escalation. 

4 .1. 2. 2 Annual Operating Costs-

'Ihe ccal p:rooossing costs incltrle all variable operating, maintenance, 

and associated overhead costs for operating the coal preparation facilities. 
In additicn to these costs, fixed charges ccnsisting of capital arrortizaticn, 

taxes, insurances and interest on :00~ capital are also included. 

~rating and Maintenance Labor and Supervision 

~rating personnel costs are estinated based on b...o shifts per day 

of operation totalling 3, 333 hours per year and a third shift per day 
. (14) 

for maintenanoo. 

'Ihe cost of direct labor and maintenance labor is taken as $23, 700. 

per year. (!>erating wage for supervisory personnel is assumed at $30,600 
per year. 'Ihese wages reflect mid-1978 wage levels. (is) Direct operating, 

supervisory and maintenanoo crew size for each level of ooal beneficiation 

is based on available published infonnation and actual data gathered from 
. • ts to al cl . 1 ts Ope . . . f. d .s= 11 ( I 6 

) visi co eaning p an • rating manpo\.;er is speci ie as .LO ows : 

Direct Lal:x:>r Supervisory Lalx>r Maintenance 
Coal Man/Day Man/Dav Man/Day 

Cleaning level IV 18 3 10 

Cleaning level III 10 3 6 

'!he increased cxnplexi.ty and arrount of equipnent in the level 5 plant over 

a level 4 plant causes tre increase in direct labor and maintenance require

rrents. 

·Maintenance, Supplies and·Feplace:rrent Material 

The equiprent in a coal preparaticn plant is replaced on a frequent 

basis l:ecause it is subject to ccnsiderable wear. For these estirra.tes the 

rost of replacerrent equiprrent, including maintenance supplies, is taken as 

7 percent of the total turnkey rosts of each plant. ( 1 7
) 
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Utilities and Chemicals 

'Ihe annual oosts for utilities and chemicals are based on: 

power @ $. 0072 mJ ($0. 0258/kwhf 
18

) 

water@ $0.04/1,000 1 ($0.15/lrOOO gal) <
19

> 

magnetite@ $71.7/rretric ton ($65/ton) <
20

> 

floccul.ant@ $4.40/kg ($2/lb) <
21

> 

Cbnsunption of magnetite is based on a rate of a. 376 kg/kkg (O. 75 lb/ 

ton) of oourse ooal feed and 0. 752 kg/kkg (1.5 lb/ton) of fine ooal feed. <
22> 

Flocculant oonsunptian is based on 2 mg/liter of liquid in the flocculated 
stream. 

Refuse Dis{X)Sal Cost 

'llle oost for refuse disposal was assurred to be $1.1 per rretric ton 

($1.0/ton). (2 3} 

OVerhead Costs 

OVerhead oosts are business expenses not directly chargeable to a 

particular pro<Ess mrit but allocated to it. Overhead costs are usually 

presented as payroll overllead and plant overllead. Payroll overhead includes 

enployee l::enefi ts, recreation and public relations. The plant overhead 

includes administrative, all local staff support, and plant rcanagenent 

fimctians such as purchasing, scheduling, acootmting of finance, safety 

d _,;i.:cal . al d . thi 1 . <
24

> an u~ services. v, ues use in s ana ysis are: 

payroll overhead = 30 percent of total laror rost 

plant overl:lead = 26 percent of laror, maintenance and supplies, 
and chemical oosts 

Cleaning Plant Capital Charges 

Capital related charges include annualized capital costs, taxes, 

insurance and general and administrative costs. 
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Cleaning Plant Capital Fquiprent Arrortizatic:n 

It is assUTed that :regardless of tax and depreciation oonsiderations, 

a plant operator would probably finance and arrortize a coal preparation 

plant by rreans of an equal-payrrent, self-liquida1:1.ng loan. If the loan 

is payable with equal installnents, the arrount doo per period per cbllar 

of loan as a ftmction of the loan period and the interest rate is given 

by 

R = i {l + i)n 

(1 + i)n - 1 

where: 

R == capital r:eoove:cy per period per d:>llar invested 

i == interest rate per period expressed as a decimal 

n = mmber of periods in the anortization schedule. 

The factor R nultiplied. by the anortizable cost will yield the per

pericxl fixed. cost covering interest and pr:incipal. 

For p.rrposes of this exercise a life expectancy of 20 years for coal 

cleanmg plants and an interest rate of 10 percent ~e assurred. 

Cleaning Plant Taxes, Insurance and General and .Administrative Costs 

Prcperty truces and insurance vary ccnsiderably in different parts of 

the coon try. For this study, taxes, .insurance and general and adminis

trative ccsts were taken as 4 percent of depreciable investm2nt. (
2

s) 

4.1.2.3 Conparative Coal Costs to User Utilizing Cleaned and Run-of-Mine 
coal fran the Sane Mine--

Table 4-21 presents a surrma:cy of oosts for the Rt.m-of-Mine 

coal and the sane coal beneficiated at the BSER level. Included in this 

carparison 1.s the effect of coal quality, preparation yield, pulverizaticn, 

and ash disposal at the user plant. 
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TABLE 4-21. O)MPARATIVE CO\.L COST 'ID USER UTILIZIN; 
RUN-OF-MINE ecru, AND OOAL BENEFICIATED 
AT BSER LEVEL. 

High Sulfur Eastern* Low Sul.fur Eastern 

IDM OJal BSER level lU-1 OJal BSER Level 

value at shipping 

$/netric ton ($/ton) 
$/106 kJ ($/10 6B'IU) 

18. 74(17.00) 36.38(33.00) 31.97(29.00) 41.68(37.89) 
0.70(0.74) 1.19(1.26) 1.01(1.06) 1.23(1.30) 

Value as fired (including 
grinding cos ts) 

$/netric ton ($/ton) 
$/106 kJ ($/10 6 BTU) 

18.95(17.20) 36.49(33.10) 32.19(29.20) 41.90(38.09) 
O. 72 (O. 75) 1.19 (1.. 26) 1. 02 (1.07) 1.24 (1.31) 

'lbtal fuel cost at user 
plant (including ash 
disposal at $40/tcn) 

$/netric ton ($/ton) 
$/106 kJ ($/10 6 B'IU) 

29.44(26.70) 42.63(38.66) 36.65(33.24) 43.76(39.78) 
1.10(1.16) 1.27(1.34) 1.16(1.22) 1.30(1.37) 

Coal Data 

Yield, wt % 

kJ/kg (B'IU/lb) 
(Dxy Basis) 

Deep 
ROM Cleaned 
Coal Prcrluct 

100 35.3 

26, 772 33,555 
(11,510) (14,426) 

Ash coo.tent, % 23.90 5.28 

· ~ur content, % 3.45 0.98 

ng of S02/J 2,576 645 
.. (lb of S02/l06 B'IU) (5. 99) (1. 5) 

Mid
dlings 

38.0 

31,662 
(13,612) 

10.30 

1.54 

1,075 
(2.5) 

· * Cost for Deep Cleaned Coal Prcrluct only 

(Refer to table 4-39 for cost developm2I1t) 
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RCM Coal 

100 

31,684 
(13,622} 

10.38 

1.18 

744 
(1. 73) 

Cleaned 
Prcrluct 

83.8 

33,882 
(14,567} 

4.13 

0.89 

525 
(1.22) 



Cost of Raw Coal Required per Ton of Clean Coal 

For the purpose of this study the spot market pric:e to the beneficia

tian plant of the three raw coals under study are taken as:(
26

) 

High sulfur eastern 

ICM sulfur eastem 

LcM sulfur v.estem 

$18.79/rretric .ton ($17/ton) 

$31.97/rretric ton ($29/tan) 

$19.34/netric ton ($17.50/tcn) 

Since the clean coal yield is less than 100 percent of the raw coal 

feed, it takes nore than 1 ten of raw coal to provide for l ton of clean 

cool. 

Grinding Costs 

'llle grirrling of c:x:>al for 70% minus 200 rresh pulverized firing requires 

energy. Hardness is expressed as Hargrove Grindability Index (HGI). A 

55 HGI coal uses 31 m.J,lnetric ton (7. 9 kwh/ton) , a 100 HG! uses 18 mJ/rretric 

tan ( 4. 4 kwh/tan) , a llO HG! uses 16 mJ/IIEtric ten ( 4 kwh/ton) • ( 
2 7

) For 

these estinates ~r was dlarged at 7 .17 mills per mJ (25. 8 mills/kwh) • <
2 8

) 

Estimated HGr before and after beneficiation and the ~r consumption 

vallES for each coal are given relow. 

KM Cbal Eeneficiated Coal 
MJ /rcetric ton UJ/rretric ton 

Coal 'fype HG! {kwh/ton) HG! (kwh/ton) 

High Sulfur Eastem 55 31 (7.9) 110 16 (4) 

ICM Sulfur Eastern 60 30 (7.6) 60 30 (7.6) 

Ash Disposal at the User Site 

'Ihe value of ash disposal at the user site was taken as $44.10/rretric 

ton ($40/tcn). <
2 9

) 

Analysis of Cbal COSt to User 

In Table 4-21 the cost differential to the user retween the b:meficiated 

and the rCM coal in terns of $/rretric ton are $13 .19 and $ 7. 36 for the high 

sulfur eastern (deep cleaned product) and the lCM sulfur eastern coal, 

respectively. 'lhese costs expressed in tenns of $/10 6 kJ are 0.17 and 

0.14 , respectively. 

420 



Additionally, Table 4-21 indicates high S02 emission levels for the 

nm-of-mine roals as oonpared to the clean ooal. 'Ihe best physical coal 

cleaning system for the high sulfur eastern ooal produCEs two product 

streams, a deep cleaned product which oould be in oorrpliance with a control 

level of 645 ng SOi/J (1. 5 lbs ~/106 B'IU) and a middlinq stream which \\r.uld 

be in conpliance with a control level of 1,075 ng ~/J (2.5 lbs SGi/106 B'IU). 

Beneficiation of the lc::M sulfur eastern ooal at the B.SER level produres a 

single stream with slightly higher sulfur level than that required to meet 

a cxntrol level of 516 ng SOz/J (1. 2 lbs S°'i/106 B'IU) , assuming no sulfur 
retention. 

4.1.3 Cost of Cllemical Cbal Cleaning Processes 

'Ihis section presents oost infonnation on the three candidate chemical 

CDa.l cleaning BSERs presented in Section 3. 3. 'Ihe first tWJ proresses, 

the ~yers and the Gravidlern (physical ooal cleaning plus ~yers) are 

capable of reducing only a portion of the pyri tic sulfur in the feed coal, 

while the third process, the ERDA. process, is capable of reducing both 

pyri tic and organic sulfur. As stated in Section 3. 3, dlemical coal 

cleaning processes are still in the developrrent stage and will not be 

available a:mrercially for 10 years. 

'!he proress rosts are based on preliminary ronceptual processing 

scherres. '!be process operating conditions, the process chemistry, the levels 
of renoval of pyritic and organic sulfurs, the heating value, and the yield 

recovery infoma.ticn are based on evaluaticn of the individual developer's 

claims. Where cost info:anation was supplied by a developer, these costs 

were utilized, to the extent possible, as the basis of the cost informaticn 

in this report. HCMeVer, the costs were m::x:lif ied to allow the evaluation 

of the various processes on a camon basis. 

The cost estimates presented for the 1'Eyers and the ERDA processes 

are based an a plant which processes 270 rretric tens (300 tons) per day high 

sulfur eastern coal en a 24-hour per day and 330 days per year basis (8,000 

tons/day, three train plant) . The basis for the Gravichem process is a 96 
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netric ten (106 tons) per oour :rvEyers process unit (a single train plant) 

operating on a 24-hour a day and 330 days per year basis. The physical 

ccal cleaning sectim of the plant processes 558 netric tons (615.4 tons} 

per lDur of raw coal (8,000 trns/day) cperating 13 hours per day and 250 days 

r;:er year. The third shift is set aside for scheduled plant m:iintenance. 

Total Direct capital Costs 

Total direct capital costs for the Meyers· and ERDA processes ~ 

extracted fran "Teclmical and F.cananic Evaluatioo. of Chanical Coal Cleaning 

Processes for Reductic:n of Sulfur in Coal" issued in January 1978. ( 3 o) 

These costs ~ adjusted to June 30, 1978 bases by using appropriate plant 

cost indices. The direct capital cost for the physical coal cleaning 

portion of the Gravichem plant was extracted fran the "Meyers Process 

I:Evelcprent far Chemical Desulfurizaticn of Coal" report. C31
> This cost 

was adjusted to reflect June 30, 1978 prices by using appropriate indices 

arrl was then adjusted to the desired pla.."1.t capacity using a. scale factor 

of 0.7. (
32) . 

'!he cost of the land used in these estimates is the sam: as that used 

for developing costs of the i;ilysical coal cleaning plants • 

. . Indirect Capital COst 

Itens inclOOed in indirect costs and their values are the sane as those 

~ for the physical coal cleaning plants._ 

Annual O{::erating Costs-

Q?erating ~, energy and utilities requirements for the chanical 

coal cleaajng plants "Mere extracted fran the Versar chemical coal cleaning 

rep:>rt. (
33

} 'lhe operating and rraintenance personnel wages and the cost bases for 

utilities and chemicals are the sane as discussed in physical coal cleaning. 

'lhe costs for steam and other chanicals used only in chemical coal cleaning 

process estin~:ces are listed belc:M: 

600 psig steam@ $4.83/1,000 lb. (31!} 

Lirre @ $35/netric ton ($32/ton) ( 3 5
) 

Lignin sulfonate binder @ $0. 06/lb. ( 
3 6

) 
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Maintenance supplies and material for all chemical coal cleaninq cases 

were taken as 5 :r;:ercent of the total turnkey costs based on a lower expected 

maintenance requirement than physical coal cleaning plants. (
37

) 'rhe cost for 

the disposal of by-products generated by the chemical coal cleaning plants 

was extracted frcm the Versar chemical coal cleaning report. ( 
3 8

) 

'rh.e cost bases for overhead, capital charges and raw coal costs are 

presented in the physical coal cleaning discussion. 

Chemical Coal Cleaning Costs 

Capital and annual operating costs for each chemical coal cleaning process 

based on the three reference coals are presented in Tables 4-22 through 4-24. 

'!he results indicate that the cost of cleaning high sulfur coal and low is 

$24.73, $32.85 and $14.92 per rretric ton (excluding the raw ooal cost) for the 

Mayers, ERDA, and Gravichem (physical coal cleaning plus Meyers process) , 

processes, respectively. Note that the cleaning costs are independent of 

the sulfur content of the coal. 

4.2 CCN.l'ROL CCSTS TO USER 

Control oosts are the increm:ntal costs that the boiler operator would 

pay in order to rreet the emission limits. 'Ihese costs include the increased 

cost of the cleaned coal, but lower costs associated with particulate 

collection and ash disIX>sal. 

Control costs here will exclude the cost of fuel transportation to the 

user, although in reality, the least cost BSER for a given standard would 

be chosen by the toiler operator with transportation costs included. For 

_exanple, to rreet the noderate control level of 860 ng SG.2/J (2. 0 lb SG.2/106 

BTU) , the industrial boiler operator has the choice (within the control 

. technologies described in this ITAR) of using a physically cleaned high sulfur 

eastern coal, a low sulfur eastern coal, or a low sulfur western coal. 

~dent upon the location of the industrial boiler, the least cost BSER 

_could be any of the th".:'ee choices. Since location is unspecified, the control 

costs for the BSER will include a presentation of each BSER exclusive of 

traI1SfOrtation costs. 
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TABLE 4-22. CLFANING CDSTS FOR CANDIDATE CHEMICAL CDAL 
CLEANING SYS'IEMS ON HIGH SULFUR EAS'IERN CDAL. 

Product Coal Fi:an Product Coal Fran 
Feed* MEYEPS PJlO:ESS ERIP. Proa!ss 

Net Coal Yield, Metric TaJS Per 7,250 6,532 6,532 
Day {Tcxis/Iay) (8,000) (7 ,200) (7 ,200) 

Percent Net Energy Content -- 94 94 

Percent WU,ght Yield -- 90 90 

~ght % &1lfur in PI:txb::t 3.40 0.89 o. 73 

Heating Value kJ/kg (B'lU/lb.) 26,772 28,507 28,507 
(11,510) (12,256) (12,256) I 

' 

ng SOz (lb 502/'106 B'IU) 2,576 623.4 5ll.6 
J (5.99) (1.45) (1.19) 

Installed capital cost C$MU -- 163.6 224.6 

Annual Processing Exchxling Coal -- 53.3 70.8 
Cost{~ 

.Annual Processing Incl\ldi.n; Coal -- 98.1 ill. 7 
cast CS*l 

S/Al'lnual. ~c Ten CS Amual -- 24. 73 32.85 
Tall of Clean Coal, Exc.l.Win;J (22. 43) {29.80) 

Coal Cast 

·-

I $/Annual Matric Tc:n {$/Annual -- 45.55 53.69 
Tal) of Clean Coal, Including (41.31) {48.70) 
Coal Cost+ 

$/Kilojoule ($/104B1Ul , -- 0.87 1.16 
Excluding Coal cost {0.92) (1.22) 

$/Kilojoule {$/101B'IU), -- 1.60 1.89 
Incluiing Coal COSt + (1.69) (1.99) 

Product Coal Fran 
GAA.VIOlEM Process 

5,792 
(6 ,384) 

91 

79.8 

0.89 

31,126 
(13,382) 

571.8 
(1.3"~) 

64.9 

21.6 

55.6 

14.92 
(13.53) 

38.40 
(34. 83) 

0.48 
(0.51) 

1.23 
(1.30) 

* 'lbe ooa1 selected is an Upper Freeport ('E' Coal) fran Eutler County, Pennsylvania which cxmtains 3.45 \'Vei.ght percent total 
sulfur, 2.51 'Neight peroent pyritic and 0.94 'Neiaht peroent organic sulfur on a dr,r basis. It is assrned that this coal 
has a hes.ting value of 26, 772 kJ/kq {ll,510 BTU/ib). • 

+Raw Coal Q:)st $18.74,llckg ($17.00/tai). 
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TABLE 4-23. CLEANING msTS FOR CANDIDATE CHEMICAL CDAL CLEANING 
SYSTEM CN IDW SULFUR EAS'IERN OOAL. 

PmdJCt OJal. F.ran Product COl1l Fran 
Feed* MEYERS Process EEO. Process 

Jiit Coal Yield, Metric '1'als Per 7,250 6,532 6,532 
Illy (bs/Dily) (8,000) (7,200) (7 ,2001 

'l'U'CBnt Net B1ergy" Content -- 94 94 

~ Mtight Yield -- 90 90 

1llight ' Sill.fur ln '!'Iv! Product l.18 .64 .5 

BeatiJJJ Value kJ/kg (B'roflh) 31,685 33,092 33,092 
(13,622) (14,227) (14,227} 

~ (lb S02/lO' B'lUl 
744.0 387.0 301 

J 
(1. 73) (0.90) (0. 701) 

·J:Dstalled capital Cbst ($Mo!) - 163.6 224.6 

I 
Amlal P!:OoesSin; Excluding coal - 53.3 70.B I 

I 

Qlst (~ 

: 
llllml Processing Including - 129.8 147.4 
o:.l. Cbst {$ft4) 

S/Amual Matrlc '1bn CS Annual- - 24. 73 32.85 
~ of Clean Ccal, Eltcl.D:li.nq {22. 43) {29. 80) 
cml. Cost 
~ 

$/lmmal Metric Ta:i ($/1\nnual -- 60.25 68.40 
bl of Clean Coal, Inclu:l.ing (54.65) (62. 04) 
cml. cast + 
'·-

$/Eilojoule ($/105B'lUl , -- • 75 LOO 
!lrcl1~h!iJ Coal Cost {. 79) Cl.OS) 

-$/11lojoule ($/lO'B'lU)' - 1.82 2.07 
lncl113j Dr;J Q)aJ. Cost + (1.92) (2.18) 

Pmduct coal Fran 
GPAVICllEM Process 

5,792 
\{6,384.) 

9l 

79.8 

.64 

36,132 
(15 ,534) 

352.6 
co. 824) 

64.9 

21.6 

79.6 

14.92 
(13.53) 

54.98 
{ 49. 87) 

.41 
(.44) 

1.52 
(l. 61) 

* 'Die <:ml selected is f:an the Eaqle sec.a. in Budlanan County, Vi.i:qini.a, whidi oontai.ns 1.18 weight percent total sulfur, 
0.60 -.ight percent pyrltic sulfur ard o.sa weight percent organic sulfur an a drf basis. It is asSUl!ed. this coal has 
• baat:i.Dr;J wl.m of $31,685 kJ/kg. 

+ .., (lJal. <mt $31.97Jk1<9 ($29.00/tm). 
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TABLE 4-24. CLEANING CDST OF CANDIDA'IE ClIEMICAL CD.AL CLEANING 
SYS'IEMS ON A I.£l'l SULFUR WE.5'1EW CDAL. 

Prodllct Coal Fran Product Coal Fran 
Feed* ~ Pnx:ess £Rllll. Process 

Net Coal Yield, Metric 'l'alS Per 7,250 6,532 6,532 
Day ('?aw/Day) (8,000) (7 ,200) (7,200) 

Percent Net aiergy caitent -- i 94 94 

i 
Percent ~ght Yield -- • 90 90 i 

' l 
W!ight ' 9llf1.lr in the Product 0.59 i 0.32 0.25 ! ! 

Heating Value kJ/]cg (BlU/lli.) 26 ,270 i 27,437 27,4~7 l 
(ll,294) i (ll, 796) (ll,796) 

' 
I 447 

l 
232 180.6 I ng ~ (lb 502/106 B'IU) (1.04) i (0.54) (0.42) J 

I i -I 

I Installed capital Cost {$M'1) .i -- 163.6 224.6 

: 
Annual Pl:l::>a!ssinq OJSt EJCCliDm; - 53.3 70.8 
Coal Cost CSm> 

--··-~·-·- --·--~---~-----

Annual Processing Cost -- 99.S 117.0 
Inclu:ling Coal Cost ($?+!) 

$/Annual !-Etric Tal ($ Amual -- 24.73 32.85 
Ten) of Clean Coal, Exel.Wing (22.43) (29.80) 
Coa1 COst 

$/.Annual M!!tric 'l\::n ($/Annual - 46.lS 54.27 
Tml of Clean Coal, Including C41.95l (4°. 33) Coal Cost+ 

$/l<ilojou.l.e ( $/10 I B'IU) ' -- .90 1.19 
Excluding Coal Cost (.95) (1. 26) 

$/Kilojoule ($/lO'B'lUJ' -- 1.73 2.02 
Incluiinq Coal Cost + Cl.82) (2. l3) 

Produet Coal Fran 
GPAVICBEM Pn:>cess 

5,792 
(6 ,384) 

91 

79.8 

0.32 

29,959 
(U,880) 

2l0.7 
(0.49) 

64.9 

21.6 

56.6 

14.92 
(13.53) 

39.03 
(35. 49) 

.so 
(.53) 

1.35 
(1. 427 

• ':l1e coal selec7..ed is !J:all the Primers Seam in Las Animas county, COlorad:l W'hich contains o. 59 \<.eight percent total sulfur, 0. 30 
pyritic and 0.29 organic sulfur on a dry basis. It is asSUll'ed this coal has a heatillg value of 26,270 JcJ/klj. 

- Raw cml. a:.t $18. 74/]dcq ($17.50/tm). 
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4.2.1 Cost Breakdavn 

4.2.1.1 capital Costs to the User--

capital costs are assUITEd equal to the estimated capital costs of 

standard boilers provided by PEOCo Environrrental, Inc. (3 
9

) Note, ho.vever, 

that cleaned coal has a higher energy content and lower ash content than 

the reference coals used in the cost estimates. Threfore, specific pieces 

of equiprent including the miler, the coal handling system, and the ash 

handling system, could be reduced in size to handle clean coal. The 

reductirn in costs cannot be quantified, because the cost bases for the 

equiprent are not sufficiently detailed to determine a cost reduction 

factor. An engineering judgrrent would suggest that the capital cost 

benefits accrued by using cleaned coal are probably not rrore than a few 

percent of the total installed capital costs. 

4.2.1.2 Operation and Maintenance Costs-
The armual operating and maintenance costs (O&M) for the BSER are 

described in Sections 4 .1.1, 4 .1. 2 and 4 .1. 3 for naturally occurring coal, 

physically cleaned coal, and chemically cleaned coal, respectiVE7ly. The 

boiler annual operating costs are equal to those provided by PEOCo environ

IIE!ltal with two m:xlifications, which are (1) a reducticn in waste disposal 

costs and (2) an adjustrrent in fuel cost to include the cleaning charge and 

increased fuel energy content per unit weight. 

Waste disposal costs are primarily the cost for collecting and handling 

of both bottan ash and fly ash. The arcount of ash is a function of the 

coal's ash cc:ntent and energy content. It is assUired that ash disposal 

costs are proporticnal to the pounds of ash per energy ccntent for each 

&SER. 

The fuel cost to the industrial ooiler operator for cleaned coal is the 

carbined cost of the fuel, the cleaning charge, a five percent profit an 

the cleaning charge, and grinding costs (pulverized coal only). The fuel 

price is provided in Table 4:..4. The cleaning charge is calculated as 
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described in sectiai 4.1.2, with an assurred five percent profit (before 

taxes) added to the break.even charge. The level 5 physical coal cleaning 

products present an exceptional pricing case because two coal prcducts are 

generated, a deep cleaned lCM sulfur, low ash coal and a middling coal. 

Prices for this cleaning level were set by using the naturally occurring 

coal equivalent (in quality) price for the middling product and assigning 

a higher price to the top quality coal that provides a five percent (before 

taxes) profit to the cleaning plant operator. This pricing scherre is 

presented in the calculaticn exanple. 

4.2.2 BSER Costs 

The BSER 1978 annual costs are presented in Tables 4-25 through 4-36. 

These tables indicate that the cost per M-Jl1 gradually increases as emission 

control levels becare nnre stringent. 'Ihese control costs also decrease as 

miler size increases, reflecting the econany of scale effect. Note that 

fuel costs beccne nore significant (i.e., greater percentage of armualized 

costs) with increasing boiler capacity. 

Figures 4-2 through 4-4 illustrate the magnitude of the increased 

annualized operator costs associated with increasingly stringent emission 

control levels. 'lllese figures indicate that the costs per Mm gradually 

increase as emission control levels becare nnre stringent. 'Ihese control 

costs also decrease as miler size increases, reflecting the eoonomy of 

scale effect. Note that fool costs becorre nnre significant (i.e., greater 

perrentage of annualized costs) with increasing miler capacity. 

Figure 4-5 shc:Ms nore dramatically the increase in costs required to 

rennve greater quantities of sulfur fran the coal. R:lw coal costs are not 

shCMn since they do not reflect any S02 rerroval. The nost cost-effective 

teclmology would appear to be the middling prcrluct fran a physical coal 

cleaning plant. This technology costs only $.04 per kg of S02 rerroved. 

The middling pruduct, h~er, is only effective for S02 carpliance up to 

alx>ut 1, 100 ng S02 /J using this particular high sulfur coal. A rrore 

acceptable pre-treated fuel is the deep cleaned product, which costs only 

$0.15 per kg of SOz removed and can carply with control levels as low as 525 

ng S02/J. large increases in cost are observed when chemical ca:tl cleaning 

is errployerl. 
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TABIE 4-25. a:G'IS OF "BEST" S02 CCNI'IDL '.l'EOINIQlES FUR B. B Mi CDAL-FIRED BOII.Effi 

u_;nr, llIGU SULFUR EAS'lEm OJAL 

SYSl'EM ANNUALIZED 

HIGH SUUUR EASTERN CQl\L 
COOTS 

S'l'llNDAHD 0011.ERS 'l'YPE J\ND 
$/llW(t) 

CXNI'OOL 
. l.E.Vl~L EFFICIENCY+ ($/MB'IU/hr) 

llcat Input 
l'l'1 (MD'l\l/hr) 1'yµl OF CCNl'IUL (%) 

** 
8.8 (30) Underfeed Raw Coal 0 21.17 (6.20) 

Stoker Uncontrolled 

26, 772 kJ/kg 
3.45% s 

28,847 kJ/kg SIP 58% 21.43 (6.28) 

1.54% s 1,075 ngS02J 
Middling Prod. 

Level 5 pee 

M'.Jderate 58%. 21. 43 (6. 28) 

" 1,290 ngS02/J 
Middling Prod. 

Level 5 pee 

30,533 kJ/kg Optional ltx'I. 75% 22.17 (6.50) 

0.98% s 860 ng&JdJ 
Deep cleaned 

Prod. 
Level 5 PO: 

30,533 kJ/kg Internediate 75% 22.17 (6.50) 
0.98% s 645 ngS02/J 

Deep Cleaned 
Prod. 

27,903 kJ/kg Stringent 80% 26.19 (7.67) 
0.73'!. Sl611g&J2/J 

Chemical er 
ERDA 

* BASED OOLY Oi~ ANNUALIZED CDSTS 

** Raw Cbal Analysis: 3.45% S; 26,772 kJ/kg; 23.90% aslv (2,576 ng sodJl 
+ Percent Reduction in ngS02f J 

IMPAL.l'S * 

% IOCREl\SE % lf'CRENill 
IN ros'l'S OVEH IN COS'l'S OVEH 
l.Hnfl'ROlJJID SIP-a.JNl'IOlLEl 

001.LER ll11LER 

N.A. N.A. 

1.2 N.A. 

1.2 0 

4.7 3.4'1. 

4.7 3.4% 

23. 7 18% 
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TA8ill 4-26. CUJ1'S OF "BFS'I" SOz oomror. 'lliOINIQUES FOR 22 Mi COAL-FIRED OOIIE~ 

USIOO llIGI Slll.AIR FJl.S'IERll cmL 

8YS'IUI ANNUALIZED JMPJ\Cl'S * 

lllGll SUIFUR E/\&"l'l:ll.N CU\J, 
CU>'l'S 

Sl'N'llll\HJ> 0011£HS 'l'Yl'I:! /\NO 
$/lli(t) % IK:Rr:l\SF.: % IU::RI:'J\SE 

cnN'i'OOL IN COS'l'S OVER l N COS'l'S OVER 
LIWf:!L + ( $ /l-18'1U/hrl UN:Wl'rolll:D SIP-<XlNl'OOlLEl 

Heat lnput f!FFlCIEt-l..'Y 
ID ILER OOILEI\ 

r.li (MfJlll/hr) 'i'y(Je OF' Cllfl'OOL (%) 
** 

22 (75) Water tube 
Grate-
Stoker 

26, 772 kJ /kg Raw Coal 0 16.59 (4.86) N.A. N.A. 
3.45'1. s Uncontrolled 

18,847 kJ/kg >IP-1,075 ngSOz; 58% 16.83 (4. 93) 1.0 N.A. 
1. 54'?; J Middling Prod 

Level 5 pee 

Moderate 58% 16.83 (4. 93) 1.0 0 

" 1,290 ngOOt/J 
Middling 
Level 5 pee 

30,533 kJ/kg Optional M:xJ 75% 17.65 (5.17) 6.0 4.8 
0.98'1. s 860 ngS02/J 

Deep Cleaned 
Prod. 

:::...vel 5 PCC 

30,533 kJ/kg Intenrocliate 75% 17.65 (5.17) 6.0 4.8 
0.98% s 645 ngSOz/J 

I:eep Cleaned 
Prod. 

level 5 J?O:: 
---

27 ,903 kJ/kg Stringent fl0% 21.61 (6.33) 30.3 28.4 
0.73% 516 ngSOz/J 

~Clem a:: 

* Il.l\Sill ONLY 00 llNNlll\LlZED OOSTS 

Raw Cbal Analysis: 3.45% S; .26, 772 kJ/kg; 23.90~ ac;h 1 (2,576 ngS02 /J) 

+ Percent Reduction in n<JS02/J 



TABLE 4-27. COSTS OF "BEST'' SOz OONTIDL 'llXlltHQUES FOR 44 m CXW.-F'IIED l:lOILER:> 

lfi ING llIGll SULJ;'lm J\11.STE~I um 

SYS'l'f,:M ANt-lJALI ZED IMPJ\C'J'S * 

lllm SllLfUR ~'J\S'l1'JlN C..'O\I, 
COS'l'S 

Sl'JWDNlO IJOILEHS 'l'Y PE l\NJ) 
$/l'W(tl % It-UU'J\SI~ % Jt£HEASE ca-nror. IN asrs <NEH IN CDS'J.'S OVEH 

JJM-:J, fJ'1"1CJEl'CY + ($/MB'IU/hr) l.JOC(NJIDLLl'l> SIP-O:>Nl'H.llLEI 
lleilt Input oon..r~ IJ)IWR 

fvW (MIJ'IU;11r) 'l'ype Ol'' CCNTlOf, (%) •• 
44 (150) Spreader 

Stoker 

26, 772 kJ/kq Raw Coal 0 13.56 (3. 97) N.A. N . .I\. 

3.45% s Unco11trolled 

21l,847 kJ/kg SIP - 58% 14.37 ( 4. 21) 6.0 tJ.A. 

1. 54% s 1,075 ngSOdJ 
Middling Proo. 
l.evel 5 pee 

M'.:lder ate 58% 14.37 (4.21) 6.0 0 

" 
l,290 ngSOzJ 
Middling Proo. 
I.evel 5 occ 

3'l,533 kJ/kg Q,>tional M:ld, 75% 15.12 (4.43) 11.5 5.2 
0.98% 860 ngS02/J 

teep Clean<:d 
Prod. 

Level 5 ~ 

30,533 kJ/kg Intemediate 75% 15.12 (4.43) 11.5 5.2 
0.98% 645 ngS02/J 

~P Clearlf!t'l 
Prod. 

LeVel 5 PL'l" 

27, 903 kJ/kg Strinqent BO% 19.13 (5.61) 41.l 33.1 
0.73% s 516 ngSOz/J 

EilDi\ 
01anical a: 

* BASED CX>ILY 00 ANNUALIZED OJSTS 

•A Raw Cbal Analysis: 3 .. 45% S; 26,772 kJ/kg; 23.90~ash; (2,576 ng 502/J) 

~ Percent Reduction in n<JS02/J 



TABIE 4-28. COS'IS OF "BEST" so2 CXlN'J.'lPJ, 'IP.(]INIQlES mR 58. 6 I+/ CDAL-FIRED OOILER:l 

USING HlGI SULF'lm. f':AS'IE!fl O:W. 

SVSJ'FM ANNUALIZED 

llIGll SUI.FUR El\S'l'll~ CO\J, 
COS'l'S 

Sl'/\NIJJ\Hll OOIU'.RS 'l'Yl'E MD 
$/l·M{t) 

C.Wt'IVL 
U:.VJ·~L 

Ilea t Input 
+ 

EFFlCIEOCY ($/MB'IU/lu·) 

r-w (MB'fll/11r) Type OF' C.'Gl'l'!Ol, 

•• (%) 

58.6 (200) Pulverized 

26, 772 k.J/kg Co.11 f ii·ed Raw Coal 0 13.95 (4.09) 

3.45% s Unrontrolled 

W,847 kJ/kg i~Jfs nCJSOi/J 
58% 14.97 (4. 38) 

1. 54% s 
Middling Prod. 
Level S-PCC 

l'i:>derate SB% 14.97 (4.38) 

" 1,290 ngSOi/J 
Middliny Prod. 
level 5-PCC 

30,533 kJ/kg Optiooal ltld. 75% 15.72 (4.60) 
0.98% s 860 ngS02/J 

Deep Cleaned 
Prod. 

Level 5 PCC 

30,533 kJ/kg Inteorediate 75% 15.72 (4.60) 
0.98% 645 ngSCh/J 

Deep Cleaned 
Prod. 

Level 5 PCC 
---- --~- -- --
27,903 kJ/kq Strinqent OO't 19. 74 (5. 78) 

0.73'!. s 5Hi nqSOi/J 
EmlA 
Oiemical CC 

* lll\51':D ONLY m ANNUAL! ZED <DSTS 

0 ii.aw coal Analysis: 1,4')% s: 26,772 k.1/kgl 23.90'1. ash; ('2,576 ng OOi/J 

+ P~rccnl l{(..'<'Juction in ncJSO.f,J 

IMl'/ICI'S * 

% !~REASE % UCIU::l\SE 

rn COS'l'S ovrm IN COOl'S cm:R 
t.JNXtn'OOWD SIP-<DNllOUEJ 

OOILER OOILEJl 

N.A. N.A. 

7.3 N.A. 

7.3 0 

12. 7 5.0 

12. 7 5.0 

42 31.9 



TABLE 4-29. O::STS OP "BF.ST" S02 rom'R)L Tl:DINIQUES roR 117.2 r+l OOAir-FIRID BOIUR; 
usu~ HIGI SUIRJR EAS~ <Xll\.L 

SYS'l'EM NffWJ:ZfD lMl'/1£.."l'G " 

<nl'JS 
lllCll SUl.f'Ull 1".l\S'li;~~ C..U\J, 

S'l'ANlll\llU B:HllillS 'l"il'E J\ND 
$/l'M(tl \ Itclu:'J\SE \ lt«:.11FAr.f! 

CU1Iro1. lN CUJ'l'S o./ER IN <D1l'S OJl::H 
U;.VP.L ·• 

lleat Input 
EFFlCJF.tL'Y ($/MIJIU/hrl l.HDllWlllJol) SU>.(J.WftUrl.EJ 

(J)ll.tlt IUll.tlt 
t1i IMB'l\l/hr I 'l'ype OF CXN11lJI, (\) •• 

118 (400) Pulverized 

26, 772 kJ/kg Cbal fired Raw Coal 0 12. 79 (3.75) N.A. N.A. 
]. 45% s Uncontrolled 

28,847 kJ/kg 
l~d,5 ng001/J 

58\ 13.Bl (4.05) e.o N.A. 
l.54% s 

Middling Prod. 
I.evel 5-PCC 

tb:lerate 5ei 13.Bl (4.05) e.o 0 
1,290 ngSOtfJ 
Middling Prod. 
Level 5-PCC 

30,533 k.J/kg (l>tiooal M:Jd. 75\ 14.56 (4.26) 13.8 5.4 

0.98% s 860 ngSOa/J 
Deep Cleaned 

Prod. 
Level 5 FCC 

30,533 kJ/k.9 Internediate 75\ 14.56 (4.26) 13.8 S,4 
0,98% 645 ngS02/J 

Deep Cleaned 
Prod. 

Level 5 l'CC 

27,903 kJ/kg Strin~,ent 00\ 18.57 (5.44) 45.3 34.5 
0.73% s 516 nqOOz/J 

mm 
Chemical CC 

* Ul\Sl::l> ~y ':fl AltlllALl ZED (U;'JS 

0 1iaw tbdi Analysis: J,45% S; 26, 772 k.J/kg; 23.90\ ash1 <2,576 n<J 001/J 

+ Percent Heduction in n<JOOdJ 



'!'ABU: 4-30. CXS'JS (F "BFST'' 9'.>2 ~TR)L ·matNIQUIS FOR 8.8 Koi CDAI.-FIR>D BOJI.EllS 

IBlNG Ul'J SULFUR EA.'l'llilfl <DAL 

S¥Sl'l!M ANNUllLIZED IMPl\C'l'S * 

LOW SULflffi EASTERN COl\L COS'J'S 

S'l'/\NDNlD IJ)IU-:RS 'f¥Pt: l\NIJ 
$;Mr'l(l) 

mNJ'OOL 
Ll:.W.L EFFICIEN:Y + ($/MOW;1U") 

u~at l11put 
Mrl {MiJlU/hr) 'f».lEl m· O'.Nl'OOL (%) 

** 
'"' 8.8 (30) Underfeed RAW 0 $20.48 ($6. 00) 

Stoker 
Boiler SIP - Control 0 " " 

Moderate 
1 1 290 ngSOi/J 0 .. " 

l'CC 
or 860 nqS02f, 

)T,002 kJ/kg Intetnediate 30% $21. ll ($6.19) 
0.89~ s 645 ngSOz/J 

PCC-1.evel 4 

Stringent .. 516 ngSOdJ 

CCC ra;-IA!vel 4++ 30% $21.11 ($6.19) 
3'G"; 130 k.JjkCj CCC-Gravichern 50% $21. 79 ($6. 38) 

0.64'i. s 

* B.l\St::D CNI.Y ON ANNUl\LI ZED CDSTS 

** llc1w Coal: 1.18% S; 31,685 kJ/kg; 10.4% ash; (745 nq 002/J 

+ Percent reduction in nqSOdJ 

++ Phy:;ic.:al coal cleaning product is 525 rl']SOi/J wittout sulfur retention 

l It-CREASE % Ul:HEJ\SE 
IN CDS'l'S <NER IN COO'l'S OVER 
uu::amvuw SIP-aJNI'OOJLEI: 

OOH.ER OOILEn 

0 N.A. 

' 
0 N.A. 

0 0 

3.1% 3.1% 

3.1% 3.1% 

6.4% 3.2% 



TABLE 4-31. CXSTS OF "BEST'' S02 cx:Nr!UL ·maINIQUE.S FOR 22 M'/ COAirl''IffiD OOILERi 

WING Ul'I SUU'UR EAS'lEm O::W.. 

SYS'l'l'M ANNUALIZED JMPN..".rs • 

Ul'J SUI.FUR EAS'l'ERN COl\l.. 
cu;rs 

Sl'ANlll\RO mILEIIB 'l"iPI!: 1\NO 
$/lf.ol(t) % IOCllE/\SE % 11'-CHl!:ASE 

o::NfOOL Ill OOSTS CJVl;:R JN CU>'l'S CNElt 
LEl/F:I, -~ 

EF'FICIEOCY ($/MB'lU/hr) tll'O'.Hl1UJ..EO Sil'-comroUJ.'l· 
Heat lnput OOIIER lOILfJt 

Md (MB'IU/hr) ~ OF' Clll'l'OOL (%) .... 
22 (75) Chain - RAW 0 $16.17 ($4.74) 0 N.A. 

Grate -
Stoker SIP - Control 0 " 0 N.A. 

Moderate: 
1,290 ngSOz/J 0 " 0 0 

PO:: Coal 
or B60 ngS02/. 

33,882 kJ/kg Intennediate 30% $16. Bl ($4.92) 3.9% 3.9% 
0.89% s 645 ngS02/J 

ICC-Level 4 

Stringent 30% $16. Bl ($4. 92) 3.9% 3.9% 

516 ngSOdJ+t 
PCC-Level 4 

CCC Coal 

36,130 kJ/kg Chemical CC 50% $17.4B ($5.12) 8.1\ B.1% 
0.64% s Gravichem 

* BASED ONLY 00 llNNUALIZFD OOSTS "* Raw Coal: 1.18% S; 31,685 kJ/kq; 10.4% ash; (745 ng SOz/J 
+ Percent Reduction in ngSOi/J 

++ PCC product is 525 ngSOi/J without sulfur retenticn 



'l'ABlJ<; 4-32. C.'f~'l'S Oi" "BES'J."' SO, CU-l'l'IOL 'ffiCltUQlll';S l•UR 44 MN <DAL-FI.RED BOILERS 

USJ tli Wrl S\Jli\JR l1\5'1Eltl mAL 

SYS'JN1 mruALIU:O IMPJ\C'l'S • 

liJfl SUlFIJR EA.'>"M<N (XM'\L 
COS'l'S 

lJJ :N JIJAHI I b' 11 l l:IW 'J'Yl•f; N-0) 
$/ll'l (t) % J U.:Rll.l\SE % lOCl!El\SE 

W-l'J'll')f, 1N OOS'l'S CNER lN COS'l'S <NElt 
JJ'NW· J'!l"t' w It::tl:. 'Y ~ ($,418'1\l/hr l uta.Nl'IVLl J<;i) SI P-<Xll'IJ'HOCJ.E'J 

Jlr,dl l11pul IJ:}Il.E.:R IY>ll.I·:H 

''"' (MIJJ\l/hr) '1'¥1..G OP O'.Jo(J'IUI, (%) •• 
44 ( J '.i(J) Wei l<.;rt ul~ l~W 0 $13. 50 ($3. 96) 0 N ,/\. 

s1,re<:1<l<;r 
!>t..okc:r 

Sll'-C01tlrol 0 .. .. 0 N.A. 
1-t:x:lerate : 0 " .. 0 0 1,290 ng002/J 

HJ: or Rf;O ... ,.c::n, /,J 

j·-;:(jlJ'..! ;-,J/r.'J I nt<.;rn.:.•di<Jt<: J(J'l $14. 34 ($4.20) 6.2% 6.2% 
(J.8~fl. !J 64 ':> ri<JSl.J,/.J 

ltt-l£N(!} 4 

!:ilr ir~Jl!nl JO't $14. 34 ($4. 20) 6.2~ 6.2'!. 
'j n nq!l< J,/.J I+ 

I <:C- lhVd 4 

en: en.: - 50'/ .. $15.02 ($4.40) 11.2% 11.2% 
----

J(,' J ~(J k.J/J-n 
Cr<:ivid11Jlll 

(J,(,4'<. s 

111 .. :;1:1; ( rn;t (~j /\NNIJl\LlZED ux;•rs 
J<ci11 Cr,"J: l.lll'f. S; -H,fJ!J'j k..J/kq; 10.4". U8h; (745 nySOafJ 
h·1c1:11l J,,,j111:t_ir,/1 111 nrjSCJ,/,J 

• • M:<: 1•1••l•1cl i!; 52', 11<j!l<i,/.J wiUw:iut milfur cet~1tiun 



TABIB 4-33. Clli'l'S OF' "BEST'' S02 CXNl'IOL 'IEOINIQIJES FOR 58. 6 M-1 CDA.L-FIIED BOII.Ef6 

IBING LQol SULFUR FJ\STE!fl CDAL 

SYS'l'l:"M ANNUALIZED IMPJ\C'l'S * 

LOO SULl'UR ~l'ERN COAL COSTS 

Sl'J\NllARD BOILERS 'l'YPE NU 
$/1'M (t) 

CXUIIDL 
LIM~l. EFFICIEOCY+ ($/MB'IU/hrl 

Heat Input 
fvW (MB'IU/hr) Typ3 OF Cl'.Nl'fOL (\) 

** 
50.6 (200) Pulverized MW 0 $13.91 ($4 .08) 

Coal-Fired 

SIP - Control 0 .. " 
llkxler ate: 
1,290 ng SOdJ 0 II II 

~,;.;i Rl>O ·~,.cfi_ /.1 

PCC Im:ennscuate 30%' $14.83 ($4. 35) 
33,882 kJ/kg 645 ng SOz/J 

0.89% s PCC-I.evel 4 
4.1% ash 

Stringent 30% $14.83 ($4.35) 
516 ngSOdJ ++ 
~C-I.evel 4 

CCC 
36,130 kJ/kg CCC - 50% $15.51 ($4.54) 

0.64% s Gravichem 
3.1% ash 

* llASED rnLY 00 ANNUALIZED cn>TS 

*" Raw Coal: 1.18% S; 31, 685 kJ/kg; 10. 4% ash; (745 ngS02/J) 

+ Percent Reductioo in ngSOz/J 
++ K."'C product is 525 ngSOz/J with:Jut sulfur retentioo 

\ IOClilll\SE \ IOCREASE 
IN CXlSTS OllER IN COSJ'S OVER 
UtONIDOLLl!D SIP-Cl:N.l'OOUEC 

0011.ER 0011.ER 

0 N.A. 

0 N.A. 

0 0 

6.6\ 6.6% 

6.6% 6.6% 

11.5% 11.5% 



TAAi." 4-J4. Lll:;TS OF "Blli'T" so cnmuL Tl:X)INI<lUl.:S fYJH 117. 2 "'" CXllllr-FIIUD OO[l.J-:RS 
l~l~ lJli SUIJ'\JR FAS~ (l}'IJ, 

!i'fS'L1·H MNtW.JZ!D 

h~ 9. 111:,Jl{ Fk>l't'.W-1 \'.(~'1, 
tnm~; 

m'NUl\llll l\lHJ:U.<i 'l'\'l'I·: Mil 
$/lt-i HI 

otrnn. 
IJM·:I, l 

($/~tln11/hd IH"lCU»..:Y 
lh '<ll 1 .. , •• 1 

f·\1 (Mli'lit l11) ·ry,o..! ()I" (\lol'11lll. 
(ti 

~· 

111 • .? 1400) l"Ul\.'t!I i:Z.L~l l(i\loj 0 $12. 86 ($3 .. 77) 
C;'.1..1l-Fi l'L'-l 

Sll' - Conll'<'l 0 . " 
r-\'>.~talu1 
1,290 ng OOdJ 0 . " 

I ;md 860 . n<ffi~ /.] 
L'l\: im:e111..,.,11ate )0\ $13. 79 ($4.04) 
--31 ,tlli2 k.J ,'ty 645 119 00.,/.J 

U. l\<i\ f, h.X'.-lcvd 4 
4.H asl1 

SLrin<Jl.!lll 30'\ $13. 78 ($4.04) 
Sl6 l'•JOOJ/JH 
J\X'-1.ov<? l 4 

l."1.: 
""Tl ' 130 kJ /k';J ox: - 50% $14.46 ($4.24) 

u. t.4\ :; Gr<Jvidun 
1.1 .. ,,si. 

UhSJ::n tM.s oo ANNil)\LI zrn O::STS 

l~w Cc.al: l. lBt S; Jl, 6U5 k.J/k'}; 10. 4% ast:; (745 n-JSoi/J) 
l'1on.:.,r1t l"Wuction in l•JSO, /J 

+-t !U' !Jt,duct i:; 525 l•JSO,/J will"aJt ~ulf1ir retention 

lMl'N.~J~ 

1 ltClllWjC: 
IN llli'l'S lNEH 
ll·O.NntOJHiJl 

llHU·:H 

0 

0 

0 

7.2 

7.2 

12.4 

• 

' ] ti.:111,:n.s1 ~ 
lN ClL"l'S IM-:11 
m 1•-<Xtlll<llJ H 

11111 J·:n 

N.h. 

N.h. 

0 

7.2 

7.2 

12.4 



TABLE 4-35. alS'l'S OF "BEST'' SOz Q)NJ'KlL 'fECHNI~ FOR B. B llfi and 22 Mi CCVU..-FIRED 

BOIIEffi IBING Ul-1 SULFUR WES'IER>I CDAL 

SYSl'l'l1 A!fllJALIZED 

10~ SUU\JR WES'l'l::RN OOAL 
COSl'S 

Sl'J\NU/\Hl> tl1 lLERS 
0rYt 1B 1\NlJ 

$;Ul(t) 
amroL 

UM-:L EFFICJF:W:::Y ( $/}ID'IU/hr) 
lleilt Input 

'"~ (MO'IU;1u:) 'I'y}x! OP CUll'PDL (%) •• 
8.8 (JO) Underfeed RAW (744) 0 $21.39 ($6.27) 

Stoker 

" " SIP- **• 
Control (107~) 0 $21. 76 ($6. 39) 

" " 
1,290 ngS02/J 0 " II 

860 ngSOi/J 0 fl " 
" " 645 ngS02/J 0 

II fl 

" " 516 ngSOz/J 0 II " 

22 (75) Chain-Grat.: R/\W (744) 0 H6.81 ($4.93) 

" Stoker SIP-
Control (1074 0 $17.18 ($5. 03) 

" " 1,290 ngSO</J s " " 
860 ngS02/J " " 

" 
II 645 ngS'.)2/J 0 " II 

" II 516 ngS02/J 0 
.. .. 

* Bl\SED CHLY al ANNUALIZED (X)S'l'S 

** 0.5% S; 26,270 kJ/k9; 2·1.8% ash - P.aw Coal Analysis- (744 ng SOz/J) 
Increase due to particulate oontrol ••• 

lMl'/\C'l'S * 

i lOCREASE % !~REASE 
IN a:sJ'S OVER l N CCl3'l'S OVER 
UtlXNl'ROlJ..FD s11•-amrou.E1 

lllll£R mu.ER 

N.A. N.A. 

1.7% N./\. 
1. 7% 0 

l:~I 
• 0 

0 
1. 7% 0 

N.A. .1.h. 

2,2, :~.A. 

2.2& 0 
2.2& 0 
2.2% 0 
2.2& 0 



TABU: 4-36, CXE'IS or "BEST" S02 (X)ITTR)f, 'IBOINIQUES l•OR 44 Ki AND 58.6 ltND 117.2 Mi mAL-FIRED: 

BOlIERl mrNG IDW sm.rim WES'IEm CDAL 

SYS'l'EM ANNUALIZED J MP1\C'l'S I< 

ION SULMJR WE5'TERN COAL 
COS'l'S 

S'l'/ltnMD OOILERS 'l'YPE m> 
$/Mi(t) \ ltl,;RFJ\SE \ ItOIFJ\SE 

<nVl'OOL IN OOSTS OVER IN COS'l'S OVER 
l.EVF.L El"FlCU"N::Y ($/MB'RJ/hr) UNXNl'OOLLED SIP-<XNl'KITLEI 

I le.it I ll(JU t oon:m OOILER 
Mil (MU'lU/hr) '.l'ype OF cnl'l'IOL ('%) •• 

44 (150) Field RAW 0 $13.74 ($4 .03) N.A. N.A. 

.. !'!reeled, SIP - COntrol 0 $14. 71 ($4. 31) 7,H N,A. 
watertubc, 

" spreader 1,290 n¢i02/J 0 " " 7.1% 0 
stoker 860 n¢i02/J 0 " " 7.U 0 

" 645 ngSOdJ 0 " " 7.1% 0 .. II 516 ncf.i02f,l 0 " " 7.U 0 

58.6 (200) Field RAW 0 $14.10 ($4 .13) N.A. N.A. 

" erected, SIP - Control () $15.13 ($4. 43) 7. :.i N.A. 
watcrtube, 1,290 n¢i02/J I) " " 7.3% " pulverized 0 

860 ngS02f.i I) II " 7.3% 0 coal 
" 645 n¢i02/J ') " " 7.3% 0 

\ " .. 516 ngSOz/J 0 " II 7. 3¥, 0 
117.2 (400) RAW ') $U.95 ($3.79) N.A. N.A. 

SIP - Cbntrol $14.15 ($4.15) 9. 3% 0 
(1,074) 0 
1,290 ngS02/J 0 " " 9.3% 0 

860 ngSOdJ 0 " " 9.3% 0 
645 ngSO,/J 0 " .. 9.3% 0 

516 ngS02/J 0 . " 9. 3% 0 

* Bl\SCD GILY ON J\NNU/\I.l ZED CXJS'.IS 

•• 0.59% S; 24.8% ash; 26,270 kJ/kg · Raw Coal Analysis - (744 ng s.:>2/J) 
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The nonnalized costs are shown as step functirns because the cost 

differential to attain less than optimum cleaning for any given beneficia

tion precess is negligible. For exarrple, the fuel cost to the boiler 

cperator 'WOUld not be significantly less if the deep cleaned coal (i.e., 

high sulfur eastern coal, cleaned to level 4) ~re only treated to prcrluce 

650 ng S02/J, instead of 525 ng S02/J, assuming the sarre equiprrent was used. 

Ql the other hand, a separate, distinct coal cleaning scherre could be 

.designed to prcxluce a deep cleaned product which would prcxluce 650 ng S02/J. 
'll1e fuel cost fran this plant might be significantly less than the benefi

ciatim plant presented in this study. It is not within the scope of this 

ITAR, !Dwever, to design the Irn.lltiplicity of cleaning plants necessary to 

prcrluce a relatively srcooth cost curve. It is also noted that any cost 

curve wculd be unique to that particular coal being cleaned since the 

costs are a functicn of pyrite ccntent, organic sulfur content, size 

distribution of pyritic material, ash content, :rroisture content, and 

washability characteristics (see secticn 3). 

This study only provides the costs required to attain optirral cleaning 

far each BSER and reference coal. The tables are based on 1978 annual 

_ q>erating costs for standard boilers provided by PEOCo. ( 4 0
) Exanples of the 

calculations to detenni..ne BSER costs are provided in Tables 4-37 through 

4- 39. 

The results of costing the B.SER technologies reveal two rnajor findings. 

First, for high sulfur eastern coal, physical coal cleaning is an excepticn

ally low cost control technology. That is, to neet m::rlerate or SIP control 

levels, a 60 percent reduction in sulfur dioxide emissions per unit heat rate 

can J:e obtained with a 1 percent increase in armual operatinq costs. 'lb corrply 

with an opticnal m::rlerate (860 ng S02/J) or intentEdiate control level (645 nq 

SC>i/J) , a 75 percent reduction in sulfur dioxide ernissicns is required and 

can be obtained with only a 4-8 percent increase in operating costs. 

Stringent control levels cannot re net with physical coal cleaninq which is 

reflected in the al:rrost 30 percent increase in costs using chemical coal 

cleaning versus an uncontrolled boiler. 

445 



Basis: High sulfur eastem coal - 26, 772 kJ/kg (as :rereived); 

3.40% sulfur; 23.4% ash 

18.74x106 netri.c tons (2.0 x 106 tons) per year 

3,333 hours per year c:peration 

capital anortized over 20 years @ 10% interest 

Ievel 5 - Grass roots plant installation 

73.3% weight yield, 87.5% heating value .rerovery 

Sumrary Values for Coal Cleaning Plant with the 'rt«> Prcrluct Streams Combined 

Installed capital Cbst: $18,123,100 

Annual Operating Costs 
on Clean Cbal Basis: $6,350,200 processing rost excluding ooal rost 

$40 ,350 ,2_00, including roal cost 

$4. 78/rcetric ton ($4. 33/tcn) , excluding roal oost 

$30.27/rcetri.c ton ($27.52/ton), including coal rost 

$0.14~06 kJ ($0. lSP/106 BTU), excluding coal oost 

$0. 934/10 6 kJ ($0. 988/106 B'IU), including coal rost 
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TABLE 4-37. (Continued) PREPARATION PLANT CAPITAL REQUIREMENT.; 
FOR HIGH SULFUR <DAL (BSER) 

RAW OOAL S'IORAGE AND HANDLING 

Raw Coal Storage AI:ea 
20,000 ton capacity with reclaiming feeders and ttmnel 

Raw Coal Belt to Ibtai:y Breakers 
42 inch wide - 200 feet @ $520 per foot 

Trcmp In:n Magnet over Raw Load Belt 
{e><plosion proof, self cleaning type) 

R:>tary Breaker 
9 ft. diarreter - 17 feet long 

Surge Silo 
5,000 ton capacity @ $110 per ton 

Raw Cbal Belt to Scalping Screen 
42 indl wide - 250 feet @ $520 per foot 

Raw Coal Scalping Screen and Structural Work for 
the Crusher and the Breaker 

Raw Cbal Crusher 
2 @ $128,000 each 

Raw Cbal Belt to Plant 
42 indl wide - 250 feet @ $520 per foot 

'Ibtal Raw Coal Storage and Handling Cbst 
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Mid 1977 prices 

300,000 

104,000 

20,000 

150,000 

550,000 

130,000 

350,000 

256,000 

130,000 

1,990,000 



TABLE 4- 37. {Cbntinued) PREPARATICN PLANT 

Fquipmnt Cost 

6 x 16 Foot Single Il:?ck Screen 
2 @ $15,000 each 

Heavy M:!dia Vessel 
Daniels ™8 Washer 

4 x 16 Foot Inuble D:?c:k Vibrating 
Drain & Rinse Screens 
4 @ $20,500 each 

Crusher - McNally Split :t-esh 
Ceai:ed Stocker Crusher 

Gmtrifugal Dryer - Bird l-bcEl 1150 D 

3 x 16 Foot Single D:?c:k Vibrating 
Drain & Rinse Screen 

Magnetic Separators for Haavy & Dilute ~dia 
30 inch diarreter - 10 feet long 
6 @ $8,500 each 

Smps for ffaavy & Dilute .t-Edia 
4,000 gal - 1/4" steel 
6 @ $14,000 ea.ch 

6 x 16 Foot Single D:?ck Vibrating 
D:?sliming Screens 
4 @ $19,000 

ffaavy Media Cyclc.ne 
24 inch dianeter - w/Ni-Hand Liner 
9 @ $6,000 each 

Sieve Bends 
5 f~t wide - 80 inch, radius 
6 @ ~4,000 each 

6 x 16 Foot Single D:?c:k Vibrating 
Drain & Rinse Screens 
6 @ $19,000 

Sieve Bends 
6 feet wide - 30 inch radius 
2 @ $4,800 each 

6 x 16 Foot Single Ieck Vibrating 
Drain & Rinse Screens 
2 @ $19,000 

Clean c.oaI Centrifuge - Bird f.bdel 1150 D 
4 @ $48,000 
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30,000 

31,000 

82,000 

58,500 

48,000 

12,000 

51,000 

84,000 

76,000 

54,000 

24,000 

114,000 

9,600 

38,000 

192,000 



TABLE 4- 37. {C.Ontinued) PREPAFATION PLANT 

Surcp - Heavy M:!dia Cyclone Feed Surrps 
7,000 gallon - 1/4 inch steel 
2 @ $14,000 each 

Sieve Bend 
4 feet wide - 30 inch radius 

3' x 16 ' Single L'eck Vibrating 
Drain & Rinse Screen 

Sieve Bend 
6 feet wide - 80 inch radius 

6' x 16 ' Single L'eck Vibrating 
Drain & Rinse Screen 

Clean Coal ( 3/8 x 2 SM) Centrifuge 
Sc:reen-Bc:Ml 

Iefuse (3/8 x 28M) Centrifuge 
Bird M::Xel 1150 D 

Sunp - 28 M x 0 Cyclone Feed Surrp 
10,000 gallon - 1/4 inch steel 
2 @ $18,000 

'Ihickening Cyclone #1 
14 inch diarceter - w/rubber liner 
15 @ $1,300 each 

&mp - Cyclone:#! underflow Surrp 
2,500 gallon - 1/4" steel. 
2 @ $10,000 each 

Sunp - Hydroclone Feed SUrrp 
10,000 gallon - 1/4 inch steel 
2 @ $18,000 

'Ihickening Cyclone #2 
14 indl diarceter - w/rubber liner 
5 @ $1,300 each 

Hydroclones - 14 inch Dianeter - w/Ni-Hand 
Liner & Iefrax Underflow 
10 @ $3,500 each 

Sieve Bend 
5 feet wide - 30 inch radius 
10 @ $4,000 each 
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28,000 

3,200 

12,000 

4,800 

19,000 

110,000 

48,000 

36,000 

19,500 

20,000 

36 ,000 

6,500 

35,000 

40,000 



TABLE 4- 37. (Continued) PREPARATICN PIAN.I' 

Centrifuge Dryers - Screen Bowl 

Clarifier - Emco M::>del B-90 
90 feet in dianet.er 

Disc Filter - 2,000 sq. ft. 

Purrps for the Preparation Plant 

'Ibtal Preparation Plant Equiµient 

Total Installed Cost of Preparation Plant r..quiµrent 

Including Site Preparation 
Building Structure, Piping , 
Electrical and Erection 

1,924,100 x 2.35 

190,000 

132,000 

130,000 

150,000 

1,924,000 

4,521,600 

'!he factor 2. 35 for dete:anining total direct capital oosts ~rem plant equipnent 
costs was arrived frrm lx>th Ibffman-Muntner Cb. and Bechtel Co1:p. in their 
reports on preparation plant costs. 'll1e percent of breakdown of the 
total direct cost is provided below: 

Plant Purchased F.quiprent 

Building Structures 

Piping 

Electrical 

Erection 

42.5 

25.2 

5.1 

11.6 

15.5 

100 

'lliese factors cb not include oonstruction labor and field e~nses which are 
ronsidered indirect oosts. 
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TABLE 4- 37 •. (Continued) 
MISCELIANEOUS F1\CILITIES AND EQUIPMENT: 

Clean Coal Belt to #1 FlEl Silo 
36 inch wide - 300 feet @ $480 per foot 

#7 Fuel Silo 
10,000 ton capacity @ $110 per ton 

Clean Cbal Belt to #2 FlEl Silo 
36 inch wide - 300 feet @ $480 per foot 

#2 FlEl Silo 
10,000 tan capacity @ $110 per ton 

:Refuse Belt 
36 inch wide - 300 feet @ $480 per foot 

Refuse Bin 
2-100 ton capacity - fabricated plant 

Coal Sanpling System 

Unit-Train Ioading Facility 

StHW« OF 'lOTAL INSTALLED CAPITAL OOST (MID 1977) 

Raw Cbal Storage and Handling 

Preparation Plant 

Miscellaneous Facilities and F.quiprent 

Factor for &cal.ating Direct Cbsts from Mid-19 77 to 

Mid-1978 (46
) = 8.0% 

144,000 

1,100,000 

144,000 

1,100,000 

144,000 

100,000 

300,000 

500,000 

3,532,000 

1,990,000 

4,521,600 

3,532,000 

10,043,600 

10,043,600 x 1.080 = 'lbtal Installed capital Cost (Mid 1978) $10,847,100 
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TABLE 4-37. (Continued) 
'IDTAL INSTALLED CAPITAL OOST {June 30, 1978) 

'lbtal Direct Costs (equi?IEilt & installation) 

Installation CDSts, indirect 
.. 

Engineering 
(10% of direct oosts} 

Ccnstruction and field exp:mse 
(10% of direct oosts) 

Constru.ction fees 
(10% of direct oosts) 

Start-up (2% of direct oosts} 

Perfolltlallce tests (m:ininn.nn $2, 000) 

'Ibtal Indirect Costs 

Ccntingencies 
{20% of direct and indirect oosts) 

1,084,700 

1,084,800 

1,084,700 

217,000 

'Ibtal Tumkey Costs (direct & indirect & oontingencies) 

Land 

W:>rking capital (25% of total direct operating oosts)* 

GRAND 'IDTAL (tumkey & land & worldng capital) 

10,847,100 

3,473,000 

2,864,000 

17,184,100 

264,000 

675,000 

18,123,100 

* Ac;sunes 25% of operating and maintenanO? oosts which include: utilities, 
chemicals, operating lalx>r, maintenance and :repairs r and disposal costs. 
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TABLE 4-38. SAMPLE CAia.JI.ATICN FDR ESTIMATIN.> ANNUAL 
OPERATING <DSTS FOR HIGl SULFUR OOAL (ESER) 

ANNUALIZED CDSTS (Mid 1978$) 

Dizect: Lab:>r (18 man yrs x S23, 700/yr) 

Supervision (3 man yrs x $30 ,400/yrl 

Maintenance Labor (10 man yrs x $23, 700/yr) 

Maintenance Materials & Replacezrent Parts 
(7% of total tu:cnkey costs) 

Electricity (25.8 mils/kwh x 2,318 kw 

Water ($0.15/10 3 gal x a l/sec (127 gpnl 

Waste Disposal Sl.l/kkg ($1/tcn) 

Cllemi.cals (magn: 1,157 kkg @ $71. 7/kkg ($65/tcn) 
(floe: 5,290 kg @ $4.4 kg ($2/lb) 

'IUrAL DIFEO' <DST 

Payroll (30% of direct & indimct & 

maintenance latorl 

Plant Ovethead (26% of ditect, indirect & 
maintenance lab:lr and maintenance, 
and chemicals) 

capital Pecoveiy Factor (ll.75% of total 
Tw:nkey Costs) 

G&A, Taxes & Insurance (4% of total 
Tw::nkey Costs) 

InteJ:est on W::>:c:king capital (10% of w. c.) 

'IOI'AL ANNCM.IZED CDS'1S (t1xcluding ooal cost} 

Cost Per '!'al of M::listw:e Free P:r::oduct 

Cost Per 10 6 BTU of M:>isture Free Product 

Raw Coal Cost, 1. 8 x 10° kkg/yr @ $18. 74/kkg ($17/ton) 

'lUl'AL Jl.NNt.ru.IZED {DST (including coal a:>st) 

Cost per kkg (ton) of ~sture Free Product 

Cost per 106 kJ (10~ Bl'Ul of M:>isture F:cee Product 
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426,600 

91,200 

237,000 

1,202,900 

199,300 

3,800 

433,200 

83,000 
23,300 

226,400 

536,600 

2,132,000 

687,400 

67,500 

2,700,300 

763,000 

2,886,900 

6,350,200 

$4.33/ton 

SO.lSP/10 6 BTU 

34,000,000 

$40,350,200 

$30.34 ($27.52) 

$0. 934 ($0. 988) 



· TABLE 4-39. SAMPIE CALCUIATION FOR a:M>ARATIVE <DAL O::STS 

Fuel Cost 

Yield = 73.3% of ra:w coal: Middling = 38% D:!ep Cleaned Prcxiuct = 35. 3 

'Ibtal Annual Cost = $40,350,200 = $27.52/ton = $30.34/netric ton 
Total Clean Coal [ 2 x 106 tens x • 733] 

yr. 

AVE.P.N!E. COAL CDST = $30. 34 /rret.ri.c ten 

Hoiwever, the 2 products axe not equal, so two prices ITllJSt be provided. 

Assme middling product at 12, 400 B'IU/lb (as mcei ved) : 10. 3% ash: end 1. 54% ~~fur 
is priced at spot market prioo for naturally~g equivalent coal 

$24/ton or $26.40/rretric ten 

At 38% yield - 2 x 106 x • 38 -= o. 76 x 106 TPY middling ptoduct 

O. 76 x 10 6 x $24 = $18.2 x 106 per year mventE · 

Incate: $40.4 x 106 (annual cost) - $18.2 x 106 (middlings revenue = $22.2 x 10 6 

or deep cleaned product ImJSt yield$22.2K 106 to break even 

At 35. 3% yield - 2 x 106 x • 353 = 0. 71 x 106 '!PY Io-S piodui.."t 

$22.2 x 10
5 

= $31.45/tal 
o. 71 x 106 

At 5% profit= $33.07/tcn - Value at Shiwing =.$36. 32 /n'etric ten 

$33.02 x ten 
~ 2,000 lb. 

;.: lb 

.01313 x 106 B'IU 
(as :received) 

=~1.26 1106· B'IU = s1.20110°kJ 

Value as fired: Sane as 'shiwing', except add S.10/too for grinding at 
-,W.verized boiler 

Ash Handling Cost Factor 

KM coal at 23.4% ash <.md 26, 772 kJ/kg 

or .234 gash x g coal = 8• 74 x 10-3 g ash/kJ 
g coal 26. 770 kJ 

~!iddling Product: 10. 3% ash; 28, 847 kJ;kg 

.103 gash x q coal 
g coal 2s. 84 kJ 

Lcw-sulf-..rr product: 5.28% ash; 30,533 kJ;kg 

.0528 gash x g coal = 1 _73 x 10- 3 sh,.,,J 
al 30 -3 'J <J ::! 1--~ q CD .::i .< 
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TABLE 4-39. SAMPI.E CA!.Ct,'LATION FOR CDMPARA'nVE CQ.1\L Cef;TS 
(Continued) 

Ash Handling Factor: 

Middling P:i:cduct = 3.57 
8.74 

,.., 
= o. 40 

I:Dw-S Product= 1.73 = 0.20 
8. 76 

Industrial Boiler Qperator Costs 

'I\¥o values change over those provided by Acurex/PEOCo: 

1) F\El oosts (increase) 

2) Ash handling ex>sts (decrease) 

For 8. 8 MW thderfeed Stoker 

1) FlEl cost Increase: 

a) Middling ooal: 

$24.00 
~ 

x tan 
2,000 lb. 

x lb = $.97/10 6 B'IU 
.0124 x 10 6 BTU 

x 30 x 106 BTU x 8,760 hr x 0.6 C.F. = $152,600 

10 6 B'IU hr. yr. 

- Raw Fuel OJst Provided l::tj PEOCo 116, 300 

Clean Q:)a1. Cost Difference + $36,300 

2) Bottan Ash Costs - Middling Product Ieduces Value l::tj 60%. 

Raw (l)al Bottm Ash Handlinq (FEDCo cost) 

0.40 x $21,000 

= $21,000 

= 8,400 

Bottan Ash Handling Cost Difference = -$12, 600 

SubTotal Increased Costs $23, 700 
Increase COsts for Fly Ash: $4/tcn x 1,670 tons/yr. of fly ash=$ 6,700 
Total Annual Costs= $952,300 + 23,700 + 6,700 = $982,700 

Annual Cost Basis: $/lli 

$982, 700 
8. 8 :>'.W x 8, 760 hr. x . 6 = $21. 25/.r-l'l (t) 

hr. yr. 

For Table 4-36 :the lc:w sulfur product coal oosts are based on $1.26/10 5 B'IU 
and an ash ha.1dling factor of O. 2. The ERD.11. process oosts are based on 
$2.11/10; B'IP and a'1 ash handling fac'"..or of O. 75. 
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The seccnd major finding is that physically and chemically cleaned low 

sulfur eastern coal can :rceet a stringent control level of 516 ng SCh/J (1. 2 

lb S02 /106 B'IU} at relatively lav increase in cost to the industrial boiler 

operator. This increase in annual cost is as lOW' as 3 percent or as high 

as 9 percent, dependent upon crntrol technology and size of the boiler. 

Because chemical coal cleaning is still in the developrrEnt stage, the future 

cost to the boiler operator for chemically cleaned coal may be radically 

different than the values presented here. 

4.2.2.1 Cbnpariscn of BSER Costs with Camercial Plants--

'Ihe capital oost and annual cperating and maintenan~ cost for each 

BSER were cxnpa:red to previous calculations and estimates from existing 

beneficiation plants. to check the accuracy of the oost calculations. 'Ihe 

:report "An Engineering/Economic Analysis of Coal Preparation Plant Operation 

and Cost" prepared for. the ~part:Irent of Energy by Hoffman-Mlmter Corporation 
• .c: • (47) 

was used as the basis .1..or the carpan.son. 

A general staterrent in the Hoffman-M.mter report was that benef iciation 

plants oost between $7,000-$23,000 per ton-hour of coal input (mid-1977 

dollars) . ( 
4 8

} The normalized BSER capital costs were $34, 800/ton-hour for 

the mtlti-stream plant and $30,000/ton-hour for the preparation plant 

designed for lav sulfur eastern coal (mid 1978 dollars). The major 

differences in these costs were the inclusicn of indirect installation 

costs (i.e., engineering, ccnstnicticn expenses, start-up costs, and per

fonnance tests) , land costs and working capi ta1 costs in this study. If 

these bYo ccsts are excluded, the nomalized costs decrease to $26,200/ton

hour for the multi-stream plant and $23, 000/ton-hour for the lCM sulfur eastern 

coal preparaticn plant (mid-1978 dollars) • Including one year inflation at 

8 percent, the nonnalized costs appear to l:e in the correct range and 

conservatively high. 

As a further check, the results of this study were carpared to similar 

plants presented in the Hoffman-Mlmter study. The corrparison is provided 

:in Tables 4-40 and 4-41. These tables shav that the BSER beneficiation 

plant costs are gcx:rl estimates of actual plant costs. 
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TABLE 4- 40. COST CCMPARISJN WI'IH LEVEL 4, HFAW MEDIA PIANT 
us~ HIGH SUIFUR EAS'I'Em CffiL 

ibffman-r-tmtner Actual 
Parameter Plant Costs (mid-1977) 

(Plant Description) !1eavy rredia process cleaning 
900 TPH; 2-staae heaw rredia 
cyclone; fines-cleanilig 
by deister t-..ables; thermal 
dryers. 

Raw Coal Handling Sl.2 million 
Equiprent cost 

Preparation Plant ~p. $2.6 million 

other Facilities (excloo. 
thel:r.1al. d%yer l 

'fotal Installed Capital 
Cost per ton-hr. .input 

1978 <:peration am 
Maintenance (excluding 
thenral dryer) 

1978 0 & M Cost per ton 
of clean coal 

S3.8 million 

$17,200 

$10. 4 million 

3.06 
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I'mR 
Estirrated Costs (mid-1978) 

Heavy nedia plant cleaning 
600 TPP.; 2-stage heavy 
r.-edia cyclone; fines 
cleaning by hydrocyclones; 
~ themal. dryers. 

$2.l million 

$2 .1 million 

$3.B million 

$21, 700 

$6. 3 million 

$4.33 



TABLE 4-41. OOST cDMPARISON WITH LEVEL 4, HEAVY MEDIA PLANT 
USJN; IDil SWUR FASTERN OOAL 15 o / 

Paraneter 

Hoffm:m Muntner 
Actual Plant Costs 

(rnid-1977 $) 

(Plant ~cription) Heavy nedia process cleaning 
600 TPH; Heavy nedia vessel 
for coarse separation; heavy 
rredia cyclone for middlings 
separation; flotation cells 
for fine coal cleaning; 
thenral dryers. 

Raw Coal Handling Equiprent 

Preparation Plant Equiprent 

Miscellaneous Fquiµrent 
(excludes thennal ch:yer) 

1978 'Ibtal installed capital 
cost per ton-hr. input 
(excludes thermal dryer) 

1978 Operation and Maintenance 
(excluding thenna.1 dryer) 

1978 O&M per ton of clean coal 

$1.0 million 

$1.4 million 

$2.9 million 

$15,500 

ss.2 million 

$4.54 
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TIM. Estimated 
Cost (mid-1978 $) 

Heavy M:rlia process 
cleaning 600 TPH; 
heavy rredia vessel for 
coarse coal; heavy rredia 
cyclone for middlings; 
hydrocyclones for fine 
coal dewatering; no 
thennal dryer. 

$2 .1 million 

$1. 9 million 

$2.9'rnillion 

$19,100 

$5. 3 million 

$3.14 



4. 3 COOT SUMMARY 

Section 4. 0 has presented the cost of canplying with emission control 

levels for industrial milers using naturally occurring or cleaned coal. 'lhe 

rosts were f Ol..llld to be a canbinatirn of four costs: raw coal costs, 

cleaning/handling charges, transportatirn, and in-plant preparation and 

diSfX>Sal. The raw coal costs are a functicn of the coal quality with 

respect to heating value, ash crntent, and sulfur content. The cleaning 

charges used in this ITAR are based on engineering estimates of cleaning 

plant operating costs. Boiler operator costs were assumed to be those 

presented by PEOCo Environrceital with rrodificaticns made to fuel and 

waste disposal costs. In-plant preparaticn and disposal costs are 

.· primarily a function of heating value and ash content of the coal. Cleaned 

coal can reduce ooiler size, coal handling throughput needs, and :ma.intenance 

. requirenaits. The decreased capital and operating costs associated with 

these reduced requirerrents are not included in this ITAR. HCMever, the 

decrease in operating costs associated with less ash disposal is included. 

Transportatirn costs were excluded from this analysis, although trans

portatirn has a najor :i.npact en which coal type is used. Transportatirn 

oost examples ~e presented in Secticn 4. 1.1. 5. A carparisrn of Tables 

·4-4 and 4-19 with Table 4-6 shows that transportaticn costs are of the 

same order of nagni tude as raw and cleaned coal oosts. Of special note 

is that the oost of transporting western coal to eastern na.rkets is in the 

range of $15-24/kkg, while cleaning costs are only $3-5/kkg. Fran a cost 

standpoint it appears that cleaning local eastern and midv.estem coals 

watl.d be preferable to transporting western coals to eastern markets. 

11his assurres, of ca.rrse, that high sulfur coals can be cleaned to acceptable 

levels to ItEet envircnnental constraints. 

'lhe BSER operating cost for each industrial boiler size and :reference 

ooa1. type at various emission standard levels is presented in Table 4-42. 

Qi a $/M'fu basis, the oosts for each coal type and reference boiler are 

within 30 percent of one another and in nost cases the rost differential 

is less than 10 perc12"•1.t. '!his further accentuates the fact that the B.5ER 

depends heavily on transportation oosts and therefore on the location of 

the miler. 
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TABIZ 4-42. CC5T StJ.lMARY TABLE - BSER 

Cost to industrial boiler operator is the carbined cost of raw coal plus 

cleaninq plus transporta.tioo plus boiler O&M. However, since the boiler 

location has not been specified for this stuiy, transportation costs are 

elCC!u:Ied. Al.so particulate control costs (both capital and operating) are 

oot inclu:led. It is our understanding that these costs will be included in 

future stulies. 

[Costs are in S/M'll(tl l 

Hi2! Sulfur Eastem Coal 

Eoiler Size/ Emissial Control level (nsi: f.~/J) 

Ki Una:ntrolled 1290 1075 860 645 516 

a.a 21.17 21.43 21.43 22.17 22.17 26.19 

22 16.59 16.a3 16. a3 17.65 17.65 21.61 

44 13.56 14.37 14.37 15.ll 15.11 19.13 

58.6 13.95 14.97 14.97 15. 72 15. 72 19. 74 
117.2 12. 79 13.81 13.81 14.56 14.56 18.57 

!.ow' Sulfur F.astem Coal 

Boiler Size/ Emission Control level (n9: so.,/J) 
Ki tl'1caltrolled 1290 1075 860 645 516 a:::c 

8.8 20.4a 20.4a 20:48 20.48 21.11 21.ll ::?l.79 

22 16.17 16.17 16.17 16.17 16.80 16. 80 ::.1. 48 

44 13.50 13.50 13.50 13.50 14.34 14.34 15.02 

sa.6 13.91 13.91 13.91 13.91 14.a3 14.83 15.51 
117.2 12.86 12.86 12.86 12. 86 13. 78 13.7a 14.46 

!.ow' Sulfur Westem Coal 

'l11e costs for low sulfur western ooal as a BSER are relevant for emission 
control levels gmater than 450 ng SOi_/J: 

Boiler Size thoontrolled eon trolled 

a.a 21.39 21. 76 

22 16.al 17.la 

44 13.74 14.71 

56.a 14.10 15.13 

117.2 12.95 14.15 
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SECTION 5. 0 

ENERGY IMPACT OF CANDIDATES FOR 
BEST SYS'l'El-1 OF EMISSION REDUCTION 

The purpose of this energy impacts section is to quantify and carpare 

the energy requirenents of the control technologies previously identified 

as Best Systems of Emission Reduction (BSER} • The first portion of this 

section intrcrluces the various erErgy uses or savings associated with each 

B.SER. Where possible, these uses are quantified. In the second. portion, 

the energy quantities are cxnbined to characterize the energy usage for 

each BSER. Subsequent portions briefly discuss the potential for energy 

savings fran each BSER, the factors which effect energy use by m::rlif ied/ 

reconstructed boilers, and the impacts on the B.SER of governrrent legislation 

which mandates fuel switching. 

5.1 INI'ROOOCTICN 

In th.is section we ca:cpare the levels of energy consllIIEd in two systems 

of coal used for irrlustrial boilers-naturally occurring lo.v-sulfur coals 

and cleaned coals. 

The rrajor energy-using activities considered are: transportation of 

OJal, processing at mine nouth, coal cleaning, and postccrcbustion fly ash 

renoval. 

5.1.1 Energy Involved in Transporting Coal 

Naturally Occurring IDN SUlfur Coal--

The energy required to transport coal (as a fraction of the cc:mbustion 

energy in the co.-.1) depends on the distance between origin and. destination, 

the available routes, the node of transportation, and the heating value of 

the delivered coal. 

Table 5-1 presents estiJnated distances of transportation routes be

tween the supply centers of seven coals and six industrial destinations. The 
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Destination M:xle 

Austin, Tx. Water 
Hail 
Total 

llarrisLurg, Pa. Water 
Rail 
'lutal 

Collllbus, a •. Water 
Rail 
'l'olal 

Baton lbuqe, I.a. Water 
Rail 
'l'otal 

Sacranento, Ca. Water 
Rail 
'lot.al 

Springfield, IL \-later 
Rail 
1btal 

Table s-1. DISi'llOCES, BY M'.llE, BElWEEN 'lllE ORIGINS ct" SUPPLY ooru.s ANO ll!S'l'.INl\'l'ICNS 
aw (mi) 

Oriain 

l.Dw-Sulfur Coals 

Gillette, WY. lbck Springs, Hv. Gallup, N.M. Williston, N.D. Duchanan, Va. 

0 (O) 0 (0) 0 (0) 0 (0) 2420 (1500) 
2440 (1510) 2240 (1400) 1780 (1105) 2630 (1630) 1050 (650) 
2440 (1510) 2240 (1400) 1780 (1105) 2630 (1630) 3470 (2150) 

1590 (990) 1890 (1180) 1890 (1190) 1590 (980) 0 (0) 
2050 (1270) 2450 (1530) 2340 (1500) 1500 (930) 470 (290) 
3640 (2260) 4340 (2710) 4230 (2760) 3090 (1920) 470 (2~0) 

1340 (030) 1140 (700) 1140 (700) 1340 (030) 0 (0) 
1770 (1100) 2250 (1400) 2330 (1450) 1220 (760) 660 (410) 
3110 (1930) 3390 (2100) 3470 (2150) 2560 (1590) 660 (410) 

1480 (920) 1480 (900) 1390 (860) 2520 (1570) 2420 (1500) 
1960 (1220) 2060 (1280) 1500 (930) 960 (600) 340 (200) 
3440 (2140) 4540 (2180) 2890 (1790) 3480 (2110) 3760 (1710) 

0 (0) 0 (0) 0 (O) 0 (0) 1560 (970) 
2540 (1580) 1420 (880) 1620 (1005) 2620 (1630) 3570 (2220) 
2540 (1580) 1420 (880) 1620 (1005) 2620 (1630) 4130 (3190) 

0 (0) 0 (0) 0 (0) 1040 (650) 1260 (780) 
2120 (1320) 2220 (1380) 2300 {1430) 1130 (700) 500 (310) 
2120 (1320) 2220 (1380) 2300 (1430) 2170 (1350) 1760 ( 1090) 

lliqh-Sul fm· Coal 

Las Animas, Co. Dutlf'.r, Pa. 
--

0 '(O) 2740 (1710) 
1980 (1230) 780 (490) 
1980 (1230) 3520 (2200) 

2480 (1540) 0 (0) 
1220 (760) 460 (29U) 
3700 (2300) 460 (290) 

1720 (1070) 760 (470) 
1010 (630) lJO (80) 
2730 (1700) 890 (550) 

1390 (860) 2750 (1710) 
1080 (670) 60 (40) 
2470 (1530) 21HO (1750) 

0 f Ol 1880 (J !HO) 
2310 1430) 3310 (2060) 
2310 (1430) 5210 (3240) 

590 (330) 1890 ( 11 BO) 
980 (610) 230 (140) 

1570 (980) 2120 (1320) 



routing, which includes the two major transportation m:xles--rail and water-

gives preference to the water m:xle where possible, since it involves less 

energy and less cost than does the rail nnde. 

The energy required to transport lav-sulfur coals, physically-cleaned 

coals, and chemically-cleaned coals to the reference destinations is present

ed in Tables 5-2, 5-3, and 5-4, respectively, as a fraction of the canbustible 

energy in the delivered coal. The values are based upon the heating values of 

the coals (see Section 3. 2. 2), the routed distances on rail and water (see 

Table 5-1), and the average values of 2. 62 x 10 5 Joules per kkg-km (366 Bro 

per ton-mile) by rail, and 2.12 x 10 5 Joules per kkg-km (296 mu per ton-mile) 

by barge, values mich include energy consurred in hauling and in loading and 

unloading operations. 

Table 5-2, which presents values for the six representative !CM-sulfur 

coals (unprocessed), indicates a range of over an order-of-magnitude in the 

carputed values of transportation-energy consurrption, expressed as a percen

tage of the energy in the delivered coal. For example, transporting the 

!av-sulfur coal fran Buchanan, Virginia to Harrisburg, Pennsylvania consumes 

energy equal to about O. 4 percent of the coal's energy, while transporting 

lignite fran Williston, North Dakota to Baton Rouge, Louisiana consurres 

energy equal to alrcost 5.0 percent of the carbustible energy in the coal. 

Similarly, for ];hysical and chemical coal cleaning, the range of values 

of transportation energy as a percentage of the energy in the delivered coal, 

is sCJ'IeWhat greater than an order-of-magnitude, as sham in Tables 5-3 and 

5-4. 

Transportation Energy Consumed by BSER:-

This subsection focuses upon the energy collSl.liled during the transporta

tion of the three reference coals selected in Section 3.0. The matrix in 

Table 5-5 sUir!\3.rizes the "Best System of S0 2 Emission Reduction," which 

permits carg;>l.: ance with four alternative S02 emission control levels ~en 

applied to the ---Juee coals. 

A surrrnary of the values of the energy consurred during transportation 

using the Best Systems of Emission Reduction is displayed in Table 5-6. 

For som= dem:lnd center~ such as Austin, Texas, the energy consurred during 

transportation is appro'cimately the same (i.e., about 2.0 to 2.5 percent) 
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Table 5-2. '11IE ENEroY' C<:NSIHD IN TAANSl'ORl'IOO 100-SULFUR 001\L ro INDlJS'l'IHJ\L t::&V\t-rJ Cl!NIERS 

1\S A PERCENl'AGE OF THE Cil1rusrIBLE mERGY rn THE DELIVERID amL t 

Oriqin 

Destination Buchanan, Va. Las Ani1nas, Co. Gillette, Wy. PDck Springs, Wy. Gallup, N.M. Williston, N.D. 

l\usUn, 1'X 2.51% 2.00% 3.26% 2.22% 2.02% 4.27% 

llarrjsburg, Pl\ 0.39 3.25 4.46 3.94 4.62 4.53 

Coluntius, al 0.55 2.42 J.02 3.l3 3.69 3.75 

Baton Pouge, CJ\ 1.91 2.22 4.32 3.22 2.97 4.89 

Sacramento, CA 4.04 2.32 '].40 1.40 l.04 4.26 

Springfield, JI, 1.23 1.47 2.94 2.22 2.62 3.20 

1 Values basoo upon Cll heating values of Ute coals (sfie secti.on 3.2.2) (2) routed distances by railroad anl 
barge (see 'fable 5-1), . and (3) energy UlllSl.D11ptJon rates of 2.62 x 105 .J/kkq-krn by railroad and 2.12 x 105.T/kko-km 
by harye. 



Table S-3. THE ~ CCNSUMED :m TRANSPORI'JNG SEI.ECTED 
PHYSICMLY CLEANED a:lAIS 'ID JNIXJSTRIAL DE
MAND CENI'ERS AS A PERCENI'AGE.,_ OF THE CCMBUsrIBLE 
ENERGY IN THE DELIVERED COAL 1 

Destination 

Aust.in, TX 

Harrisb.Jrg, PA 

Columbls, CH 

Baton Rouge, IA 

Sa.cranento, CA 

Springfield, lli 

Origin of Physically Cleaned Coals 
and Level of Cleaningcr 

:u:iw-s F.a.stem High-S Eastern 
(}3uchanan' VA) (Butler, PA) 

PCC I..evel 4 ~ 5 :occ Level 5 ~ 
~n r1-

2.18% 2.63% 2.59% 

0.34 0.40 0.39 

0.48 0.64 0.63 

1.66 2.00 1.97 

3.51 4.23 4.17 

1.07 1.54 1.51 

t Values based up:m (l} heating values of the coals (see section 3.2.2), 
(2) routa:l distances by railroad and barge (see Table 5-1) , and (3) energy 

a:mstlIIption rates of 2.62 x 105 J/kkg-km by railroad and 2.12 x 105 Jjkkg-km 
by barge. 

a The levels of F :C oorresporxi to those described in section 3. 2 .1. 2. 
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Table 5-4. 'IEE ENER:;'i COOSUMED JN TRANSPORl'ING A 
<E:MICALLY-c:LEANED COAL- 'ID :rntUSTRIAL 
DE'MAND CENI'ERS AS A PERCENI'AGE OF THE 

r:estination 

Austin, TX 

Harrisl::w:g, PA 

Columbus, OH 

Ba.ton I:ouge, LA 

Sac:ram:nto, CA 

Springfield, IL 

.,J.. 

CCMWSTIBLE ENERGY IN THE DELIVERED COAT_,' 

High.-S Fa.stern 
(Butler, PA) 

- 0 
CCC Process 

Gravic.11em 

2.61 

0.39 

0"64 

1.99 

4y21 

L52 

2.85 

Oo43 

Q.,69 

2.17 

4.,59 

1066 

t Values based upon (.1) heating values of the roal.s (see section 
3. 2. 2) , (2} routed distances by railroad and barge (see ~ 

Table 3.2-3}, and (.3) enerqy consunption rates of 2.62 x 10~ J/kkg-km 
by rail.mad and 2.12 x 10 5 J/ kkg-km by barge. 

0 
'Ihe chemical ooal cleaning processes are described in section 3.2.1.3. 
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TABLE 5-5. BEST SYS'IEM OF EMISSICN REOOCTICN FOR 'llIREE CANDID.ATE CDALS 
.AND FIVE SO 2 EMISSION CXNTIDL LEVEIS 

S02 Emission levels 
ng S02/J (lb/502/10 6 B'IU) 

Coal 1,2 9(J (3. 0) 1,075(2.~ 860 (2. 0) 645 (1. 5) 516 (1. 2) 

High Sulfur P<X level 5 PCC level PCC level 5 PCC level 5 CCC: ERDA 
Eastern 5 

I:eep Cleaned I:eep Cleaned ... Middlincr ! a Middlin 

U:M Sulfur FCC level 4 
Eastern Faw Coal naw Coal Raw C.oal PCC level 4 CCC Gravichen 

U:M Sulfur 
Western Raw Cbal RaW Cbal Raw Coal Raw Coal Raw Coal 
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TABLE 5-6. ENER;Y CONSUMED DURING TRANSPORI'ATION WHEN THE "BEST SYS'IEM OF 
EMISSIOO REDUCTION" IS APPLIED 'ID THREE COALS SELECTED 1'S 
CANDIDATES FOR CDAL CLEANING AS A PERCENTAGE OF THE CCMBUSI'ION 
ENERGY OF 'l'HE DELIVERED COAL 

Emission Level 
ng S02/J (lb SO 2/10 6 B'IU) 

I:estination Coal Type co 1,290 (3.0) 860 (2.0) 645 (1.5) 516 (1. 2) 

Austin, TX High-S Eastern 2.63% 2.59% 2.59% 2.85% 
ICM-S Eastern 2.51 2.51 2.18 2.18 
ICM-S Western 2.00 2.00 2.00 2.00 

Harrisburg' PA High-S Eastern o. 40 0.39 o. 39 0.43 
Lc::M-S Eastern o. 39 o. 39 0.34 0.34 
ICM-S \'es tern 3.25 3.25 3.25 3.25 

COll.lllbus, OH High-S Eastern 0.64 0.63 0.63 0.69 
I.D.N-S Eastern 0.55 0.55 0.48 0.48 
ID.N-S Western 2.42 2.42 2.42 2.42 

Ba.ton Rouge, LA High-S Eastern . 2.00 1.97 1.97 2.17 
ID.N-S Eastern 1.91 1.91 1.66 1.66 
I.D.N-S \'estern 2.22 2.22 2.22 2.22 

Sacranento, CA High-S Eastern 4.23 4.17 4.17 4.59 
Loil-S Eastern 4.04 4.04 3.51 3.51 
I.D.N-S Western 2. 32 2.32 2.32 2. 32 

Springfield, IL High-S Eastem 1.54 1.51 1.51 1.66 
J:a.1-S Eastern 1.23 1. 23 1.07 1.07 
LcM-S \'Estem 1.47 1.47 1.47 1.47 

Q) These coal types are characterized in Section 3. 2. 2. The high sulfur 
eastern coal originates at Butler, PA. , the la.v sulfur eastern coal 
at Buchanan, VA., the lCM sulfur western coal at Las Animas, CO. 
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regardless of the selected BSER. For other industrial centers, such as 

Harrisburg, PA., the range of values in transportation energy may differ by 

an order of magnitude (i.e., fran about 0.3 to 3.0 percent). 

'Ihe dif fenmce be~ the energy oonstn"Ced in transporting rCM ooals 

and the energy used in transporting cleaned ooals reflects the net energy 

enhanCEIIellt of the ooals resulting from the rerroval of ash during the 

cleaning p~ss. Energy enhanc:errent allows less ooal (per unit weight) 

to satisfy boiler input heat requirenents. 'Ihe follc:Ming percentages of 

ooa.1-energy enhan.CEIIellt were used: 

Cbal Cleaning Process 

POC: level 5 Middlings 

POC: revel 5 Deep Cleaned 

ax:: Gravidle!n 

<XX:: ERDA 

kJ/kg Enhancement (%) 

13.0 

15.0 

14.0 

4.4 

5.1. 2 Energy Elercents for a IcM Sulfur Cbal Cbntrol System 

The major energy elenents involved with providing lCM sulfur ooal to 

industrial boilers is the use of energy during transportation and during 

handling at the mine and industrial boiler. 

'Ihe energy used for breakers at the mine is approximately 290 KW -

based on a 7,250 netric ton/day plant. 'Ihis valt:e :represents the energy 

utilized to reduce nm-of-mine (KM) ooa1 to sizes acceptable for further 

processing or to satisfy the cEmand for specific top sizes. Breaking coal 

to a relatively honogeneous size range helps accx:xrplish efficient coal 

handling and a:mbustion. 

5.1.3 Energy Usage by Physical Coal Cleaning Processes 

5 .1. 3 .1 'lbtal Energy Use of PCC Plant Cbntrol System--

Because of the nature of physical coal cleaning rrost processes 

involve rrerely sizing and washing and are not energy intensive. There 

are no increased terrperature or pressure requirenents as 'WOuld be required 

of chemical coal cleaning. Instead the operations which use significant 

arrounts of energy are pulverizing, <Ewatering and thermal drying. Of thE.se, 
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pulverizing and dewatering require electrical energy while thermal d...-ying 

:requires fuel. Pulverizing system.s utilize electrical energy for cr•.lShers 

and grinders. As is indicated by Table 5- 7 the chosen Best Systems for 

Emission Reduction utilize 6.2 kJ/kg for a level 4 plant and 15.5 kJ/kg 

for a level 5 plant for pulverizing. For higher levels of cleaning nore 

grinding and crushing are perfo:rned than for lc::Mer levels. 

r::ewatering systems :require electrical energy for units such as 

centrifuges, vacuum filters and cyclones. Table 5-7 shows energy usages 

for dewatering as 5.3 kJ/kg of product for I.evel 4 and 14.2 kJ/kg of 

product for revel 5. '!he increased handling in higher levels of cleaning 

neans a proportionate increase in size of the dewatering systems. 

Electrical energy is also used for rcotors and pumps as well as for 

separation devices such as heavy media vessels and froth flotation. In 

addition, coal prepared for an industrial boiler must as a last step be 

screened or agglCJIErated to rreet boiler specifications. This is a specific 

electrical energy requirem:mt when preparing coals for industrial boilers. 

As shCM'Il ~ Table 5-7 the total energy usage for the chosen PCC best 

systems are 18.3 kJ/kg of product for T..evel 4 and 50. 7 kJ/kg of product for 

level 5 . '!he primary contributors to these usages are punps, dewatering uni ts 

and pulverizing units. 

For a typical physical ooa.l cleaning plant the last step in noisture 

rercoval is thennal drying. Hot air for dI:ying is produCEd usually by 

burning cleaned coal but the fuel may also be oil. 'Ihe chosen best systems 

did not include thennal drying due to the difficulty in rreetinq control 

levels. ~ver, for a typical physical coal cleaning plant the:r:mal 

dI:ying represents the rcost energy intensive operation. 

5.1.3.2 Energy Content Rejecticn and Enhancerrent--

'Ihe rCM coal feed into a physical ooal cleaning plant has a specific 

energy ccntent. In processing, this energy ccntent is split and appears in 
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TABLE 5-7 ENERGY EI..EMENTS FUR 0 BEST" 

PHYSICAL COAL CLF.ANrnG sYS'I'El1S < 
2 

> ' C 
3 
> , < 4 > 

Total 
Electrical Electrical Energy 
Energy for Energy for Miscellaneous for Coal 

Best System Pulverizing Dewatering Energy Users Preparation 
of Emission kJ/kg kJ/kg kJ/kg kJ/kg 

Coal Type Peduction (PCC) (BTU/lb) Product (B'lU/lb) (B'IU/lh) (BTU/lb) 

ii::.. 
-i 
~ 

High Sulfur PCC - Level 5 15.5 14.2 21.0 50.7 
Eastem "deep cleaned" (6.6) {6.1) (9 .0) (21. 7) 

coal 

~ - Level 5 14.4 12.6 18.4 45.4 
''middlings1

' (6.17) (5.4) (7.9) (19. 5) 

IaJ Sulfur PCC - I.evel 4 6.2 5.3 6.8 18.3 
Eastern (2. 7) (2. 3) (2.9) (7.9} 



the refuse as well as the cleaned coal product. Table 5-8 indicates the 

energy content of refuse and product for the five levels of physical coal 

cleaning using the high sulfur eastern coal as input. 

As indicated by the table, energy content enhancerrent of the product 

increases with increasing levels of cleaning. For exaITq?le, a Level 2 plant 

yields 28,917 kJ/kg of product, arrl Level 3 plant yields 30,278 kJ/kg of 

product. Three values represent an 8 percent and 13 :percent increase 

(enhancement) of the energy content of the coal, respectively. 

The rejection of useful energy in refuse represents the rrajor energy 

a:msurrer in physical coal cleaning. Usable energy is lost to the refuse 

by pyrite rejection in order to rreet pollution control levels. Since 

Level 1 physical coal cleaning only involves crushiIB and sizing, little or 

no energy content is lost to refuse. HCMever, for the other levels consid

erable energy loss exists. On the other hand, higher levels of cleaning 

increase enhancement and decrease reject energy content, making higher levels 

desirable relative to energy content of the fuel. 

5.1. 4 Energy Usage by Chemical Coal Cleaning 

5.1. 4.1 Energy Usage for the Cleaning Process-- (s) 

The primary energy users for physical coal cleaning, pulverizing, 

dewatering and thermal drying, are also significant users of energy in 

chemical coal cleaning. Pulverizing is an integral part of the chemical 

coal cleaning system and is accarplished by crushers, grirrlers and 

pulverizers. These units all rBll.lire electrical energy, but due to varia

tions in coal size rBll.lirerrents, the electrical energy expended for 

pulverizing may vary fran system to system. 

Dewatering operations utilize electrical energy in such units as 

vacuum filters, centrifuges and cyclones. 
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Coal 
'fype 

High 
Sulfur 
F.astem 

TABLE 5-8 

level of 
Cleaning 

1 

2 

3 

4 

5 

ENERGY a:>NI'ENI' REJB:TION AND ENHAOCEMENI' 
IN PHYSICAL CCl'\L C~ 

Rm Cbal Ief use Clean Coal 
Energy F.heJ:gy F.nergy 
Cal.tent* Content* Content* 
kJ/kg kJ/kg kJ/kg 
(BIU/lb) (B'IU/lb) (B'IU/lb) 

26,716 0 27,260 
(11,486) (0) {11,720) 

26,716 14,249 28,917 
(11,486) (6,126) (12,432) 

26,716 16,030 30,278 
(11,486) {6,892) (13,017) 

26,716 11,132 33,397 
(11,486) (4, 786) (14,358} 

26,716 9,716 31,513* * 
(11,486) (4,177) (13,548)** 

* As-~rei ved Basis. 

% 
Energy 
Recovery 

100 

92 

85 

87.5 

92 

**Heating value of catbined product. level 5 will generate ~ 
product strearrs, a deep cleaned stream arrl a middling proiuct. 
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Di:ying is accorrplished with heat produced in a fumace. Usually 1 

coal produced by the cleaning process is used for fuel although oil may 

also be used. 'Ihis fuel use represents a major energy expenditure. 

Anong energy requirerrents for chemical roal cleaning,which do not 

exist for physical roal cleaning, are oorrpressors for elevated pressure 

in reactors (electrical energy) , heaters for reactors (fuel energy) and 

notors for mixers (electrical energy). In addition, because of the 

differences in dlernical roal cleaning system;, there exist electrical 

energy requireneits \\hich are unique to individual systems. An example 

is the oxygen-nitrogen generation plant of the TRW Meyer's Process. 

It ~uld re appropriate to give energy usage values as was done for 

physical roal cleaning for units and processes in chemical ooal cleani.."1g. 

HCM9ver, reca.use chemical coal cleaning is still in the developrrental stage, 

estimates for tmit energy usage of full scale operations are not as readily 

attainable as for physical ooal cleaning. Values for ERDA and Gravichem 

have been calculated for the entire process. The 209 kJ/kg of product ex

pended by the ERDA process (Table 5-10) includes all elerrents discussed pre

viously withnajor energy usage attributed to elevated temperature and 

pressure requirerrents in the reactors. The 61 kJ/kg of prcduct expended by 

the Gravichern process is largely due to electrical energy requirerrents of 

the oxygen-nitrogen generaticn plant, a& well as pulverizing, dewatering and· 

the...vna.l drying previously discussed. Note that 20 percent (12 kJ/kg) 

of the energy usage is due to the physical coal cleaning portion of this 

process. 

5.1.4.2 Energy Content Rejection and Enhancement-

The renoval of sulfur and coal diluents by chemical coal cleaning 

increases the energy cmtent of the product coal. The actual anount of up

grading varies with the process and coal used. Table 5-9 shCMS the energy 

o:>ntent of two reference coals after enhance:rrent by two chemical coal clean

ing processes. For the ERDA process only a 4 percent upgrading of energy 

content is achieved, whereas the Gravichemprocess yields a significantly 

higher upgrading of 14 percent. 
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TABIE 5-9. ENERGY BAU\NCE FOR CHEMICALLY CLEANED mAL 

Coal Type CCC Process roM Coal Cleaned Coal Pefu....e % Energy 
EneJ:gy EneJ:gy content Ene:r:gy Pecovery 
content Content 
kJ/kg kJ/kg kJ/kg 
(B'lU/lb} (B'lU/lb) (B'IU/lb) 

High Sulfur ERDA 20·, 772 .. 28,507 16,031 
F.astem (I1;sH>> . (12 ,256} (6,892) 94 

IDw Sulfur Gravidlem 31,685 36,132 14,116 
Eastern (13 ,622) (1.S ,534) (6 ,069) 91 



Energy rejected in the refuse represents a major energy loss in 

chemical coal cleaning. As can be seen in Table 5-9, this energy loss is 

similar for both the processes chosen as best systems of emission reduction. 

5.1.5 Energy Usage by the Candidate BSERs, External to the Boiler 

Table 5-10 presents values for total energy usage by the chosen BSERs. 

These data will be used in Section 5. 2 to determine the energy impacts 

on the reference boilers. Also presented in Table 5-10 are energy 

values for energy content rejection and enhancerrent. OVerall energy 

content recovery consists of three energy elements, (1) energy for 

preparation, (2) energy content rejection, and (3) energy content 

enhancerrent. 

5.1.6 Energy Differences Be~ Uncontrolled Boilers and Various levels of 
Central 

Energy usage varies with the level of cx::mtrol desired. For an 

unoontrolled boiler, energy is required only for transp:>rtation of the 

mined ooal to the boiler and for handling of the ooal at the boiler. 

5.1.6.1 Energy Consmrption/Decrease over Unoontrolled Boilers 
Using LJ::M Sulfur Coal-

'Ihe major difference be~ energy oonsurred by unoontrolled and 

controlled boilers utilizing lav sulfur ooal is the energy required for 

particulate rontrol. 

In Section 5.2.1 we ronpute the electrical energy oonsurred in rerroving 

particulates from the flue gas follaving the oonbustion of selected cleaned 

and tmcleaned ooals in five reference ooilers. 'Ihe oontrol devices are 

(1) electrostatic precipitators and (2) fabric filters. 

5.1.6.2 Energy Savings of PCC and CCC over Unoontrolled Boilers--

When physically or chemically cleaned ooal is used to rreet specified 

oontrol levels, the energy expended for transp:>rtation and handling is 

less than for tmcleaned ooa1. This decrease is due to the rerroval in the 

cleaning process of those ronsti tuents having no energy value. Therefore 

less energy is expended for transp:>rting and handling the sarre nurrber of 

Joules in cleaned coal than in uncleaned roal. 
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.i::. 
co. 
0 

--··------·-

Coal 'l'ype 

High Sulfur 
Eastern 

-· 
LcM Sulfur 
Eastern 

UJ.i Sulfur 
Western 

Table S.-10. Energy Elements for Chosen Best Systems of Emission Reduction 

Level of Energy for* Refuse Energy Clean Coal 
Control Best Systan Coal Preparation** Content Erergy Content 
lXJ S02/J of Emission kJ/kg Cleaned Coal kJ/kg kJ/kg 

(lb SOdl06 BI'lJ Reduction (BRJ/lb) (BIU/lb) (BIU/lb) 

Moderate FCC-Level 5 45.4 12,563 31,662 
1,290 (3.0) MidUings (19.5) (5,401) (13,612) 

Opt. Moderate PCC-Level 5 
B60 (2.0) or deep cleaned 50.7 12,563 33,555 
Intenoodiate coal (21. 7) (5, 401) (14,426) 
645 (1.5} 

Stringent c:cc-ERDA 209 16,031 28,507 
516 Cl. 2) (89.9) (6. 892) {12 ,256) 

Mcxle.rate Raw Coal 1.9 31,685 
1,290 (3.0) (0.8) -- (13, 622) 

or 
Opt. Moderate 
860 (2.0l 
Intermediate PCC Level 4 18.3 20,139 33,883 
645 (1.5) (7. 9) (8,658) (14, 567) 

POC Level 4 18,3 20,139 33,883 

Stringent (7. 9) (8,658) (14 .567) 

516 (1. 2) Gravich~ 61 14,116 36,132 
(26.2) (6,069) (15, 534) 

Moderate Raw Coal 1.9 26,270 
1,29() 0.0) (0. 8) - (11, 294) 

Opt. Moderate Raw Coal 1.9 26,270 
860 (2.0) or (0. 8) -- (ll, 294) 
In ternedia te 
G4S (1.5) 

St.rirY:Jent ~ Coal 1.9 26,210 
516 (1.2) (0. 8) -- (11,294) 

* Usually this would be fuel as well as electrical energy. For the chosen ICC DSER w 
thennal dryers exist and this value is only electrical energy. 

** Based on 8,000 TPD feed 

% Energy 
RecoVery 
in Product 

44.06 
44.06 

. 43.42 

94.00 

100.00 

89.83 

89.83 

91 

100.00 

100.00 

100.00 



Not only are there energy usage advantages for transr:orting and 

handling cleaned cnal, but these advantages becnrre greater as the level of 

cleaning incr:eases. Thus a Level 5 physically cleaned cnal or a roal 

cleaned by the ERDA process would ireet a rrore stringent cnntrol level and 

would require less energy expenditure for transr:ortation and handling 

than a less rigorously cleaned coal. 

Energy used for handling coal at the boiler site is also decreased 

if cleaned coal is used. The rrost energy intensive part of handling is 

grinding. Because beneficiated ooal contains less mineral matter than raw 

coal, less energy is reql1ired to grind benefic.iated coal. In addition, 

decreased hardness will increase the life of the grinder and cut down on 

maintenance of the grinder. 

A primary disadvantage of physical and chemical cOa.l cleaning over 

unccntrolled milers is the loss to refuse of usable energy. In a boiler 

using raw coal, there is no loss of available heating value. HCMever, this 

advantage of utilizing raw coal is lost when downtirre and maintenance are 

analyzed. ( 
6

) Use of raw coal rather than cleaned coal increases the energy 

inpit for maintenance and increases the da-mtirre. Thus in the long tenn, 

a lx>iler burning raw coal requires greater energy input due to handling 
(7' 

than a boiler using beneficiated coal. 

As control levels becorre rror:e stringent, the oonplexity and energy 

requirerrents of coal cleaning circuits increase. Havever with greater 

cleaning, t.I'.:e products becorre increasingly desirable for usage in milers. 

In addition to advantages already r:ointed out, the cleaned products require 

less particulate cnnt:rol at the boiler site. 
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5.2 ENERGY IMPACT OF a:NTroI.S FOR CDAir-FIRED OOILER:> 

'llris section presents the energy :required to rontrol particulates 

and sulfur dioxide for eadl. BSER or the representative boilers. Section 

5.2.2 presents the energy ronsunption values using the standard fonnat, 

while Section 5.2.4 pi:ovides a oonparisan of the results. All values 

presented are based upon new facilities. 

5. 2 .1 Ehergy Cbnsurred in Cbntrolling Emissions of Particulates During 
the Chnbustion of Selected Raw I.av-Sulfur O:>a.ls and Cleaned coals 

'llris section presents the electrical energy :requireIIEilts to rontrol 

particulates from ooal-buming industrial boilers. ~ tlu:ee reference 

cnals presented in Secticn 3. 0, both raw and cleaned, are included in the 

analyses. The analyses provide insight into hCM particulate control energy 

consumption is affected by the renDVal of ash arrl sulfur during cnal 

cleaning. 'I'he energy used in fly ash remvcil may also be caiprred with 

the energy consumed in transporting the seven sarrple coals to six selected 

destinations (see Section 5 .1.1) , and the energy collSl.Ured in cleaning three 

sanple coals by neans of several levels of i;hysical and chemical coal 

cleaning (see Section 5.2.2). 

'I'he energy requirerrents of a particulate-control system depends upon 

the type of control·system, characteristics o~ the cnal feed, the applicable 

emission CDntrol level for particulates, and certain paraneters associated with 

the boiler design and opP.ration. 'llle two major types of fly ash cx:mtrols 

cnnsidered are: electrostatic p:recipitators (ESP) and fabric filters. 

'I'he major :relevant dl.aracteristics of the ra11 and cleaned CX>als used-

heating value, ash, and sulfur cx:>ntent-are listed in Table 5-11 • 'lhe 

emission oonti:ol levels for particulates, \Vh.idl are based on EPA suggestions, 

are presented in Table 5-12. Pelevant paraneters of the five reference 

boilers-in_ 'Ut erErgy rate, flue gas flCM rate, capacity factor, and the 

quantity of fly ash forrne:l during catbustion as a percentage of cnal ash--are 

s.h<:Mn in Table 5-13. 
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Parameter 

SOOroe 
location (County) 

Raw Values 

Ash% 

Sulfur % 

Heating Value 

kJ/kg 

(B'lU/lb) 

PCC Values 

Ash% 

SUL~% 

Feating Value 

kJ/kg 

(B'IU/lb) 

ax: Values 

Ash % 

Sulfur % 

Heating Value 

k..T/kg 

(B'IU/lb) 

Table 5-11 SU'l-·f.W\Y OF CT..APAC'I'EFJ:STICS CF 
REFEREI\CE RAl'\7 AND CLEANED ffiAL.~ 

Coal 'IYPe 

High SUlfur Ia-: Sulfur law' Sulfur 
Fastem Ea.stem TW?stem 

Butler, PA Puchanan, VA Las Animas, co 

23.90 10.38 24.Bl 

3.45 1.18 0.59 

26,772 31,685 26,270 

(11, 510) (13,622) (11,294) 
J:eep 

1-tidcllings Cleaned 
Product Product 

11.31 5.80 4.13 

1.69 1.08 0.89 

31,662 33,555 33,883 

(13,612) (14,426) (14 ,567) 

ERDA GravicllB11 ERDA 

17.5% 3.30% 18.6% 

0.73 a.so 0.25 

27,903 36,132 27,437 

(11,996) (15 ,534) (11, 796) 
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TABIE 5-12. PARI'Ia.JLATE AND S02 EMISSION CXNTIDL LEVELS 

Standard 

SIP 

~rate 

Optional lt>derate 

Inte:rnediate 

Stringent 

Particulate Emissions 

ng/J 

258 

108 

108 

43 

13 

(lb/10 6 BTU) 

484 

(0. 6) 

(0. 25) 

(O. 25) 

(O.l) 

(0.03) 

S02 Emissions 

ng/J 

1,075 

1,290 

860 

645 

516 

(lb/10 6 BTU) 

(2.5) 

(3.0) 

(2.0) 

(1.5) 

(1.2) 



TABLE 5-13. RELEVANT CEAROCTERISTICS OF THE REFEREOCE 
C01U.r-FIRED INDUSTRIAL BOILERS 

Flue-Gas Flow Rate< 1 5 ) Fly Ash as a 
Energy Input Rate Actual m3 /min Percentage 

Jbiler 'fype MV (t) (10-6 B'lUfhr) (Actual ft3 /min) capacity Factor of Coal Ash 

Underfeed Stoker a.a (30) 350 (12,500) 60% 25% 

Ola.in-Grate Stoker 22 (75) 900 (32,000) 60 25 

Watertube Spreader 43 (150) 1,760 (63,000) 60 65 
Stoker 

watertube Pulverized- 59 (200) 2,040 (73 ,000) 60 80 
Coal Poiler 

~ Watertube Pulverized- 118 (400) 4,080 {146 ,000} 60 00 80 \J1 Coal Boiler 



Electrical Energy Used by an Electrostatic Precipitator (:ESP) 

'll1e required particulate collection efficiency is detennined by the 

allowable emission factor for particulates, the ash content of the coal, 

and the perrentage of coal ash converted to fly ash (listed for each boiler 

type in Table 5-13). Given a valre for mini.rmlm collection efficiency, 

the area of an F.SP's collecting surface (and, consequently, the required 

energy use) will inci::ease as the sulfur content of the ooal deci::eases. 

1:his relationship is illustrated in Figure 5-1 , in which collection 

efficiency is plotted against oollection area for various values of the 

sulfur percentage by weight in the coal. By choosing the necessary collection 

area and knaNing the flue gas fla.vrate, the required eiectrical energy is 

catputed as shown in Table S-14. 

'!he results of the calculations of the energy constmed by the ESP using 

the selected ooals and lx>ile:rs are sha-m in Table 5-15. V¥ues of energy 

i:equi:red by the F.SP axe presented aS electrical energy (assumed to be 33 

percent of the prim:u:y energy). In conpar.ing the ESP energy-before and 

after coal cleaning for the cleaned ooals, we observe that: 

• 'llle high-sulfur eastern ooal f:rom Butler, Pa. , requires nnre 

F.sP energy after cleaning: and 

. • For cleaned l~ sulfur eastern coal the an:otmt of energy 

required by the ESP is less than \\hen rciN coal is bumed. 

'!be electrical oonsunption by fabric filters is cnly a ftmction of 

flue gas fl<:Mrate and is basically independent of coal characteristics. 

"As a :result the values presented by GCA O:n:poration, Section 5. O, Energy 

Inpact of candidates for :fest Emission Cbntrol Systerrs, Draft Report ( 
9

) will 

be used in this i::eport. '!he energy a:nsunption vallES are shown in Table 

5-16. 
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~ 

kW(e) 

Area 

pd 

Flow Rate 

k 

Table 5-14 AUDRI'l11M FOR CXM?Ul'IOO THE RATE OF~~, 
ENER:W USID BY AN EtECl'R:m'ATIC PREX:IPITA'IDR 1 1 

) 

kW(e) • Pp x Area + Pd x k x (FlCM Rate) 
er ef 

'lbe synix:>ls are explained belows 

Description 

ESP (XlWer ronsmption 

Electric EXJWer required to activate the ESP plates 

ESP collector area 

Pressure drop 

Flue gas flow rate 

Elect.r1:cd ~to xun fans 

T:ranafolllJ'll' - J:0Ctifier efficiency 

Fan efficiency 

an of water 

m3/min 

l<W/{an water x 
m3/minl 

Value Used 

0.0215 

See Figure 5-1 

5.08 

See Table S-13 

0.00278 

0.6 

0.6 



Type of Control 
Cbal Feed Level (lb/10 6 B'IU) 

High SIP 
Sulfur 
Eastern tb:Erate 

Optlonal MoOOrate 

Intermediate 

Stringent 

Low SIP 
Sulfnr I-bee rate 
Eastern 

Optional lt>rerate 

Internediate 

~ 
00 
~ Stringent 

Low SIP 
Sulfur !'boo rate 
Western 

Optional rbderatc 

In teriredi.ate 

Stringent 

TABLE 5-15. ESP REQ.JIREMENl'S ON ItDJSl'RIAL OOII.ERS USING RAW 
COAL VERruS usrn:; TllE B.SER CQl\I, (: 0 ) , (I I ) 

Rew Coal 
+ C.Ollectlon Efficiency F..nergy ~ui relTEnl:s of ESP (KW [e)) 

BSER A D c D E I\ 

Raw Coal 88.2 88.2 95.5 96.3 96.3 10 
Level 5-Mid 71.1 71.1 88.9 91.0 91.0 12 

RaN Coal 95.l 95.l 98.l 98.5 98.5 11 
Level 5-Mid 88.0 88.0 95.4 96.2 96.2 14 

Raw Coal 95.1 95.1 98. l 99.5 98.5 ll 
Level s-o.c. 75.0 75.0 90.4 9:' .2 92,2 13 

Raw Coal 98.0 98.0 99.2 99.4 99.4 12 
Level 5-D.C. 90.0 90.0 96.2 96.9 96.9 16 

Raw Cbal 99.4 99.4 99. 8 99.8 99.8 13 
ERDA 99.3 99.] 99.7 99.8 99.8 24 

Raw CoaV (BSER) 68. 4 68.4 87.9 90. l 90.1 12 

Raw Coal/ (BSER) BG. 8 86.8 94.9 95.9 95.9 15 

Raw O:lal 86. 8 86. 8 94.9 95.9 95.9 15 

Raw C.Oal 94.7 94.7 98.0 98.4 98.4 20 
Level 4 RS. 7 85. 7 94.5 95.5 95.5 15 
Gravichem so.a 80.0 92.3 93.8 93.0 15 

Raw C.Oal 98. 4 98. 4 99.5 99.5 99.5 21 
Level 4 95. 7 95.7 98. 4 98.7 98.7 20 
Gravichem 94.0 94.0 97.7 98.l 98.l 21 

Raw Coal/ (BSP.R) 89. 1 89.l 95. !l 96.6 96.6 16 

Raw Coal/ (BSER) 95.S 95.5 98.1 98.6 99.6 21 

Paw eoaJ/(13.SER) 95.5 95.5 98. 3 98.6 90.6 21 

Raw CoaJ/ (BSER) 98. 2 98.2 99.3 99.4 99.'1 22 

Raw Coal/ (BSER) 99.5 99.5 99.8 99.8 99.8 25 

I\ - Un<Erfeed Stoker Boiler: Heat Input 8. 8M'1 ( 30 lO~BTU/hr) 

B - Waterttbe Qiain Grate Stoker: lleat Input 22MW (75 106 BTU/hr) 

c - liatertme Spreamr Stoker: neat Input 4'1MW (150 r_o•B'IU;hr) 

D - Watertum Pul~rized C.oal Fimd: lleat Input 58. 6M-l (200 lO"BTU/hr) 

B 

27 
30 

29 
37 

29 
34 

30 
40 

33 
63 

31 

39 

39 

50 
40 
37 

55 
52 
53 

41 

54 

54 

58 

64 

E - Waterturo Pulverized Cbal Fired: Heat Input 118 ~'11 (400 ic 10 6 B'ru/hr.) 

c D 

57 67 
75 90 

58 70 
94 108 

58 70 
78 99 

62 77 
100 120 

69 91 
125 145 

77 89 

100 116 

100 116 

107 123 
102 120 

92 118 

119 140 
108 127 
110 130 

106 127 

112 130 

112 130 

125 145 

125 145 

E 

us 
138 

118 
157 

118 
147 

125 
169 

138 
193 

138 

IM 

164 

] 71 
169 
166 

188 
174 
178 

175 

178 

178 

193 

191 



TABLE 5-16. ENERGY CONSUMED BY FABRIC FIL'IBRS ( 
11 

) 

O)AL TYPE 

High Sulfur IDN Sulfur 
Boiler Type Eastem Eastem 

unoorfeed stoker 16.4 

Olain Grate Stoker 41.2 

Spreader StDker 92.6 

Pulverized Coal {58.6M\')95.4 

Pulverized <Dal (118lM)l90.8 

(Values are in KW(e)) 
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15.6 

38.4 

77.6 

90.2 

180.4 

IDw Sulfur 
~tern 

16.0 

40.0 

80.l 

93.2 

186.4 



5.2.2 Overall Energy Consurrption 

For each ooal type, reference l::oiler, and level of emission rontrol, 

the energy oonsurnption for the oorresponding best system of emission 

reduction is presented in Tables 5-17 to 5- 31. In eve:ry case the best 

system of emission reduction included an electrostatic precipitator. 

Electrostatic precipitators (ESP) were chosen because of their wide usage 

and because the energy oonsuned by E.SP is representative of energies 

used for particulate rontrol. 

Tables 5-17 to 5- 31 also present the oontrol efficiency and type of 

energy oonsurred for each best system. '!he actual energy oonstmption values 

shown in the first rolurm are the energy consurred per kilogram (pomd) 

of product. 'llle seoond oolumn represents the kilowatt usage which varies 

with the ooiler input. 'Ihe ooiler is assurred to operate at 100 percent 

efficiency. 'lb detennine annual KWh, the KW should be multiplied by 

5,256 hours (i.e. 60% capacity factor). 

The total energy consurred at each level of oontrol is a sunma.tion of 

energy lost to refuse in the process (which takes into account he.at oontent 

enhancem:mt of the product), energy required to process coal at the pre

paration plant, and energy for particulate control. The percent increases 

in energy over unoontrolled and SIP-oontrolled boilers are calculated as 

iirlicated in a sample calculation shCMn in Table 5-32. 

5.2.3 Level-of-Control Energy Graphs 

Figures 5-2, 5-3, and 5-4, illustrate the energy consumed by four major 

types of boilers to meet various emission control levels as presented 

in Section 5. 2. 2. The three bar charts represent energy usage when burning 

high sulfur eastern, low sulfur eastern, and low sulfur western coal. 

These charts sha.v an increase in the anount of energy consumed as emission 

oontrol levels becom2 increasingly stringent. 

Figure 5-3 shows that the energy required to meet the various control levels 

greatly increases (over raw coal requirements) when using either physically 
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TADIE ~17 ENERGY USAGE OF "BES!'" CONl'ROL TOCllNIQ.JES FOR 8. 8 t-M CXlAf,-FIRED OOll.ERS 
. ..,,_........._ ______ ,.,,,, .. _______ ....... _. __ ....... _________ 

·--------............. ·-·"·-······· . .... _ .... _..,_ .. , .... ·- ..... 
usm; HIGH SUI..FUR EAS'.l'reN CXll\L 

S'lS'l'F.M ENFroY COOSJMPTIOO IMPll.CTS 

IIIGll &JI.FUR El\STF~ CO!U.** 

-··---................. . ... -· ·--····- ....... _. ..... .. ... _ .................. ·-·-·· . ... ..._ .. _ .. ___ . 

ENERGY cns.t.mo BY % IN::RE!\SE '~ 5'.mNDAAD OOII.ERS 'IYPE AND !XtllRCL 
CDNiroL IN ENF.R3'i OJF.R ~ E}lER;Y OlER t·:ucT i:iiii ____ ---

LEl.IEr, ~I- ENEOOY lk:at Input "IllCY+ lHX>NTIDIUD ISIP-<X)NTl{)ILED 
U'J (10 6 BIU/lu) 

CF <DmIDL (%) TYPE oon.m OOII.ER 'fype 
~~J/Fq (B'IU/lb) Ni('lbennal) --··-·····- . ···--·--· . ... ------- -·-·-------... -- ----- ·----a.a (30) Underfeed SIP 
-------- ·- ...... _______ , __ ,__. 

Stoker 
E\J.ela 28,842 k.T/kg PCC - level 5 4,568 (l,964) 1,392 

1.54% s Middling. SR Elec. 45.4(19.5) 14 
10.30% Ash FSP. 71 Elec. 114.2 (49.l) 34 

'Jbtaj 4,727. 6 (20 33) 1,440 

K>DEPATE 
28,842 kJ/kg Ptt-LE!Vel 5 Fuel a <!,568 (1,964) 1,392 
1.54% s Mi&lling. 58 Elec. 45.4(19.5) 14 
10. 30% Ash ESP. 88 Elec. 141.8 (60.9) 43 

~· 

1,449 'lbtal 4,755 (2,044) 

30,533 kJ/kq ~tional 
0.98% s Moderate 

5. 28'!. A.5h PCC-Level 5 75 Fuelu 4, 568 (1,964) 1,314 
Deep Cleaned 
Coal m.ec 50. 7 (21. 7) 15 

ESP 75 Elec 139.1 (60.0) 40 
Total 4,758 (2,046) 1, 369 

* Indi.cau~i; a decrease 
** Rc.w Coal Analy~is: 3.45% S; 23.90% Ash; 26, 772 kJ/kg 

t Pcraml Sulfur reduction in nq 502/J and percent Ash reducti.on in ng ash/J 
I( Encrqy rejected to preparation plant refu-:e 

16.3 N.A. 

16.4 0.1' 

15.4 (. 7%) * 



TABLE 5-17 mCOOY US.AGE: OF "BEST" CINl'JUL TEOINICUES FUR 8. 8 ffi CDAL-FI~D OOIIERS 
USING llIGll si.Jr,FUH EllSTEm lUl'IL (continwd) 

SYS'IEM l:NERGY CDNSlMP'flCN 

!!!Gil S!JIFUR EASTEm OOAL** 

STJ\NDl\RD OOII,E~ TYPE AND 
ENmJY CXNSUMED BY 

ClJN'l'ROL <JJNTR)L 

LEVEL 
El"FI-'' ENE ICY 

Fuel Input CIENCY+ 

Type 
OF CDN'l'R)L (%) 

TYPE 
KJ/kg (B'IU/lb) KW ('I'herm.tl) 

INrmMEDIATE 
Fuel a Tl , '.i 33 k.J/kg la /i68 ( 1, ~64) 1,314 

.98% s FCC-level 5 75 Flee. 50. 7 (21. 7) 15 
5.28!t Ash Deep Cleared 

Coal. 
FSP. 90 Elec. 163.7 (70.4) 47 

'lbtal &..iai Jl..Q?.6} l, 376 

S'IfilNGfNl' 
Fueln 27 ,903kJ/kg OX-EmA, 17R2 (766) 561 

.73% s 80 re~r·& 209 (89. 9) 65 
20.74% Ash 

ESP. 99 Elec. 232.4 (99. 9) 73 
'lbta ,r; 22-=fr9ssl 699 

* Indicates a decrease 
**Raw Coal Analysis: 3.45% S; 23.90% Ash; 26,772 kJ/kg 
+ Percent Sulfur reduction in ng 002/J arrl percent Ash reduction in ng ash/J 
u energy rejected to preparation plant refuse 

IMPACTS 

% INC~ASE % INCffiASE 

IN ENEOOY OVER [N ENEICY OVER .• 
lH:CNTroLIBD > IP-CXNTlULLED 

Ban.ER BOILER 
.. 

15.S (0.6%) * 

8,0 (7.H)* 



'J'/\BIJ~ S-18. rNErr.i USAGE m· "BES'r" OJNTROL TEOINiqJ~ FOR 22 Mfl COl\Ir 
Flffil> OOUJ~R> USJNG llIGll SULFUR EA5'ffim CDAL 

BV8'11'M 

111011 suuun EASrelti CXll\L** l~·:ruY Cl.flSLt'11"1' Im 

-· - -· 

'l'Yl'H <INJ'IUf, l'J>JEICY mNS111EJl BY 
m'N·m.i\lll> IWHIJ'alS LUfl'IOI, 

J\Nll l'!l'l"l- FJmR:;Y 
llcal a1ld Fuel u•:vm. I 

'l'YPE lnput 'l'Yl'I·: Cll::NL'Y 

~W ( 10 6B'lU/hr) or ll l'l'l'tul. ('II) 
kJ/kq (u'm/lu) KW (Uienml) 

22 (75) watertme SIP Chain 
Grate P\Jela 4,568 (1,964) 3,479 

28,842 kJ/kg Stoker FO:-Iewl 5 58 Elec. 45.4 (19.S) 34 
1.54' s Mlddlin9. 
10.30% Ash ESP. 71 Elec. 117.0 (50.3 89 

'lbta 4, 731 (2 ,034) 3,603 

28,842 kJ/kg KDFMTE 
F\lela 1.54' s k'C-Leile1 s 4,568 (1,964) 3,479 

10.30% l\sh Mlddlln<j. SR FJ.ec. 45.4 (19.5) 34 
ESP. 88 Elec. 146.5 (63.0) 111 

'lbta 4, 760 (2,046) l,624 

30,'i31 kJ/kg ct>tional 
.98¥, s r-t:>oorate 
s. :rni Ash PCC-I~'!Vel 5 75 Fuelo. 4.568 (1964) 3,287 

Leep Cleanec 
Coal ~lee 50.7 (21. 7) 36 

ESP 75 ;lee 141.9 (61. 2) 102 
'I'otal 4, 761 (2,047) 3,425 

* Indicates a rbcrease 
** Haw Coal Analysis: 3.45% S; 23.90% Ash; 26,772 kJ/kg 
+ Perrent sulfur reduction in ng 002/J and ~:..·oont ash reduction in ng ash/J. 
11 8nergy mject.ed tD preparation plant refuse 

1 Hl'l\C' I'S 

'I. I NCRf';l\Sf! 

JN ~m~;y U\IER 

lKIN11UU.rm 

on um 

16.4\ 

16.5\ 

15.6 

% JNCllE/\SE 

IN l~l~R:;Y OVER 

SI P-UNl1Vl.IFJJ 

OOIIER 

N.A. 

0,1\ 

* (0. 7%) 



TI\BLE ~-18. ENERGY USAGE OF "BEST" CXNI'ROL TEOINIQUES FOR 22 l+l mAL
FIItm OOILERS usnm mm sur..ruR El\S'IE!lJ CDJ\L (o::mtinmd) 

SYS'IEM 

llIQI SULFUR EASTE!lJ CDAL*"' ENERGY CLNSUMl?TIOO 

STllNDARD OOILERS 
TYPE CDN'JroL ENERGY <nJSUMED BY 

ANO EFFI- ENE~ Cl'.:NTroL 

Fuel Input 
'IYPE 

LEVEL crrnc'l'" TiPE 

OF CDN'IroL (%) kJ/kg (B'IU/lb) KW (thermal) 

INl'ER1EDll\'IB 

! 30 ,533 kJ/kg Kt-Level 5 75 Fue1° 4,568 (1,964) 3,207 

.98\ s Deep Cleaned FJ.ec. so. 7 (21.?) 36 
5.28% l\sh Coal. 

mP 90 Rlec 168,5 (72,4) 121 
'lbtal 4, 707 (2 ,058} 3,444 

S'IRlNElI' 
F\lelJ 27, 903 kJ/k.9 ccc-ERIK 80 1,702 (766) 1403 

.73% s £>;lee. 209 (89,9) 164 

20.70 Ash mP 99.3 f::i~t 239,3 (102.9 108 
Total 2,230 (959) 1,755 

* Indicates a cecrease 
**Raw Coal Analysis: 3.45% S; 23.90% Ash; 26,772 kJ/kg 
+ Percent sulfur reduction in ng S0 2/J and percent ash reduction in ng ash/J. 
a Energy rejected to preparation plant refuse 

IMPl\Cl'S 

% INCFEl\SE 

IN EN~ OVER 

UNCOOTJOLLED 

OOILER 

15.7% 

8.0% 

% IllCFFJ\SE 

Ill ENE~ OVER 

S IP-a:NTR.JI.LED 

OOILER 

(0.6%)" 

(7.2\). 



··---·--· 
'l'Nll.I·: •,-19. 1-:Nl·:l~:v lW11:I·: <M•' 11 111-~;·1•• lOl'l'IUI. ·n·:tUIJ(.JlA·~i I-OH 44 14'1 CDAL

f'lnl-:1> trn f.1-:HS l!H I NG HIGH SUU'UR El\S'mlti CXli\L -
SYS'n'M 

HIGH SULFUR EllS'ffim OJAL** f:Nl':l~;y CDNSttll'l'ION IMl'/ICl'S 

- - .. - .. ·-·. ·-·. ..• -- -·---· . -- -
'l'YPI~ C1JN'l1nt. ENEf(;Y lflNSU1P.ll UY 

S'l'/INflllnt> llOllH~ lUfl'IUf, 
NII> l~l'f'J - Dmlr.Y 

:·~at and Fuel 
IJ::IMJ. CJJ;.'NCYt TYPE Input 'l'Ym 

MW (l06 ImJ/hr) OF' UJll'l'IUI. (%) 
kJ/kq (D'l\J/lb) Kli ( thennal) 

44 (150) 
Spreamr SIP r'Ucla 4,568 (1,964) 6,959 

28,'842kJ/kg Stoker iief-Level 5 
1.54% s Middling. 58 Elec. 45.4 (19.5) 69 
10.30% ash mP 89 ElP.c. 147. 2 (63. 3) 224 

'lbtal 4,761 (2,047) 7 ,252 

-2R, 842 kJ/kg KDE RATE FWJ.- 4,:Jblj (1,964) 6,95'.:I 
1.54% s PO:-tevel 5 58 £;1.~c. 45.4 (19.5) 69 
10.30% ash Micklling. 95 Elec. 184.J (79.2) 280 

:ESP 'lbtal '1, 798 (2,063) 7,309 

30,533 kJ/kg OPTIONAL 
,98% s MDERA'H!! 
5.2Bti asn ro::-L8V81 5 75 Fuala 4,568 (l,964) 6,550 

Deep Cleaned Elec. 50.7 (21. 7) 72 
Coal 

ESP 90 Flee. 162.8 (70.2) 234 
'lbtal 4,781 (2,056) 6,856 

30,533 kJ/kg IN'IBR-lEDIA'IB 
.98% s PC:x::-tevel 5 

Fuel a 5.28% ash 00ep cleaned 4,568 (1,964) 6,574 
roa1 75 Elec. 50.7 (21. 7) 72 

ESP 96 Elec. 209.3 (89.5) 299 

'lbtal 4,827 (2,075) 6,945 

''27,903 kJ/kg ST!Ul'GNI' Fliilcr 1,782 (766) 2,806 
• 73'!. s OCC-ERDA 80 E~!? 209 (89.9) 329 
20.74% ash ESP 99. 7 Elec. 238.1(102. 4) 375 

'lbtal 2,22°9 (958) 3,510 

* Indicates a <Ecrease 
** Haw Coal llrmlysis: 3.45% Si 23.90% Ash; 26,772 kJ/k~ 

·t 1•.,rumL sulfur rn<l11ctio11 jn ll<J fl.J,/J md (X!r<xmt ash re:lm .. tion in ng nsh/.I, 
u Energy rejected to preparaticn plant refuse 

------· --------
% J~l"~E: \ INCHEllSE 

IN Dml'L"Y OVER IN £,NE!OOY OVElt 

UNCI.HMUJ JS,;J> SIP-<ntl'R.lJ.LEI> 

um um OOILER 

16.5% ll.l\. 

16.6% 0.1% 

* 15.6% (0. 8%) 

15.8% (0.6) .. 

8.0% 7.3% 



'1'/\lll J·: !)·-20. 1':1 ... 1 :I« ;y llS/\I a·: OF "lll·~j'I"' 0 Nl'lrn. ·11·:c11NH.!lH·::: H m 58. 6 Mi CDAL
Frn..:11 lllll.l'R<; m1M; HIGH SULFUR FAS'ffiRN caru. 

t~YS'11::M 

HIGH SULF1JR EAS'IERll O'.lAL** 
l•:NWr.Y lll'lf;llMl'l'ICN IMl'llCl'S 

------ --·- ·- ... 

01'\'m ONI'IUI, ENl~lr.Y UJNSLMED OY i INC::lll::/181': 

S'l°N'll:k'\RI I m11Jms 0JN'1°rrn. IN E:NERW Olllm 
Niil IWFI- l'NBICY 

Heat am Fuel cmti.Y• 'l'Yl'E 
UNll1N'l'll'Jl,l .1~1 l 

Input rnvm. 
'l'VI,': 

OOILER 
Mi (10 6B'ltl/hr) 91'' l.'Gl'I roJ, ('t) 

kJfkq (13'1\J/ lb) KW (the mal) 

58.6 (200) 
Pulverized SIP kUo]~ 4 ,568 (l ,964) 9,279 

28,842 kJ/kg Cbal Pl.''C-level 5 
1. 54% s Middling 58 Elec. 45.4 (19.5) 92 
10. 30% ash ESP 91 £lee. 133.3 (57.3) 270 16.4% 

lrbtal 4,747 (2 ,041) 9,641 

28,842 kJ/kg MJOERA'IB F\ela 4 ,568 (1,964) 9,279 
1. 54% s PCC-Level 5 
10. 3% ash Mid:lling 58 Elec. '45.4 (19.5) 92 

ESP 96 Elec. 159.6 (68.6) 325 16.5% 

Total 4,773 (2,052) 9,696 

30,533 kJ/kg OPI'IONAL 
o. 98% s ~RATE 

5.28% ash PCC-Ievel 5 75 ~uela 4,568 (1,964) B,733 
Deep Cleaned Elec. 50.7 (21. 7) 97 
Coal 

r,sp 92 Elec. 154.4 (66.6) 296 15.6% 
1btal 4, 773 (2,052) 9,126 

30,533 kJ/kg INIB!ff'!DIATE Foor 4,568 (1,964) 8,764 
o. 98% s llU:-level 5 75 Elec. 50. 7 (21. 7) 96 
5. 2B% ash P:lep cleaned Elec. lBB.4 (Bl. 0) 361 15.7% 

coal 
'lbtal 4,B07 (2,067) 9,221 J>SP 97 

57,903 kJ/kg STRitoGNr Fool'- 1,782 (766) 3,741 
0. 73% s OCC-ERDI\ BO E&r 209 (89.9) 439 
20. 74'1. .;sp 99.8 Ele-:: • 206.8 (88.9) 434 8.0% 

'lbtal ,198 (945) 4 ,614 

• Indicates a decrease 
•• Rc-.w Coal llnalysis: 3.45% S; 23.90t Ash; 26,772 kJ/kg 
+ ''"r<uil sulfur reduction in n<J f*J1 /,J aid (X'lrc:Ent ash reduction in ng ash/.J. 
a EnertJY rejected to preparation plant refuse · 

~. UICRFJ\SE 

1N flfillr.Y O\llm 

SlP-UlfrJULIH> 

. OOIW.R 

N.A. 

0.1% 

• (0.8%) 

--

(0.6'1.)* 

(7 .3t) 



'!'ABU:: 5-21 mEl~Y USNJE CF "BEST" CXl'fl'R)L TOCHNlaJ}S ~'OR 118 M'i Clll\IrFIRED BOILER') us~ llICll SUUlJR FA.STERN CXll\L 

SYSTEM ENERGY CONSUMPTION 
flIGll SULFUR FASTERN CXlAL ** 

Type Cl::lntml &lerv.t Cbnsmed 
Standard Boiler and Ef- + Enel'V,{ by OJntrol 

Level ficienC) 'fype 
E'uel and llcat of Peroent 
Input 'IYP' Q;ntrol 

.-W(l01 BT1.J/hr.) 
IW/kg (B'l\J/lb) J<W ( theI11llll) 

118 (400) Pulverized SIP F\Jel IJ 4,56B (1,964)- 18,560 
28, 842 kJ/k9 Cbal PCX:'-1.evel 5 
1.54' s Micki ling 58 Elec. 45.4 (19.5) 184 
10.30% Ash ESP 91 Elec. 101.9 (43.8) '114 

'lUI'AL 4,715 (2,027) l!>,158 

~8,842 kJ/k9 tt:xierate f\iel IJ 4,568 (l,964) 18,560 
~.54\ s PCC-Ievel 5 
lO. 3% Ash Micklling 58 Elec. 45.4 (19.5) 184 

ESP 96 Elec. 115.8 (49. 8> 471 

~ 4,729 (2,033) 19,215 

30,533 kJ/kg 
0.98\ s Ltiona1 --rate 
5.28 % Ash PO:H.evel 5 75 Puel IJ 4,560 (1,964) 17,466 

Deep Clean Cba lilac. 50. 7 (21. 7) 205 
ESP 92 Elec. 114.9 (49.4) 441 

TOTAL 4, 734 (2,035) 18,112 

30,533 kJ/kg IIntemediate t"'uel IJ 4,568 (1,964) 17,528 
0.98\ s pee-level 5 75 Elec. 50.7 (21. 7) 205 

15.20% Ash beep Clean Cba Elec. 
l;SP 97 1112.1 '"Ii.Bl r;o1 

'.lUl'AL 4,751 (2,043). 118,240 

57 ,903 Strinaent Fuel a 1, 782 (766) 7,482 
0.73% s 1---· 80 E&F 209 (89.9) 850 
12°. 74% Ash ESP 99.B Elec. 286.l (123) 579 

'IUl'AL 12, 277 (979) 18,911 

* Indicates a decrease 
** Raw Cbal l\nalysis: 3.45% S1 23,90% Ash1 26,772 kJ/kg 
+ Percent Sulfur reduction in ng SOdJ and percent ash reduction in ng ash/J 
a Energy rejected to preparation plant refuse 

IMPACTS 

Percent Increase Percent 
in Energy over Ine%ease 
lnCXllltrolled iii Energy over 
Boiler SIP 

Cl::lnt:colled 
Boiler 

16.2\ NI\ 

16.3\ .04' 

• 15.3\ (0.8\) 

• 15...U (0. 7%) 

* 7.6% (8.0%) 



.i::.. 
\.0 
\.0 

'J'NIU~. s-~2 r;2111mc;y usrc.r~ OJI" "lU<:S'J"' (x:N°l'IOL nu IN.lQlff!:S HJR 8. 8 ..., CDAL
FUll':IJ OClIJ.,F.tts USING U.M SUJ~F'UR f'A<;'J.'ERJ C:Ol\l, 

--·· ... -·-----·-·-·--·--·-- ·--.. ····-·---- _. __ ------ .. - -·· ......... ··--·····---------·-----..... ___ -------- -·- ---·· - --·-· .. ·-- ····--··---- -·--------------·-··-·· ··--- ... -·--·-· --·--··-···-

SYS11 ;;r.i 

UM S ULFUR FJ\STEm CDAL** ENf':R(,"'Y CUNSLM"l'!C.)'-1 

--· ·-· - -· ----·-- ....... - .. ·-·•••••HO• ...... ---

'l'YPF. <l"NJ'IUT., F:NP.RGY CDNStmD BY 
S'l'l\ND/\HD 0011 .• mi.s O:.lNTIUl, ---·····-···-·--· . -·---·-·-- /\NO EFFI- 1.'NERGY 

lleat and Fuel 
IJNEI, cmNc'Y+ TYPE Input 1'YPE 

M-1(106B'IU/hr) OF O.N'l1Uf, ('t.) 
~~~9!1~'.~[lb) _ KW ... (!:!~r.:i~l -----· ··-. ------------ ----- -------·- ·--·------- --- .. ·-----·-

f!.8 (30) Underfeed SIP 
31,685 kJ/kg Stoker Raw roal 0 Elec. 1.9 (. 8) < l 
1.18% s ESP 68 Elet:. 128. 7 (55. 3) 35 
10. 38% ash 

'lbtal 134.8 (57.9) 36 

31,685 kJ/kg MJIERA'IE ·----
1.18% s Raw roal 0 Elec. 1.9 (. 8) < 1 
10.38% ash ESP 87 :Elec. 163. 3 (70.2) 45 

ribtal 169.4 (72. 8) 46 

31,685 kJ/kg OPTICW\L 
1.18% s MJDERATE 
10.38% ash Raw Caol 0 Blee. 1.9 (. 8) < l 

FSP 87 Elec. 163.5 (70. 5) 45 
'Ibtal 170 (73) 46 

PCC ImERMEDIA'IB Fl.El u. 3,835 (1,649) ~~5 

33,882 kJ/kg PCC-Level 4 30 ~lee. 18.3 (7.9) 4 
0.89% s ESP 86 Elec. 178 (76.5) 46 
4.1% ash -

IIbtal 4,196 (1, 733) 1,045 

a:c STRINGENT l'ml u. 3,573 (1,536) 1l09 
36 , 130 kJ /kg C'CC-Gravicnem 50 EF.F 57.2 (24.5) 14 
0.64% s ESP 94 ~lee. 255.3 (109. 8 62 
3.1% ash 

'lbtal 3,886 (1 p70. 3) 945 

**Raw Coal J\nalysis: 31,685 kJ/kg; 1.18% S; 10.38% ash 
+ Pcn:x-nt sulfur reduct.ion in nq ~)7 /,J ;mcl pcramt ash rcduct:i.on in nq ash/.J. 
« Ene:rt;JY rejected to preparation plant refuse 

lMl'l\Cf':"; 

---·-·-··--· -·-----·-----
't. 1 NCHf'J\Sl~ ~. .lNCIWMJ~ 

TN ENJ~Jr.i OW.fl lN f'NE!l.N <Nim 

UNOMl'lnJ ,I.ED STP-Lilll'RJlJJ~D 

IJHLP.:R non.rm 

·- -·~ ----- ·--- -------- ·--- ----------------· 

0.4% N.f1. 

0.5% 0.1'6 

0.5% 0.1% 

12.0% ll.5't. 

10. 7% 10.3% 



U1 
0 
0 

TJ\DLE 5-23 ~ us~ OF "BEST" cnrrro1, ~IQUES FOR 22 Mi CDAL
FIRID OOILERS USING UM SULFUR EAS'illR-1 CDAL ··-·--·--·-·- -·. . .. -·- -- . - ··-· -·-····--· ----··-·---··---- .------·-----·--

SYS'IEM 

FUR EAS'IERN CXlAL** 

- --- ·- . -. 

STANlll\RO BOI LERS --·------- -
lleat and Fuel 
Input 
~(10 1BW/hr) 

22 (75) 

31,61J5 kJ/kg 
1.18~ s 
10. 38% ash 

31,685 kJ/kg 
1.18\ s 
10. 38'!. ash 

31,685 kJ/kg 
l.18t s 
10.38% ash 

pa; 
33,882k.1/kg 
0.89% s 
4.1 % ash 

C.'CC 
36, 130kJ/kg 
0.64i s 
3.1'1. ash 

'lYPE 

ain 
ate 
ker 

Ch 
Gr 
Sto 

. ···- -----· 
Ti'PE 

AND 

LEVEL 

OF CINlIDL 
---
SIP 
&" ooal 
ESP 

1-0IERA'm 
Ra.> CX>al 
ESP 

OPTICNAL 
KJDERA'm 
Raw &1 
ESP 

IN'IBIMIDIA1E 

PCC-Level 4 
ESP 

STRil'fl:NI' 
ax:=uraViChem 
ESP 

~----·--

CUfl'R)L 

EFFI-

CIENCY+ 

(%) 

0 
68 

0 
87 

0 
87 

30 
86 

50 
94 

·---------- .. --·------- ------

··----

EM:A3Y 

T¥PE 

Elec. 

Elec 

'lbtal 

Elec, 
Elec. 

'lbtal 

Elec. 
Elec. 

'lbtal 

Fuel" 
Elec. 
Elec. 

'lbtal 

lFte1" 
F&E 
mec. 
lbtal 

•• Haw Coal Analysis: 31,685 kJ/kg; 1.18% Si 10.38% ash 

G'NEOOY ~lJ>fPTIOO IMPICIS 

----· 
ENEOOY CDNSlMED BY % INCW.ASE % INCmASE 

o::mroL IN lllEOOY OVER IN ENER::I' OVER 

lHDllroI.U:D SIP-cmTroLLED 
OOILER OOILER 

kJ/kq (BW/lb) KW ( therl!!!!. -· 
1.9 ( .8) 1 

l33.J (57. 3) 92 0.4% N.A. 

135.2 (58.l) 93 

1.9 (. 8) 1 
167.9 p2.2) ll6 0.5% o.u 
169.8 (73.0) 117 

1.9 ( ,8) 1 
167.5 (72.2) 116 0.5% o.u 
169 (73) 117 

3,835 (l,649) 2,486 
18.3 (7. 9) 14 

184.6 (79. 4) 119 11.9% 11.4% 
4,038 (1, 736) 2,619 

b,573 (1,536) 2,172 
57.2 (24. 5) 37 

262.7 (112. 9) 159 10.8% 10. 3% 

a, B93 (1,673) 2, 369 

------ ---- -----·------ ---·-·-

+ Poro:mt sulfur reduction in ng 502/J aid peramt ash reduction in ng ash/J. 
a Energy rejected to preparation plant refuse 



TNn.1~ 5-24. l':Nr.R(~ US/\GJ·: or "Bl':.S'l'" CX.N'l'JUJ., 'U:CllNlQlJl':fj l'UH 44 K"1 CDALJ
FlRF.D r:n1.ums U<;ING UM SlJI.FUR E/\S'IEl1'-J CTJ/\J, 

-----··-·--·-··----· .. -····-· ------- ··-·--·· - ·-· --···· -····-···-·-·---.. ---·--------- ··---··--------·-- ----··--····· ·--·------

SYS1l".M 

l& sm.HJR l~/\S'IEI~ ml\L* Ir I:.'NE RGY CDNSlJ·1P'f'ICN IMl'J\CI~ 

·---" ---------.----T---t------------t------------- ----------

S'l'/\NIJl\RD mI I J~R'l 

Heat 2nd Fuel 
Input 

r-fi(l0 6B'IU/hr) 

44 (150) 

31,685 kJ/kg 
1.18% s 
10. 38'% ash 

31,685 kJ/kg 
1.18% s 
10. 38% ash 

31,685 kJ/kg 
1.18% s 
10.38% ash 

PCC 
33,BBITJ/kg 
'l.89% s 
4.1% ash 

CCC 
36,l30kJ/kg 
0.64% s 
3.1% ash 

'l'YrP. 

Spreader 
Stoker 

CWflUL 'J'Yf'E 

l\ND Jo:FFI - l':NEl(;Y 

1:."Nl~RGY 0)NSUMl'.1J RY 
a.wrm1. 

or U'J'J'IIDI J ( % ) ,. 

SIP 
Raw' ooal 
ESP 

MDERA'IE 
Raw ooal 
ESP 

OPTIONAL 
MODERATE 
Raw Coal 
ESP 

INTE™IDIA'IE 
Pee-Level 4 
ESP 

STRIN:»l'I' 
CCC-Gravidtem 
ESP 

0 
BB 

0 
95 

0 
95 

30 
95 

50 
98 

TYPE 

Elcc. 
Elec. 

Total 

Elec. 
Elcc. 

Total 

Elec. 
Elec. 

'Ibtal 

1.9 (.8) 
166.4 (71.5) 

168.3 (72.3) 

1.9 (.8) 
216.l (92.9) 

218.0 (93.7) 

1.9 (.8) 
216.6 (93.3) 

218.5 (94.1) 

F\Ela 3,835 (1,649) 
Elec. 18.3 (7.9) 
Elec. 236.l (101.4) 

2 
230 

232 

2 
299 

301 

2 
300 

302 

4,974 
29 

306 -----
'Ibtal 4,089 (1,758) 5,309 

~1« 3,573 (1,536) 
E&F 57.2 (24.5) 
Elec. 272.1 (117.0) 

Tutal 3,902 (l,678) 

4,345 
74 

330 

4,749 

** Haw Coal l\n'1lysi~: 31,685 kJ/kg; 1.18% S; 10.33% ash 
+ Percent sulfur reduct.ion in ng S07 /J ancl percent m;h reduction i.n nq ash/,J. 
a Fherm- rejected to preparation plant refuse 

% INCr«Wlr. 'r. INCRF.J\SF. 

IN F:NmlGY OVF.R tN f'.Nm~;y OVJm 

UNCDN'l'Iut .um SI r-currror.u:m 
BOilER 0011.F:R 

0.5% N.A. 

o.n 0.2% 

0.7% 0.2% 

12.1% 11.5% 

10. 8% 10.2~. 

- ·--



'1'1\111.f: 5-25. 11'11·!1«.:V USN:~~ OF "OI·m-· (.T.Nl'IU1. ·n.::LltlIQlJl~S nm 58.6 ~ <llA.Ir 
Fimo OOIJ.F~ llStNG IOI SULJ?l.JR fo'.J\.<;'J.'P.R'l LDJ\f, 

···- ---·- .... ·-··· ........... ·- - .,._ -- ... -- - . . . --··--··· 

SYS'l'fl.1 

lf"W SlJl,f\JR r.J\S1F.m a>fll,U 

S'I '/INl".RD 
.. ··-- ·-~. 

d Fuel lleatan 
Irp ut 

M'1(10 1 B'IU /hr) 
. 

0) 58.6 (20 

31,685 k 
1.18% s 
10.38% a 

J/kg 

31,685 k 
1.18% s 
10.38% a 

sh 

J/kg 

sh 

J/kg 

h 

31,685 k 
l.18% s 
10.38% as 

/kg 
PCC 

33,BBITJ 
o. 89% s 
4.1% ash 

/kg 
CCC 

6,130kJ 
.64% s 
.1% ash 

llHld~ffi 
TYm 

------- MD 

'l'YIB IEVP.J, 

OF CXNTrOL 
·-·-··---- ... --. ····-·-· _ ..... _____ 

Pulverized SIP 
Cbal Fired Raw coal 

ESP 

"DERATE 
RaW coal 
F,SP 

OPTIOOAL 
fii5ERATE 
Raw OJal 
ESP 

J:N'Imftl!ATE 
PCC-teVel 4 
ESP 

STRIOOF.Nl.' 
an:GraVIC:hern 
ESP 

. ------- -----·---· 

ONrmI, 

E:FFI- ffiERGY 
CI ENCY-I- 'I'YPE 

(\) 
··---- ··-----

0 Elec. 
90 Elec. 

Total 

. 0 Elec • 
96 Elec. 

'lbtal 

0 P.lec. 
96 Elec. 

'lbtal 

Ftela 
30 Elec. 
96 IE lee. 

'Ibtal 

IF\J;;!l (J 

50 E&F 
98 ~lee. 

ll'otal 

---- -------- -··---- ..... ···---· --- ···-···-··-----------···--------··-·--~---

lmlCY cn.1SIM 1TICN 1Mf'1\Cl'S 

---· --·--·-
r::Nf:~ CDNSLMl\D llY i INCRFASE: \ INCW.J\SE 

CTM'JUI, lN fflF.Jr.Y OVER IN l'lffiOOV OVER 

tNXffl'IUt..I,E:D SIP-<nnroLLEO 
OOH.ER OOIU::R 

~~~.$13-_'IU(!!?J.. ~-(~~) . ·• .. ·-- ..... ...- ... __ ~.-.......... -·------
1.9 ( .8) 3 

144.4 (62.l) 267 0.4% N .l'l. 

146.3 (62. 9) 270 

1.9 (. 8) 3 
187.7 (80. 7) 347 0.6% v.6% 
189.6 (Bl. 5) 350 

1.9 (. 8) 3 
187.9 (81) 347 0.6\ 0.6% 
190 (82) 350 

3,835 (1,649) 6,632 
18.3 (7.9) 38 

209 (89. 9) 361 12.0% 11.9% 
~.062 (l, 747) 7,031 

~.573 (1,536) 5,793 
57.2 {24.5) 98 

240.9 (103.5) 390 10.7% 10.7% 
~.871 (1,664) 6,281 

.. ·- - . ·- ...... -.. ---··- ··--------- .. ------ . -~---- .. ------· ------·----·- ······----·"·-·--~-·~-. -- ... ---------- -- --- ·--·------- ·-·----··--·- ------·---

0 I~ Conl l\nalysis: 31,685 kJ/kg; 1.18% S; 10.39% ash 
+ Percent sulfur rncluction ln ng ro,/J and permnt ash reduct.ion in ng ash/,l. 
a. Eherqy rejected to preparation plant refuse 
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Tl\BLE 5-26 ENEOOV l5AGE OF "BEBT" cnrrooL TEX::IINIQUES FDR 118 f.W CDAL-FIRED OOILERS USING 1.0'1 SULFUR Fl\.STERN COAL 

SYSTEM ENERGY CONSUMPTION 
1.0'1 SULFUR F.A5TERN COAL * * 

Type Cbntrol Energy Cbnsurred 
Standard Boiler and Ef- + Energy by Control 

Level ficiency Type 
Heat Rate of Percent 
MW or Type Cbntrol 
( lrJ 6 B'IU/hr) 

(~.) 

~J/kg (B1U/lb) K\i (thetmal) 

118 (400) Pulverized SIP 
Coal Raw Coal 0 F.J.ec. 1.9 ( • 8) - 7 31,685 kJ/kg 

ESP 90 Elec. 111.9 (48.1) 414 l.18 % s 
10. 38 % Ash 'IDT~ 113.8 (48.9) 421 

31,685 kJ/kg MJderate 
1.18% s Raw Coal 0 Elec. 1.9 ( • 8) 7 
10.38% ESP 90 Elec. 133.0 (57.2) 492 

'IDTAL 134.9 (58.0) 499 

31,685 kJ/kg ~tional 
l.18% s MJderate 
10.38% Ash Raw Coal 0 Elec. 1.9 (.8) 7 

ESP 96 Elec. 133.0 (57.2) 492 

'IDTAL 134. 9 (58. 0) 499 

PCC Inter:nedi.ate Fuelci 3,835 (1,649) 13,264 
F,882 kJ/kg PCC-Level 4 30 Elec. 18.3 (7.9) 64 
0.89% s ESP 96 Elec. 146. 5 (63. 0) 507 
4.1% J\sh 

'IDTAL 4,000 (1, 720) 13,835 

CCC Stringent Fuel ct 3,573 (1,536) 11,586 
36,130 kJ/kg CCC-Gravichem 50 E & F 57.2 (24.5) 185 
0.64% s 8SP 98 Elec. 164.7 (70.8) 534 
3.1% J\sh 

'IDTAL 3,795 (1,631) 12,305 

** Raw Coal Analysis: 31,685 kJ/kg; 1.18% S; 10.38% ash 
+ Percent sulfur reduction in ng 502/J and percent ash reduction in ng ash/J. 
ct Energy rejected to preparation plant refuse 

IMPJ\CTS 

Perrent Increase Pera.mt 
in Energy over Increase 
tmrontrolled in Energy over 
Boiler SIP 

Controlled 
Boiler 

0.3% NI\ 

0.4% 0.6% 

"" 

0.4% 0.6% 

-

11. 7% 10.2% 

10.4% 9.1% 



Table 5-27. Em:R;? USAGE: <F "BEST" CDtll'OOL TEI:ID«<:tJFS FOO 8. 8 MW CCJ\lr-FIRED BOILERS 
us:m; IIM SUI.FUR w.F.5'I'ERN cau. 

SYSTEM ENI!'roY CQ9JMPTICN IMPM:TS 

I.CW &JIEtJR 1iES"J:mN ~ ** 

STANDARD OOILERS 'lYPE AND canna. mER'iY cn&MD BY ' IlCRFASE '· DCRmSE 
Heat and Fool LEVEL EFFI- CCffl'OOL IN~OJER [N ~ C1VJm 

Tnpnt- <F CDmUL CIFX:Y+ ENEIUY' tJNCDNl'H)J:LED SIP-CDNIIDIUJ> 
l+l (10' MU/hr) 'lyP:! 

(\) TYPE OOILER CD ILER 
~------·-···-·· - kJ/Kg (MU/lb) I<lf (thernal 

- ·- -· 
8.8 (30) thderf eed SIP 

stoker -
26,270 kJ/kq Raw 0 Elec. 1.9 (.8) < 1 
0.59\ s F.sP 89 IElec. 144.4 (62.1: 48 
24.8\ l\sh 'lbb l 146.2 \b:.t. 9J 49 . n N.A • 

KDERA'IE 

Raw Cbal 0 IE:J.ec. 1.9 (.8) < 1 
ESP 96 lru.ec. 109.2 (81.4~ 63 

'lbta 191.0 (82.2 6'1 • 7' .2% 
-

OPTICIW. 
fU5ERAifil! 
RaW coa1 0 1E1ec. 1.9 (.8) < 1 
~ 96 IElec 189.2 (81.4) 63 • 7' .2% 

llbtal 191 (82) 64 

INl'EDE)lATE 

Raw Q)al 0 Elec. 1.9 (.8) < l 
F.SP 98 'i:lec, 200.0 (86.0) 66 

'lbtli 201.8 (86.8) 67 .8\ .2\ 
STRmJErll' 

Raw Cbal 0 Elec:. 1.9 (.8) < 1 
ESP 99.5 '.:lee. 222.4 (95.6) 74 

'lbta 224.2 (96.41 75 .9% • 3\ 

~-~-- -· ------- ------- --·----··- ------------- i__ --·-----·--
** Raw Q:lal .Analysis: 0.59% S: 26,270 kJfk.91 24.8% Jlsh 

+ Percent Sllfur reductioo in ng 002/J and peramt llsh teduction in nq ash/J 
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Table 5-28. ENERGY USJl.GE OF "DEST" <XNIR>L TOCHNIOOFS FOR 2M'l CllAlr-FIRED BOILERS 

USlNG lD'l SULFUR WESTERN COAL 

SYSTEM F.NERGY CXH>rnE'I'IOH IMPJ\Cl'S 

UM SULFUR WESTERN mAL ** 

S'lWIDMD OOILERS T.iPE AND l.JJNlMJL ENERGY cmsrnm BY %~ % IlCRFJ\SE 

Heat and Fml LEVEL f:FFI- ENERGY CXNJ.roL IN ENERGY OVER IN ENEOOY OVER 

Input 
Type 

OF cnlTROL ~I~ TYPE UNOJNTOOLLED SIP--O:lN'lroLLED 

f.M (10 6B'IU/hr) (%) J-.J Jka (DTU/lh l KW (thermal' OOILER -BOILER 

22 (75) Olain SIP ' 
Grate 

26,210 kJ/kg Std<er Raw Coal 0 Elec. 1.9(.8) 1 
0.59% s ESP 89 El~. 148.5(63.9) 124 
24.8% Ash To1 al 150.4(64. 7) 125 .6% NA 

M:>DERATE 

Raw Coal 0 IElec. 1.9(.B) 1 
ESP 196 E:lec. 194.8(83.ll) 162 

Tot tl 196. 7(84.6) 163 • 8% .2% 

OPTION1\L 
MDEFATE 
Raw Coal 0 "-:lee. 1.9 (.8) 1 
ESP 96 !!:lee. 196.7 (84.6) 163 

Ibtal 199 (05) 164 ,7% .2% 

INI'EmEDIATE 

Raw Coal 0 "lee. 1.9(.8) 1 
ESP 98 nee. 206.3(89. 7) 172 

Tot ll 208.2(89.5) l.I j .8% .2% 

STlUNGENI' . 
Raw Coal 0 °!:lee. 1.9(.IJ) 1 
ESP 99.S El.ec. 229.2(98.6) 191 

Tot 11. 231.1{99.lJ l~l .9% .3% 

** Raw Coal Analysis: 0.59% Si 26,270 k.J/kgi 24.9% Ash 

+ Percent sulfur reducticn in ng ro 2/J and percent Ash reduction in ng ash/J 



'nlble S-29 ENE00Y USAGE OF "BEST" crmroL TIDlNIWES fOR 44* OJIUrFDml BOILER9 

usm:; UM SUCFUR WESTmN CXl1\L 

SYSTEM mmGY cx:taMPTION IMPH::TS 

UM St.JU'lm "1ESTEm COAL** 

STJ\NDMD OOIIERS TWENm cuma:. mEOOY CXHDfl!D BY 
' m:RFASE ' IN:RE'J\SE 

Heat and FU!l IE\1E[. EFFI- mERr! CD11'RlL IN ENER;Y OVER ;tN DlER:iY OVER 

!l'fiUt Type CF CXNiroL ~ TYPE uoo::Nl'RlLLm ~IP-CCNiroW!D 
Kol (101 B'IU/hr) 

{\) BOD.ER OO:tmR kJ/Jtq(!JIU/lh) I<H (t:hennal) 

44 (150~ Spreader SlP Stoker 

26,270 kJ/kg Raw Coal 0 Elec. 1.9 (.8) 3 
0.59\ s F.SP 96 Eleo. (81.9) 318 
24.B\ Ash . '!'( tal lo~\ ru:. I, -'".L • 7ts NA 

KXERATE 

Raw Coal 0 ~lee. f.9(.B) J 
ESP 98 l!:lec. 201. 7(86. 7) 337 

I '1'1 ~Al 203.6(81.51 340 .8\ .04\ 
OPTION1\L 
fD>ERATE 
RaW coal 0 ~ec 1.9 (.8) J 

98 ~ec. 201. 7 (86. 'l 337 

1btal 204 (88) 340 .8\ .04% 

' 
INI'EIHDIATE 
Raw Coal 0 llec. 1.9 (.8) 3 
ESP 99.3 llec. 224.2(96.4) 375 

To ~ ~.lb.l\~1.2) "'"' .9\ .1\ 

srnnG'lll' 

Raw Coal 0 !!:lee. 1.9 (. 8) 3 . 
F.SP 99.B ~lee. 224.2(96.4) 375 

To :al /.Lb,1(97.2) _, f lj .9\ .u 

** Etaw Coal Arialysis: 0.59\ S1 26,270 kJ/kgi 24.B\ Ash 
+ Percent sulfur reductiai in ng 00 2/J and percent .Ash reduction in ng ash/J 
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Table 5-31\. ENEPG'i USl\GE OF "BF.ST'' CXNl'OOL TECHNICUES FDR 58.Gf.M OOM.-FIRED BOILERS 

USING UM SlJUUR WESTERN <D1\!. 

SYSTEM ENm;Y CGlSG!Pl'IctJ IMPACTS 

** lai SUIPUR W&STEm CO!\L .. 

srl\.NDJ\RD BOILERS T'iPE .NID CI:t11IDL ENER:;Y' CCNSlHD BY % m:RF.ASE % new.ME 

Heat and Fool IEVEL 
EFFI- ENEroY CCNmOL 1N FMRGY OVER IN ENERGY OVER 

Input Type OF a:N1'PDL crm:t+ TYPE UN:XNIIDILED SIP-Cnmo..t.EO 
f+l ( 10 6 B'IU/hr) 

(\} kJ/J<q(D'IU/lb) KW (thennal.) OOIIER OOIIER 

58.6 (200) Pulverized SIP 
Coal 4 

26, 270 ];J/kg 
Raw Coal 0 Elec. 1. 9 (. 8) 
ESP 97 Elect. 170.3(73.2) 379 

0.59% s Tc tal 172.2114.0 31:1.S .6% NA 
24.8% Ash 

M:XJERATE 

RaW Coal 0 Elec. 1.9 (. 8) 4 
ESP 99 Elec, 175.1(75.3) 390 

Tc l:al 177.0(76.l] ,:l'I .7% .02% 

OPTIONAL 
t1JDEPJ\"rn 
Raw eoar 0 Elec 1.9 (.8) 4 
ESP 99 F.lec. 175.5 (75.7 391 

'lotal. 177 (77) 395 • 7% .02% 

INI'ER"1EDIATE 

JlaW Coal 0 Elec. 1.9(.B) 4 

ESP 99.4 Elec. 194. 7(83, 7) 434 

To rA l "]l:jf> , 6 {84 , 5) .,.,0 .1\ -009. 

smnn;Nl' 

RaW Coal 0 Elec. l. 9 (. 8) 4 

ESP 99.8 Illec. 194. 7(83. 7) 434 
To ral 196,6(84,5) .,o . • 7% .09% 

: 

** Raw Coal Analysis: 0.59% S; 26,270 kJ/kg; 24.6% Ash 

+ Percent sulfur redUcticn in ng S02/J and percent Ash reduction in ng ash/J 
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TMIE 5-31 ~ U3NiE CF "BEST" crm'RJL TEDINIQUES R>R 118 Mi' CXlA.IrFIRED OOIIERS USING UM SUI.FUR WES~ roAL 

SYSTEM ENERGY CONSUMPTION IMPACTS 
U:W SUI.FUR WES'I'mN CDl\L 0 

Type Q:ntrol Energy O:lnsmed Percent Increase Peroont 
Standard Boiler aid Ef- + Energy by Q:mtrol in &Je.rgy over Increase 

revel ficlency 'type Ulrontrolled in Energy over 
Ueat Rate of Percent B::>iler SIP 
MW or 'fype Cbltrol (\) 

Ccntrolled 
(ln' BTU/hr) kJ/kg (BW/lb) ICM (thermal) 

Boiler 

118 (400) IPulverized SIP 
Cbal RiiW Cbal 0 Elec. 1.9 (. 8) ' 8.3 26,270 kif/kg 

mP 97 Elec. 117. 7 (50.6) 525 0.4% NA 0.59\ s 
24.8% Ash 'lUl'AL. 119.6 (51.4) 533 

M:>derate 
RB.W Cl:>al 0 Elec. 1.9 (. 8) 8.3 
~p 99 Elec. 119.6 (51.4) 534 0.4% .008% 

'lUl'AL 121.5 (52.2) 542 
cptional 
M:xierate 
PaW Cbal 0 Elec. 1.9 <.8) 8.3 
&SP 99 Elec. 119.6 (51. 4) 534 0.4% .008% 

'lUI'AL 121.5 (52.5) 542 

Intennediate 
RaW Cl:>al 0 Elec. 1.9 (. 8) 8.3 
ESP 99.4 Elec. 129.B (55. 8) 579 0,5% .04% 

'lUl'AL 131.7 (56.6) 587 

Stringent 
Paw Cl>al 0 Elec. 1.9 (.8) 8.3 
&SP 99.8 Elec. 129.8 (55.B) 579 0.5% .04% 

'lUrAL 131.7 (56.6) 587 

** Raw Coal Analysis: 0.59% S; 26,270 kJ/kg; 24.8% Ash 
+ Percent sulfur reduction in ng SOi/J and percent Ash reduction in ng ash/J. 



TABLE S-32. SAMPLE CALCULATIOOS 

caJ.culating energy cxmsu:ed by oontrol - 8. !M-1 underfeed stdter using 

high sulfur east:ezn a:>a.l to neet SIP level. 

l) Fllel energy lost in refuse in occ plant - Level s, middling product 

a) Heat cxntent in refuse= heat cxntent of refuse x refuse wt% x ~~ 

lb pmduct p:roduc:t ooal. feed rate 

Heat oc:ntent in refuse= 5,401 filY_ x'J.2667 x R,000 ton= 1,964 B'ltT = 4,568 kJ/kg 
lb product lb day lb 

1?) Converting B'IU to RW 
lb 

5,866 ton 
i2Y' 

Heat a:intent in refuse x boiler input rate x .000293 r:w 
lb proauct Bnr/hr 

heat content of coal input to boiler 

1964 B'lU x 30 106 B'lU x .000293 RW 
lh hr B'IU/J-,r 

.012402 106 BTU 
1h 

= 1,392 KW 

2) Calculatinq electrical energy use in preparation. 

Using the equiptent list in Section 4, energy re:}Uirenents for each 

unit in Level 5 were cbtained and sumed. Fran this •mlue was subtracted e.'"1.er9Y 

usage values for -those pieces WU.ch were only used for eeep clean coal. processing. 

'Ille resulting energy value :represented middlinq processinq. 

3) Calculating ESP electrical energy use. 

Usin] rrethocbl.og:i.• in Section 5.2.1 and resulting Table 5 - 15, 

electrical kilowatt usage was ll. 6. Thei:rnal kilowatt usage was 3 x 11. 6 = 34. SIM. 

Ccnversion to B'ro/hr is similar to first calculation. 

4) Calculating ~ increase in energy over uncontrolleC. boiler. 

total ene;gy cxnsUMd in oontrol = 1.43111-J = 16 J% 
e.'"1.er9Y input to boiler 8. 8Mti • 

5) Calcci.ati.ng % increase in energy over SIP-a:mtrolled boiler. 

l - total energy consurred in oontrol for SIP + energy ir.out to boiler 
total energy ronsuned in control + energy input to bOiler 

1 - a.s .... l.431M-J 
8.8 + l.439MN = O.l% 
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LEV£LS OF COH'TIWL 
FOii CUANED COAL 

tz3 
D 
D 
ml 
0 • 

MODEIU.T! IPCCI 

llW CllHT ICCCI 

EW1GY COldU-..ito 
8'I' 901L.£JI ESP 
WHDI CUNll COAL 
IS COMIUITtD 

lllUMOUCAL VALUES ARE 
1111 IU\DWATTI l'™vu.tAU 

IAltS llEl"9'f.RNT TOT Al. EN EROY 
US£D Ill' ts'" AND l"tl:EP PUHT 
£0UIPMENT MO LOST ENEi.clY IN 
l'tlH' l"IJJllT REFUSE 

118 ?+l EOill:R EXCLUDED 

FIGURE !>2 ENERGY CONSUMED USING HIGH SULFUR EASTERN COAL 
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FIGURE S-3 ENERGY CONSUMED USING LOW SULFUR EASTER COAL 
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LEVl1.S Of CONTROL 
R>A COAL 

IARS AU'RESUfT ENE ROY CON.SVUED 
IN IRCAKINOJSIZllOIO RAW COAL A"ID 
IY IOILEA ESI' 

MOOlMTt 

STRJNQENT 

[NEJtGY CONSUMEO 
IY IOILUI lSI" 
WHOI Cu.AH COAL 
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NUMERICAL VALUES AIU 
IN IOlOWAlTS IT11l1'MA 

ll8 ~ OOIU:R EXJ:WOED 

UC 
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STOKE.II STOKER STOKER COAl FIRED 

'58 . 6 :.1,·1 
FIGURE 5- 4 E ERGY USAGE USING LOW SULFUR WESTERN COAL 
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and chemically cleaned lo.v sulfur eastern coal. 'Ille large increase in 

energy consunption is attributable to the energy lost in a::>al preparation 

plant refuse. Figure 5-4 shavs rwv lo.v sulfur western rnal n=quires 

the least annunt of erergy to meet the rnntrol levels and also shCMS a 

step-wise progression of the anount of energy required to rreet increasingly 

strict cnntrols. Figure 5-2 also shews this step-wise prq:Jression, however, 

the arrotmt of erergy required then using physically cleaned high sulfur cnal 

is greater than for chemically cleaned rnal. 'Illis occurs because less refuse 

is produCEd by chemical cnal cleaning plants (i.e. higher yields) resulting 

in less energy lost to the refuse, and nore energy remaining in the aggregated 

product coal. 

5.2.4 Corrparison of Energy Consunption Using Low Sulfur Coal, 
Physically Cleaned Coal and 01emically Cleaned Coal 

As discussed in Section 5 .1 the major energy elenents differ for 

each control technology discussed. Section 5. 2. 2 sho.vs the magni tu<E of 

the ere:rgy canstmption between these elements. Expressed as a percent of 

the raN cnal energy cnntent, the difference in energy rnnsurrption can be 

estima.ted. 

For lo.v sulfur cnal transport the erergy consurred varies from 0.4-

4.0 perCEnt depending qx:m the coal sourCE and its <Estination. Note on 

Table 5-6 that when a physically or chemically cleaned coal is transported 

the sane dis tanCE as rCM cnal, the energy irrpact is less. For exanple, 

transporting rCM lo.v ~ulfur eac:;tern coal to Austin, Texas consumes the 

equivalent of 2.51 perc:Ent of the cnal's energy cxmtent. If that CDal is 

cleaned at the mine and then shipped, the equivalent energy ronsunption 

is reduced to 2. 18 perCEnt. 'Ille transportation energy savings is owr 

10 perCEnt. 

eorrpared to transportation erergy consunption, the energy spent in 

actually physically cleaning the cnal is negligible. As a percent of the 

coal energy content, it is less than 0.05 percent. Chemically cleaning 

the coal involves considerably rrore energy, but as a percent of the a::>al 

energy content, it is equivalent to only 0.2-0.75 perCEnt. 
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'llle major energy oonsurcer is energy lost in the :refuse of a coal 

cleaning plant. It is this loss of energy fran the mined, raw ooal which 

acoounts for 95 percent of the energy cxmsurcption :related to ooal 

cleaning technology, including particulate cnntrol. As shown in the B.SER 

energy usage tables, level 5 a:>al cleaning :rejects alnost 16 perCEilt of 

the ooal IS energy CDiltetlt while level 4 :rejects ahJut 12 percent. fur 

chemical ooa1 cleaning the :rejection energy is slightly la..ier, fran 8-10 

percsit of the CX>al energy cx:ntent. 

'llle fourth energy elenent is particulate oollection. Section 5.2.1 

shcMs the absolute energy ~ts for particulate a:ntrol at various 

cx:ntrol levels using electrostatic p:r:ecipitators. Note that raw high 

sulfur ooal CDl1Slll1eS less energy than cleaned ooal for the sane emission 

cxmtrol level. 'll'ri.s is a functiai of the ash resistivity increase me to 

lower sulfur <Dlltent in the cleaned <Dal, '11hl.ch is d::minant over the lower 

ash cnntent. On the other hand, cleaning low sulfur eastem a:>al ::educes 

enei:gy requii:enents for particulate CDntrol. For the B.SERs, the ESP 

CDnsunes f:rom 0. 4-0. 8 permnt of the energy oontent in the specified laN 

sulfur eastem CX>al end O. 6-0. 9 perCEnt for the lcM sulfur ~stem <Dal. 

In total, incl.u:ling transportation, using low sulfur westem CDal will 

CDilSlB1E from 3-6 percent of a cnal' s energy content to neet various emission 

crntrol levels. If ~ically cleaned eastem a:>al is used, the a:nsunpticn 

value is much higher at 14-18 percent. Oiem:i.cal a:>al cleaning energy 

oonsunption is slightly lower at 9-12 percent of the input a:>al energy 

valtE. 

'!be energy effectiveness with respect to S02 renoval of the three 

oontrol technologies is shaNil in Table 5-33. Transportation energy is 

not included in these values. For ratt low sulfur ooal the absolute val'IE 

of energy oo ... !.SU'Ced is provided, since there is actually no sulfur 

renoved by using this oontrol technique. 'llle table shows that :renoval of 

cdli ticnal arcotmts of sulfur is associated with an inc:r:ease in the alsolute 

arrount of energy CDnsurred (prircarily energy lost to the :refuse), but a 

decrease in the kilowatt per ng 002/J l:elYDved equivalent. 'llris result is 
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'17\BLF. 5-33. ~ USAGE EFFF.X:TIVmESS 

Hi~h Sulfur Eastern Cbal I.ow Sulfur Eastern Coal !cw Sulfur ~stern Cbal 

lbiler level KW/ KW/ 
Input of ng SO?./J ng OOz/J 
Mn'IU Control J3.5ER KW raroved DSr.R KW renoved BSER KW* 

8.B SIP PCC-Lvl 5-mid 1,431 .95 Raw Coal 36 36* Raw Coal 49 

r.bderate PCC-Lvl 5-mid 1,439 .96 Raw Coal 46 46* Raw Coal 64 

Optional PCC-Lvl 5·dc 1,358 • 70 Raw Coal 46 46* Raw Coal 64 
M:xlerate 

Interned. FCC-Lvl 5- de 1,365 • 71 PCC-Lvl 4 1,046 4.7 Raw Cbal 68 

Stringent CCC-ERDA 700 .34 a:c-<>ravi. 946 2.5 Raw Coal 75 

22 SIP Pa:-Lvl 5-mid 3,603 2.40 Raw Cbal 94 94* Raw Coal 126 

M:xlerate Pa:-INl 5-mid 3,625 2.42 Raw C.oal 118 118* Raw Coal 165 

Optional 
M:xlerate Pa:-Lvl 5-dc 3,425 1.77 Raw Coal 117 117* Raw Coal 164 

Interned. Pa:-Lvl S-dc 3,444 1.78 PCC-Lvl 4 2,620 11. 7 Raw Coal 174 
U1 
I-' 
UT 

Strinqent CCC-ERDA 1,756 .as O:C-Gravi. 2,369 6.4 Raw Cbal 193 

44 SIP PCC-Lvl 5-mid 7,252 4 .as Raw Coal 233 233* Raw Coal 233 

rbderate PCC-Lvl 5-mid 7,309 4.89 Raw Coal 302 302* Raw Coal 340 

Optional 
M:xlerate PCC-Lvl 5-dc 6,856 3.55 Raw Coal 302 302* Raw Cbal 340 

Interned. PCC-Lvl 5-dc 6,946 3.59 Pa:-Lvl 4 5,309 23.8 Raw Coal 378 

Stringent CCC-ERDA 3,510 1. 70 O:C-Gravi. 4,750 12.8 Raw Coal 378 

58.6 SIP PCC-INl S-mid 9,642 6.45 Raw Cbal 271 271* Raw Cbal 384 

M:xlerate PCC-Lvl 5-mid 9,696 6.48 Raw Coal 351 351* Raw Coal 395 

Optional PCC-INl 5-dc 9,216 4.77 P .. 'l.W Coal 350 350* Raw Coal 395 
r.txlerate 

Interned. PO:-Lvl 5-dc 9,222 4.77 PCC-Lvl 4 7,032 31.5 Raw Coal 438 

Stringent CCC-ERDA 4,614 2.24 CCC-Gravi. 6,282 16.9 Raw Coal 438 

118 SIP PCC-Lvl S-mid 19,1S8 12.Bl Raw Cbal 421 421* Raw Coal 533 

M:Xlerate PCC-Lvl 5-mi.d l9,21S 12.85 Raw Coal 499 499* Raw Coal 542 

Optional PCC-Lvl 5-dc 18,112 9. 37 Raw Coal 499 499* Raw Coal 542 
M::>derate 

Intenrediate PCC-Lvl 5-dc 18,240 9.43 PCC-Lvl 4 13,835 61.9 Raw Coal 587 

Stringent CCC-ERDl\ 8,911 4.32 CCC-Gravi.12,305 33.0 Raw Coal 587 

* Indicates KW usage since no sulfur was rerroved 



not sm:prising since the cleaning equiµrent required to increase sulfur 

:rerroval is not energy intensive. Sulfur i:erroval is limited by the arrount 

and size of pyritic sulfur in the CD:il and a trade-off be~ CDal yield 

and sulfur oontent; it is not limited by energy demand. 

5. 3 POrENTIAL EOR ENER3Y SAVINGS 

'Ibis section discusses scree of the possible rrethods for reducing the 

annunt of energy CDnsuned by the oontrol technologies being ronsidered. 

For the low sulfur ooal control technology the major potential energy 

savings would be in the area of transportation to the industrial lx>iler 

user. Ha-1ever, since transportation energy is not to be oonsidered in 

this section no further discussion "WOuld be pertinent. 

'llle chemical cnal cleaning system; which have been proposed as B.SERs 

are simply oonceptual in <Esign at the present tirre and therefore any 

further consideration of energy savings "WOuld be mainly conjecture. 'lhe 

physical ooal clearring. system; \obi.ch have been proposed are c:umercially 

available and several areas of energy reduction are potentially feasible. 

5.3.1 D=sign of .Physical Cbal Cleaning Plants Without 'lh.ennal Driers 

In recent years, an increase in rredlanical mining rrethods has 

increased the anount of fine CDa1 whidl the physical CDa1 cleaning plant 

nrust pi:ucess. 'lb.is fine ooal material will absorb and retain consi<Erably 

nore rroisture during pn::x::essing than the coarser fractions. '!his 
-

increased rroistui:e oontent in the fine si7.e5 often has i:equired the cnal 

preparation plant <Esigner to specify thenaal driers to renove excess 

rroisture. '!here are ~ major benefits for using thennal. driers , 

(1) a <Ecrease in transportation costs and (2) a reduction of heat loss 

due to eVap::>ration of surf are rroistw:e from the coal during the burning 

p~ss. 'llle major disadvantages to the thennal drying system are the 

high capital costs of the system a:mpared to rredlanical dewatering, the 

high energy oosts, and the environrrental problems associated with particulate 

emissions fran the drier stacks. 'll1e energy savings associated with the 

elimination of thennal driers is on the or<Er of 1% of the ooa1 production 

per day. 
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'Ihe envimrurental problem associated with the particulate emissions 

has bero:rre a major factor in recent years in new plant design. In the 

past two years, pennits ha"Ve been cenied for a number of new installations 

due to the inability of therrral drier pollution devices to m:!et particulate 

cx:ntrol levels. As a result, plant &=signers are carefully looking at alternative 

&=signs using nore sophisticated nechanical dewatering systems and blending 

of coal product streams to achieve product roal specifications without 

themal di:ying. 'Ihe physical roal cleaning plant designs used in this 

report do not use thennal drying operations to achieve product noisture 

specifications. 

5.3.2 Energy !Ecovecy in Physical Cbal Cleaning 

'Ihe physical coal cleaning_ process changes the net energy value of 

roal in four major ways - by reducing the ash content, by.increasing 

the noistw:e rontent, by :reducing the pyritic sulfur content, and by 

rejecting sorre roal in :refuse strearrs. The magnitude of these changes, 

and their relative inpact upon the overall energy balance, is to a large 

extent rontrollable through design and operation of coal cleaning plants. 

5.3.2.1 Factors Affecting Energy Rerovery-~ 

Ash Ierroval 

Ash renoval, or nore correctly the renoval of ash-fm:m:i.ng minerals, 

inpmves the net energy balance. Except for pyritic sulfur (iron pyrite), 

the mineral inpurities have no heating value so that their renoval does 

not constitute an energy loss. By rercoving minerals, an energy benefit 

is adlieved by avoiding the transportation requirerrents for inert materials, 

and by avoiding the sensible heat requirerrents (in the boiler) for inert 

materials. 'Il1.is energy berefit can be sizable, since the quantity rencved 

by coal cleaning may arrount to 15 or 20 percent of the total rEM CC"'al 

quantity. 

Pyrite Ierroval 

Pyri tic sulfur (iron pyrite) is rerroved in roal cleaning plants for 

boiler-related emission reasons. Since iron pyrite cbes have a heating 

vall.E, its intentional rerroval for environIIEntal reasons prior to ronbus ti.on 
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is associated with an inhe:rent erergy penalty. 

'lhe heat of ari:>ustian of inn pyrite, FeS2, is 6,894 kJ/kg (2,964 

BTU/lb) • Table S-34 sunna.rizes the inherent energy penalty of pre

aD:>Ustian pyrite I:eIIDVal.. 

J.t>isture Content of Washed Cbal 

Physical coal cleaning processes i:esult in increased ncisture amtent 

of the product roal. As coal cleaning plant designs evolve to :renove 

greater arcounts of pyritic sulfur, fine coal cleaning circuits will becx:ne 

prevalent. 'lhe liberation of iron pyrite by furthar size mduction, and 

the separation of pyrite by washing fine size fractions, are the u:xcacull.y

cq:.plied tedmiques. Since fine coal fractions have nudl greater quantities 

of surfac:E ltDistu:re, the resultant energy penalties for transporting 

excess ncisture and for eVap:>rating excess ncisture in the toiler becx:ne 

larger. Cbal cleaning plant dewatering tedmiques (e.g. rentrifugation or 

filtratioo) are effective in significantly reducing these nnisture-related 

energy penalties, but thenml drying (with its a:nparatively large energy 

requirenents) is necessai:y to adrl.eve ncisture levels in washed fine CDal 

cq:.pmximating the raw coal ncisture levels. 

Misplaoad Material 

Since oormercial physical CDal cleaning processes are less than 

theoretically perfect in partitiaiing organic c:oaI fran inorganic inpuri ties, 

sace CDal with its desirable energy value is lost, as misplaced material, 

with the inorganic refuse stream:;. Fine CDa1 cleaning circuits have the 

potential not atl.y of separating and rejecting nore liberated pyrite and 

ash, but also of rea:>vering nore liberated clean <Dal. Cleaning plant 

design tedmiqtES and unit processes for fine a:>al separations are useful 

for minimizing the energy penalties associated with misplaoad clean ooal. 

5.3.2.2 Trad..--Offs for Energy Iea:>ve:r.y-

'lhe first 1lro fact:oz:s disC'l:Ssed above have di:rect, easily disoomible 

effects on energy use by cleaning plants. First, ash rercoval is a desirable 

prot.:Ess f:rom eve:r.y standpoint, sinoe it provides l~r transportation and 
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TABLE 5-34 ENERGY PENALTIES ASscx:IATED WITH PRE-CX>MBUSTICN PYRITE. REIDVAL 

Eastem Eastern vestem 
High-Sulfur Lav-Sulfur Lav-Sulfur 

Coal Coal Coal 

Percent Pyritic Sulfur 2.79 0.60 0.30 

Percent Inn Pyrite (FeS 2) 5.22 1.12 0.56 

feating Value, kJ/kg 'lbtal Coal 

'lbtal Coal 26,772 31,685 26,268 

Iron Pyrite in Coal 360 77 39 

Net (Coal less pyrite) 26,412 31,608 26,229 
I 

Percent of 'lbtal Heating Value 
! 
l 
! 

I in Iron Pyrite I 1.34 0.24 0.15 
' ,__ 
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CX>al. handling costs , less ash handling and disposal ens ts and generally less 

slagging prd:>lans in the boiler leacting to l~ operaticn and rna:intenance 

costs. 'Ihe energy benefit of ash rennval is canpletely ccnsistent with the 

a00ve cost-benefits. 'Ihe secrnd straightfm:Wcll"d relaticnship is with the 

pyrite rE!ID\Tal factor. Emission gools necessitate the maxi.rn..mt rerroval of 

pyritic sulfur, with the inplied result that any energy penalties fran pyrite 

remval are acreptable. 

For the other tw::> factors, the relationship is not straightfo:rward, 

but is largely depenclent·upcn specific plant designs and plant qJerating 

c:haract:eristics. '!he nagnituce of energy penalties fi:am excess rroistw:e. 

and fran misplaced clean coal are largely controllable, and may be 

vi~ as the results of trad:loffs for particular cormercial situations. 

'llE plant &signs and operating dlaracteristics which affect the 

quantity of exooss rroisture in cleaned coal and the quantity of organic 

coal rejected in refuse streans are the result of economic tradeoffs. 

'!be criterion for selecting roal cleaning c:peratians such as dewatering, 

<hying, separation, and reoovery, is least rost per unit of delivered 

clean coal (or maxim.mt profit to the cleaning plant operator). 'Ihe economic 

q>tinun d:>es not necessarily roincic:E with an q>tinun based upon maxi.rn..mt 

net ene:rgy recnvery. Several key .ingredients are a:xm011 to rost and 

energy: transportation rosts are approximately proportional to transporta

tion energy, and the eCX11anic value of ·rejected misplaced roal is 

approximately p~rtional to the energy value of this rejected coal. 

~ver, the economic tradeoffs are heavily influenced by capital arrortiza

ticn, Wtldl plays no :role in energy trad:loffs. 

l-Edlanical dewatering tedmi~s (oontrifugation, filtration) have a 

highly positive energy balance. '!he energy benefit of renoving excess 

noisture, in teLT'lS of avoiding transportation and evaporation penalties, 

are nuch greater than the energy requirenents for rrechanical cl:watering. 

Fortuitously, the rost tradeoff ai:pears ronsistent with the energy 

tradeoff. '!he eoonomic benefits, in tent5 of avoiding excess transporta

tion charges and boiler evaporation penalties, are generally greater than 

the capital arrortization and operating rosts for rrechanical dewatering. 
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Hence, nechanical dewatering appears desirable for both rost saving and 

energy :recovery purposes. 

'!hennal drying of fine coal, however, is not clearly advantageous, 

assuming that nru.d1. of the excess rroisture in fine roal is first :renoved by 

nechanical rewateri.ng. '!he increrrental rroisture renoved by thermal drying 

reduces both transportation costs and transportation energy :requirercents. 

~ver, thenna.l drying :requires consirerably rro:re energy (because of 

higher inefficiencies) than eva:pJration of rroisture in the :toiler. 

From an economic viewpoint, the capital and operating costs of thennal 

dryers are high, especially when stringent air ?Jllution controls are 

required. 

A fundanental characteristic of any single physical coal cleaning unit 

operatioo is that it may be designed and operated either by maximum 

renoval of high-density inorganic i.npurities or for maxim.mt :recovery of 

clean coal; but not for achieving l:oth goals. 'Ibis characteristic arises 

fran the presence of individual mid-gravity particles which :re?Jrt either 

to the clean coal fracticn (if a high cperating specific gravity is 

selected) , thereby maximizing energy :recovery; or to the :refuse fraction 

(if a ICM operating specific gravi t:y is_ selected) , thereby maximizing 

iitl'uri. ty renovaL 

Several approaches are effective in minimizing the energy penalty 

of misplaced coal. One app!:Oach is finer size reduction, which liberates 

rro:re of the inpurities so that a lesser fraction of the individual 

particles fall in the mid-gravity range. Anotrer approach is to use 

no:re efficient separation processes (which have a shai:per partition curve). 

A third aJ?Proach is to apply sequential processes or sequential circuits, 

where a first stage operated to achieve one of the alternate goals is 

followed by a second stage operated to adrieve the other goal. For the 

sink from one heavy-nedia cyclone operated at a law specific gravity may 

then be the feed to a second ooavy nedia cyclone operated at a high 

specific gravity - t.re first stage produces a "deep-cleaned" product and 

the secx::>nd stage produces a middling product, while the products of l:oth 

stages nax:i.lllize the energy :rerovery. Similarly, an entire plant may be 
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OOS>igned and operated to prod.ucE both a very clean ooal product and a 

middling product. 

Although these cq;:proacnes minimiz.e the energy penalty of misplared 

CDal, the designs and operating oonditians are noi:nall.y dictated by 

ecxncmi.cs rather than by energy recovecy. At sane point, it bea::nes 

unecx:nanical. to recover any nore energy, and sare wal is lost in the 
refuse streams. 

S. 4 IMP1CI'S CF ~ FKM OIL-FIRED '10 OOA!rF'IRED INll.JSTRIAL B:>ILERS 

It is not practical to mx1ify existing oil-fil:ed industrial ooilers to 

bum ooal. S\ch rro:Ii fj catim would ent.ail substantial costs-for new pol

luti.m cxntml faci 1 ities; for an air preheater; for additiala1 space and 

faci 1 i ti.es for z:eceiving, storing, mx1 handling roal.; and for handling, 

storing, and diBp">S:i.nq of resi<bmls. ~' the I:eqUired m:xlificatials 

lllOuld cause _significant decreases in capJcity ratin~n indeed, the capacity 

rating might dJ.'cp by as m.rh as bio-thirds. Even oil-buming boj lers that 

previously bumed coal crnld ermmter probl.ens when recxnvertinq: needed 

aux:i.liaJ:y equiptent, spaaa, and rail mmectials nay have been i:em>Ved; 

polluti.m ocntrol faci 1 i ties might be inadequate; and the type of coal for 

which the boiler was designed might no lmge.r be available. 

For iIX1ustria1 finns, then, swi~ fl:an_ oil to coal neans installing 

new boilers-boilers elCpeCted to be subject to New Source Performance Stan

dm::ds (NSPS) for major ai:: pollutants. In fact, for the wh:>le mi.verse of 

energy users natiooally, incn!asing coal use by switclrlnj :fian oil or gas 

ireans prinarily buminq coal in new iIX1ustria1 boilers; electric utilities 

buming fossil fuels az:e already pl.arming to use coa1 in new units; the other 

major sectors (transportat.iai, residential, and c:amer:cial) cannot reaHs

tically be expected to bum coa1 in significant quantities. 

'lhere are perceived advantaJes to b.u:ning coal: first, coal is likely 

to he nD:re available than oil or qas; and, secxmd, the delivered price of 

ooal is expected to be laer per tmit of energy. 'lhe advantage of a lower 

annual fuel oost nust be evaluated in teJ:r.B of a tight ncney market and 

the fact that iOOustries require a relatively high rate of retum. on invest

nent. A chemical plant, for exanple, r.light ~payback in three to five 
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years, while a utility (which can borrc:M nore cheaply) nay be able to wait 

20 years. 'Ihe advantage of lower fuel cost will, of course, be relatively 

greater in boilers with higher capacity factors. 

'Jhe J\.nerican Boiler Manufacturers Association predicted in 1977 that, 

in 1985, only 38 percent of the new boiler capacity with heat input ranging 

fran about 30 to 90 l'·"1 {t) (100-312 million BlU/hr) will bum oil or gas~ 

the remainder will hlnl ooal or waste. ( 
1 2

) One boiler vendor, whose estinates 

are based on a survey he oonducted in 1976, predicted that close to 40 

percent of the capacity of the fossil-fl.El-fired boilers purchased over the 

next five years will have the capability to l:urn coal. ( 
1 3

) Both of these 

projected valtES are cxmsiderably higher than the current value of ooal' s 

percentage of industrial miler fuel, which is arout ten percent. 

'lhe recently passed National Energy Act (NFA) includes provisions that 

are intended to prohibit the burning of gas or oil in the majority of new 

industrial boilers, and to decrease the financial disadmmtage of Wrning 

coal vis-a-vis oil or gas. lbst drarratically, the NEA prohibits "large" 

new boilers-units with a heat inµit rate of at least 30 r-ii {t) (100 million 

B'IU/hr) or aggregations of mtlts of total capacity exceeding 73 nw (t) 

(250 millicn B'IU/hr)-fran burning oil unless granted an exenptian by DOE 

(on the basis of factors such as enviromental degradation, ecxmanic hard

ship, and site limi:tations). By specifying "large" milers the NE1\ will 

affect nost new boiler capacity: in 1974, 3.9 quads of the approxinately 

4.3 quads of fuel consmed in industrial milers ~re burned in "large" 

industrial boilers. ( 1 4
) 

5.5 SUM-1ARY 

Table 5-35 surnnarizes the energy in kilowatts used by eadl BSER. 

'Ihese values show that the g:i:eates t energy user is physical coal cleaning 

with dlemical coal cleaning consuming about 50% as nruch energy and low 

sulfur ooal oonsuming only 5 percent of the PCC value. Figures 5-5, 5-6 

and 5-7 represent energy usage versus Boiler Capacity for.each BSER. 

Normalized on a pe::cent basis (MV (+) energy used M~ of boiler) these 

values also show that physical coal cleaning is the greatest energy user 

and that lc:M sulfur ooal oonsurres the least arrount of energy, again only 

523 



Boiler 
'fype 

8.8 MN 

22 M'l 

44 M'l 

58.6 

118 

TABLE 5-35. SUMMARY OF ENERGY CXNSUMPTICN 

BY BSERs 

level 
of 

Caitrol 

SIP 

fuderate 

Energy 
Consurrption 

for 
High Sulfur 

Eastern Coal 
RW(t) 

1,431 

1,439 

~tional M:>derate 1, 358 

In tented. 1,365 

Stringent 700 

SIP 3,603 

Moderate 3,625 

~ticnal M:>c:Erate 3,425 

Interned. 3,444 

Stringent 1,756 

SIP 7,252 

l-bderate 7,309 

Optimal l-Dderate 6, 856 

Intenred. 6,946 

Stringent 3,510 

SIP 9,642 

M:>derate 9,696 

Optional ~rate 9, 126 

Intenned. 9,222 

Stringeut 4,614 

SIP 19,158 

M.xlerate 19,215 

Optional M:>deratel8, 112 

Intemediate 18,240 

Stringent .8,911 
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Enei:gy 
Cons mp ti.on 

for 
I1::M Sulfur 

Eastern Coal 
KW(t) 

36 

46 

46 

1,046 

946 

94 

118 

117 

2,620 

2,369 

233 

302 

302 

5,309 

4, 1r:.o 

271 

351 

350 

7 ,032 

6,282 

421 

499 

499 

13,835 

12, 305 

Energy 
Consunption 

for 
LoN Sulfur 

Western Coal 
KW(t) 

49 

64 

64 

68 

75 

126 

165 

164 

174 

193 

322 

340 

340 

378 

378 

384 

395 

395 

438 

438 

533 

542 

542 

587 

587 
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5 pero:mt of the PCC value. 'Ill.e mnnc.lized values also sha-1 that the 

arrount of energy oonsmced is not dependent up:m the boiler capacity. 

'llle energy values renain oonstant for each B.SER regardless of the boiler 

capacity. 

'Ihe large differential between the energy oonsurred by PCC and the 

energy oonstmed by lc::M sulfur coal is caused by rejection of energy to 

refuse in ooal cleaning. '1he tradeoffs associated with the rejection of 

energy versus product a:>al energy oontent were discussed in Section 5.3. 

l'hte that decreased energy requirenents for the boiler operator associated 

with decreased coal and ash handling, less boiler maintenance and increased 

boiler efficiency are not included in thss analysis. Although these values 

could not be quantified in this ITAR, there should be an attenpt to do so 

in the cmR. 

An interesting result fran the energy inpact analyses of the three 

control tedmologies is the increased energy effectiveness as S02 renoval 

requirements increase. (See Table 5-35.) 'llri.s shows that roal cleaning 

is an energy effective S02 control techrnlogy. 
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6.1 INTIDDUCTICN 

SECTION 6.0 

ENVIKNMENTAL IMPACT OF CANDIDATES 
FOR BEST EMISSICN CDNTIDL SYS'IEM 

Section 6 examines the envirornrental irrpacts of the best systems of 

emission reduction. Two kinds of envirornrental a:mcerns are addressed. 'Ihe 

first is the direct effect of atnospheric emissions from industrial boilers 

using rCM and cleaned coal. 'Ihe BSER candidates considered relate to 

various proCEsses for reducing sulfur (and other) emissions during the com

bustion of ooal in industrial boilers by the cleaning of coal, and this is 

where the opportuni ti.es lie for the greatest reductions in environmental 

:inpact •. However, sinCE the cleaning proCEss has its o.vn potential environ

nental inpacts, it is also IECESsai:y to evaluate the candidate B.SERs for the 

coal cleaning step. 'Ihus, this assessnent will a::rnpare the environrcental 

irrpact of burning ra,,, micleaned a:>al with the total impact fran the cleaning 

of coal and the utilization of cleaned coal. 

'Ihe environnental inpacts will be ad:hessed on a rredia specific basis 

by analyzing air emissions, liquid discharges and solid wastes separately. 

'Jltls analysis assurres that electrostatic precipit~tors are used for parti

culate control and there are no liquid discharges from indl.Etrial boilers 

burning raN coal. The analysis exclu<Es environmental inpacts fran mining 

and transporting of coal and disposal of bottan ash and fly ash collected 

at the boiler. 

'Ihe pu:rpose of Section 6 is to quantify the emissions of major pollutants 

of conCEm and to discuss their generation and means of control. It should 

rot be inplied that analysis is all inclusive relative to minor emissions 

or traCE elerrents. The anomit of data available on the envirorurental irrpacts 

of coal cleaning is relatively scara= and there are maey areas relative to 

cle~tlng plant emissions that are as yet not quantified. This analysis 

attempts to utilize existing data to the rnaxirrrum extent possible and some of 

the results should be considered preliminary. 
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'Ihe results presented in Section 6. 2, 6. 3, and 6. 4 basically shCM that 

the coal cleaning BSERs reduce air emissions while slightly increasing liquid 

wastes and doti:>ling solid wastes. Specifically for air pollutants, mal 

cleaning reduces SO 2 emissions by 30-80 peramt and reduces particulate 

loading in the flue gas by 60-85 percent. For NOv and CO, and hydrocal'.bons, 

cnal cleaning provides a slight reduction in boiler emissions dtE to the 

increased heat energy of the flEl. Coal cleaning, hc:Mever, does not renove 

N02 , m or hydrocarbons. 'lhe mal cleaning prOCEss itself may have a signi

ficant particulate emission if therrral driers are used, havever, thermal 

dcying was not included in the BSE~. 

For liquid discha:rges the highest discharge conamtration is for mo 
and the major trare ele:m=nt pollutant is iron. 'lhere are NPDE.S guioolines 

for TSS, iron, rranganese and pH fran a:::>al cleaning plants which must be mat 

and several unit operations are discussed which minimize these and other 

liquid effltEnts. 

'Ihe major environmental inpact f rorn coal cleaning is the generation of 

la:rge quantities of cleaning :refuse, oonpcsed of minerals in the coal and 

sone a:>al particles. C.c:xrpared to the ash in the rcw coal, the physical roal 

cleaning BSERs produce fran 43-112 percent nore solid wastes. Infiltration 

of mntaminated water fran the refuse piles and tailing ponds ieentified as 

a major environnental inpact and several mitigative rreasures are presented. 

6.2 ENVIIDNMENTAL IMPACTS OF aNIIDIS FOR ())AL-FIRED BOILERS 

6.2.l Air Pollution 

6.2.1.1 Derivation of Emission Rates--

Because ooal cleaning prooosses affect the composition of the boiler 

fuel, the detennination of boiler emission rates nrust be preooded by the 

systematic discussion and detennination of the ultimate analyses of 

rCM and cleaned ooals. 'lbe oorrbustion stoic:hionet.ry of each of the raw 

and cleaned coals is evaluated, as an intenrediate step, before the boiler

specific and fuel-specific emission rates are determined. 

carposition of Raw and Cleaned Coals 

Table 6-1 lists the proximate and the ultimate analyses for each of 

the three representative raw ooals considered: high sulfur eastern coal 
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(Upper Freeport Seam, Butler County, Pennsylvania); lo.v sulfur eastern ooal 

(Eagle Seam, Buchanan County, Virginia); and low sulfur western ooal (Prirrero 

Seam, Las Animas County, Colorado) • Al.so listed are the proximate and 

ultimate analyses for the clean roal products from the physical and chemical 

processes discussed in Section 3 of this ITAR. 'Ihe proximate analyses are 

given both on an as-received basis and a dry basis; and the ultimate 

analyses are given bot.'l on a dry basis and on a dry, ash-free basis. 

'Ihe proximate analyses for each of the three rCM ooals are actual 

values, as presented earlier in Table 3-12, and fonn the basis for 

the remainder of Table 6-1. 'Ihe oonversion from as-::recei ved percentages to 

dry-basis percentages is: 

x As-Pereived . _ Basis . ; 
X D:ry Basis - 1 -(Percent M:>isture/100) 

where Xis either the percentage of ash, total sulfur, or pyritic sulfur; 

or is the heating value (HV) • 

Similarly, for the ultimate analysis, 

x = Dry, Ash-Free Basis 
X D, . cy Basis 
1 -[Percent Ash(D:ry Basis}/100] 

Ultimate analyses YJe::re not available for the three specific rCM ooals, 

and YJe::re therefore estimated. First, the percent carb:::>n (dry, ash-free 
. . Uehl' 1 . h' .c b't . al (l) basis) was calculated using the mg :re ations ip .1.0r i unu.nous oo s, 

Percent carbon (Dry, Ash-Free Basis)=lOO 

Heating ValtE (D:ry, Ash-Free Basis}, BTU/Th 
17,900 BTU/lb 

'!his sinple ::relationship for estimating the ultimate analysis from the 

e~ri.Irentally-determined heating valtE has been found to be accurate to 

within 2 percent for roals within a given rank. As a test of this 

predictive ::relationship, it was applied to ten bituminous roals for 

which the ultimate analysis had been exper.i.nentally detennined: <
2

} 
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• Anal•rsis, Dry ,Ash-Free Basis Ratio 
I 

, 
B'IU Predicted 

Group State Cbunty C,% H,% 0,% 'N,% S,% HV,lh H:C C,% 

1.ovl-Vol. WV ~11 90.4 4.8 2.7 1.3 0.8 15,670 0.053 87.5 
I.cw-Vol. PA carrbria 89.4 4.8 2.4 1.5 1.9 15,615 0.054 87.2 
Mad-Vol. PA Smerset 88.6 4.8 3.1 1.6 1.9 15,540 0.054 86. 8 
M9d-V01. PA Indiana 87.6 5.2 3.3 1.4 2.5 15,630 0.059 87.3 
High-Vol.A PA ~:r:elalc 85.0 5.4 5.8 1. 7 2.1 15,265 0.064 85.3 
High-vol.A KY Pike 85.5 5.5 6.7 1.6 0.7 15,370 0.064 85.9 
High-vol.A OH Belnont 80.9 5.7 7.4 1.4 4.6 14,730 0.070 82.3 
High-VOl.B IL Williamson 80.5 5.5 9.1 1.6 3.3 14,430 0.068 80.6 
High-Vol.B ur Energy 79.8 5.6 11.8 1. 7 1.1 14,260 0.070 79.7 
High-VOl.C IL Vennillion 79.2 5.7 9.5 1.5 4.1 14,400 0.072 80.4 

For these ten CDals, the root-nean-square differenCE be~ the neasured 

and predicted values for perCEnt carlx:>n is 1. 4 perCEnt, verifying the 

accuracy of the U:ililing J:Elationship for bituminous coals'. 

. Another u:ilil.ing relationship is that the ratio of hydrogen to carl:x>n 

varies little ancng a:>als of the sane rank. <
3

) Fn:m the above data for 

the ten bituminous ooals, a valtE of 0.064 was acbpted for this ratio, 

and the pera:nt hydrogen was derived for the three rcM roals of Table 6-1 

fz:an the pe:ramt camon valtEs. An additicnal relationship from the arove 

data is that the nitrogen perCEntage (en a dry, ash-free basis) is J:Elatively 

oonstant - a vallE of 1. 6 perCEnt was used in Table 6-1. 

With these three relationships, the valtES for carlxm, hydrogen, and 

nitrogen en a dry, ash-free basis ~:r:e developed for the three raJN roals. 

Since the total percent sulfur was kncMn, the oxygen perCEntage was derived 

by difference, enabling the enti:r:e ultimate analysis to be estimated. 

Simila •. :ly, the starting points for the products of physical roal 

cleaning (Per) proresses ~re the proximate analyses previously given in 

Tables 3-16 , 3-17, and 3-18. 'llle! noisture rontents for the PCC prcxlucts 
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for the lo.v sulfur eastern and low sulfur western coals, not previously 

rei;:orted, were derived from the material flows shCMn on Figures 3-7 and 

3-10 by using the Sc3IIE inherent rroisture contents as the respective raw 

coals and by using the follciwing appropriate values for surface rroisture 

(as a function of size consist) : 

I I ! Surf ace 
Coal '!Voe Product Stream It>. Size Cbnsist Moisture, % 

~Sulfur Eastern 1 3/8 x 28M 6.0 
2 28M x 0 I 15.0 
3 1 1/4 x 3/8 4.0 

lDW Sulfur vestem 1 1/4 x 0 9.0 
2 1 1/4 x 3/8 4.0 

Since the physical coal cleaning processes do not change the inherent 

dlaracter of the "pure" coal, it was assurred that the relationships 

previously developed for raw coal ultimate analyses (on a dry, ash-free 

basis) also apply to cleaned coals; enabl:i;1g Table 6-1 to be developed 

for these physically-cleaned coals. 

Several additional assurrptions were necessarily mare for Table 6-1 

to be cnmpleted for chemical coal cleaning (CCC), sinre proximate analyses 

\Ere not previously given for the CCC products. First, it was assurred 

that the CCC products were dried to the sane rroisture levels as the raw 

CX>al feeds. It was assurred that the ERDA p:roress results in the Sc3IIE 

perrent ash as the raw coal feeds, but that the Gravichem p:roress results 

in a product with 0. 25 (first step) x 0. 75 (second step) = 0.1875 of the 

ash content of the raw coal feeds. Further, it was assurred that CCC 

products had the Sc3IIE heating value and perrentages of carbon, hydrogen, 

and nitrogen {on a dry, ash-free basis) as the raw coal feeds. 

In the rerroval of mineral constituents not oontaining sulfur, it has been 

detennined that sorre trare elerrents tend to be associated with the ooal 
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(4 5 6 7) 
fraction and sate (nost) with the mineral fraction. ' ' ' 'Ihese 

distribute thenselves be~ the ooal and the waste with the distribution 

varying as a function of the specific gravity at which the separation is 

made. 'lhese fractiaiation factors also vary significantly atr0ng different 

o:>al.s and no generalized average or "standard" values are possible. 'As 

a result, the calculation of p:>ssible trace elerrent emissions fi:om. the 

boiler cannot be perfonred and no trace elenent emission values will be 

presented in this analysis. '!be study results and their irrplications are 

discussed further in Section 6. 2 .1. 4. 

Cbnbustion Stoidri.cmeb:y 

'!he ultimate analyses for the raw and cleaned coals are presented 

en Table 6-2 on a cnma1 basis of one kilogram of noisture-free fuel. 

'lhese values, in gLams of each elenen.t per kilogram of dry fuel, 'if.1ere 

a:nverted to gram atans per kilogram, from which the stoidrlaretric 

air mqu:irenents and na.jor cari::m;tion pnxlucts ( m2 , H2 o, and S02 ) 'if.1ere 

derived. Further, the oxygen and niti:ogen in the combustion gases, and 

then the total noles and standard volunes of c:arbustion gas, 'if.1ere 

calculated for 0, 30, and 50 percent exc:ESS air. 

Also included in Table 6-2, at the 30 and 50 percent excess air levels, 

are the nmi:Jer of gram noles of N02 , m, and hydrocarlx>ns as rni+ , per 

kilogram of fuel bumed. 'Ire vallES for each of these secondary products, 

at each level of exooss air, are cx:nstant regardless of fuel type. '!his 

was directly derived f:can the PEICo-provided design paraneters for standard 

boilers, surmarized in Table 6-3, which stated an emission rate for rox' 

CD, and rni+ directly proportic:rutl to the fuel feed rate for each boiler. ( 9 
) 

'!he nolar quantities per kilogram of fuel shown in Table 6-2 correspond 

to the weight percentages in Table 6-3. 

It may be argtEd that the quantities of these secondary pi:oducts 

should be based upcn the thenrodynamic a::nbustion of each fuel with 

the appn:priate quantities of excess air. A rigorous approach ~uld be 

to ~rive the equilibrium flarre tenperature for each fuel/air case of 

Table 6-2 f:ran the heat of a::nbustion of one kilogram of each fuel, and 

the heat capacities (as a function of tenperature) and oorrespcnding quanti-
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Raw Cbal 

gms c 655.8 
gms H 42.0 
qms s 34.0 

·~ 
gms 0 21.9 

UI gms N 12.3 
ill! gms 1\sh 234.0 

] 
gms H10 52.6 

gm atCl!B C 54.60 
..... gm atoms H 41.67 

~ gm atoo\9 S 1.0603 
'l"' at001S 0 1.37 
gm atars N 0.88 
qm noles H20 2.92 

I·~ gm noles 02 65.39 

~i~~ gm 11Dles Ni 246.00 
gm 11Dles Air 311. 39 

"'•.-4 • 

~·Bl 
qm 11Dles l.Uz 54.60 
gm ITDles H20 23.76 

~ l gm 11Dles so, 1.0603 

l:~ ~~~ 
gm ncles N2 246.44 
'Ibtal gm noles 325.9 
'Ibtal Std m' 7.305 

:;!~ gm 11Dles 02 19.62 
gm ITDles N2 320.24 

H 
gm 11Dles N02 0.1956 
gm noles CO 0.01785 
gm ncles CH, 0.00935 
'Ibtal gm 11Dles 419.3 

... Cl Total Std m' 9,390 
M 

~~ gm ncles Oz 32.70 
gm noles Ni 369.44 

f, ~ 
gm ncles NOz 0.1630 
qm rroles 00 0.03570 

~~ 
9m rroles CJ!, 0.03117 
'Ibtal gm noles 481.6 

°' 0 'Ibtal Std m' 10.795 1n 

'171.BLE 6-2. CXNBJSTION S'.IUICHICMF.TRY Cl" RAW J\ND CLEl\NFD CQl'\lS 
Bl\SIS: rnE l<IIJX;AAM OF r.tJlSWRE-FREE <XlAL FEW 

High-Sulfur F.astem Cbal row-sulfur Eastern COal 

~leaned PCC Middling PQ; ERD1'\ GravidlE!rn Raw Coal Pa: Product ERDI\ 

805.9 760.4 655.8 RlB.5 761.0 813.B 761.0 
51.6 48.7 42.0 52.4 48.7 52.1 48.7 
10.8 16.9 7.4 11.0 11.8 8.9 3.9 
58.6 46.7 48.6 58.8 60.4 68.6 68.3 
15.1 14.2 12.3 15.3 14.3 15.3 14.3 
58.0 113.1 234.0 43.9 103.8 41.3 103.8 
98,9 97.6 52.6 52.6 20.4 80.7 20.4 

67.10 '"'· JJ. 54.60 68.15 bJ,Jb b '·lb bJ, 36 
51.19 48. 31 . 41.67 51.98 48.31 51.69 48.31 
0.336R 0.5270 0.2308 0.3430 0.36RO 0.2776 0.1216 
3.66 2.92 3.04 3.6R 3.78 4.29 4.27 
1.08 1.01 0.00 1.09 1.02 1.09 1.02 
5.49 5.42 2.92 ' 2.92 1.13 4.48 1.13 

78.41 74.46 63.73 79.65 73.92 78.82 73.42 
294.96 280.10 239. 74 299.63 278.06 296.49 276.21 
373. 37 354.5~ 303.47 379.28 351.98 375.31 349.64 
67.10 ~3.11 54.60 68.15 b3.3b b7. /b b3.Jb 
31.09 29.58 23.76 28.91 25.29 30.33 25.29 
0.33611 0.5270 0.2308 o. 3430 o. 3680 0.2776 0.1216 

295.50 280.61 240.18 300.19 278.57 297.04 276.72 
394.0 374.0 318.B 397,6 367.6 395.4 365.5 

9.1111 11.383 7.146 R.912 8.240 B.863 9.193 

23.52 22.34 19.11 23.90 22.18 23.65 22.03 
383.99 164.64 312.10 190.06 362,0l 306.01 359.58 

0.1956 0.1956 0,1956 0.1956 0.1956 0.1956 0.1956 
0.01785 0.01795 0.01785 0.01795 0.01705 0.01785 0.0179< 
0,00935 0,00915 0,00935 0.00935 0,00935 0.00935 0.00935 

506.0 480.4 409.B 511.4 473.2 508.0 470.4 
11. J4Z 10.76B 9,186 11,463 10,607 11,387 10,544 

39.21 37.23 31,87 39.83 36.96 39,41 36, 71 
442.98 420.66 360.05 449.99 417.63 445.31 414.93 

0.1630 0.1630 0.1630 0.1630 0.1630 0.1630 0.1630 
0,03570 0.03570 0.03570 0.03570 0,03570 1 0.03570 0,03570 
0.03117 0.03117 0.03117 0.01117: 0.03117. 0.0:1111 . O.OJ117 

580.7 551. 3 470.5 587.2 543.6 5Bl.l , 540.3 I 
13.016 12.J57 i 10.546 13.,162 12.1R5 13.070 12.111 

low-Sul fur Wo?stem Coal 

Gravichen Raw Coal l"CC l'roduct 
-

932.5 630.9 701.3 
53.2 40.4 44.9 
5.6 5.9 6.5 

73.4 62.7 68.9 
15.7 12.0 13.4 
19.5 248.l 165.0 
20.4 25.6 77.8 

69.32 52.53 58.39 
52.78 40.0B 44.54 
0.1746 0.1840 0.2027 
4.59 3.92 4.31 
1.12 0.86 0.96 
1.13 1.42 4.32 

80.39 60. 77 67.57 
302.44 228.63 254.20 
382.83 289,40 321.77 

b~.3l 52.53 58.39 
27.52 21.46 26.59 
0.1746 0.1840 0.2027 

303.00 229.06 254.69 
400.0 302.9 139.9 

9.965 6.789 7.61'1 

24.12 18.23 l 20.27 
393. 73 297.62 330.93 

0.1956 0.1956 I 0.1956 
0.01785 0.01785 I 0.01785 
0.00935 0.00935 I 0.00935 

514. g. 399.7 i 436.4 
11.541 B.735 i '), 7til. 

40.20 30.39 33. 79 
454.22 343.35 381. 77 

o.1630 I 0,1630 0.1630 
0,035701. 0.03570 0.03570 
0.031171 11,n'tll" ! f),'l1117 

591.4 447.6 500.7 
13.256 10.033 I 11.223 
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lk>iler 'fype 

Package, filter-
tube, Underfeed 
Stoker 

Package, Water-
t\Jbe I Clain 
Grate 

Field-Erected, 
Hit.ertube, 
Spreader 
Stoker 

Field-Erected, 
Watertube, 
Pulverized 
Coal 

'mBLE 6-3 • REIJM\NI' OWW.."IERISTICS OF 'l1m REFERDCE CCJUrFIRED ItlJUS'IRIAL BOI~ 
SCiirce: 1ICUi'ei ceslgn Parmretera lOr stanaard lk>llers 

Boiler ~itications Uncontrolled Flue Gas Qxistituents 

Heat Input Rate .tJCCeSS 

Air, Pl.yash S01,• of ~•of CD, i of 
kif lo·mwnr Percent 'of O>al Ash O>al 002 1 Feed Coal Feed 

8,790 30 50 25.0 95.0 0.75 0.10 

21,975 75 50 2s.o 95.0 0.75 0.10 

43,950 150 so 65.0 95.0 o.1s 0.10 

58,600 200 30 ao.o 95.0 0.90 0.05 

IC as rn-, 
' of O>al Feed 

o.os 

o.os 

o.os 

0.015 



ties of the cn:mbustion products, including ash and rroisture. 'Ihe equilibrium 

cxnstants for N02, NO, m, and CB1t may then be evaluated {from the free 

energy change) at that flane terrperature, enabling the calculation of 

equilibrium cnncentrations of these secnnda!:y products. Short of this 

rigorous approadl, it may also be argued that the quantities cnuld be 

assuned directly proportional to the heat input rate for each boiler 

rather than to the fuel feed rate. 

After cnnsic:Eration of these alternative approaches, the values for 

Wx' CD, and CH1t shcMn in Table 6-2 {and subseqoontly used to derive emission 

rates) ~re chosen to be oonsistent with the PEOCo values irrplicit in 

their "I:esign Pararreters for Standard Boilers11 .< 19
) 

calculations of Emission Rates 

Tables F-1 through F-4 in Appendix F, list the g:ross emission rates 

(for each pollutant and for each fuel), respectively, for each of the four 

standard industrial boilers. 'lhe derivation of each column in these 

tables begins with the calculation of the dry coal feed rate, kg/s, by 

dividing the boiler heat input rate in kJ/s by the dry coal heating valtE 

in kJ/k.g. 'Ihis dry coal feed rate is then the multiplier for the values 

in each column of Table 6-2 (which are based upon one kilogram of dry coal 

feed) , to derive the rates shown in Tables F-1 through F-4 .. 

'!he total ash values of Tables F-1 through F-4 are the quantities in 

the coal feed; the flyash values were derived from the fraction (specific 

to each boiler) defined by PEOCo and stmmrrized in Table 6-3. Also in 

acoordanCE with PEOCo) assunptions, the so2 values in Tables F-1 through F-4 

are 95 percent of the stoichiaretric quantities. (io) 

Presentation of Emission Rates 

'lhe final results of these calculations are presented in Table 6-8. 

'Ihe tmcontmlled case and the SIP case have been added to the BSER boiler/ 

control level cases (defined in Table 3-22). 'Ihose boiler/control combina

tions in Tables F-1 through F-4 which -were not selected as BSER cnmbinations 

are not included in Taule 6-4. 
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Strurlard Doller 
lleat Input 

MW( lO~Btu/hr) ~ 
B. 79(30) Umer.feed 

Stnker 

21. 975 (75) Clmin Grate 

43. 95 (150) Spr.t>.a< !er 
stoker 

5R.fi0(200) Pulverizro 
Coal 

. 

Table 6-4. Air Pollution Inpacts from "Best" S02 and Particulate Control Techniques 
for C011l-Fired Boilers 

SYSTIM 

Particulate 

Control 002 Control Pct. Reduction 00 Particulates 

level Pct Coal 9. Jl 9. !!'1 
~ Reduction CleanlllCf ESP s s J 

Uncontrolled Raw coal 0 0 0 :.!l.54 2451 19.62 2233 
SIP ro::v Middling 57.l 58.3 71.1 8.91 1013 2.268 258.0 
MoCerate PCCIJ Middling 57.1 58.3 88.0 D.91 1013 o.94s 107.S 
Intermediate ro::v Deep-Cl. 74.1 79.8 90.1 5. 37 611 0.378 43.0 
Stringent CO::-ERDI\ 79.2 0 99.4 4.52 514 o.113 12.9 

Uncontrolled Raw Coal 0 0 0 53.94 2451 49.06 2233 
SlP PCCIJ Middling 57.1 58.3 71.1 22.26 1013 5.670 258.0 
Moderate PCCIJ Middling 57.1 58.3 88.0 22.26 1013 2.362 107.5 
Intertrediate PCCV Dee(rCl. 74.1 79.8 90.l 13.42 611 0.945 43.0 
Stringent CO::-ERDI\ 78.2 0 99.4 11.31 514 0.283 12.9 

Uncontrolled Raw Coal 0 0 0 107.68 2451 255.09 5806 
SU> PCCIJ Mirlclli ng 57.1 58.3 88.9 44.53 1013 11.339 258.0 
Mod~ate PO:V Middling 57.1 58.3 95.4 44.53 1013 4.724 107.5 
Intm:rredia te PCCIJ Deep-Cl. 74,l 79.8 96.2 26.85 611 1.890 43.o 
Stringent O:X:-ERDI\ 78.2 0 99.8 22.61 514 o.567 12.9 

Uncontrolloo Raw Coal 0 0 0 143.57 2451 418.61 7146 
SIP PCCV Middling 57.1 50.3 91.0 59.36 1013 15.119 258.0 
Moderate PCCV Middlin;i 57.1 58.3 96.2 59.36 1013 6.298 107. 5 
Int-;?rrre<lia te !'CCV Deep-Cl. 74.1 79,8 96.9 35.BO 611 2.520 41.0 
Stringent CX:C-ERDA 78.2 0 99. 8 30.15 514 o. 756 12.9 

EMISSIONS ----
ID.. CD llC as Cll•· 

9. !!I. 9. !!9. 9. !!9. 
8 J s J 8 __ J __ 

':l.46 290 0.329 37.3 0.164 18.7 
2.08 237 0.278 31.6 0.139 15.B 
2.00 237 0.278 31.6 0.139 15. 8 
1.97 223 0.262 29.8 O,l:U 14.9 
2.41 275 

- ---
6.16 280 0.822 37.J J.411 18.7 
5.20 237 0.695 31.6 o. 347 15.0 
5.20 237 0.695 31.6 0.347 15. 8 
4.91 223 0.655 29.8 o. 327 14.9 
6.04 275 0.804 36.6 0.403 l!l. 3 

------ ---
12.32 280 1.643 37.3 tJ.822 18.7 
10.41 237 1. 389 31.6 0.695 15. 8 
10. 41 237 1. 389 31. 6 0.695 15.R 
9.82 223 1.311 29.8 0.655 14.9 
12.07 275 1.611 36.6 0.805 18.3 

··-··--
19.71 336 1,095 J 8. 7 0.328 5,60 
16.65 284 0.924 15.8 0.27R 4.74 
16.65 284 0.924 15.B 0.278 4. 74 
15. 72 268 0.874 14.9 0.261 4.45 
19.31 330 1.073 18. 3 o. 322 5.49 

------ --·· -----1------



Coal Standard Boiler 

Type Heat Input ' 
MW(lO"Btu/hr) Type 

B. 79(30) Urrlerfeed 
Stoker 

.-1 
,____. 

~ 21. 975 (75) Chain Grate 
u 

M 
~ 
~ 43. 95 (150) Spreader 

St:d<::er 

~ 
~ 

5B.60(200) Pulverized 
Coal 

Table 6-4. Air Pollution lfTllilCts fran "!Jest" ffi2 and Particulate Control 'l'echniques 
for Coal-Fired Boilers (Can't) 

SYSTEM 

Particulate 

--
EMISSIONS 

·--------

Control S02 Control Pct. Reduction S02 Particulates !!lx_ __ _____ CQ_ ---
level Pct. Coal 'l '!l 'l !!'l 'l !!}_ '1 11 

Type Reduct.ion Cleaning ESP s J s J s J s J 
----- --

Uncontrolled Raw Coal 0 0 0 6.21 707 7. 20 819.1 2.08 237 n. 277 31. 
SIP Raw Coal 0 0 68.5 6.21 707 2. 260 250.0 2.08 237 0.277 )1. 
Moderate Raw Coal 0 0 86.9 6.21 707 0.945 107. 5 2.08 237 0.277 n. 
Interrredia te PCx: IV 29.5 62.0 05.9 4.30 499 0.370 43.0 1.95 221 0.259 29. 
Stringent PCC IV 29.5 .. 62. 8 95.B 4.38 499 o.113 12.9 1.95 221 0.2')9 ).q. 

--- -- r------·-- -
Uncontrolled Raw Coal 0 0 0 15.53 707 lfl.00 Al9 .1 5.20 2)7 0.695 n. 
SIP Raw Coal 0 0 68.5 15.53 707 5.670 25B.O 5.20 237 0.1195 31. 
Moderate Raw Coal 0 0 86.9 15.53 707 2. 362 107. 'i 5. 20 237 0.695 31. 
Internediate PCC IV 29.5 62.8 85.9 10.96 '199 0.945 43.0 4.06 221 0.650 29. 
Strin:ient ra:: IV 29.5 62.8 95.R 1(). 96 499 o. 283 12.9 4.86 221 O.fiSO 2?. 

----- ---- ---·-··- -
Uncontrolled Raw Coal 0 0 0 31.07 707 93.6 2130 10.40 237 l. 38(· 31. 
SIP Raw coal 0 0 87.9 3l.07 707 11. 339 258.0 10.-10 237 1. 396 11. 
Moderate Raw Coal 0 0 95.0 31.07 707 4. 724 107. 5 10.40 237 1. 3Afi 31. 
Intermediate PCC N 29.5 62.8 94.6 21.92 499 l. B90 43.0 9.73 221 1.297 /.9. 
Strin:ient !'CC IV 29.5 62.B 98. 4 21.92 499 0.567 12.9 9. 73 221 l.2~7 29. 

---- ---- - -·--

Uncontrollee Raw Coal 0 0 0 41.13 707 153.6 2621 lG.65 2B4 0.924 23. 
SIP Raw Coal 0 0 90.2 . 41. 43 707 15.119 258.0 16.65 284 0.924 23. 
Mcxlerate Raw coal 0 0 95.9 41. 43 707 6. 298 107.5 16.65 284 0.9/4 :n. 
Internediate PCC N 29.5 62.8 95.6 29. 22 499 2.520 43.0 15. 5!i 266 0. 866 22. 
Stringent PCC IV 29.5 62.B 98. 7 29. 22 499 o. 756 12.9 15.5(, 266 0.8116 22. 

-----·--

6 
6 
6 
6 
(, 

6 
6 
(, 

6 
lj 

(j 

6 
(, 
(, 

(, 

7 
7 
7 
1 
1 

------- . ~-·· -- ·-·-

_1~_j1S f.:11_,._ 

~ ng 
s .r· 

0.139 JS. 8 
ll.119 IS. fl 
0. 1 39 1 S. B 
O. lJO 14. 7 
0.110 JA. 7 

0. 347 Vi. R 
0.347 Vi. A 
O.WI IS. R 
o. ll4 14. 7 
o. 121 14. 7 

Q.fi'l1 JS. fl 
0.6'13 IS. fl 
0 ,(,') l 1.">. R 
(1.(,4R 14.7 
0 ,r;4R 14. 7 

·----··-· 
0.278 4.74 
n. 278 4.74 
0. /.7R 4.74 
(). ;,>(,() 4.44 
(). /(,() 4.44 
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-------· 

Cool Starxlard lloiler 

Type Heat Input 
1-M ( 10 ~ Rtu/hr) Type 

9. 79 (30) Uooerfeed 
Stoker 

~ 
21.975(75) Chain Gate 

M 
~ 

~ 
43.95(150) Spreader 

Stoker 

~ 
58.60(200) Pulverhed 

Coal 

Table 6-4. Air Pollution Int>act:.9 fran "Best" S02 and Particulate Control Techniques 
for Coal-Fired Boilers (Con't) 

SYSTIM EMISSIONS 

Particulate 

Control 002 Control Pct. Reduction 002 Particulates NI i.. 

Level Pct. coal ll !!9. ll !?I g_ jl Type Reduction Cleaning ESP B J s J s 

Controlled Raw Coal 0 0 0 3.75 426 20. 75 2361 2.51 206 
SIP Raw Coal 0 0 89.1 3.75 426 2.268 258.0 2.51 286 
Moderate Raw Coal 0 0 95.4 3,75 426 0.945 107.5 2.51 286 
Internediate Raw Coal 0 0 98.2 3.75 426 0.378 43,0 2.51 206 
Stringent Raw Coal 0 0 99.5 3.75 426 o.113 12.9 2.51 286 

Uncontrolled Raw Coal 0 0 0 9.37 426 51.89 2361 6.28 286 
StP Raw Coal 0 0 09.l 9.37 426 5.670 250.0 6.28 206 
Moderate Raw Coal 0 0 95.4 9.37 426 2.362 107.5 6.28 286 
Intexnediate Raw Coal 0 0 98.2 9.37 426 0.945 43.0 6.28 286 
Strin:ient Raw Coal 0 0 99.5 9.37 426 0.283 12.9 6.29 286 

U~trolled Raw Coal 0 0 0 18.74 426 269.8 6139 12.55 206 
SIP Raw Coal 0 0 95.9 18. 74 426 11. 339 258.0 12.55 296 
f.b:lerate Raw Coal 0 0 98.2 18.74 426 4. 724 107.5 12.55 286 
Intexnediate Raw Coal 0 0 99.3 18.74 426 1.990 43.0 12.55 286 
Strin:ient Raw Coal 0 0 99.8 18.74 426 0.567 12.9 12.55 286 

Uncontrolled Raw Coal 0 0 0 24.99 426 442.8 4604 20.00 343 
SIP Raw Coal 0 0 94.4 24.99 426 15.119 258.0 20.08 343 
Moderate Raw Coal 0 0 97.7 24.99 426 6.299 107.5 20.00 343 
Intexnediate Raw Coal 0 0 99.1 24.99 426 2.520 43.0 20.00 343 
Stringent Raw Coal 0 ·O 99.7 24.99 426 o. 756 12.9 20.oe 343 

co It: as CH, 

2. jl 2. .!!l. 
B s J 

0.335 30.0 0.167 19.1 
0. 33.S 38.0 0.167 19.l 
0.335 39.0 o.167 l.9.1 
0.335 30.0 0.167 19.1 
0,335 38.0 0.167 19.l 

0.837 30.0 o. 419 19.1 
0.037 30.0 o.419 19.1 
0.837 39.0 o.419 19.1 

( 0.837 38.0 0.419 19.1 
0,837 38.0 o. 419 19.1 

1.672 38.0 0.837 19.1 
1.672 38.0 o. 937 19.1 
1.672 38.0 0.837 19.l 
1.672 38.0 o. 937 19.l 
1,672 38.0 o. 837 19.l 

1.115 19.0 0.335 5. 72 
1.11.5 19.0 0.335 5.72 
1.11~ 19.0 o. 335 5.72 
1.115 19.0 0.335 5. 72 
1.115 19.0 0.335 5.72 



6.2.1.2 Discussion of Air Pollution Inpacts-

Sulfur Dioxide 

'!he S02 emissions data in Table 6-4 show that the stringent S02 emission 

oontrol level of 516 ng/J (1.2 lb/106 BTU) nay be achieved for the two Eastern 

representative coals through application of physical or chemical coal 

cleaning technologies. 'Ihis stringent control level is directly achieved by 

the raw lOW' sulfur ~stem roal. The inte:rrrediate control level of 645 ng/J 

(1.5 lb/10 6 BTU) is net, for the Eastern coals, with physical roal cleaning 

technologies, without the neoessi ty for chemical cleaning. 

Particulates 

Although physical and chemical coal cleaning tedmologies renove 

oonsirerable quantities of ash from the coal, the :residual anounts nrust 

still be controlled to :rreet the follOW'ing control levels: 

SIP 258.0 ng/J (0.60 lb/10 6 BIU} 
?vbderate 107.5 ng/J (0.25 lb/10 6 BTU) 
Inte:mediate 43.0 ng/J (0.10 lb/10 6 BTU) 
Stringent 12. 9 ng/J (0. 03 lb/10 6 BTU) 

Table 6-4 lists b..u renoval efficienoes 'for particulates: the percent 

reduction of the raw coal ash content achieved by ooa1 cleaning; and the 

percent reduction of the fl yash required, by an ESP or other control, to 

neet the appropriate particulate emission -:nntrol level. A third factor is the 

fraction of the fuel ash content which is rerroved as bottom ash: this 

boiler-specific factor, refined by PEDCo is in Table 6-3. 

'!he particulate emission rates in Table 6-4 are equivalent to the 

appropriate emission control levels, irrplying that the effectiveness of post

cxxnbustion particulate control revioes is tailored (through design and 

operation) to achieve these levels. Under this strategy, there is no 

differential air pollution particulate inpact resulting from coal cleaning 

as a sulfur dioxide oontrol technology. 

Nitrogen Oxides, carbon M:moxide, and Hydrocarbons 

The section on corrbustion stoichiorreb:y contained a brief discussion 

of the validity of the rrethod for detennining the emission rates for NOx, 
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CD, and hyd:rocarl:xms which are listed in Table 6-4. 'Ihe selected IIEthod, 

based upon PEDc:o <Efinitions of reference boiler &sign pararreters, results 

in a reduction of emissions for these substances frcm renoval of ash by coal 

cleaning pI:"OmSses. 'llris calculated reduction in emissions approaches 20 

perrent in those cases where coal cleaning renoves large quantities of ash. 

lbwever, the altemate estimating nethod - where emissions of NO , a:>, x 
and hydrocaJ:bans are directly prcportional to heat input rate rather than 

to coal feed rate - would result in no differential. inpact of coal cleaning. 

It is dJserved, fn:m Tables F-1· through f-4; that for a given reference 

boiler (and its constant heat input rate), the total gram noles per serond 

or standard cubic neters per secxmd of gaseous emissions varies little 

with CDa1. type and with level of cleaning. M:>:reover, the nolar c:arposition 

of the emissions also is fairly cxmstant. With large quantities of excess 

air, the total heat capacity of the ash is a vecy snall fraction of the 

total heat capacity of gaseous CXlT!bustian products, so that vacying quantities 

of ash slDuld not have a significant effect upc:n the equilibrium flarre 

tenperatw:e. 

Based up:n the above consi<Erations, it is roncluded that there is 

minimal differential inpact of coal cleaning upon NOx' a:>, and hydro

carbons emissions. 

Air Emission Sensitivity Analysis 

Air emissions frcm the a:>nbustion of cleaned coal in various sized 

boilers, include so I NO , m, and HC. Progressive reduction of so x x x 
emissions fran boilers is acxnrplished with increased cleaning of sulfur 

from the raw coal, ha<vever, as we stated above, there is mini.rral 

differential inpact of coal cleaning UJX>n N) , m, and hydrocarlx:ms emissions. x 
Emission differences fran different sized boilers are also minimal. 

544 



In the case of stoker fired boilers (8.8, 22, and 44 r.w) the size of 

the boiler has a negligible effect uµ:m the nontB.lized quantity (i.e., ng/J) 

of emissions {see Table 6-5). 'Ihe emission rate is inherent to the coal 

type used, whether it be r<M or cleaned. 'lhe sarre scenario applies to 

pulverized fired boilers (58.6 and 73 MJ and 118 MV) such that the levels of 

emissions per Joule rerrain ronstant for each boiler size. Ho.vever, 

differences do exist in emission levels of p::>llutants between the two boiler 

types. For exanple, carlxm nonoxide and hydrocarbon emissions from coal 

rorrbustion are noticeably la.ver from pulverized boilers than from stoker 

fired boilers (i.e., 50% la.ver for m and 70% lCMer for Hydrocarbons). 'Ihe 

opposite is true for ID emissions since emissions are 17% higher from x 
pulverized boilers than from stoker fired boilers. SO emissions rerrain 

x 
cx:>nstant for both stoker and pulverized fired J:x:>ilers. 

6. 2 .1. 3 Differential Tupacts COOpared to SIP-Ca1trolled Boilers-

Table 6-6 lists the emissions at the SIP rontrol level, taken directly 

from Table 6-4, and also lists the differential emissions for each coal 

type men B.SER roal cleaning technologies are applied. 

'!be :reductions in particulate emissions, from the SIP rontrol level 

to the noderate, internediate and stringent.rontrol levels, are (respectively) 

58 perCEnt, 83 percent, and 95 percent. 'lhey are the sane regardless of 

fuel type or boiler type and size; and are achieved by rorrbinations of 

roal cleaning ash i:enoval and post-c::x:xrbustion particulate control <Evices. 

For other than particulate emissions, no :reduction occurs between the 

SIP control level and the noderate rontrol level. For all three roal types, 

the sane control technologies and degrees of application we:re used for 

both levels. lt>reover, since the raw low sulfur western ooal rreets the 
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TMI..E 6-5. SENSITIVI'!Y ~IS 

Elnission Values 500wn in 'n:Wles are Coostants for 'lheir 1espective Boiler '!YPeS 

I. Air f)Jri ssions (ng/JJ 

A. High Sulfur Eastem Olal 

Stoker Ebiler 
of Ccntml (8.8 Mol, 22 Mi, 44 Mrl} 

so : x Raw Ola! 2451 
PCC v M:i.ailings 1013 

PCC V Deep-Cl. 6ll 

ere - ERDA. 514 

ID : x Raw Ola! 275 

PCC V MID 237 
pa: v Deep-Cl. 223 

ax: - ERDA. 275 

CO: Paw Q)al. 36.6 

~VMID 31.6 
pa: v Deep Cl. 29.8 

co: - ERDA. 36.6 * 

HC: Raw Cl>al. 18.3 

PCC v MID. 15.8 

PCC V Deep Cl. 14.9 

ax: - ERDA. 18.3 * 

* c:oes rot inclma 8.8 Mi 
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Pulverized B:>iler 
(58.ft'fi, 73 M;, 118 !<W) 

2451 
1013 

6ll 

514 

336 

284 

268 

330 

18.7 

15.8 

14.9 

18.3 

5.60 

4.74 

4.45 
5.49 



TABIE 6-5. SENSITIVI'IY ANALYSIS (rontim.m) 

B. row Sulfur Fastem OJal. 

Stoker Boiler Pulverized Boiler 
'fype of O:mtrol (B.B m, 22 m, 44 M~ css. 6 m, 73 m> 

00 : Raw Coal 707 707 
x 

PCC "N 499 499 

ro : x Raw Cbal 237 284 

PCC "N 221 266 

CD: Raw OJal 31.6 23.7 

FCC "N 29.6 22.l 

HC: Raw OJal. 15.8 4.74 

PCC IV 14.7 4.44 

c. row Sulfur westem Cbal 

so : x Raw Coal 426 426 

ro : Raw Coal 286 343 
x 

CD: Raw Coal 38.0 19.0 

HC: Raw Cbal 19.l 5.72 
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TABLE 6~. DIFFF.RFNl'IAL Il!Pl\CTS al1Pl\Rl'D TO SIP - COOTRCLLFD BOILERS 

I 

Cbal '!Vue Hiclh-Sulfur Fast.em Cbal I.ow-&.tlfur Eastern Coal I.ow-Sulfur t-lestem Coal 

Cbnt.rol lroil::mE 8. 8 22 44 58.6 8.8 22 44 58. 6 8. 8 22 44 58.6 
level 30 75 150 200 30 75 150 200 30 75 150 200 

Emissions S02 1,013 1,013 1,013 1,013 707 707 707 708 426 426 426 426 
at l'art. 258 258 258 258 258 258 258 258 258 258 258 258 

SIP NJ 237 237 237 284 237 237 237 284 286 286 286 343 
level a:r 31.6 31.6 31.6 15.8 31.6 31.6 31.6 23.7 38.0 38.0 38.0 19.0 
ng/J HC 15.8 15.8 15.fl 4.74 15.8 15.8 15.8 4.74 19.1 19.l 19.1 5.72 

Dnission S02 0 0 0 0 0 0 0 0 0 0 0 0 
Reductions at Part. 150.5 150.5 150.5 150.5 150.5 150.5 150.5 150.5 150.5 150.5 150.5 150.5 

ltx:lerate 
~ 

0 0 0 0 0 0 0 0 0 0 0 0 
Level, 0 0 0 0 0 0 0 0 0 0 0 0 
ng/J HC 0 0 0 0 0 0 0 0 0 0 0 0 

Emission S02 402 402 402 402 208 208 208 208 0 0 0 0 
Peductions Part. 215 215 215 215 215 215 215 215 215 215 215 215 I 
at NO 14 14 14 16 16 16 16 18 0 0 0 0 

I Intertrediate a:r 1.8 1.8 l.R 0.9 2.0 2.0 2.0 1.6 0 0 0 0 
level 

I ng/J llC i 0.9 0.9 0.9 0.29 1.1 1.1 1.1 0.30 0 0 0 0 

Emission S02 499 499 499 499 208 208 208 208 I 0 0 0 0 
Reductions at Part. 245.l 245.l 245.1 245.1 245.1 245 .. 1 245.1 245.1 245.1 245.1 245.1 245.1 
Strinqent NO ' 0 0 0 0 16 16 16 lR 0 0 0 0 
level, crf 0 0 0 0 2.0 2.0 2.0 1.6 ' 0 0 0 0 ' 
ng/J HC 0 0 0 0 1.1 1.1 1.1 0.30 0 0 0 0 



stringent emission level (for S02) without cleaning, no differential exists 

am:ng all the control levels for S02 , IDx, 00, and hydrocarl:x:ns for this 
CX>al type. 

At the intemediate control level, the S02 emission :ceductions cmpa.i:ed 

to the SIP ex>ntml level az:e 40 peramt for the high sulfur east.em. coal and 

30 percent for the low sulfur eastem CX>al. 'Ille IDx' 00, and hydrocartx:n 

emission reductions az:e about 7 percent for both the high sulfur and low 

Eul.fur east.em. ex>als. 

At the stringent ex>ntml level, the S02 emission reductions oonpared 

to the SIP control level az:e 49 peramt for the high sulfur eastem ooa1 

and 30 pera:mt (the sane as the intenrediate differential) for the low 

sulfur eastem ex>al. For the high sulfur eastem ex>al, no change occurs 

{bet\<Veen the SIP and stringent levels) in IDx, 00, and hydroca.rlx>n 

emissions, because the ERDl\ chemical CX>al cleaning tedmology enployed 

to adtleve the stringent S02 emission level is much less effective in 

:r:educing ash content than physical CX>al cleaning tedmiqlES. For the 

low sulfur eastem ex>al, the differentials in ID , 00, and hydrocarl:lon . . x 
emissions az:e the sane for the stringent level as for the intemedi.ate 

level. 

6.2.1.4 Further Ie:hiction of Ibiler Emissions

rul.fur Dioxide 

In the pi:ec:eding discussion the effectiveness of SOi a:mtmls by 

ex>al cleaning was shown to depend upcn the washability characteristics of 

the raw ex>al and qxn the level of ex>al cleaning tedmology selected. 

For a:mtrolling OOz emissions from the rep:cesentative high sulfur eastem 

ex>al, the level of ooa1 cleaning requi:ced to neet the stringent emission 

standard of 516 ng/J (1.20) lh/lCP BTU) was close to the nost advanced 

tedmiques available - diemical c:Oal cleaning with :cenoval of sare 

organic sulfur as well as nest pyri tic sulfur. In this case, them is 

little potential (with pi:esently-available technology) for further reducing 

the SOi emissions beyond the stringent rontrol level. 

~ver, roal cleaning could be nore effective than shown in Tables 

6-4 and 6-6 ~en applied to the bx> low-sulfur ooal types. For the low-
sulfur eastem coal, the stringent emission control level was achieved using 
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level 4 ?'lysical coal cleaning technology. '!he application of deeper physical 

cleaning techniques or of chernical cleaning techniques to this representative 

rm1 coal could substantially reduce the S02 emissions. Based upon the calcu

lations in Tables F-1 tlu:ough F-4 · the application of the ERDA chemical coal 

cleaning process to the low-sulfur eastem ooal could result in a S02 emission 

level of 233 ng/J (0.54 lb/10 6B'IU). For the low-sulfur western ooal, an emissions 

level of 426 ng/J (0.99 lb/10 6B'IU) was achieved without any cleaning. If 

deep {i1ysical coal cleaning or dlernical coal cleaning tedmologies ~re 

ai:plied to this rCM coal, the S02 emissions might be ·reduced by 50 peramt. 

'!he potential for S02 anissic:n reductions indicated by the above discussion 

may be extended, for any particular industrial boiler, through the application 

of fuel blending techniques. Sare cleaned lcM-sulfur eas~ coal or sate !CM-

sulfur ~ coal, for exanple, inight be blended with deep {ilysically-cleaned 

high-sulfur eastem coal to adlieve the nDst stringent emissic:n oontrol levels with 

out necessitating the nDre costly chemical ooal cleaning technologies. 

Further, the application of pre-uxcbustion ooal cleaning tedmologies for 

S02 control does not preclude the Use of other technologies (fluidized bed 

cx:nbustion or flua gas desulfurization) for achieving further S02 reductions. 

Altematively, the application of a CXJTbinatioii of t~logies for achieving 

a stringent S02 emission control level might prove less rostly than either alone. 

Particulates 

Table 6-4 lists the particulate emissions cmsistent with SIP, ncderate, 

int:ei:nediate, and stringent oontrol levels, and the required rerroval efficiencies 

of electrostatic precipitators (or other IX>st-a:rnl:ustion cootrol devices). 

Further reductions in particulates anissions may be achieved if higher ESP 

efficiencies are specified in the selection of such units. 

Alternatively, lower particulates emissions nay be achieved with an 

existing :ffiP unit by utilizing piysical ooal cleaning processes which renove 

greater percentages of the ash fran the rCM coal. ~ applications are 
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imtediately evident from the "particulate percent rerroval-coal cleaning" 

ex>lumn of '!able 6-4. First, the zero-percent ash i::erroval f.ran !CM-sulfur 

-western ooal is a oo~ce of the fact that the stringent SOi o:mtrol 

level is net without i:equiring ooal cleaning. '!he high (24.81 percent) 

ash content of this raw coal could readily be mduoed by nore than SO per

amt by physical ooal cleaning techniques. 'lllis "WOuld i:educe boiler 

particulate emissions without requiring increased ESP efficiency. Such ash 

IeIIDval via coal cleaning may be eoooomically justified solely on the 

basis of reduced ooal transµ>rtation oosts. 

5ea:>nd, the stringent SOi oontrol level is net for the high-sulfur eastern 

ooal through application of the ERDA chemical ooa1 cleaning process, which 

d:>es not :result in a high renoval of ash from the rc:M ooal. By using physical 

ooa1 cleaning techniques prior to ERDA process, large reductions in coal 

ash {and thus in boiler particulate emissions for a given ESP efficiency) 

nay be achieved. 'lhis initial cleaning step nay be eronanically justified on 

tlE basis of reduced throughput requirercents for chemical ooal cleaning 

process equiµient. 

Nitrogen Oxides, carbon M:>noxide, and !Iydrocal:bons 

'llle use of greater arcounts of excess air in the boiler is a techniqte 

for .reducing the emissions of carlx>n rconoxide and hydrocai:bons by praroting 

ncre cxxrplete c:acbustion. B:Jwever, this tedmique results jn lower boiler 

efficiencies due to the greater heat loss in the fll.E gas. Boiler design 

and operation tedmology, including proper naintenance, are utilized for 

adti.eving :rrore cxxrplete cx:mbustion and thereby .reducing the m and hydro

carlxm emissions. 

'Ihe emission factors specified by .Acurex for the standard boilers, which 

are surmarized in Table 6-3, include a higher ID emission at reduced excess x 
air. 'Ihis factor is 0. 90 percent of the coal feed at 30 percent excess 

air, conpa.red with O. 75 percent of the coal feed at SO percent excess air. 

Equilibrium flarre terrJ:Eratures are higher at reduced quantities of excess 

air, resulting in a significantly higher equilibrium constant for the pro

duction of oo from niti:ogen and oxygen. Since the rate of NO dissociation x . x 
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is no:cmally not high enough to reestablish equililirium urx:>n cooling of 

the oorrbustion gases, l-D emissions are highly sensitive to the peak 
x 

tenperature ~rienced in the boiler. Effective ID oontrols currently 
x 

used limit the peak tenperature through bJO-stage cnnbustion. 

6.2.1.5 Emission of 'lbxic Substanres-

'!he tmburned hydrocarl:>ons in boiler emissions include specific substances 

identified as potential carcinogens. 'Illese stbstances are the pyrolysis 

products of the polyarcrcatic hydrocarl:>ons in the feed ooal. 'Il"E key ta-lards 

minimizing emissions of hazarcbus organics is in achieving nore rorrplete 

oorrbustion, th.rough inproved boiler design, operation and rraintenance, and 

to sorre extent through the use of larger ~ss air quantities. 'lb the 

extent that ooal cleaning inproves boiler operation by providing a fuel 

with IYD.ldl lower quantities of ash {and the subsequent slag), this technology 

might aid in the reduction of toxic organic substance emissions. 

With regard to the air pollution inpact of trace elerrents in roal, bNo 

partitioning proresses must be oonsidered: the fate of these elenents in 

the roal cleaning process, which detennines how IYD.lch of each elenent 

originally in the raw ooal reports in the clean coal prcxluct; and the fate 

of the elenents in the cx:rl:mstion process, which determines hew much of 

each elerrent originally in the f\El reports in the particulate emissions 

from the boiler. 

Several stW.ies have been published en the distributien of trace el.errents 
. . (11) (12} 
in ooal clearu.ng pnx::esses, Ruch, et.al. , Gluskoter, et.al. , and 

(13) . 
Schultz, et. al. have reported that float-sink separation of nuneral 

matter (including pyrite) from coal results in a general partitioning of 

heavy rcetals to the refuse (sink) fraction, leaving the clean roal (float} 

fraction with relatively lc:Mer heavy netal roncentrations. H~ver, the 
(14) 

results are c:ons.:..derably different from one roal to another. Harcersma, et.al. 

reported en the distribution of trace elerrents between refuse and cleaned 
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ooal in the ~yers chemical ooal cleaning process, with :results similar to 

those for physical cnal cleaning separations. At this point in t~, it 

is judged that traCE elerrent partitiati.ng data exists on too few cnal sanples 

to quantitatively extrapolate the published data to the three :refe:renCE ooals 

crnsidered in this study. 

'Ille sea:mdpartitic:ning proCEss is the distribution of traCE elercents 

mtw=en emissions (gaseous and emitted fly ash) and oollected ash (lx>ttan 

ash plus oollected fly ash). Klein, et.al. <
15

> and Yost, et.al. <
16

) studied 

the pathways of traCE elerrents through ooal-fired lx>ilers. 'Ihe results 

indicate that those metals whose oxides are :relatively volatile (arsenic, 

cadmium, lead, zinc, nercw:y} fonn smaller particles upon reoon&nsation 

and are no:re likely to escape oollection by an ESP. Again, the quantitative 

extrapolation of these results to the :reference cnals and to the reference 

industrial :toilers is not jmtified at this point. 

Qualitatively, ~ver, it may be a:mcluded that CDa1 cleaning reduces 

the emissions of traoa elerrents f:ran CX>al-fired boilers via ~ nechanisrrs. 

First, the preliminacy stuii.es indicate that the coal cleaning proCEsses 

n!dll.CE the oonc:Entration of many elerrents in the CXJal product. Seoond, the 

heating value enhanc:enent of ooal results in less fuel quantity xequired at 

a given lx>iler input heat rate. 'lhis means b.iat lesser anct.mts of traCE 

elerrents l«>uld be delivered to the boiler even if coal cleaning did not 

change the tra.c:E elenent a>nc:Entration in the fuel. 

6.2.1.6. Air Pollutioo Inpacts f:ran Coal Cleaning Plants-

Since all physical CX>al cleaning process unit cperations, exlu:ling 

crushing and sizing, for the three reference CX>als are we;t operations, 

the ITajor air pollution inpact from these processes are the fugitive 
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emissions from coal storage piles and from. coal cnn.veying and loading 

q;:erations. A rerent EPA-sponsored p.rogram<
17

> has developed factors 

for fugitive emissions from ooal storage piles, based on an extensive 

field sanpling program. '!be estinating equation takes into acoount 

major influencing pa.rarceters, including wind speed, surfare area of the 

pile, ooal density, and ~ regional precipitation-evaporation (P-E) 

index, all site-specific pararreters. 'lhus, it is clear that universally

applicable emission factors cannot be developed. '!he average factor for all 

of the field data was reported to be 0.0065 g/kg (0.-013 lb/ton) in storage per 

year. '!his value, hO\EVer, should be used with caution because of large 

cbserved variations. 

At this stage of developnent of chenical ooal cl~g process, air 

pollution inpacts have neitller been fonnally identified nor quar:itified. 

In recognition of the significant air pollution inpacts fran thennal 

dr:yers, none of the ooal. cleaning processes irentified as B.5ERs in Section 3 

have BLployed thennal ch:ying. Instead, the clean coal product noisture 

CX>Iltent has been oontrolled to approximately 7 to 9 percent by rrechanical 

dewatering {centrifuging) of individual clean coal streams, each of a different 

·size oonsist, and then by blending the severcil streams in predetennined 

proportions. 

A recent trade-off study of dewatering and drying, oonducted by Versar, Inc. 

for EPA, detennined that rredlanical dewatering was generally preferable to 

thennal dr:ying on econanic grounds, without oonsidering the environrcental 

.impacts of these alternative operations. For both eccnani.c and environrrental 

reasons, therefore, thennal drying was not included in the Best Systems of 

Er.ti.ssion keducticn; and consequ:mUy, there are no air pollution inpacts 

attributable to thermal drying. 
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6.3 WATER POI.llJTION 

6.3.l Emissions of Water Pollutants from Coal Cleaning 

r.Dst coal cleaning operations are perfomed in aqueous nedia, which 

aCCl.llTlUl.ate suspended and dissolved substances. The water pollutants 

directly associated with the cleaning of coal are primarily dissolve.a and 

suspended solids. 'Ihe dissolved solids are rrostly inorganic elenents and 

c:x::>rrp:>unds lead1ed from the ash fraction during the cleaning process. 

'fypically physical roal cleaning plants discharge refuse pond (i.e. recycle 

pond) overflOW', and drainage from coal storage and refuse piles. MJdem 

PCC plants attenpt to maximize water recycle. 

Data available are insufficient to define the cxxrposition and quantities 

of effluents as a function of coal type or coal cleaning process variations. 

'Ihe best data available are fi:om an unpublished stu:.:ly by Versar perforrred 

for the EPA. <
10

> 'Ihe objective of the study was to detennine the best 

available tedmology (BAT) for wastewater pollutants from the roal mining 

and preparation point source category. As a part of this study, Versar 

was :required to perform sci:eening sampling and analysis for 65 classes of 

corrpmmds. 

In the screening sarrpling phase of this study, 18 coal preparation 

plants associated with mines "Were visited and wastewater sanples -were 

obtained from 7 of these facilities. In addition, sarrples of wastewater 

~re obtained from auxiliary areas such as refuse pile drainage from 5 

of these facilities. 'lhe results of the screening sanpling phase are 

presented in Table 6-7 through 6-9 for cleaning levels 2 and 4. ( 1 9
) 

'1he process water rcr.N waste characteristics of roal preparation plants 

depend upon the particular process or reoovery teclmique used and possibly 

the coal processed. Since processing rrethods require an alkaline nedia 

for efficient and eo:..1omic operation, proress water does not appear to 

contain significant anounts of rretallic minerals present in the raw ooal. 

'lhe principal pollutant in preparation plant water is suspended solids. 
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TABLE 6-7. ANALYSES OF WASTEWATERS AND TREATED STREAMS FRCM LEVEL 2 PLANTS 
WATER QUALITY JI.ND Mrn'AL PAHAMETERS 

Plant 0C 10 Plant tC 17 l1la11t t~ 22 

Prep Plant Slurry Poncl in Prep Plant Drag in Slurry Pond 
£._ararret~r (ng/l) llec.-vcle Nater Effluent (Kg/~ Tank Raw Water (.Ka/day) !Effluent 

'lbtal Solids 850 530 4911 9.600 11 .. 440 1.100 
'lbtal Suso:>nr1AC1 Solids 4.0 24 222.4 7.800 14.170 7.4 
~1 Volatile Solids 38 94 071 ___1.,200 itS14 150 
Volatlle SUSmnded Solic.Lq 1.6 22 203.B 2 000 3.634 J.6 
cm- 4.0 31 287.2 4i861 a;aJ1 20.6 
'lOC 2.0 25 231.6 LlJO 2,053 3.2 
Pll 8.1 7.1 -- 6.78 -- 8.20 
r~tals <!!!JIU -- - -- -- -- --
Alurm.nun <0.099 o.747 6.92 300 545 <0.099 
J\ntrnnnv .002 <0.001 0.021 .038 0.001 
1\rsenic .ooe 0.002 .oiBSJ 0.065 - .118 0.007 
Darh.111 .025 0.068 .6301 2.0 3.63 0.025 
~rvllfon <0.002 <0.002 

.. 
<0.02 <0.002 

I.bran 0.055 0.046 <0.050 - i------ o.oes --
ca<hl"un <0.02 <0.02 <0.20 <0.02 
Calcil.111 55.3 13.3 123.2 269 4ll6.9 175 
Ciiroiif urn <0!024 <0.024 0.44 .799 0.036 
Cbbalt <0.01 <0.01 <0.10 <.01 
IConoer <,004 o.os .0463 0.21 .382 0.03 
Iron 0.181 0.407 4.512 3.000 5.45 0.183 
Lead <.06 <.06 <0.6 0.067 
MagtY'!siun 15.8 6.4 59.3 130 2:36. 2 55.9 
Mmqanese <.01 <.024 2.0 3.63 0.025 -t-t?rcury 0.0004 0.0003 .0028 0.0003 .0005 <0.0001 
t-t>l~lxlenun 0.029 <0.01 0.55 0.03 
~kel <.o5 <.05 <0.50 <0.05 
~lenium <0.001 <0.001 0.059 .11 0.012 --
Silver <0.025 <0.025 <0.25 <0.025 
Sodium 163 97:0 898.8 53 96. 3 44.5 
TI1alliun <0.001 0.003 .028 0.070 --:-121 <0.001 
•rin <0.099 <0.099 <0.99 <0.099 
'l'i tani un 0.016 <0.01 2.0 

-
3.63 <0.01 

Vanadium <0.099 <0.099 -- <0.99 <0.099 
YEtrit1n <.01 <0.01 0.12 .218 <0.01 zrnc-- 0.093 <0.025 0.81 l.41 0.039 
~frE <o.oos <0.005 <0.005 <0.005 
Pi1Crio1 <0.02 O.OJS -- -- -- --

in 
~?av> 
AlQ.4 

5.64 
114.5 
2.75 
15.:Z~ 
2.44 
----
.00076 
.0053 
.019 

.065 

133.S 
.0275 

.0229 

.1396 

.05112 
42.65 
.01908 

.023 

--
. --

33.96 

.02976 

--
Note: Haterbome Raw Waste loads are listed for plants OC 17 and OC 22 atove. For plant OC 10, as these 

waters are recycled, there are no wnterbome waste. 

-
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TABLE 6-8. ANALYSFS OF WAS'IEWATERS AND TREATED STREAMS FKM I.EJEL 
4 PrmTS - WA'IER QUALITY AND METAL PARAMETERS. 

Plant tie 3 

I Clear Lake 
Sluny Paid in Prep Plant 

Pl.ant tie 16 

Classical Par.met:e:rs ( m:r/l) 
.Prep Plant 
Slurrv Effluent (Y.q/d!y) I Recvcle 

Prep Plant 
water 
Circuit 

7,300 
.~3ll 

ITOta.l. ix.-.1---1 ... SOlldS ,100 
VoL'tti 1.. S SOli.ds 
cm 
"lLL 

Met:al.s (null) 
AllJIDUl\m 

LV 

~-- i•un 

Ca]ernm 

Cobalt 

UD 

.. ,. --i->l 

Se.leniun 
Sil.ver 
S:Jdi.tm 
i'lha.lli:an 
Tin 

200 
<O.l 
<O.Ol 
7.0 -

I <0.02 
2.0 

! <0.2 
I 947 
I <0.24 
I <O.l 

0.27 
200 
<0.6 
287 
2 
<0.0005 
0.190 
<0.5 

I o.os 
<0.02"ii 

I lb4 
i <O.l 
I <O.!:l!:I 
I 3.Q 

<O.!:l!:I 
t <0 • .l 
I l.0-
! -

<0.099 
<0.05 
<0.002 
<0.005 
<0.002 
0.570 
<0.02 
202 
0.103 
<0.0J 
<CJ.11114 
ll.200. 
<O.Ob 
150 
0.024 
<0.0005 
<O.O.l · 
<0.05 
<0.UU!:I 
<0.0L!:> 
bJU 

<O.l 

o.uu 
<O.u~~ 
0.U.Ll 

0.04~ 

<0.09"9 
<0.05 

I <0.002 
<0.005 
<O •. Oo:.z 

5.44 0.431 
<O.o:.z 

1,927 2J8 
.98 O.lO"J 

I <O.Ol. 
<0.004 

l.91 . 0.352 
<0.06 

1,431 16.0 
.229 0.097 

<0.0005 
<0.0.1 
<0.U!:> 
<0.005 
<0.025 

b,3Y.l. 513 
<O.l. 
<0.099 

-~ <0.01 
<0.U!:l!:.f 

.l.24 O.Oll 
• 47 o.u:.:ti 

140 
l::lb 
-t3.2 
.. 3 

<o.u~9 

0.UUJ 

U.l6J. 
<O.UU4' 
o.uu / 
<0.02 

<O.u~q 

<u.u.L 
I <U.004 

<0.06 
.8 

1.024 
.002 

<U.UJ. 
<u.u::. 
u.uu" 
<u.u:.::, 
lf:l7 

u.uu" 
<u.u::i::i 
<U.U.1 
<u.u::i::i 
<u.U.1 
<0.025 
<u.uu::i 
u. U..1!:1 

Note: Raw Waste IDads in kg/day are listed for the applicable stream; 
of Plant NC 3. For the other streams at plant NC 3 and for 
plant NC 16, as these streams are not discharged, there are 
no waterbome effluents. 
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TABLE 6-9. ANALYSES OF WAS'IEWATERS AND TREA'IED STREAMS Fin1 
LEVEL 4 PLANTS - WATER QUALITY AND METAL Pl- RAMETERS. 

Plant N: ll Plant ~ 8 

Prep Plant Sluny 
l8:'jcle Pan .in Kq/ 

Classical Par2lln!ters (!llf/l) Pond Effluent day 

'lbtal SOlids 680 1200 24,980 
1bt:a.l s .-ni]d .. 50 5.4 ll2.4 
1bt:a.l vo.1-~- ,_ ~ 100 100 2,082 
Volat-~l~ SO.lids 5.6 l.S 37.5 
OD 23.3 <2.0 
'ItX: <l.O <l.O 
CH 7.2 9.0 -
~i!tals (tm/l) 

Aluminum <0.99 <0.099 
<O.M-i 0.002 .042 

Arsenic 0.002 0.014 .291 
Bar.ium O.ll 0.035 .729 
Be..'l"V llium <u.u.:.i <O.uu..:: 
EoJ:al o.09 O • .;.:ti.t. 5.43 
Cadmi•:im <0.2 <0.02 
Cal.ciun 35.0 fi4.l. l,..1..14 

<lu:anil:m i.o <0.024 
Cdlal.t. <U • .l <0.01 
COCCer <0.04 <0.004 
~ 9.0 O • .l.li :i.64 
Lead <0.6 <O~ 
?----·um 1-6.0 29:I .854 

o.J7 <l.ObcI l.33 
.v 0.UUU'f o.uuui. .01-25 

i'Y"I 
-. <O.l -0-.041 .854 

Nit"'lc'A1 o.~3 <O.llS 
Selenitm <0.001 <0:00.l 
Silver <D.25 <O.!l25 
SOciiUD 67.0 2Zl:i 4, /U:l 

'Iha.lliun <D.001 0.001 0 UL1 

Tin <0.!;l!-1 <O.ll99 
Titani:an <O.l O.Oll .229 
Vanadiun <0.!'l!-1 <0.099 
'ittxitm <O • .l <0.01 
Zinc <0.25 0.029 .604 
'"'----~ <0.005 <0.005 -· -~ <O.n-.. <0.02 

NOTE: Raw Waste I.Dad (in kg/day) listed for Plant NC 8. 
For Plant NC ll, as the wastewater is recycled, there 
are no wate:rbome effluents. 
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Tables 6-7, 6-8 and 6-9 list the inorganic oonpounds present in 

wastewaters f :r:om a::>al preparation plants. .Arrong the priority pollutants 

present are antinony, arsenic, asbestos, beryllium, cadmium, du:ornium, 

cq>per, cyanides, lead, rrercury, nickel, selenium, thallium, and zinc 

COilp'.)unds. 'llle ooncentrations of Il'OSt of these materials are quite low 

and many of these species are at least partially rerrovable by the line 

treatnents noz:mal.ly given the wastewaters before discharge. Certain 

difficulties were enrountered, havever. In the analytical proredures 

used for this screening study, cadmium, lead, and silver have anomalous 

levels reported. Additicnal specific analyses must be made to provide 

rrore reliable data. 

'lll.e wastewaters from ooal storage, refuse piles, and a::>al preparation 

plant associated areas are dlaract.erized as being similar to the raw 

mine drainage at the mines served by the preparation plants. Geologic 

and geographic setting of the mine and the nature of the roal mined 

appear to detenrd.ne the characteristics of these wastewaters. As the 

oontents of these waste piles do not appear dependent on the plant 

processing operations used, all of these associated area wastewater 

problem:; will be treated as a whole and not subcategorized by plant process 

used. A listing of wastewater data for refuse piles for five of the 

facilities is given in Table 6-10. 

6.3.1.1 :Recycling--
In a::>al preparation plants and associated areas, the major oontrol 

technology now in plaoo is the recycle of process water. 'Ihis technique 

is widely practiood and is effective in reducing wastewater discharges. 
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TABLE 6-10. ANALYSES OF. REFUSE PILE WASTEWA'IERS - WATER QUALITY 
AND ME:I'AL PARAMETERS. 

NC 15 oc 14 oc 16 
Refuse Iefuse Pile 

le fuse In * Pile Refuse In * Runoff Non-
Pile naw Kg/ Treated Pile ~ Discharging 

Clcwaical Paraneters (nn/l) Water day Effluent Raw water Pond 
'lbtal Solids 410 11.171 260 14,000 229) 490 
'lbtal Susnenaea Sol111e 11.4 .31 Cl;l J:t .4) .:c. 4 
'lbtal Volatile Solids J4 • !:IJ 36 :4,bUU 4".5) 00 

VOlutUe bwmenaea Soll.as 2.2 .uo .'Y. b 6.0 .098) 4.9 
OOD 15.5 .42 ~'Y. l 260 ,4. 25) ll.O 
'IOC 3.6 .0981 .5 19.3 ,32) 2.9 
pfl 4.0 -- .7 6.5 7.7 
f.bta1s llil.1/l) 
Altminum l.47 (.04) <0.99 s.o .0821 <0.0°"!1 
Antiirooy 0.002 t5xl0-;ol 0.002 o.ooe l.Jx10-·1 <0.001 
Arsenic 0.003 -- 0,004 o.055 9xlo-~1 0.007 
Barium O.lJ:/ -- 0.17 <O.u!l 0.649 
lleryll1um <0.002 - <0.02 <0.02 <O.uu.: 
l):)ron 0.024 -- o.u 1.000 .016) <O.Ou:> 
Cadmll.ll\ <0.02 -- <0.2 <0.2 <0.02 
Calcium 26.5 (. 73) e.o 485 ,7. 93} 14.5 
a1raniun <0.024 <0.24 0.43 1xio-·i <0.024 
Cbbcllt 0.039 lx10-·1 <0.1 <O.l <0.01 
U)J)!Jer 0.006 l.6xl0-·) <0.04 0.31 !lSxlo-·1 <0.004 
Iron 0.509 .014) l.U 2,000 1(32.l) 0.123 
Lead <0.06 <0.6 <0.6 <0.06 
Magneslum 5.5 .42 3.0 420 (6. 87) 3.7 
Man~ancse ~.O!I o. !lb) <o.2 JO .4!:1) 0.029 
Mercurv 1).0048 11. JXJ.0-~) 0.0043 0,UUUJ: Jx10-·1 0.0003 
!-bl ybdemn <0.01 <O.l 0.39 6x10-•J <0.01 
Nickel <0.05 <0.5 l.O .016) <0.05 
Se l en i \lll\ 0.003 (Bx10-~1 0.004 0.074 .l.2xl0-') 0.003 
Silver <0.025 <0.250 <0.25 <0.025 
SOclium 38.B (l.Ub) 65.0 913 (14. 9) 55.4 
·n1allium <0.001 <0.001 <0.001 <0.001 
Trn <0,U!l!:I <O.!:l!.I <0.!l!;f <0.U!l!I 
'l11tamum 0.014 (JxlO- J <0.1 <0.1 <0.01 
Vanaatum <0.099 <O.!I~ <0.:!l!I <0.099 
Yttrium <0.01 <0.1 o. 31 :sxio-·1 <0.01 
Zrnc 0.166 (4.5xlu ·, <o. J:::> 0. !l!I .UJb) <0.U~:> 
Cyamde <0.005 <0.005 <0.005 <0.005 
Phenols <0.02 -- <0.035 <0.02 0.03 

oc 17 oc 21 
Refuse 
Pile Non- Ne fuse 
Oisduirging Pile 
Fad Raw Water 
430 22,000 
3.8 140 
66 2,!:IUU 
<l.U "o.u 
19.4 1,160 
2.4 11.l 
7.2 2.4 

<0.0!1!1 00 
<0.001 I .u..:8 
0.004 • 34 
0.UU!.1 <0.05 
<0.002 0.22 
0.028 <0.05 
<0.02 <0.20 
17.5 407 
<0.024 0.98 
<0.01 4.0 
<0.004 1.0 
0.103 9 000 
<U,U6 LO 
11.3 490 
O.bOO 80.0 
O.uuOl O.OOll 
0.112 2.0 
<0.05 10.0 
0.002 0.45 
<0.025 <0.~5 
}.j<;t 413 
<0.001 0.014 
<O.U!t!I 1.0 
<U.Ul <LU 
<0 ,U<;t!I <U.!1!1 
<0.01 3.0 
0.U.J/ .JU.0 
<0.005 <0.005 
<0.02 <0.02 

*Raw Waste loads are given for those streams which are discharCJed eith::r with or without subsequent treatnent. 



A major factor in achieving recycle of process water is the installation 

and operation of efficient dewatering equiprcent on preparation plant refuse 

streams, with oonsequ:mt reduction of hydraulic loads on refuse irrp::>undrrents. 

Eguipnent in rurrent use inclmes dewaterinq screens, Vor-Si vs, and 
centrifugal driers. '!he use of non-acidic water for preparation plant 

make-up probably redures the quantities of priority pollutants present in 

the plant discharge and additionally protects the preparation plant equiprrent 

from oorrosion. 

6.3.1.2 Neutralization--

For associated area wastewaters, neutralization is generally the 

treat:rlent of dloice. '!his reduces the acidity and enhances the oxidation 

of iron from ferrous to ferric. Ferric hydroxide is less soluble and 

easier to settle than ferrous hydroxide. Mjustrrent of pH is inportant 

before aeration because the oxidization of the ferrous iron increases 

the hydrogen ion ooncentration. 

Altlx>ugh there are many nethods of neutralization, the two cx:>Imonly 

enployed are addition of line or caustic sdda. Lirre neutralization 

in'-01 ves making a slurry of line, with either the acid water or treated 

water. '!his slurry: is thE!1 added to the acid mine water in sufficient 

quantity to raise the pH to l::e~ eight c-nd ten. caustic soda neutraliza

tion, enployed by a small percentage of the industcy, achieves the sane 

effect as line addition. Alth:>ugh caustic soda neutralization has been 

shCM.n to have a rapid reaction rate and quick reSfXX1Se, it is relatively 

expensive and harder to handle than line. 

6!'3.1.3 Neutralization Plus Settling-
After neutralization is rorrplete, the precipitate (sludge) and the 

water may be separated by gravity settling. '!his may be done in either 

a clarifier with the use of thickeners or an earthen irrpoundrcent (settling 

pend). '!he iron precipitate (Jmown as yellowlx>y) settles to the bottan 

of the lagoon and the clear- water is discharged. 
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Settling ponds are generally vecy large in size - often fran 114,000 

to 303,000 cum (30 to 80 million gallon) capacity - and are oonstructed 

by either damning a valley or digging a large hole. Settling ponds are 

large because sludge is oollected in them. Sare acid mine drainage treat

lTeilt plalts use two ponds. When one pond has reached capacity, flow is 

diverted to the seoond and the slwge in the first is either renoved by 

dredging or all~ to undergo drying and cx:mpaction which greatly 

reduc:ES the sludge volune. Wien the seoond pond is full, flow is retumed 

to the first and the cycle is repeated. 

6.3.2 Water Pollutants Disdlarged f.rom BSER 

Based upc:n the prelimina.cy dq.ta provided in the arove tables, ~ have 

attenpted to estimate cleaning plant discharges for ·the classical para

neters and several representative netals on a gram of pollutant per kkg 

of product CDal basis. Direct slun:y pond discharges are provided in 

Table 6-ll. !Efuse pile disdlarges am only indirectly a function of 

plant size and cannot be quantified. In addition nodem: cleaning plants 

d:> not discharge ooal pile nmoff with:>ut extensive treatnent to rreet 

the NPDF.S guidelines presented in Table 6-12. 
' 

For chemical ooal cleaning processes, insufficient operating or environ

nental data is available to quantify either the arrount or characteristic; 

of chemical cleaning plant liquid discharges. 

'Ille primacy p:>llutant and trace elarent discharges associated with 

each of the four refe:rer.ce toilers and eastern reference ex>als is provided 

ll1 Tables 6-13 through 6-20. A sensitivity analysis follows in Table 6-21. 

Liquid wastes from mining and industrial toiler blowd<:M.n are not inchrled. 

Western ooal values are not presented because the tables only reflect 

liquid discharges from ooal cleaning facilities and the Western ex>al BSER 

only involves using raw ooal. 

'Ihe table results show that water p:>llution levels are low fran nodem 

coal cleaning facilities. Chemical oxygen demand (COD) has the highest 

primary pollutant discharge value for each boiler and roal; iron discharges 

far exceed the values for any other trace rretal. 'Ille discharges are 

directly proportional to the ooal feed rate to the boiler, since roal 

cleaning liquid discharges cannot be allocated to various levels of 

cleaning and the values presented are normalized on a kkg of product ooal basis. 
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TABLE 6-11. MEASURED LICUID DISCHARGES FOOM SF.LECTED 
PHYSICAL CrnL CIFANING PIANTS 

Pararreter/Plant NC-22S NC-22V NC-17S 

Effluent Flowrate (l~ters of product) 75 75 851 q 

Primacy - (grn/kkg of coal product) 

'lbtal Dissolved solids 82 451 

'Ibtal Susi:ended SOlids 0.6 1.3 20 

'lbtal Volatile solids 11 15 80 

OD 1.6 1.5 26 

'D:C 0.2 0.5 21 

pH 8.2 6.9 7.1 

Major Elerrents (gm/kkg of product) 

Calcium 8.8 11 

Magnesium 4.2 5.4 

Sodium 3.3 83 

Trace Elenents (rrg/kkg of product) 

Copper 2.3 0.6 43 

Iron 14 410 

Zinc 3 3 20 

Manganese 1.8 20 

563 

lwEdian 
NC-165 Value 

54 75 

265 

12 7 

59 37 

21 11 

2.3 1.9 

7.3 7.2 

2.1 8.8 

0.5 4.2 

9.0 9.0 

< 0.2 1.5 

11 14 

< 1 3 

1.3 1.8 



TABLE 6-12.EFFilJFNI' GUIDELmF .• S FOR CQZ\L 
CLE:AmN; PIAN'ffi ( 2 o) 

'!'$, pH_, irai and manganese are the only paraneters for which NPDFS 

standards exist for the coal industry. · 'Ihe limi tat.ions for these in 

preparation plant acid and alkaline waters are: 

Effluent 
Cllaracteristics 

'ISS 

Iron total 

Manganese total 

pH 

Effluent 
·01aracteristics 

'!'$ 

Iron total 

pH 

.Acid Water 
Maxinrum 

for 1 Day {ng/l) 

70.0 

6.0 

4.0 

within the range of 6 to 9 

Alkaline Water 
Maxim.Jm 

for 1 Day (rng/l) 

70.0 

6.0 

within the range of 6 to 9 

'Ihese stanaams are effective February 12, 1979. 
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Average of Values 
for 30 COnsecuti ve Days 
Shall not exceed (rrg/l) 

35.0 

3.0 

2.0 

Average of Values 
for 30 Consecutive Days 
Shall not exceed (rrg/l) 

35.0 

3.0 
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TABIE 6-13. WATER POU1JI'IOO IMPACI'S FI01 "BFsr" S02 CCNI'ROL TOCllNIOOES 

FUR HIGH SULFUR EAS'lERN CDAL-FIRED OOILER;. 

SYSTEM EMISSIONS 

Standard Doller Q:nt:rol Prim:uy Pollutants Trace Elerrents 

l~at Rate Type Level Type Degree c.nange 
(~or (Nane, '% of of ng/s ng/J Pollutant over 
lOfi D'IU/hr) so, Ieduction O:ntrol (lb/hr) (lb/10 6 BW) nn/s Raw Cbal. 

' 
8.8 [l.l'J Urx'lerteerl tbne Raw Coal tbne tbne tbne 
(30) Stoker 0% 

SIP and M::x:lerate PCC ** 
Middlings Fe=0.0043 * 

58% TS5=2.l =0.24 Zn=0.00093 * 
=(0.02) =(0.0007) 

COD=3.4 =0.39 Cu=0.00046 * 
=(0.03) =(0.001) 

To::"'0.58 =0.066 Mn=0.0006 * 
=(0.005 =(0.0002) 

[pll=7 .2) 

Ca=2.7 =0.31 
=(0.02) =(0.0007) 

Na=2.8 =0.32 
=(0.02) =(0.0007) 

r.'q=l.3 =0.15 
=(0.01) =(0.0003) 

<:ptional M::x:lerate PCC 
arrl Interme:'liate !Eep cleana:' 5% decrease in the above alues * Product for the Mirl ~linqs Prciluct 75% 

Stringent ax: N:J Data - ~data 
80% ERDA 

* Sane increase in environnental effects canpare1 to turning naturally-occurring coal with no controls. 
**Discharge flow= 0.18 m3/hr 



feat 
(Mi 
10~ -
22 
(75) 

- ----

Stondanl Doller 
Rate 'IYJ;e 

or 
B'l'U/hrj_ 

ThllLE 6-14 \il\TER POLUJTIOO IMPlCl'S FIO~ "DEST" 002 c:nmuL TEClllUC,UES 
FUR ltlGll SULroR F.J\STERN <XIJ\L-FIRED OOILETIS 

SYSTF.:M EMISSIONS 

O:Titrol 
Pr.l.m.uy Pollutants 

level Type 
(Nare, % of of mg/s ng/J Pollutant 
S02 reduction cmtrol (lb/hr) (lbLlO~ B'lU) mql'.s 

Water tube None Raw Coal None None None 
Grate 0% 
Stoker ** 

SIP ard PO:: 'l'SS=e5. 3 "' f). 24 Fe=l).0107 
Mo:lerate Middlings =(0.04) = (0. 0005) 
58% coo,,,,s. 4 = 0.38 Zn=0.0023 

=(0.07) = (0.0009) 
TOC=l. 5 "' 0.07 C\F0.0011 

=(0.01) = (0.0001) 
[pll=7.2] Mn=0.0014 

Ca=G.7 = 0.31 
=(0.05) = (0.0007) 

Na=6.9 . = o. 31 
=(0.05) = (0.0007) 

Mg=3.2 = 0.15 
=(0.03) = {0.0004) 

Optimal. !'CC 5 % mcrease in the atove 
l'bderate and l);!ep values for the Middlins 
Intenrediate Cleaned Product 
75% Product 

Stringent CCC No Data -- No Data 
80% 

TrAce IUC!m"..nts 

D3gree auinge 
over 

Faw Q:)al 

* 
* 

* 

* 

* 

* sane increase in envirormmtal effects compared to burning naturally-cx:curring coal with no conlrols. 
** Discharge flcM "" 0.18 m1 /hr 



Tl\BlE 6-15. WATER POLil.Jl'ICN IMPJ\CTS FRQl1 "BEST" S02 CCN.l'ROI., 'IIDINI~ 

FUR HIGH SULFUR EJ\S'IEm CDAT.rFTmD 001~ 

SYSTEM EMISSIONS 

Standru:tl Boiler Clntrol Prim·uy Pollutants Trace Elenents 

leat Rate 'fype level Type Degree mange 
(1-ff or (Narre, % of of mg/s ng/J Pollutant over 
lUG B'IU/hr) S02 Eeduction Cbntrol (lb/hr) (lb/lOi; BW) ma/s naw Cbal 

44 Spreader lt'>ne Raw coal lt'>ne lt>ne None 
(150) Stoker 0% 

** 
SIP arrl ltx:lerate PCC TSS=:l0.7 =0.24 Fe=:.0214 * 58% Middlings =( .0005) 

a:D=l6.8 =0.38 Zn=.0046 * = ( .13) =(.0009) 
°TOC:"2.9 =.07 CtF.0023 * 

=(.023) =(.0002) 
[pH=7.2] Mn=.0028 * 
ca=U.4 "".31 

=(.11) =( .0007) 
Na=l3.7 ==. 31 

=(.11) = ( .0007) 
M:J=6.4 =.15 

= (. 05) =(.0003) 

Q>tional ~erate PCC 
5% d K;rease in the alx:Jve arrl Interine:liate Deep cleaned * 

75% Pro:luct valu s for the midc lings product 

* Scire increase in enviromental effects ccrnpared to hrrning naturally-occurring coal with no controls. 
** Discharge flow= 0.18 m3jhr 
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'('J\BLE 6-16. WJ\TER rouurrrn IMPACl'S FRCM "BEST" 502 CCNI'ROL TEOINICUFS 

FOR HIGll SULFUR FAS'IEm CDAI.r-FIRED OOILER> 

SYSTEM EMISSIONS 

Standnnl Doiler ctntrol Pri.Jmty Vollutnnts Trace Elenents 

l~a.t Fate Type Level 'fype ueg:ree 01ange 
(M'J or (Nam , \ of of mg/s ng/J Pollutmt over 
106 tml/hr) 502 Peduction Q:ntrol (lb/hr) (lli/106 MU) ioo/s Raw Cbal -
58.6 Pulver 17.ed None Paw coal None None None 
(200) coal fired 0% 

""* 
SIP arrl f.bderate K'C TSS=l4.2 .24 Fe=o.0285 * 

58% Middlings =(.11) .0006 
C<D=22.4 .38 zn,,,.0061 * = ( .18) .0009 
'KC=3.9 .07 OI"'.0031 * = (. 03) .0002 
[pJJ:7 .2] Mn=.0037 * 
ca=17.9 • 31 

= ( .14) .007 
Na=lB.3 .31 

=(.15) .0008 
MJ=B.5 .15 

= (. 07) 

~ional, f.bderate Pa: 
ard Inteme:'liate Deep 5% decreas i in the above values for the 75% Cleana:l Middlings ro:Juct Prcduct 

* sane increase in envirorrnental effects canpare:l to blrning nrtturally-vccurring C0'.11 with no controls. 
** Discharge flow~ 0.18 m1/hr 



TABLE 6-17. WATER POLLUTION IMPACTS FROM "BEST" S02 !:;ONTROL TECHNIQUES 

FOR LOW SULFUR EASTERN COAL-FIRED BOILERS. 

SYSTEM EMISSIONS 

Standard Boiler O:ntrol 
PrinBry Pollutants Trace Elemnte 

leat Rate Type level' Type ()!gree Ulange 
(1-M or (Nam, % of of nr:J/B ng/J Pollutant over 
106 Jn'U/hr) S02 ~duction Clllb:ol (lb/hr) (lb/10 6 B'ru) nr;J/S Paw Cbal. 

8.8 Ulderfeed None Raw Cbal None Nooe N:Jne 
(30) Stoker 0% 

Boiler 

SIP, M:xlerate and Raw Cbal Nooe None tbne 
cptiooal f>bderate, 

** 0% 

Intemediate and PCC 'ISS=l.8 = 0.20 UF0.0004 * 
Stringent Level 4 = (0. 014) = (0.0005) 
30% nee OJD=2.8 = 0.32 Fe=0.0036 * 

Level 4 =(0.022) = (0. 0007) 
'ltxJ=:0.5 = 0.06 Mn=0.0005 * 

=(0.004) = (0.0001) 
(pH=7.2] Zn=0.0008 ft 

Ca=2.3 = 0.26 
=(0.018) = (0.0006) 

Na=2.3 = 0.26 
=(0.018) = (0. 0006) 

M:j-'l. l = 0;13 
= (0. 009) = (0.0003) 

* Sare increase in environnental effects cxmpared to burning naturally-()CClll'rl.Ilg roal with no <Dntrols. 
** Discharge flow= 0.18 rn'/hr 
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TABLE 6-18. WATER POLLUTION IMPACTS FROM "BEST" S02 CONTROL TECHNIQUES 

~ . 

-
Stamlanl Boller 

Pate I hat 
(fvW 
10" 

or 

22 
(75) 

mu.L!.ir l 

'type 

Watertube 
Grate 
Stoker 

FOR LOW SULFUR EASTERN COAL-FIRED BOILERS. 

SYSTEM EMISSIONS 

Ontrol 
Pr1:iinry Pollutants 'l'race ElenP..nts 

level Type Degree Ulmtge 
(Nam, % of of rrg/s ng/J Pollutant over 
802 ~d\\ction cn1trol (lb/hr) (lb/10& Bru) im/s Raw Cbal 

Ncne Raw Cbal Ncrle None None 
0% 

SIP, f<t:Jderate and Raw Coal None None None 
~tional M::xErate, 
0% ** 
Jnternediate and PCC TSS:-4.5 . .21 C\.F,0009 * 
Stringent tevel 4 = ( .04) (. 0005) 
30% OJD=7.l • 32 Fe=.0091 * 

= (. 06) (. 0008) 
'IDJ=l.2 .06 ltl=.0012 * 

= (. 01) ( .0001) 
(ptt=7. 2) Zn=.0020 * 
Ca=5.7 .26 

= (. 05) (. 0006) 
Na=S.8 .27 

= (. 05) (.0006) 
MJ=2.7 .12 

= (. 02) ( .0003) 

.. 

* sam increase in enviroorrental effects ronpared to burning naturally-occurring ooal with no oontrols. 
** Discharge fl°"1 = 0.18 rn3/hr 



'11illT.E 6-1 CJ • WATER POIJIJrICN IMPJ\Cl'S FRCM "BEST" S02 CCNl'ROL TfOINHlJF.S 

FOR IJ:JN SUIFUR El\STERN CQl\Ir-FIRED OOIIER.S. 

----

SYSTEM EMISSIONS 

Standard Boiler o:ntrol Prinacy Pollutants ·-Trace F.lerrents 

feat Rate Type Level Type ~ 01ange 
(t+l or (Nane, % of of ng/s ng/J Pollutant omr 
·.o~ mu/hr) 002 R!ductioo cmt.rol (lb/hr) (lb/10 5 BW) ma/s Raw Cba1 

44 Spreader None Paw coal None None None 
(150) Stoker 0% 

SIP, f.tlderate,an::I Paw coal None f-bne ltme 
~ional M:x'lerate 

0% 
** 

Intenrediate an::I PCC TSS=9.l .21 CU=.0019 * 
Stringent level 4 0 (. 07) ( .0005) 

30% ca:Fl4.3 .32 Fe='.rJlR2 * 
=(.11) (. 008) 

Mn=.0023 * 
TCC=2.5 .06 

=(.02) (. 001) Zn=.0039 * 
(pH=7.2) 
Ca,,,11.4 .26 

= (. 09) (. 006) 

Na=ll. 7 .27 
= ( .09) (. 006) 

M:J=5.5 .12 
:: (. 04) ( .003) 

* Sane inCrease in environnental effects ccrnparerl to b1rning naturally-occurring coal with no controls. 
** Discharge flCM = 0.18 m3 /hr 



U1 
-..J 
N 

'l'AIHJ•; 5-20. WA'l'ER POLllfl'IOO IMP/\Cl'S l"RCJ.1 "BES'T" S02 CCNl'HOI. 'I'OCllNI<PFS 

FOR LCM SUIFUR El\S'.l'ERN CONrF'IRED BOILERS. 

------
SYS'l'EM EMISSIONS 

Standard noller 
at Rate lb 

WW 
10 

or 
6 D'IU/hr) 

5 
( 
8.6 
200) 

. 1yPe 

l'ulverizw 
Coal ~'ired 

Chltxol 
Level 'IyPe 

(Nc:woo, % of of 
SOi ICduction Cbntrol 

None Paw Coal 
0% 

SIP, M:Jderate, Paw Coal 
am ~tional 
t-b:Jerate 0% 

Intetmediate am PCC 
Stringent level 14 

30% 

Pr:i.Jra.cy Pollutants 

1119/s ng/J Pollutant 
(lb/hr) {lb/106 B'IU) tmla 

None None None 

tbne tbne tbne 

** 
TSS=l2.l .21 CU=.0026 

=(.10) (. 005) 
CCD=l9.1 .32 Fe=.0242 

=(.15) (. 0008) 
TOC=3.3 .06 Mn=.0031 

=(.03) ( .001) 
[pll=7. 2) Zn=.0052 
Ca=l5.2 .26 

==(.12) (. 0006) 
Na==lS.6 .27 

= ( .12) (.0006) 
M:J=73 • J 2 

=(.06) (. 0003) 

Traoa Elenents --
Degree CDange 

over 
naw CDal 

* 

* 

* 

* 

"' Sane increase in envirC>llll"ental effects canpared to turning naturally-occurring coal with n« controls. 
** Dischar<Je flow "' 0.18 m3/lir · 



TABLE 6-21. SENSITIVITY ANALYSIS OF WA'IER EMISSICNS 

FIDM mAL CLFANING PIANTS 

A. High Sulfur Fastem Cbal 

Emission values are constant for all ooilers. 

'fype of 
Cbntrol 

Paw COal 

PCX:-Middlings 

PCC-Deep Cleaned 

CCC-ERDA 

B. IaN Sulfur Eastern Coal 

Primary 
Pollutants (ng/J) 

lt>ne 

'!SS = 0.24 

mo= o.39 

'lOC = 0.07 

ca= o.31 

Na= 0.32 

Mj" = 0.15 

'!SS = 0.23 

mo= o.37 

'IDC = 0.07 

ca = 0.29 

Na = 0.30 

Mj" = 0.14 

tb Ia.ta 

Ehli.ssion valt.ES are constant for all boilers. 

'fype of 
Cbnhol 

Raw Cbal 

PCC-Ievel N 

Prircw:y 
Pollutants (ng/J) 

lt>ne 

'!SS = 0.21 

mo= o.32 

'IDC = 0.06 

ca = 0.26 

Na = 0.26 

~ = 0.13 

C. Western Values are not presented because the tables only reflect liquid 
discharges from ooal cleaning facilities and the Western Coal BSER only 
involves using raw coal. 

573 



6.4 SOLID WASTES 

Coal cleaning affects the anount of solid waste generated in that there 

is a greater production of waste at the point of ooal preparation and less 

production at the point of use. 'Ille net effect is a greater production of 

solid waste. 'lllis is dre to the large refuse rejection rate at the pre

paration plant. However, a major benefit to the .industrial boiler user 

results. Coal cleaning greatly :reduces the annnnts of fly ash and bottan 

ash produced naking the disposal prd:>lern nruch less at the boiler site. Also, 

there are several eroromic and environrrental advantages which result. Air 

emissions of ooal ronstitlEllts which are volatilized upon CDIIbustion, e.g., 

sulfur oxides and rrercm:y are rrrinirnized by their renoval as solid wastes 

during ooal cleaning. 

With respect to ~, possibly the pollutant of nost ooncem fran the 

a::mbustion of roal, there is the additional advantage from a solid waste 

viewpoint that renoval of sulfur as FeS necessitates the disposal of a 

much smaller voll.lilE of waste than by the rerroval of sulfur as CaS03-l/2 H2 0 

and/or caSOt.·2H20 (and mu:eacted c.aco3 ) if an FGD process is utilized. 

'Ille absolute quantities of non-volatile constituents, those which 

report to the ash upon corcbustion, are in actuality not reduced, but there 

are advantages in diSIX>sing of them at the preparation plant rather than 

at the user's site. 

6.4.1 SOlid Wastes f:ran Physical Coal Cleaning 

According to the Keystone Mmual (1977), there are over 460 physical 

ooa1 cleaning plants in the u. s. which can handle over 400 million tons of 

rCM roal per year.<21 ) 'lllis resulted in an est.irrated 96 million tons of coal 

cleaning refuse. (2 2) 

Coal refuse ronsists of waste roal, slate, carbonaceous and pyritic 

shales, and clays associated with coal seam. It has been estirrated that 

about 25 pe1 :-ent of the rCM coal mined is disposed of as waste. (Western 

roals surf ace mined from very thick beds, e.g. , as in the ~vder River Basin, 

will not have these percentages of wastes, but these coals are not currently 

subjected to roal cleaning. ) 
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Coal re~e disposal involves b\O quite separate and distinct categories 

of material-a roarse {+ 28 rresh) refuse and a fine (-28 rresh} refuse. 

The roarse refuse is usually handled as a nonnal solid waste. The fine 

refuse is nonna.lly renuved from the roal preparation plant as a thickener 

underflow slurry and purrped to an ircpoundrrent. 

6.4.2 Solid Wastes from Oiemical Coal Cleaning 

Solid wastes, as such, are not directly produced by the ERDA, r.Eyers 

or Gravichem chemical roal cleaning processes; renoval is by acid dissolu

tion rather than by physical separation. Solid wastes are produced when 

the acid waste solutions are neutralized and precipitated with lirre. 

Although renoval of ash ronstituents by these chemical processes is evidently 

less than by physical cleaning processes, solid wastes from CCC plants 

cannot be readily quantified because of the undeveloped state of the 

technology. It is assurred for this study that the ERDA process renoves 

25 percent of the ash in the a::>al while the Gravich.em process can renove 

25 percent of the ash material after physical roa1 cleaning. ( 
2 3

) 

6.4.3 Environrrental Irrpacts fran Cleaning Plant Solid Wastes 

'lhe mineral wastes from roal preparation and mine developrrent oonstitute 

a major environrrental problem. lvbre than 3 billion tons of these materials 

have accumulated in the u. s. , and the current annual rate of waste production 

of 100 million tons per year is ext:ected to double within a decade. 'Ille 

total nurri:::er of ooal waste dtmps is estimated to be between 3,000 and 5,000, 

of which half pose sorre type of health, environrrental, or safety problem. 

Although it has been established that the drainage from a::>al refuse durrps 

is often highly rontaminated with trace or inorganic elerrents, little is 

known about the quantities of undesirable elerrents released into the environ-

rrent fran this source. 

Infiltration of cx:>ntarninated water from tailings ponds containing fine 

solid wastes is an obvious environrrental problem. Inclusion of an :i.nJ;:.ervious 

lx>ttan in the construction of such ponds is one mitigative rreasure; 

rollection ditch.es or ~lls .nound the perirreter are another; and maintenance 

of the pH within the pond on the alkaline side will reduce the ooncentrations 

of IlEilY undesirable solutes. 
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Infiltration of rainfall and air into piles of ooarse ooal refuse 

p:rorrotes oxidation of the pyrites, creating an acid oondition causing 

accelerated dissolution of rontaminants. Principal mitigative rreasure is 

c:xxcpaction and ooverage with soil to rcrlnimize the chances for oxidation 

and perrolation. 'Ibis also reduces the possibility of fire, another 

major environrrental problem with refuse piles. 

6.4.4 Solid Waste Quantification for BSER Colparisons 

Qtly solid waste quantities from eadl BSER will be presented in the 

environrrental factor ronparisans because of the lack of data on the 

ronstituents in CDal cleaning :refuse piles, the cx:mflicting infonnation 

on the fate of trace elements in the raw roal relative to cleaning plant 

:refuse, oottan ash, or fly ash, and the difficulty in dlaracterizing the 
inpact of leadlate on the envin:nnent. {13,14,1s,1G,11,1s) 

'Ihe annunt of solids generated by the roal cleaning plants are 

calculated by: 

where: 

SW= (1-Y)I 

SW is the quantity of solid wastes (kkg/day) 

Y is the cleaning plant yield, and 

I is the input ooal quanitity to the cleaning plant (=7 ,250 kkg/day). 

'1he above foDtllla rrust be rcodified for use with the cleaning of high sulfur 

eastern roal because of the production of two products. 'Ihe total refuse 

produred (1-Y) is split anong the two products in proportion to the percent 

yield of eadl. 'lb detennine the quantity of solid waste generated when two 

products are produced, the follaving fonnula is used. 

SW1= (1-Y) (~ 1 ) I 

SW1 is the quantity of solid waste attributed to product 1, (rrq/s) (1-Y) is 

the refuse yield, Y1 is the yield of product 1, Y is the total product yield, 

I is the input roal quantity to the cleaning plant (75, 700 rng/s). 'lb obtain 

SW2, Y2 is substituted for Y1 • 
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'Ille values for solid wastes generated by coal cleaning and cleaned coal 

are provided in Tables 6-22 through 6-30 for each BSER. 'lhese values of 

solids generated by corrbustion at the boiler are calculated using the feed 

rate to the boiler (mg/s), the percent ash of the coals being burned and 

the percent of the total ash whidl goes to fly ash and bottom ash. 'Ihe 

feed rate to the boiler is calculated using the following fonnula. 

Feed rate {rrg/s) = Heat rate 
of boiler 
{B'IU/hr.) 

Heat content 
of roal (B'IU/lb) 

126 rrg/s 
B'IU/lb 

'1he percent ash of the coals being bumed are fotmd ID Section 3 and the 

percents of the total ash which <p to fly ash are shCMn in Table 5-13. 

'Il1e following fonnulae are used to calculate the arrrn.mts of fly ash and 

bottom ash generated upon cxrrbustion of the coal. 

Arrotmt of= Feed rate x % Ash x % Fly Ash of 
Fly ash (mg/s) 100 'Ibtal Ash 

(rcg/s) 100 

Anotmt of= Feed rate x % Ash x % Bottom Ash 
Bottom ash (mg/s) 100 of 'Ibtal Ash 
(rrg/s) 100 

N:>te: 100 - (% Fly Ash of 'Ibtal Ash) = % Bottom Ash of 'Ibtal Ash 

'Ihe high sulfur eastern a:>al :resultr shav an ananoly ID that sulfur 

:rerrova.l is inversely proportional to solid wastes generated. 'Ihis is 

explained by the cleaned a:>al characteristics and the rrethod for physically 

cleaning the ooa1. As shown in Figure 3-4, the deep cleaned and middlings 

cleanIDg circuits are :relatively inseparable from a generation of refuse 

standp:>int. If the refuse is attributed evenly to each product on a weight basis, 

then the higher heating vallE of the <Eep cleaned ooal will produce less 

wastes from an. energy basis: (i.e. ng/J). 'Ille ERDA p:roc:ess uses dlemical 

reactions to extract pyritic and organic sulfur and, as a :result, only 

generates small anounts of waste mile :rercoving about 25 percent of the 

IDcnnbustible materials and rrost of the pyr~tic sulfur in the ooal. 

'Ihe results for low sulfur eastern coal are rrore consistent with the 

expectation that greater S02 oontrol should be associated with increased 

solid waste generation. Note that the BSER physical and chemical ooal 

cleaning rrethods p:roduce over twice as mudl solid waste as the raw ooal. 
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'mBIB 6-22. SOLID WASTES FR01 "BEST" 002 CCl\"!ROL TEX:liNIC:GFS 
FOR 8. 8 M\T CXW.. FIRED BO~ 

HIGH SULFUR EASTERN CDAL 

SYSTEM EMISSIONS 

Standanl Boiler Ct:ntrol Solid Wastes Percent 

leat Rate 'fype level 'lyPe Increase 
(f'fi or (Nale, % of of ng/s ng/J Over No 

10" B'IU/hr) OOz Reductial OJnt.rol (lb/hr) Clb/10• mu) Q:ntrols 

8.8 Underfeed N:me, Raw D:>al Lg (30) Stoker 0% c 
Bottan Ash 

56.5 6,430 
(44!.l) (15) 

Fly Ash 
19.6 2,233 
(155) (5) 

'lbtal na.t> '-"= 

75.3 8,570 
(597) (20) -

M:lderate Middling Cleaning '. 

94 10,690 
1,290 nq 002/J (750) (25) 

and Bottan Ash 
24 2,730 

SIP Middling (190) (6) 

1,075 ncr ID!/J Fly Ash 
c.o 910 

58% (63) (2) 
'lbtal Waste!: 

126 14,330 
(l.000) (33) 67% 

~ I)!ep Cleaned Clearunq 
92 10,460 

M::lderate Prod. (730} (24) 
untl D:>tta>. As.'1 

ll 1,250 
Interl!ediate Deep Cleaned . (87) (3) 

645 ncr ID2/J Prod. i"l.y Ash 
3.8 430 

75% (30) (1) 
I 
I 

l'lbtal Wastes 
I 

' 
107 12,140 

(850) (28) 42% 

Stringent : cx:c 
516 nq ID!f J i ERnll. Cleaning 

I . 21 2,390 
80!! (167) (5) 

Ibttan As.11 
41 4,660 
(325) (ll) 

Fly Ash 
14 I 1.590 

tro (lll) 
(4) 

t.al i<astesj 
76 8,640 
(603) (20) 0% 
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TABLE 6-23. SOLID WASTES FIDM "BFST" 802 <DNTOOL TECltNIQUES 
FOR 22 MV CDAL FIRED BO~ 

HIGH SULFUR EASTERN mAL 

SYSTEM EMISSIONS 

Standard Boiler O:ntrol Solid Wastes Percent 
lt!at Rate 'fype level 'fype Increase 
(~or (Nare, % of of mg/s ng/J Over lb 
10~ Bro/hr) 002 Jelucti.on Cl:ntrol (lb/hr) (lb/10~ B'IU) O:ntrols 
22 Chain- None, ~Coal Cleaning 

(75) Grate 0% 0 
Stcker Botton Ash 

141 6,415 
(l,120) (15) 

Fly Ash 
49 2,233 

(388) (5) 
Total Ash 

188 8,555 
(l,490) (20) -

Moderate Miaa.J.ing C.i.earu.ng 
l, 290 ng S:)</J 236 l0,740 

and (l,870) (25) 
SIP Middling Bottan Ash 2,680 
l,075 ng S:h/J 59 (6. 3) 

- 58% (470) 
Fly Ash 

20 910 
(160) (2.l) 

Total waste 
315 14,330 

(2,500) (33) 68% 

Optional Deep Cleane:i Cleaning 
Moderate Prtxl.. 230 10,460 

860 ng OOi/J (1,825) (24) 
and Bottan Ash 

lntenrediate Deep Cleaned 28 1,280 
75% Prod. (220) {2.9) 

Fly Ash 
10 450 

(80) (l.l) 
Total waste 

268 12,190 
(2,125) (28) 43% 

Stringent CCC Cleaning 
516 ng SJdJ ERDA 52 2,360 

80% (410) (5.5) 
Bottan Ash 

102 4,640 
(810) (ll) 

Fly Ash 
34 1,550 

(270) (3.6) 
Total Ash 

188 8, 550 
(1,490) (20) 0% 
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'12mLE 6-24. SOLID WAS'llS FJD.1 "BEST" S02 CXNiroL TEX:HNIQmS 
FOR 44 l+1' CDAL E1RED BOIIERS 

HIGI SUUUR FAS'!Em rnAL 

SYSTEM EMISSIONS 

Standard Boiler Q:nt:rol SOlid Wastes Percent 
ll!at Rate 'fype Level 'fype Increase 
(Kf or (Nmle, I of of ng/s ng/J Oller No 

(105 BIUA1r) ~ R!ductiai Q:ntrol (lb/hr) (lb/10" B'lU) O:ntrols 
44 Spreader Uncontrolled Raw Coal ::lean:Ln; 

(150) Stcker 0% 0 0 
IBottan Ash 

132 3,000 
(1,050) (7) 

Fly Ash 
255 5,806 

(2021) (13.5) 
ri"otal. Ash 

377 B,575 
(2,990) (20) -

.l'ICXlerllte Midclli.rg ~ '~ 
~-~.,, 

1,290 "3 S:Jz/J Prodoct 472 10,740 
am (3, 750) (25) 

SIP ~ llottan Ash 
l, 075 JJ3 S:Jz/J Product 55 1,250 -

58% (440) (3) 
IFly As.'l 

102 2,320 
(810) (5) 

ITotal Waste 
629 14,310 

(5,000) (33) 67% 

Optional Deep Cleaned Cl.eanin; 
Mode.rate Product 460 10,460 

860 rg S)2/J (3,650) (24) 
am Bottan Ash 

Intennedi ate Deep Cleaned 26 590 
645 rg SJz/J Product (210) (l.4) 

75% Fly Ash 
so 1,140 

(400) (2.6) 
Total Waste 

536 12,190 
(4,260) (28) 42% 

St:ri.rgent Chsucally Clewung 
516 rg OOz/J Cleaned- 105 2,390 

80% ERDh (830) (5. 5) 
Bott.an Ash 

95 2,160 
(760) (5.1) 

Fly Ash 
177 4,030 

(1400) (9.3) 
Total Waste 

377 B,580 
(2,990) (20) 0% 
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TABLE 6-25. SOLID WAS'IE FK>M "!3EST'' SO: ClNIIDL 'II:Cl'INIQUES 
F.JR 5H. 6 av CD.AL FIRED POILERS' 

SYSTEM EMISS10NS 

' 
Standard Boiler O:ntrol Solid Wastes Percent 

feat Rate Type level Type Increase 
(f+l or (Ncwre. i of of ng/s ng/J Over No 

(106 Bn.l/hr) S02 reduction OJntrol (lb/hr) (lb/10~ B'ru) Controls 

58.6 Pulverized Uncontrolled Raw Coal Cleaning 
(200) 0% 0 0 

Botton Ash 
100 1,710 

(790) {4) 
Fly Ash 

418 7,146 
(3,313) (16. 6) 

Total Ash 
500 8,530 

(3,970) (20) --
Moderate Middling Cleaning 

1,290 ng OOi/J 630 io, 750 
and (5, 000) (25) 

SIP Middling Bottan Ash 
1, 075 ng OOi/J 40 680 

58% (320} (1. 6) 

Fly Ash 
170 2,900 

(1,350) (6. 7} 

Total Wasb 
840 14, 330 

(6, 670) (33) 68% 

Optiooal Deep Cleaning 
Moderat.e Cleaned 610 10,410 

860 ng 002./J (4,840) (24) 

and Bottan Ash 
Interm:rliat.e 20 340 
645 ng 002./J (160) (0. 8) 

75% Fly Ash 
1,360 80 

(G40j (3.2) 

'lbtal Waste 
710 12 ,llO 

42% (5,640) (28) 

Strinqent Cllemically Cleanina 
516 ng 002/J Cleaned 140 2,390 

80% (1,110) (5.6) 
Bottan Ash 

70 1,190 
(560) (2.8) 

Fly Ash 
290 4,950 

(2, 300) (ll.5) 
Total Waste 

500 I 8,530 
(3,970} (20) 0% 
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'12\BLE 6-26. SOLID WAS'lE FlU-1 "BEST" S01 a::NTIDL 'lroiNIQUES 
:FOR 8. 8 Mi CDAL FIRED oorn 

UM SULFUR FAS'IEm mAL 

SYSTEM EMISSIONS 

Standard 9:>iler Q:ntrol solid Wastes Percent 
li!at Pate 'fype level 'fype Inctease 
Mf or (Nmre. \ of of irg/s ng/J Oller No 

(10' B'IU/hr) i:n.. R:!ducticn Cl:nb:ol (lb/hr) (lb/10~ B'IU) Chltrols 
a.a Unde..'"feei Un::ontrolled RawCoal ~ 

~-'":I 

(30) Strker 0\ 0 
SIP ~coal Bott.an Ash 

l,075 ng ro~/J 21.6 2,450 
(171) (5. 71 

Moderate Raw Coal Fly Ash 
l, 290 ng roz/.J 7.2 820 

(57) (1.9) 
C)fr..iaial RaW Coal Total Ash 
Moderate 28.8 3.270 

860 ng !!Di/J (228) (7 .6) -
0% 

Internedi ate PCC Cl.eanin3 
645 ng ro?IJ level 4 50 5,690 

an: (400) (l3) 

Strin;Jent PCC Bottan Ash 
516 ng EDz/J level 4 8 920 

30% (60) (2) 
Fly Ash 

2.7 310 
(20) (0. 7) 

Total Waste 
61 6,920 

(480) (16) ll2% 

Strin;Jent CCC Cleaning 
516 ng OOi/J Gravic:hem 63 7,160 

50% (500) (17) 
:Ebtttrn Ash 

4 450 
(30) (1) 

Fly Ash 
1 ll.O 

(8) (0. 3) 
Total Waste 

68 7.720 
(540) (18) 136% 
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'17\BLE 6-27. SOLID WAS'IE FIQ.1 "BEST" S02 CXNrroL TEOiNIQJES 
FOR 22 Mi mAL FIRED BOILERS 

IDIY SULFUR EASTERN mAL 

SYSTEM EMISSIONS 

Standard Boiler Ckxltrol Solid Wastes Percent 
Heat Rate 'fype Ievoel 'fype Increase 
!+I or (Narre, i of of rrg/s ng/J OVer No 

(106 BIU/hr) S02 Jeductioo Cl:ntrol (lb/hr) (lb/10 6 B'IU) Q:ntrols 

22 C1ain- Uncontrolled, Raw Coal ~leaning 
(75) Grate 0% 0 0 

Stater and 
SIP Raw Coal Bottan Ash 

1,075 ng IDz/J 54 2,460 
an1 (430) (5.7) 

Moderate Raw Coal Fly Ash 
1,290 ng ID2/J 18 820 
an1 (140) (1.9) 

Opt. Mod. Raw Coal !Total .Z>.sh 
860 ng OOi/J 72 3,280 
0% (570) (7 .6} -

lntenie1iate :ro:: Cleanin:J 
645 ng OOi/J level 4 125 5,690 
~ (990) (13) 

Stringent PX Botttrn Ash - 516 ng IDz/J level 4 20 910 
30'l (160) (2.1) 

Fly Ash 
7 320 

(60) (0. 8) 
Total Waste 

152 6,920 
(l,210) (16) ill% 

Stringent ax: Cleanin;J 
516 ng !:D:/J Gravichem . 160 7 ,280 

(1,270) (17) 
llottan Ash 

9 410 
(70) (1) 

Fly Ash 
3 140 

(20) (0.3) 
Total Waste 

172 7,830 
(l,360) (18) 139% 
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Standard Boiler 
Heat Rate 'fype 
·~Or 

(106 MU/hr) 

44 Spreader 
(lSC) Stoker 

TABLE 6-28. SOLID WAS'lE FI01 "BEST" S02 CINiroL TEOlNIQUES 
FOR 44 l.fi a::lAI, FI:reD BOILEPS 

SYSTEM EMISSIONS 

Qnt:rol Solid Wastes Perrent 
level 'Iype Increase 

(Nme, \of of ng/s ng/J Over lb 

SOz A:!duc:tioo Cl::ntrol (lb/hr) (lb/10~ B'IU) O::ntrols 

Uncontrolled Raw Coal Cleanin:; 
0\ 0 

SIP Raw Coal Bottan Ash 
1,075 n:J s:JzlJ 50 1,140 
aro (400) (2. 7) 

Moderate Raw Coal Fly Ash 
1,290 n:J g;)z/J 94 2,140 
and (750) (5) 

Opt. Moderate Raw Coal Total Ash 
860 n:J g;)zlJ 144 3,280 
0% (l,150) (7. 7) -

In -te FCC ·---·-J 

64 s 119 g;) :<.IJ Level 4 250 5,690 
aro (1, 980) (13) 

Stringent FCC Bottan Ash 
516 119 g;)2fJ Level 4 19 430 

30% (150) (1) 
Fly Ash 

35 800 
(290) (2) 

Total Waste 
304 6,920 

(2,420) (16) 111% 

St:rin]ent ca: Cleaning 
516 119 g;)z/J Gravichen 320 7,280 

50% (2, 540) (17) 
Bottan Ash 

8 180 
(60) (0. 4) 

Fly Ash 
16 260 

(130) (0.9) 
Total waste 

345 7,830 
(2740) (18) 140% 
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'mBLE 6-29. SOLID WM>'m FinM "BEST" 802 CXNl'RJL TEDiNIQUES 
FOR 58. 6 Mi a:>AL FIRED BOILER; 

I.Dil SULFUR EAS'!Em COAL 

SYSTEM EMISSIONS 

Standard Boiler Cl:ntrol Solid Wastes Peramt 
feat Pate Type Level Type Increase 
f'fi or (Ncrre, % of of ng/s ng/J OVer No 

(10' B'lU/hr) S'.>2 ~on Q:ntrol (lb/hr) (lb/105 B'lU) Cl:ntrols 
58.6 PUl.verized Uncontrolled Raw coal Cl.eanin; 

(200) 0% 0 0 
SIP Raw coal E!ottan Ash 

1,075 n; 002/J 38 650 
aoo (300) (1.5) 

Moderate Raw Coal Fly Ash 
l,290 ng OOz/J 154 2,630 

and (l,220) (6.1) 
Opt. Moderate Raw Coal Total Ash 

860 n; fl:Jz/J 192 3,280 
(l,520) (7 .6) -

In ·~te FCC rl-~-•TYY 

645 n; OOz/J level 4 334 5,700 
am (2,650) (13) 

St.ri.rqent FCC Botton Ash 
516 n; OOz/J Level 4 14 240 

30% (110) (0.5) 
Fly Ash 

57 970 
(450) (2.2) 

Total waste 
405 6,910 

(3,210} (16) ill% 

Stringent ere CleaninJ 
5i6 ng 002/J Gravi.chsn 420 7,170 

50% (3, 330) (16.6) 
Bottc:m Ash 

7 120 
(60) (0.3) 

Fly Ash 
26 440 

(210) (1) 
Total waste 

455 7,730 
(3,600) (18) 137% 
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TABLE 6-30. SOLID WA5'1E FIU-1 "BEST" S02 C!Nl'ROL 'IEOINIQUES 
FOR 8. 8 MV <DAL FIRED :OOILER5 

IJ:M SULFUR WESTEm <DAL 

SYSTEM EMISSIONS 

Standard Boiler Qnt:rol solid Wastes Perrent 
teat Rate 'type level 'fype Inczease 
Mi or (Nllle, \ of of 111;/s ng/J Oller No, 

(106 B'IU/hr) 00? Iecb:ticn Cl:ntml (lb/hr)' (lb/10 ~ B'IU) Cl:ritmls 
8.B Underfee:i All Raw Coal Bottan Ash 

(30) Stokel" 0% 62 7,050 
(490) (16) 

~ly Ash Nale 21 2,390 
(170) (16) 

: Tot.al Ash 
83 9,440 

(660) (22) 

22 Chain- All Raw coal Botttrn Ash 
(75) Grate 0% 156 7,100 

Stater (1,240) (16. 5) 
Fly Ash 

52 2,370 Nc:rle 
(410) (5.5) 

- Total Ash 
208 9,470 

(1,650) (22) 

44 Spreader' All Raw Coal Bottcm Ash 
(150) Stater 0% 145 3,300 

Nale (1,150) (7. 7) 
Fly Ash 

270 6,140 
(2,140) (14. 3) 

Total Ash 
415 9,440 

(3,290) (22) 

58.6 Pul.verized All Raw C.oal Bottan Ash 
(200) 0% ill 1,890 Nc:rle 

(880) (4. 4) 
Fly Ash 

443 7,560 
(3, 520) (17 .6) 

Tot.al Ash 
554 9,450 

(4 ,400) (22) 
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Solid waste discharges from each of the boilers, expressed as ng/J, 

remain constant in value, regardless of size or type of lx>iler. Figures 

6-1 and 6-2 sha.V' cleaning wastes versus percent sulfur in ooal and ash 

renoved versus percent sulfur in coal, respectively. lt>rrnalized am:.mnts 

of cleaning waste are not affected by boiler size or type, but only by 

the sulfur content of the a:>al cleaned. Figure 1 sha.vs that as the sulfur 

rontent of the coal being cleaned decreases, the anount of wastes also 

decreases. Figure 2 sha.vs that the arrotmt of ash rerroved by cleaning also 

depends upon the sulfur oontent of the raw ooal. As in Figure 1, the 

anount of ash rerroved with sulfur content decreases. In general, the 

emissions (in ng/J) using a standard ooal are less dependent upon the 

size of the boiler, as they are on the inherent characteristics of the 

cx:>al being utilized. 

587 



i 
U1 

Ill ... 
CX). Iii 
co ~ 

Cl z 
z 
"' ... 
..! 
CJ 

12,000 

10,000 

8,000 

11,000 

4.000 

2,000 

0 2 

"SULFUR 

FIGURE &·1 CLEANING WASTES VS.% SULFUR Of COAL BURNED 

3 4 



i 
Q 

Ul Ill 

CX> > 
0 

~ :I 
"' a: 

~ 

8,000 

11,000 

4,000 

3,000 

2,000 

1,000 

0 ll 

%SULFUR 

FIGURE 6·2 ASH REMOVED VS.% SULFUR OF COAL BURNED 

3 4 



SECI'IctJ 6. 0 

REF'EREllCES 

1. Ibugen, O.A. , and K.M. Watson, Chemical Pr6cess Principles, Part 1, 
Material and Energy Balances, p. 328-9, Wiley, N.Y. (1943). 

2. Steanv'Its Generation and Use, 39th ed., p. S-9, 5-13, Babcock and 
Wila»e, N.Y. (1978). 

3. QE_. Cit. Reference 1. 

4. Ruch, R. R. , Gluskoter, H. J. , and Shinp, N. F. , "Occurrence and 
Distrihltiai of Potentially Volatile Trace Elements in Coal: A 
Final Report", Environnental Geology Notes No •. 72, Illinois State 
Geological SUrvey, Urbana, Illinois {August 1974). 

5. Gluskoter, H. J., Ruch, R. R., Miller, W. G., cahill, R. A., Dreher, 
G. B., and Kuh, J. K., "Trace Elerrents in Coal", EPA-600/7-77/064, 
Industrial Environnental Researd1 Lalx>ratory, u.s. Enviromrental 
Protection Agency, Research.Triangle Parle, North carolina (1977), 
163 pp. 

6. Op. Cit., Jeference 62. 

7. Harrersma, J. W., et al., "Applicability of the ?-eyers Process for 
Chanical Desulfurizatioo of Coal: Initial SUIVey of Fifteen Coals", 
EPA-650/2-74-025, Ccntrol Syst:ats Iaboratory, National Envirormental 
Researdl Center, Researd1 Triangle Parle, North Carolina (1974), 192 p. 

8. Broz, Iarry {Acurex CO:rp.). 1'Brorandum·on "Industrial Boiler Project, 
COst of New Boilers". Oct:ci>er 23, 1978. 

9. lbid. 

10. lbid. 

11. !£· £!!· Reference 4. 

12. 2£· Cit. Reference 5. 

13. ~· Cit. Reference 6. 

14. S£• Cit. Reference 7. 

590 



15. Klein, D. H., Andren, A. W., Carter, J. A., Ebergy, J. F., Feldman, c., 
Fulkerson, w., Lyon, w. s., OJle, J. c., Talrni, Y., Van Hoak, R. I., 
and Bolten, N., "Pathways of Thirty-Seven Trace Elements Through Coal
Fired Pa-;er Plant", Environrrental Science and Technology, 9(10}: 973-9 
(1975). -

16. Yost, K. J., et al, The Environrrental Flow of Cadrniun and Other Trace 
Metals, Purdue Univ., Lafayette, Ind., NSF (RANN} GI-35106, NSF-FA/E-
73-016 (A). Progress Report, 7/1/72-6/30/73. Vol I, PB 229478; Vol II, 
PB 229479, and Progress Report 7/1/73-6/30/74. 

17. BlackvJood, T. R., and Wachter, R. A., "Source Assessment: Coal Storage 
Piles", Draft Report to U.S. Environrrental Protection Agency, Monsanto 
Research Corporation (July, 1977) , 96 pp. 

18. Cl1aracterization of Water Pollutants Fraa Selected Coal Preparation 
Plants For EPA Priority Pollutants. Coal Cleaning Technology Develop
rrent, Special Technical Report. EPA COntract No. 68-02-2199. May 1978. 

19. Thid. 

20. 44 FR 2590. Januru:y 12, 1979. 

21. Nielsen, George F. (editor) , Keystone Coal Industry f.lanual, McGraw-Hill, 
New York, 1977. 

22. Anderson, J. c., "Coal Naste Disposal to Eliminate Tailings Ponds", 
!tining Cong. J., 61(7): 42-45 (1975). 

23. Versar, Inc. "Technical and Eroncrnic Evaluation of Olernical Coal Cleaning 
Processes for :Reduction of Sulfur in Coal11 prepared for Industrial 
Enviroruoontal Research Iaborato:ry Office of Research and Developrent, 
u. s. Envirormental Protection Agency, Research Triangle Park, North 
carolina. Contract No. 68-02-2199, January, 1978. 

24. Energy Research and Develoµnent Administration "Environrrental Contamina
tion Fran Trace Elerrents In Coal Preparation Wastes," EPA-600/7-76-007 
Industrial Enviromrental Research I.alx>ratory, U.S. EnvironnEiltal 
Protection Agency, Research Triangle Park, NOrth Carolina (1976) p.2. 

591 



SECTIOO 7.0 

EMISSIOO SOURCE TE.ST DATA 

7 .1 INTIDIXJCI'IOO 

'1he intent of Section 7.0 is to present actual emissions test data 

f:ran industrial boilers using the cxntrol tedmology. For this ITAR, it 

neans neasuring S02 , particulates, and/or IDx emissions fran industrial 

boilers buming physically or d:lemically cleaned ooal. To truly test the 

a:>ntrol tedmology, it is required that the l:x>iler initially bum an 

tmwashed roal and then bum a washed CDal. To our knowledge only one such 

test was perfonred, in 1968 by TVA rn i<Entical 200 m lx>ilers. ( 
1

) 

'!his test, h.a.oever, rnly studied relative maintenanre oost advantages of 

washed ooal and did not provide CDiparable emission rreasurercents. 

As an altemative, sinre emission factors for various ooilers have 

been detenni.ned in AP-42 , ( 
2 

) input fuel dlaracteristics (sulfur and ash 

a:>ntent) will give ~ accurate estimate of ooiler emissions. 'Iherefore, 

if actual neasu.red cleaned pi:oduct ooal dlaracteristics are compared to the 

r<M (feed) ooal, emission oontrol capabilities can be established. 'Ihe 

preoerent for using feed cx:>al and product roa1 dlaracteristics to ceterm:i.ne 

percent sulfur n:rcoval is provided as ~dix A, Ieference ~th:xl 19, to 

the prcposed NSPS for electric utility steam generating tmi ts. ( 
3

) 'Ihe princi

ple behind this rrethod is that fuel analyses of sulfur cx:>ntent and BID oontent 

taken before and after :fl.el pretreatnent systercs allow calculation of 

perCE11t sulfur dioxide reduction (ng/J). Cbnsistent with this approach, 

Versar has rerently a:nt>leted a study of the capability of physical coal 

cleaning to reduce emissions by sulfur renoval and B'IU enhanrerrent using 

rreasw:ed fl.El dlaracteristics data provided by U.S. roal oonpanies and 

the EPA. ( 4 
) 'Ihe data were expected to provide guidanre to EPA Office of 

Air Quality Planring and Standards on sulfur dioxide emission cxmtrol and 

attenuation of sulfur variability in ooal achieved by cleaning plants of 

different types, as v.iell as satisfy the requirerrents of ORD. 
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7. 2 PIDJECT ME'IHOOOLO:;Y 

'llu:ee tasks ~re perfonred to accomplish the study. Collection of 

existing ooal cleaning data was the first task. 'Ihe seoond task involved 

checking the data, oonverting the raw data to quantity of S02 per unit 

heat value, and performing straightforward statistical calculations. 'Ihe 

third task was to analyze the data to cetennine irrportant relationships 

and :relevant trends. 

7.2.1 Data Acquisition 

Existing preparation plant data ~re solicited from ooal cleaning 

plant owners. '!his was acoornplished through the National Coal Association 

who oontacted a selected list of cxnpanies which operate cleaning plants 

in different ooal regions of the U.S. In total, the selected rorrpanies 

operate 111 preparation plants, mich :represent over 25 percent of all U .s. 

plants. In ad.di tion, Versar :requested data fran one ooal oorrpany not in 

the NCAwhich operates 4 preparation plants in the Alabama region. 

In resp:nse to the Ne.A :request,Versar :cereived data f:rom 46 plants 

operated by eight ooal cx:rrpanies. Since nrul tiple lot infonnation was 

requested and recei.ved, Versar was provided with 114 paired feed and product 

data points. 

Versar also obtained EPA-oollected data from a 1972 air pollution 

study of CDal preparaticn plants. ( 
4

) 'Ihese data included 1972 annual 

average feed and product values from 130 ooal preparation plants. 

A third data source was the COimErcial ooal cleaning plant test 

program being oonducted by Versar and its suboontractor D:mver F.quiµrent 

Division of Joy Manufacturing COnpany uncer EPA Contract 68-02-2199. 

At the tine of this study, three .sets of 5-day test results were available 

for analysis. 

Sufficient data for statistical analyses were received for three 

ooa1 regions - Northem Appalachia, south.em Appaladria, and Eastem 

Mi~st. 
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Preparation plants were categorized by four general cleaning levels. 

Generic flow diagrams of these cleaning levels are shown on Figures 7-1 

through 7-4. ('Ihese figures are generically a:jllivalent to Figures 2-16 

through 2-19 in Section 2.0). level I ooal preparation oonsists of 

crushing and sizing to rennve large pieres of rock and ove:rburd:m and to 

size to product specifications. level II ooal preparaticn starts by 

crushing the ooal then sizing at approximately 9.2 nm (3/8 inch); the plus 

9.2 nm material is processed in a ooarse ooal washing system such as a 

jig or dense nedi.um vessel, while the minus 9.2 nm material is not cleaned, 

but sinply blend=d with the clean product or sent to refuse. 

Coal preparation levels III and lV process finer sizes of roal than 

the first tW) levels, and subsequently achieve greater rejection of ash 

and sulfur with subseqtEnt B'lU enhancenent. Both of these levels process 

the plus __ ·9·~2·n1n .. material with a ooarse roal-washing sys~ while the 

9. 2 mn by 2 8 rresh fraction is proeessed by a fine ooal washing system 

ronsisting of a heavy nedi.a cyclone or washing table. Coal preparation 

level III pma!sses the minus 28 nesh material with a hydrocyclone circuit 

whidl will rerover alx>ut SO percent of the minus 28 rresh feed. Coal 

preparation level rv processes the minus 28 rcesh material with a froth 

flotation circuit to adlieve deep cleaning and enhanced product rea::Yvery. 

7. 2. 2 Data kcuracy - Sanpling 1-Ethods 

'Ib provid= an undersJ..:anding of the reliability and accuracy of the 

data provided, tie ooal cx:npanies were asked to describe their sampling 

zretlx>ds. Several a::>al. conpany representatives remarked that specific 

ooal sarrpling procedures differ at each plant relative to hew the sarrple 

is taken, its frequency, the net.hod for producing a oorcpJsite sample 

and where the feed and product coals are sampled. A general description, 

however, ooulC! l:e provided in nost cases. 

For feed coal, infrequent, manual sarcpling is the norm. 'Ihe te:rrns 

'occasionally', 'weekly', 'cnly when ~ have problems', and 'periodically' 

~re used to describe typical feed ooal sample frequ;ncy. In a majority 
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of the cases, the feed mal belt is stopped and an Anerican Standards and 

Testing r-Eth:>d (AS'Th1) belt sarrple is taken. 'lhe sanple is a good depend

able :representation of the input mal at that ti.Ire, however, it should not 

be mnside:r:ed a :reliable valte for feed mal in the short- and nedium-tenn. 

'!his was an overriding factor that l.ed sare of the mal mrrpanies to send 

nnnthly and yearly average values, rather than the daily, weekly, or lot 

shiprrent info:rmation :requested. 'Ihe feed mal values provided to Versar 

~re generally weighted averages of feed CDal belt sanple analyses. 

In oontrast,the product coal is extensively sampled and analyzed. 

'lhe a:>al a:mpanies typically take a one or two hour oonposite sample of 

the product, if the plant has an automatic sampler, or will manually sarrple 

unit train carloads or barges acmrding to AS™ sanpling procedures. 'Ille 

automatically sampled mnµ:isites mnsist of individual samples taken at 

5-15 minute intervals. 'Ih.e manual sanples are usually taken off a a:mveyor 

discharge as the railroad car or barge is loaCed. 

'lhe frequency of product sanpling is sarewhat detennined by the origin 

of the ooal feed to the preparation plant. 'For a mine nouth ooal cleaning 

plant only one mcp'.)site sample per day may be analyzed; at the other 

ext.I:enE, where specifications are tight and oontract coal is blended and 

cleaned, the a:>npasite sarrples may be taken and analyzed eve:ry 30 minutes. 

Where possible, Versar has specified data which were :r:ecei ved from plants 

with automatic product sarrplers. 

Although the testing and analysis procedures were not explicitly 

provided by the CDal ~es it is no:rmal practice for CDal preparation 

plants to use or specify AS'Th1 nethods. Fbr heat mntent, AS'IM nethod 02015 

was used and for total sulfur mntent, AS'IM 03177 was the rrethod used. 

7.2.3 Statistical Procedures 

The ooal preparation plant data, as received, were checked for 

completeness and oonsistency with the info:cna.tion requested. A complete 

data set included feed and product sulfur content (d:ry), B'IU-a::mtent (dJ:y), 

and lot size, and general information on the source of a:>al (seam, county, 

and state) and level of cleaning. 'lhe data set was then categorized by 
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<Dal region, cleaning level, seam, and lot size. For average rronthly data 

the info:cmation was often supplied an a ton per day (TPD) basis, the 'lot 

siz.e' was calculated by rmiltiplying the TPD by 22 v.orking days per rronth. 

After categorizing all· the data received, the ari t:hrretic rrean ( µ) , 

standard deviaticn (cr), and relative standard deviation (RSD) v.ere calculated 

for each categocy and subcategory. 'llle rrean and standard deviation values 

presented v.em detellnined fran the entire data set, rather than averaging 

subset values,\ttlch is an inoorrect statistical procedure. 

'lb use these sanple statistics as an estimate of the universe statistics, 

the central limit theorem is assmed to hold. 'lllat is, the universe roal 

pararreter distributic:ns ~..ere asSUIIed to be ncnna.lly distributed and there-

fore the sanpling distribution of the rrean derived from eadl distribution 

also is noi:mally distributed. Also the ext;ected value of the SaIIFling 

distribution of the rrean is equal in value to the universe rrean. 

Another statistical analysis was detennination of the relationship 

between feed and product roals on a \\eight of sulfur dioxide per unit heat 

input basis. Another :relationship studied included reduction in ng 002/J 
RSD, fran feed to pi::oduct. 

An analysis that was atterrpted but which did not yield rreaningful 

:results was the reduction of µ , cr, and FSD by ooaJ. cleaning on a regional 

basis. 'Ihe heterogeneity of the coal in each region causes the data sets 

to lose their nomal distribution characteristics when many seams are 

aggregated. Since a mgional ng 502/ J distribution depends on 

which seams are inoor:porated and how IIU.lch data from each seam is included, 

the distribution will differ significantly depending on the input data 

used. 'll1e data proviCed and analysis :results, therefore, should not be 

oonsidered representative of the region. A theoretical study analyzing 

the universal ooal data i..1 eadl :region v.ould be representative; ho\..ever 

there was insufficient actual cleani.Tlg infonnation to treat the universal 

data set in each region from this study. 
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7.3 DATA PRESENTATION AND ANALYSIS 

A general breakdaNn of the data rea:i ved is presented in Table 7-1. A 

listing of the data is provided in Ap{:endix c. Although only four of the 

six o:::>al regions \\ere represented by the data provided, the infonnation 

was diverse relative to coal seam, cleaning level, ooal use (rretallurgical 

and steam), and sulfur content. To supplenent the data fn:m the coal 

a:npanies1Versar has inclu3ed for this study the results of three s~ling 

and analysis tests from its EPA Contract 68-01-2199. 'Ihese results are 

also provided in Appendix c. 

7.3.1 Analysis of Individual Physical Coal Cleaning Plants 

'Ihe aQ?roach taken to analyze sulfur renoval capabilities by coal 

cleaning plants was to begin with individual plants. For each plant with 

sufficient feed and product <Dal data the rrean (lJ), standard deviation (cr), 

and relative standard deviation (RSD) v.ere calculated to detennine t."1e 

variation in sulfur rerroval for the rrost constant situation (i.e. only 

feed o:::>al characteristics change). Data analyses for the nine individual 

plants are provided in Tables 7-2 through 7-10. 

'Ihe nine indiyidual plants show that sulfur content per unit heat 

a:ntent (i.e •. ~g· '2£h/ J.) is treated by the> coal preparation proCEss. 

'Ihis occurs even though the plants w:re primarily designed to renove refuse 

and ash in their attenpt to increase B'IU content and are not designed 

specifically to rennve sulfur. Sulfur .rerrcval percentages ranged from 

18.3 to 48.3. en absolute te.tltlS, a sulfur reduction equivalent of J..50 

ng 502/J was attained an the l~st sulfur ooal (Plant I) and 1,400 ng 

S02 /J was provided an one of the hi~st sulfur ooals (Plant D) • 

Significantly, in all nine plants the standard deviation (i.e. sulfur 

variability) in ng S02/ J was reduced and in eiqht of the nine plants 

the FSD decreased. Figure 7-5 shows the magnituoo of the decrease in RSD 

l:etween the feed and p~ct fa~ ·nine coal cleaning ·plants, each operating 
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N. 

TABLE 7-1. CIASSIFICATIOO OF DATA RECEIVED FRJM CDAL 
CDMPANIES AND TESTING BY VERSAR/JOY-DENVER 

ID. OF DATA SETS = 129 

REGICNAL DISTRIBUTICN 

N. Appalachia = 39 
S. Appaladria = 40 
E. Midwest = 45 
Alabama = 5 

Appalachia S. Appalachia E. Midv.est 

Level 1 = 2 Level 1 = 0 Level 1 = 4 
Level 2 = 7 Level 2 = 3 Level 2 = 22 
Level 3 = 22 Level 3 = 14 Level 3 = 18 
Level 4 = 8 Level 4 = 23 Level 4 = 1 

SULFUR ClNlENT OF FEED CDAL 

>3% = 61 
1-3% = 35 

<1% = 33 

SUI.EUR ONrEN'l' OF FEED mAL BY REGICN 

>3% 1-3% <1% 

N. A{:paladri.a 19 18 2 
S. A{:paladria 0 12 28 
E. Mi~st 42 2 1 
Alabama 3 2 

Alabama 

Level 4 = 5 

wr QUANTITY (METRIC 'IONS) - DATA ;:JETS IN EACH RANGE 

>500,000 = 5. 

100,000-499,999 = 49 

10,000- 99,999 = 44 

1,000- 9,999 = 18 

<999 = 13 
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OJlU, 

USE 

Stearn 

Stearn 

Stearn 

Stearn 

Stearn 

Stearn 

Steam 

Stearn 

Steam 

Steam 

Steam 

Steam 

TABLE 7-2A. .M:NI'HLY AVERAGE SULFUR REDUCrION BY A 

LEVEL II CLEANING PLANT - ILLIIDIS NO. 6 

CDAL - (SI Units) 

IDT 
QUANTITY* 

Crretric tons) %S 

169,462 3.98 

339,826 4.27 

313,257 4.74 

331,132 4.72 

318 ,613 4.10 

267,310 4.45 

271,923 4.87 

272 ,630 5.16 

289,303 5.05 

254,843 5.44 

275,065 4.98 

221,743 5.20 

FEED (ng S02/J) 

µ = 3,796.9 

PIDDUCT (ng 802/J) 

µ = 2,898.2 

SULFUR REMJVAI.. (%) 

µ = 23.4 

PLANT A 

FEED 

kJ/k.g ng 002/J 

25,893 3,078.8 

25,117 3,405.6 

25,465 3,728.1 

25,609 3,693.7 

25,490 3,225.0 

24,463 3,646.4 

24,008 4,063.5 

24,947 4,145.2 

25,528 3,964.6 

25,027 4,355.9 

24,272 4,110.8 

25,083 4,153.8 

a = 404.2 

a = 193.5 

0 = 5.86 

PIDDUCT 

%S kJ/k.g ng S02/J 

3.64 28,130 2,592.9 

3.93 28,130 2,799.3 

3.83 27,986 2,743.4 

3.94 28,070 2,812.2 

3.83 28,098 2,730.5 

3.71 28,035 2,653.1 

4.40 28,652 3,078.8 

4.34 28,608 3,040.1 

4.44 28,822 3,087.4 

4.46 28,706 3,113.2 

4.42 28,582 3,100.3 

4.29 28,640 3, 001. 4 

R3D = 0.106 

RSD = 0.067 

RSD = .25 

* M:Jnthly Coal 'lhroughput 
Product sanpled IIEdlanically 
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TABLE 7-2B. MCNI'HLY AVERAGE &JLFUR REDOCTIOO BY A 

LE.vEL II CLmNIN3 PLANT - ILLIN:>IS NJ. 6 CDAL -

(English Units) 

PI.ANT A 

FEED 
IDT 

CD.AL CUANTITY* lb S02/ 
USE (tons) %S B'IU/lh 106 BI'U 

Steam 186,838 3.98 11,113 7.16 

Steam 374,670 4.27 10,780 7.92 

Steam 345,377 4.74 10,929 8.67 

Stean 365,085 4.72 10,991 B.59 

Steam 351,282 4.10 10,940 7.50 

Steam 294,719 4.45 10,499 8.48 

Steam 299,805 4.87 10,304 9.45 

Steam 300,584 5.16 10.707 9.64 

Steam 318,967 s.os 10,956 9.22 

Steam 280,974 5.44 10,741 10.13 

Stean 303,269 4.98 10,417 9.56 

Steam 244,479 5.20 10,765 9.66 

FEED (lbs 002/l0 6BTU) 

µ = 8.83 CJ = 0.94 

µ = 6. 74 CJ = 0.45 

SULFUR REMaTAL ( % ) 

µ = 23.4 cr = 5. 86 

* M:mthly Coal 'Ihroughput 

Product sanpled nedlanically 
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Prower 

%S B'IU/lb 

3.64 12,073 

3.93 12,073 

3.83 12,011 

3.94 12,047 

3.83 12,059 

3.71 12,032 

4.40 12,297 

4.34 12,278 

4.44 12,370 

4.46 12,320 

4.42 12,267 

4.29 12,292 

RSD = 0.106 

RSD = 0.067 

RSD = .25 

lb frh/ 
106BTC.J 

6.03 

6.51 

6.38 

6.54 

6.35 

6.17 

7.16 

7.07 

7.18 

7.24 

7.21 
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TABLE 7-3A. M:NTHLY AVERAGE SULFUR REDUCTION BY A LEVEL II 
CLEANING PLANT - KEN'lUCKY #9 and #14 - (SI Units) 

PI.ANT B 

Feed 

Quantity* 
(netric tens) %S kJ/kg ng S02/J 

184,913 4.17 25,712 3,250.8 

162,692 4.64 27,557 3,375.5 

189,817 4.08 27,981 2,919.7 

183,209 3.96 24,533 3,233.6 

266,168 3.98 27,054 2,949.8 

180,382 4.13 25,430 3,255.1 

Chal Use: Steam 

µ = 3,164.8 a = 191. 78 

µ = 2,085.5 a= 43.43 

Sulfur Ienoval ( % ) 

µ = 33.2 cr = 

* ltnthly Coal 'lllroughput 
Product sarcpled rcedlanically 

4.26 
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Product 

%S kJ/kg ng 002/J 

3.21 30,411 2,115.6 

3.23 30,437 2,124.2 

3.24 30,360 2,137.1 

3.14 32,450 1,939.3 

3.13 30,236 2,072.6 

3.18 30:187 2,111.3 

R:>D = 0.061 

R:>D = 0.021 

RSD = 0.128 



TABLE 7-3B. K>N'IHLY AVERAGE SUIFUR REIXJCrION BY A LEVEL II 
CIBANING PLANT - KENIUCKY #9 and #14 - (English Units) 

Feed Product 
lot 

Quantity B'lU/ lb S02/ B'IU/ lb SOaf 
(tons) * %5 lb 106B'IU %S lb 10 6BTU 

203,873 4.17 11,035 7.56 3.21 13,052 4.92 

179,374 4.64 ll,827 7.85 3.23 13,063 4.94 

209,280 4.08 12,009 6.79 3.24 13,030 4.97 

201,994 3.96 10,529 7.52 3.14 13,927 4.51 

293,460 3.98 ll,6ll 6.86 3.13 12,977 4.82 

198,878 4.13 10,914 7.57 . 3.18 12,95.6 4.91 

Coal Use: Steam 

Feed (lbs S02/l06BTU) 

µ = 7 .36 cr = 0.446 RSD = 0.061 

Pmduct {lbs SOi/106B'lU) 

µ = 4.85 cr = 0.101 RSD = 0.021 

Sulfur Reroval ( % ) 

µ = 33.2 CJ = 4.26 RSD = 0.128 

* M::>nthly Coal 'lhroughput 

Produt ': sarrpled nedlanically 
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TABLE 7-4A. MNIHLY AVERAGE SULFUR REDUCTION BY A LEVEL II 
CLEANING PLANT - KENI'UCKY #9 - (SI Units) 

PLANT C 

FEED PIDDUCI' 

lot 
Quantity 
(:netric tons) * %8 kJ/kg ng 002/J %S kJ/kg ng 502/J 

113,068 4.72 29,002 3,263.7 3.40 30,339 2,244.6 

105,246 4.07 28,857 2,825.1 3.40 30,013 2,270.4 

92,494 3.99 28,004 2,855.2 3.36 30,278 2,223.1 

83,306 3.96 27,177 2,919.7 3.30 30,285 2,184.4 

81,723 5.05 28,319 3,573.3 3.35 30,183 2,223.1 

68,479 3.93 29,656 2,657.4 3.38 30,262 2,236.0 

Coal Use : Stearn 

µ = 3,014.3 CJ= 342.3 RSD = 0.114 

µ = 2,231.7 CJ = 28.0 RSD = 0.012 

Sulfur F.enoval (%) 

µ = 25.2 CJ = 7.96% RSD = 0.316 

* Product sanpled manually 
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'mBIE 7-4B. MNffi[N AVERAGE SULFUR m:oocnoo BY A LEVEL II 
CLFANIN:; PI.ANT - KENIU:KY #9- (English Un.its) 

PIANT C 

Feed Product 
rm 

QUANTI':r'Y BIU/ lh 002/ BIU/ lb 502/ 
(tens) * %S lb 106B'IU %S lb 10 6B'IU 

124,662 4.72 12,447 7.59 3.40 13,021 5.22 

116,037 4.07 12,385 6.57 3.40 12,881 5.28 

101,978 3.99 12,019 6.64 3.36 U,995 5.17 

91,848 3.96 11,664 6. 79 3.30 12,998 5.08 

90,102 5.05 12,154 8.31 3.35 12,954 5.17 

75,501 3.93 12,728 6.18 3.38 12,988 5.20 

Coal Use: Steam 

ll = 7.01 (J = o. 796 RSO = 0.;U4 

l.I = 5.19 CJ = 0.065 RSD = 0.012 

SUlfur Ieroval (%) 

µ = 25.2_ a = 7.96 RSD = 0.316 

* Product sanpled manually 
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TABLE 7-5A. MlN'IHLY AVERAGE SUIFUR REIXJCI'ION FCR A LEVEL 2 
ca\L CLFANill; PIAN.r - KENIUCKY 1-bs. 11 and 12 -
(SI Units) 

PLANT D 

FEED PK>llJCT 
IDT 
~ 
{netric tons}* %S kJ/k2 ng 002/J %S kJ/kg ~ SOz/J. 

264,U9 3.99 25,171 3,177.7 3.31 29,246 2,266.l 

224,563 4.25 22,883 3,719.5 3.39 29,113 2,334.9 

234,109 3.77 24,675 3,061. 6 3.29 29,435 2,240.3 

156,950 3.20 29,565 2,167.2 

182,844 3.15 29,572 2,132.8 

179,810 5.03 22,992 4,381. 7 2.97 29,899 1,990.9 

Coal Use: steam 

Feed (BJ f!IJl/J). 

µ = 3,586.2 (J = 602.0 RSD = 0.168 

Pnxluct (ng 9:>2f J) 

µ = 2,188.7 a·= 114.0 RSD = 0.052 

SUlfur lenDval (%) 

µ = 36.83 a = U.89 RSD = 0.350 

* Product sanpled manually 
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!Dr 

TABLE 7-SB. IDNIHLY AVERAGE SUIFUR REllJCTION FOR A LE.VEL 2 
COAL CLFANm3 PIANI' - KENIUCKY lbs. 11 and U -
(English I.hi ts) 

PIANT D 

FEED PR:>IlJCT 

QUANTITY lb SOi/ lb '3J2/ 
* {tons) %S B'IU/lb 106BTU. %S B'IU/lb 106BTU 

291,212 3.99 10,803 7.39 3.31 12,552 5.27 

247,589 4.25 9,821 8.65 3.39 12,495 5.43 

258,113 3.77 10,590 7.12 3.29 12,633 5.21 

173,043 3.20 12,689 5.04 

201,592 3.15 12,692 4.96 
: 

198,247 5.03 9,868 10.19 2.97 12,832 4.63 

Coal Use: stean 

Feed (lb ~/106BTCJ) 

µ = 8.34 er = 1.40 RSD = 0.168 

Product (lb &>2/l06 BTU} 

µ = 5.09 er = 0.265 RSD = 0.052 

Sulfur PatDval (%) 

µ = 36.83 <J = 12.89 PSD = 0.350 

PI."Oduct sanpled manually 
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TABLE 7-6A. M:>NTHLY AVERAGE ruIFUR REI:UCTION BY A LEVEL II 

CI..FAmK; PI.ANI' - MIDDLE ~ (Ohio No. 6) -
(SI units} PLANTE 

rm FEED PRCDUCT 
CD\L QUANI'ITY -

USE 
. - . * {netric tons) %S kJ/ng ng ro2/J %5 kJ/n9 n9 S02/J 

Stearn 154,565 4.07 25,756 3,164.B 3.03 29,111 2,085.5 

steam 138,162 3.73 27,180 2,747.7 2.86 29,041 1,973.7 

steam 162,063 3.98 26,047 3,061.6 3.06 29,037 2 ,111. 3 

steam 145,074 4.46 25,029 3,569.0 3.05 28,992 2,107.0 

Steam 189,246 3.96 25,248 3,143.3 3.06 29,044 2,111. 3 

Steam 163,255 3.45 25,465 2,713.3 2.99 28,957 2,068.3 

µ = 3,065.9 CJ = 322.9 RSD = 0.105 

µ = 2,076.9 a = 37.4 RSD = 0.018 

SUlfur ~ (%) 

µ = 32.0 a = 5.91 RSD = 0.185 

* Product sampled rranually 
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ll = 7.13 CJ= 0.751 RS) = 0.105 

µ = 4.83 CJ = 0.087 RS) - .018 

Sulfur Retmra1 ( %) 

ll = 32.0 CJ = 5.91 RSD = 0.185 

* Product sarcpled IIElually 
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TABLE 7-7A. ANNUAL A\TER11JGE SULFUR REllL'TICN BY A LE.VEL 3 
~ PIAN!' - OHIO COAL - (SI Units) 

PLANT F 

PEED PIDilJCT * 

%S kJ/kg ng ·002/J %S kJ/kg ng 002/J 

3.28 22,524 2919.7 3.96 30,831 2575.7 

2.92 21,313 2743.4 2.94 32,203 1827.5 

2.05 21,750 1887.7 2.78 31,592 1767.3 

2.55 27,459 1861.9 2.34 32,571 1440.5 

5.09 28,622 3564.7 3.59 31,294 2300.5 

2.51 28,885 1741.5 2.15 30,024 1436.2 

3.02 29,130 2076.9 2.51 30,462 1651.2 

2.61. 29,498 . 1814.6 2.33 32,282 1444.8 

SF»i: Pittsburgh f8 and #9; IoNer Freeport #6A ('D' Cbal) 

Cl:>al. Use: steam 

Feed 

µ = 2326.3 ng 002f J RSD = 0.288 

Product 

µ = 1806.0 ng 002/J a = 426.l n:J 002fJ RSD = 0.236 

-
Sll.fur Iermval 

µ = 21.0% a = 9.85% RSD = 0.469 

* Product sanpled manually 
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'i1ABIE 7-7B. ANNUAL AVERAGE SOLFUR REDUCTICN BY A LE.VEL 3 
~ PrnNT - OHIO COAL- (English Units) 

FEED PK>IlJCT* 

lb gJ2/ lb 502/ 
%S B'IU/lb 106B'IU %S B'IU/lb 106BW 

3.28 9,667 6.79 3.96 13,232 5.99 

2.92 9,147 6.38 2.94 13,821 4.25 

2.05 9,335 4.39 2.78 13,520 4.11 

2.55 11,785 4.33 2.34 13,979 3.35 

5.09 12,284 B.29 3.59 13,431 5.35 

2.51 12,397 4.05 2.15 12,886: 3.34 

3.02 12,502 4.83 2.51 13,074 3.84 

2.67 12,660 4.22 2.33 13,855 3.36 

SF.AM: Pittsl:w:gh #8 and #9; Lc:Mer Freeport #6A ('D' Coal) 

Cbal Use: Steam 

Feed (lbs S02/l06B'IU) 

µ = 5.41 C1 = 1.56 RSD = 0.288 

µ = 4.20 C1 = 0.991 RSD = 0.236 

µ = 21.0% C1 = 9.85% RSD = 0.469 

Product sanpled manually 
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1 

2 

3 

4 

5 

TABLE 7-8A. DAILY AVERAGE SULFUR REDUCTION BY A LEVEL III * 
CLEANING PLANT - l.CWER.KITI'ANING - 5 DAY TESTS
(SI Units) 

FEED 

%5 kJjkg ng 802/J %S 

2. 80 31,420 1,784.5 :r.11 

2.24 30,008 1,496.4 1.20 

1.84 28,198 1,307.2 1.22 

1.46 29,491 993.3 0. 82 

1.38 31,756 872.9 0.99 

lot Size = 581 netric tons 

Coal Use: M=tallurgical 

Feed Cng 002 I J) 

µ = 1,290 

Product (ng 502/J) 

l1 = 640.7 

Sulfur Ierroval { % ) 

µ = 48.3 

Seam coal 

CJ = 369. 8 
x 

CJ = 103.2 
x 

CJ = 11.4 

~r Freeport - Kittaning B,C,D,E 

PIDDUCT 

kJ/kg ng S02/J 

34,069 653.6 

33,200 722.4 

32,960 739.6 

33,533 490.2 

33,634 589.1 

RSD = 0.29 

RSD = 0.16 

RSO = 0.237 

*Grab sanple taken every 15 minutes over four hour period per day 

615 



DAY 

l 

2 

3 

4 
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TABLE 7-BB. DAILY AVER1!GE SULFUR REDOCTICN BY A LE.VEL III 
* CLF.ANING PIAN!' - LCMER KI'ITANIN; - 5 DAY TFSTS-

(English Units) 
PLANT G 

Feed 

%5 B'IU/lb 

2.80 13,485 4.15 

2.24 12,879 3.48 

1.84 12,102 3.04 

1.46 12,657 2.31 
··-

1.38 13,629 2.03 

Iot Size = 640 '1'als 

Coal Use: Metallw:gical 

µ = 3.00 

µ = 1.49 

0 = .86 x 

0 = .24 x 

9.llfur Rsroval {%} 

µ = 48.3 0 = 11.4 

Seam Coal 

%5 B'IU/lb 

l.ll 14,622 

1.20 14,249 

1.22 14,146 

0.82 14,392 

0.99 14,435 

RSD = 0.29 

RSD = 0.16 

RSD = 0.237 

lower Freeport - Kittaning B,C,D,E 

1.52 

1.68 

1. 72 

1.14 

1.37 

*Grab sanple taken every 15 minutes over four hour period per day 
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TABLE 7-9A. DAILY AVERAGE SULFUR REDUCTIOO BY A LEVEL III 
PIANT - SOUTH WES'IERN VIRGINIA SEAMS - 5 DAY 
TESTS - (SI Units)* 

PI.ANT H 

FEED PIDDUCI' 

%S kJ/kg ng S02/J %S kJ/kg ng S02/J 

1.24 25,243 984.7 1.48 33,997 872.9 

.92 24,178 761.1 1.31 33,666 778.3 

• 82 22, 766 722.4 o. 89 33,226 537.5 

1.15 21,394 1,0~5.0 1.06 33,617 640.7 

1.10 22, 722 971.8 1.10 34,074 645.0 

Iot Size = 2,395 - 2,503 netric tons per day 

Coal Use: Steam 

Feed (ng S02/J) 

µ = 903.0 

Product (ng S02/J) 

µ = 696.6 

Sulfur 1€noval (%) 

µ = 21.7 

Seam Coal 

El.khom-Rider 
Lyons 
D:>rchester 
Norton 
Clintwood 

CJ = 154.8 
x 

(J = 133.3 x 

a = 17.2 

% Feed 

12.5 
12.5 
25.0 
25.0 
25.0 

R:>D = 0.17 

R:>D = 0.19 

R:>D = .793 

* Grab sarrple taken every 15 minutes over four hour period per day 
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DAY 

1 

2 

3 

4 

5 

TABIE 7-9B. DAILY AVERlliE SULFUR RmJ:TICN BY A LEVEL III 

* PI.AN!' - SClJ'IH WESTERN VIRGINIA ~ - 5 mY TES ..... ,.,.,..,T ..... S 

%S 

1.24 

.92 

.82 

1.15 

1.10 

Feed 

B'llO/lb 

10,834 

10,377 

9,771 

9,182 

9, 782 

%S 

2.29 1.48 

1.77 1.31 

1.68 0.89 

2.50 1.06 

2.26 1.10 

lot Size= 2,640-2,760 'lbns Per Day 

Cbal Use: steam 

ll = 2.10 a = 36 x • 

lJ = 1.62 CJ = .31 x 

SUlfur Rsroval (%) 

}.1=21.7 CJ = 17.2 

Seam Cbal % Feed 

Elkhom-Ri.der 12.5 
Lyons U.5 
D:>rchester 25.0 
N:>rton 25.0 
Clintwood 25.0 

Product 

B"lU/lb 

14.,591 

14,449 

14,260 

14,428 

14,624: 

RSD = 0.17 

RSD = 0.19 

RSD = • 793 

lb S02/ 
io6 mu 

2.03 

1.81 

1.25 

1.49 

1.50 

Grab sarcple taken every 15 minutes over four hour period per day 
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2 
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4 
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TABLE 7-lOA. DAILY AVERAGE SULFUR REDUCTION BY A LEVEL III * 
CLEANING PLANT - REEUSE Q)AL - 5 DAY 'IESTS -
(Metric Uni ts) 

PLANT I 
FEED 

%S kJ/kg ng S02/J %8 

.603 16,466 735.3 .948 

.637 18,936 675.l • 835 

1.099 21,166 1,040.6 1.009 

.570 20,206 563.3 

.582 18,377 636.4 

lot Size = 544 rretric tons 

coal Use: Metallurgical 

Feed (ng S02/J) 

µ = 731.0 

Product {ng S02/J) 

µ = 580.5 

Sulfur Ierroval ( % ) 

µ = 18.3 

CDB Cbal (Pefuse) 

0 = 184.9 x 

(J = 55.9 x 

(J = 11.l 

• 830 

• 850 

PRODUCT 

kJ/kg ng S02/J 

31,555 602.0 

30,854 541.8 

30,083 670.8 

31,066 533.2 

30,716 554.7 

RSD = 0.25 

RSD = 0.099 

RSD = 0.605 

*Grab sarrple taken eve:ry 15 minutes over four hour period per day 
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4 

5 

TABLE 7-lOB. DAILY A\TEEWIB SULFUR REDUCI'ICN BY A LEVEL III 

CLFANING PIANr - REFUSE Ca\L - 5 DAY TESTS - * 
(English lhi ts) 

EEED 

lb ro2/ 
%S B'IU/lb 10 6B'IU 

.603 7,067 1. 71 

.637 8,127 1.57 

1.099 9,084 2.42 

.570 8,672 1.31 

.582 7,887 1.48 

lot Size = 600 'lbns 

Cbal Use: Metallurgical 

µ = 1.70 

µ = 1.35 

SUlfur Ietoval 

µ = 18.3% 

<DB Coal (Pefuse) 

C1 = 43 x· • 

er = .13 x 

CJ = 11.1% 

PRODUCT 

lb 'i£>2/ 
%S B'IU/lb l06 BTU 

.948 13,543 1.40 

.835 13,242 1.26 

1.009 12 ,911 1.56 

• 830 13,333 1.24 

.850 13,183 1.29 

RSD = 0.25 

RSD = 0.099 

RSD = 0.605 

* Grah sarrple taken every 15 minutes over four hour period per day 
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en a different seam. '!he "line of test fit" equation is: 

where RIDp = Felative Standard teviation of the pl:oduct roal 

~ = !elative Standard ~viation of the feed coal 

'll1is equaticn indicates that the expected value of the ~ is less than 

0.05 of the PSI\-· ~ Office of Air Quality Planning and Standards (OH.JPS) 

uses the value for both ~ ooal and cleaned ooal of PSD = a .15 in its 

calculations cxmceming sulfur dioxide emissioos. Ba$ed on this equation, 

~ ved f:ran the percent reduct.ion of RSD at these nine plants, a 

conespc:nding value for &SDp = 0.080 should be used if a value of FSDF = 
0 .15 is applied to the raw coal. 

It is significant that the o..o pmparatic:n plants that did not 

pmvida at least 35% :ceduct:ioo of RSD ~re cleaning blends of coal or 

various a:>als during the tine period studied (i. e • Plant F cleans three 

diffe:r:ent seam ccals and Plant H cleans a blend of five different coals) . 

7. 3. 2 Analysis of .Aggregated Data-By Seam and Cleaning level 

As nentioned above, sulfur and BTU oontent feed and product ooal 

data were received an 46 preparation plants. For the majority of these 

plants only one value WaS given for feed and pi::oduct __ dlaracteristics, so 

analyses of in-plant variation is not possible. For the data tables in 

~dix A, the final oolurrn presents percent :re.T'(Oval i.."1 term; of 

ng S02/ J. 

ro examine plant capabilities, but avoid aggregating all the data, 

Versar analyzed the infonnation on a seam and cleaning level basis 

within each .:-egico. For exanple, Plant A is a level 3 cleaning plant 

beneficiating Illinois #6 ooal. Versar was provided with cleaning data 

fran eight other plants that receive Illinois #6 coal, of which five also 

have level 3 cleaning. Tables 7-11 through 7-14 present sulfur rerroval 

by seam and cleaning level for eadl region for data received from the 

coal canpanies and Versar•s field test results. 
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TABLE 7-11. EASTERN MILWEST COAL SUIFUR RECUCTION BY SEAM 
AND CLFANnx; LEVEL 

Cleaning Level 

Average 
Reduction 
Levels 

SEAM 1 2 3 4 2-4 Pts. 

Illinois #6 5.6/3 36.3/2 26.7/16 34.9/l 28% 

Illinois/Indiana #2 & #3 43.4/2 43% 

Illinois #5 23.4/2 23% 

Kentucky #9 0/1 29.2/12 29% 

Kentucky #11 & #12 36.8/6 37% 

Weighted Averages 4.2/4 33.2/22 26.3/18 34.9/l 30% 

Values shcr..m are percent reduction in ~i.g 502/ J/No. of data points. 

'rABLE 7-12. NORI'HERN APPALACHIA cau. SULFUR REDUCTION BY 
SEAM AND CLEANING LEVEL 

Average 
!eduction 

22 

2 

2 

13 

6 

45 

Cleaning Level 
levels Data 

1 2 3 4 2-4 Points 

Pittsburgh, #8 (0/1) 21.5/l 30.6/13 29.8/3 30% 17 

#9 19.0/2 19% 2 

Middle Kittaning (#6) 32.0/6 49.2/2 36% 8 

~ Freep:>rt (#6A) 23.0/2 23% 2 

~r Kittaning 48.4/5* 45.4/1 48% 6 

Upper Freeport 35.1/2 35% 2 

W:ighted Averages (0/1) 30.1/7 32.9/2 37.9/8 33% 37 

Values shown are percent reduction in ng S02 /J/No. of data points. 

*Blend of B,C,D,E , I BI predominates 
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TABLE 7-1~. SCUTHERN APPALACHIA ~ SULFUR REDOCTICN BY 
SEAM AND CLEA?ITNG LEVEL 

Cleaning level 

SEAM 1 2 3 

Cedar Grove N.D. 11.3/3 

J~l N.D. N.D. N.D. 

Pocahaltas 3 & 4 N.D. N.D. N.D. 

Sewell N.D. N.D. 11.5/l 

Various Seams N.D. 0/2 14.3/12 

iWrlghted Averages N.D. 2.6/5 14.1/13 

Average 
Reduction 
levels 

4 2-4 

-25.0/l 2% 

34.0/4 34% 

39.4/3 39% 

54.1/2 40% 

29.3/14 N.D. 

31.2/24 23% 

Values shown are percent reduction in ng 502/ JjNo. of data points. 

TABLE 7-14. AIABAMA CDAL &JI.FUR RmJCTION BY CI.FANIN; LEVEL 

Cleaning level 

1 2 3 

Mary Iee N.D. N.D. N.D. 

Blue Creek N.D. N.D. N.D. 

~ghted Averages N.D. N.D. N.D. 

4 

40.1/3 

42.8/2 

41.1/5 

Average 
Peduction 
levels 2-4 

40% 

43% 

41% 

Values sh:Jwn are percent reduction in ng 502 / J,llt>. of data points. 

N. D. = It> Data 
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N.D. 

42 

Data 
Points 
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By cleaning level, the ng S02/J renoved was no definitive 

trend, exoapt in Southem Appalachia where deep cleaning of the fine ooal 

(cleaning level 4) alnost doubles the reduction of 802 per unit heat over 

level 3. Generally, hcwewr, the difference J::eo..een cleaning levels 

2, 3, and 4 is negligible :relative to reduction capabilities. 

'llle tables also show that reduction varies for. seams in the sane 

region. 'llris is due to the varying pyrite quantities in each seam which 

can be ren"Oved by beneficiation. 'lhe variation is striking l:et'Ween the 

Southe.m Appalachian Cedar Grove seam, Y.hich allows only small fercentage 

reductions, and the Pocahontas N:>s. 3 and 4 and ~11 seams which alla.v 

at least 40 percent reductio~ in ng OOz/J. 

Perrent :rerroval. of _ng. SO:z/J is :relatively oonstant in the four 

coal regions analyzed. Peduction in 502 emissions per unit heat ranges from 

25%- in Sou~ril Afpalachia to 41% in Alabarra. '!he average· reduction- l.s abot-.t 

. ~% ·f<?r all-regions. 

As a supplenent to the data rec:ei ved fJ:om the roal a:mpanies and 

Versar tests, data ~re obtained frorn the 1972 EPA survey of ooal prepara

tion plants.<
5 

)Abqut half the plants surveyed provieed both IDM and product 

o:>al infoll!lation. 'Ihe data taken from ~he survey and a:mpiled ~re: rode # 

of plant, nane of plant/mine, ooal a:.xt'pany, location (a:n.mty, state, region) , 

operating capacity for raN and clean coal (T;hr) , cleaning level, and BTU, 

ash, total sulfur (Stet) , pyritic sulfur (Sp) and organic sulfur (5
0

) 

for IDM and product usage (Utility, ~tallurgical, other). A oomplete 

listing of the data is provided in Jippendix D. 'lhe data ronsisted of annual 

average infonnation for each plant. As a result analysis of sulfur reduction 

within individual preparation plants was not possible. Also, since seam 

origin for the run-of-mine roal was not provided, analyses on a seam basis 

oould not be perfomed. 'llle major utility of the data was to calculate 

the reduction of ng S02/ J on a cleaning level and re<Jional basis. 

Table 7-15 surrmarizes the results. 
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TABIE 7-15. SJI.FtJR nus5lON RmX:TICN CA.'m SSED ON n:E 
1972 :EPA SURVEY 

o.ean.in; level 
?1!an I ~ '!btal 

~ 2 3 4 I.eve.ls 2-4 Data ~ints - -
(Percentage ng ~/ J Ieductioo/ 

NJ. of Points l 

~ •• ~achia 17.2/10 25.5/2 35.5/8 26.l 20 

s. A;:palac:hi.an 20.7/8 7 .4/10 16.2/14 14.9 32 

!:. Midwest 29.4/3 16.4/8 20.7/3 21.9 14 

!£'I:ALII1Ki!CAL CtlAL 

~- A;:palachian 37.8/3 40.9/2 46.i/5 41.8 10 

s. ~] ac:hian 34.5/2 16 • .5/8 29.6/27 26 • .5 37 

E. Xi.c:west 1.95/l -1. 73/1 16.6/3 5.61 5 

Weste:n 0 0 9/2 3:0 2 

CDmINED 

~- Appalachlan 22.0/!.3 33.214 39.8/13 31\ 30 

s. ~chi.an .23.5/10 11.4/18 24.4i4l 21% 69 

t. ~..i.~. 21.3/4 14.4/9 19.6/6 17, 19 
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A cx:mparison of the ooal cntpany provided data and EPA 1972 survey 

data; shows considerable consistency. For eXan'plEii, on Northem Appalad'lian 
' .. 

coai"'!or cl.u:ng leve!S' J··and 4 (and the neai reduction for all cleaning 

levela) the results tor the b.o sets of data are within b.o pera:nt. '!he 

Soutt.zn ~achian ooal :results are not as oonsistent by individual 

clQ.Sling level, but the nean :reduction values for cleaning levels 2, 3 

and 4 cx:mbined are within four percent. Eastem Midwest coal is the 

least consistent with a difference between the b.o data sets of 11-16 

perC!Ilt. 

All regions and data sets, except the 1972 Eastem Mi~st coal 

cleaning infoi::mation, show that deep cleaning through a fine roal circuit 

(i.e. cleaning level 4) reduces the nost ng 002/J of the four cleaning 

levels. Cleaning level 1 provioos the least. 

Because of its oonsistency with long-tenn average data, we oonclude 

that the ooal o:xrpany provided data can be used to estimate the capability 

of ooal cleaning to renove sulfur and enhance energy -~nt:ent. 

7.4 CCNCLUSIONS 

'Ihe analysis of the oollected data supports the following con

clusions: 

• Physical ooal cleaning is an effective sulfur dioxide oontrol 

tedmology. '!be ng S02 / J value of the ooal is significantly 

reduced by ooal cleaning. 'Ihe average reductions achieved for 

different ooal regions using ooal a:rapany-provided data ~re 33% 

for Northem Appalachian ooals, 23% for Southe.m Appalachian 

ooals, and 30% for E.astem Midwest ooals. 

• In terms of ·ng SQ2 / J , preparation plants reduced the nean, 

standard deviation, and relative standard deviation of the 

product ooal as oompared to feed ooal in alrrost every case. 'Ihe 

only exceptions v.e-re several plants cleaning low sulfur SoutheJ:n 

Appalachian ooal. 
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• 'Ihe difference in reduction of lbs S02/l0 6BTU l:etv..een cleaning 

levels 2, 3, and 4 is small, although cleaning level 4 (deep 

cleaning) always shaoAed the greatest reduction on a regional 

basis. 

• PSD reducticn be~ fee:d <Dal and prOduct roal is only valid 

for __ individual cleaning plant results and should not l:e 

aggregated by seam or mgicn. 
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APPENDIX A 

OOCUMENl'ATION FOR '!HE RESERVE PROCESS ~ MDEL 
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D::x:l.lrrentation 

To simulate the desulfurization potential of physical ooal cleaning a 

generalized approach was taken. 'Ihe rrethodology characterized the entire 

U.S. reserve base via 36,000 composite ooal analyses showing total weight, 

peramt ash, percent sulfur, and B'lU oontent. In addition, each :reserve 

base reoord was associated with one float-sink analysis as reported by 

cavallaro, Johnson, and Leurbrouck in RI8118. (i) The mathematical approach 

adopted allows the characteristics of the cleaned ooal to be obtained from 

those of the reM ooal by scaling the raw ooal characteristics by factors 

<Epen<Ent en the cleaning process involved and the washability - analysis 

of the rCM ooal. 

'Ihe data used in this study were as follows : 

• 587 sets of wash.ability analyses for ooal from sample mines in 
( 2.) 

the U.S. as :reported by cavallaro, Johnston, and I:eurbrouck. 

• 'Ihe :reserve base of U.S. coal, cx:>nsisting of 3,167 reoords 

specifying the weight of each :resoura= for both strip and 

underground cx:>al, together with the maxinrurn, mi.nirmml, and rrean 

levels of the major constituents of the ooal in that resource. 

'Ihese data are cx:>nsistent with those surnnarized in '!horn.son and 

Yoik( 3 ) and Hamilton, White and Matson. Ci+) 

• Approximately 50,000 detailed sample roal analyses taken from 

the roal data base of the U.S. Bureau of Mines in r:enver, 

Cbloracb. 'Ihese data include the oomposition of each sample 

in tenns of its ash, sulfur, and heat rontent. 

Given these three sets of data as a starting point, the first step 

in the analysis was to overlay them into a single data base which cx:>ntained 

36,000 coal resource rerords and which had the following information for 

each: 

• 'Ille location in teDTIS of its region, state, rounty, and bed. 

• 'Ihe weight in tons of both strip and underground roal. 

• '!he nean perCEnt by weight of ash, organic sulfur, 
and pyritic sulfur. 
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• '!he nean heat cxmtent expressed in BTU/lb. 

• 'Ihe float-sink distribution of the roal characteristics. 

'Ihe roal reserve resources and the washability data of RI8118 are 

each specified by state, bed and rounty; ~ver, there is not an exact 

ror:respcncence behveen :reserves and washability data since for many of 

the reserves there are no washability data. 'lb cetennine the desulfurization 

by physical cleaning proresses of roal resources having no washability 

data, the reserve resources were assigned washability data in the following 

nanner: 

• If cne or nore state, bed and rounty ma.tches are fot.md between 

a given reserve and the washability data, the rese:rve is 

assigned that washability data set which has cnal c:x:mposition 

closest (in the least squares sense) to the c:orrp:>sition of 

the reserve. If no cx:rrp:>Si tion data are given for that reserve 

source, the resource is subdi vi~d into as many parts as there 

are matdring washability data sets and each part is assigned 

cne of the washability analyses. 

• If there are no state, bed and rounty matches between a given 

reserve resource and the washability data, look for state, 

bed and region ma.tdles. Assign the :reserve the matching 

washability data as in the above. 

• If no matdles occur in either of the above, look for state 

and ootmty ma.tdles. Assign the reserve the matching 

washability data as in the first nentioned bullet. 

• If no matdles occur in the above, assign the reserve the 

washability data from other beds in the sarre state and region 

as in the first nentioned bullet. 

• For sane states there are no washability analyses at all; 

rese:rve resources in those states are assigned washability 

data from other states in the sane region as follows: assign 
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North carolina 

Michigan 

Texas 

South Dakota 

Idah:> 

Oregon 

Washington 

to 

to 

to 

to 

to 

Virginia 

All states in the 
Eastem Midwest region 

Oklahoma. 

North Dakota 

r-Dntana and Wyoming 

Assign the reserve washability data of the relevant state or states by the 

least squares neth::>d described in the first paragraph above. 

In this manner all the coal reserves are assigned washability data. 

H~ver, since no washability data existed in RI 8118 for Alaskan coal 

or for Permsyl vania anthracite coal, these reserves were not included. 

'!he analytical data file consists of a_wroxiroately 50,000 recnrds 

each of which gives coal oo::tp:>sition data for a reserve resource sample. 

'Ihese sample analysis data were overlaid with the reserve base to obtain 

ooal carposition data for earn reserve resourre. Eadl resource has several 

sample analyses correspc:::nding to it and, in the absenre of any nethod of 

assigning weights; to the different analyses for the sane resourre, all 

were weighted equally. '!he variation in the samples for a given resource 

was taken into account by dividing all the coal in that reserve resourre 

into as many parts as there are a:>rresponding sarrple analyses and earn 

part was assigned the c:onposi tion of one of the sarrples. For those 

reserves that have c:onpositian data given an the reserves file and m the 

analysis file it was asstmed that the nean of all the sample analyses 

should be equal to the <XInposition data given on the reserves tape; if 

necessary the sample analysis data was scaled to make this so. Ieserves 

having no oonposition data given on the reserves file were assigned the 

a:>al mrifXJsition given by the RI 8118 washability data. Ieserves having 

oorrposition data given on-the reserves file but no sarrple analysis used 

the ooal oorrposition given on the reserves file. 
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By overlaying the a:>al reserves file and the analysis file in this 

manner an expanded reserves file of awroxima.tely 36,000 reoords was 

obtained, eadl. reooro oonsisting of resource i<Entificatian (by state, 

bed and cx:>tmty), weight of ooal for l:oth strip and tmdergrotmd, and the 

cxmp:>sitian of the ooal. '!be reason 36,000 reoords were d::>tained, and 

not 50,000 as an the original analysis file, was because a nurrber of 

the sample analyses either oo not oorrespond to any of the reserve 

resourres or oorrespand to a given resource which shows no ooal available 

in both strip and underground reserve. Fbr a given state, bed and ootmty 

group there are several reooros on the file eadl having the sane weight 

of reserves (such that the total adds up to the actual ~ight in the 

resource) but having possibly different cx:llpOSition data oorresponding 

to the different sanple analyses for that resource. '!be sulfur oontent 

of the coal is given in the coal reserves file and in the analysis file 

atl.y as total sulfur cx:mtent; this was divided into pyritic and organic 

sulfur in the ratio in mich these tw:> occur in the washabili ty data 

that oorrespc:nds to that resource. 

To inplenen.t the effect of the cleaning processes on the reserve 

resourres, use has been made of the fact that a single washability analysis 

oorrespcnds to many reooros on the overlaid reserves data file. 'Ihe 

neth:xk>logy developed can treat any cleaning process that is of one of 

the follc:Ming Sp:!cific types. 

1. A physical cleaning proCESS; 

2. A chemical cleaning process that rerroves specified perrentages 

of the dlaracteristics of the rCJN ooal (ash, pyritic sulfur, 

organic sulfur) ; 

3. A chemical cleaning proress that reduces the levels of the 

dla~cteristics to given threshold valtEs; 

4. Q:rnbinations of 1 and 3 or c:arbinatians of 2 and 3; 

5. A blend of tlE product ooal f:rom n..o of the above process; and 

6. 01e of processes 1-4 an the coal product of another of processes 1-4. 
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Ieductions in the v.eight and energy per unit mass of the ooal by given 

percentages can be sp=cified directly for processes of types 2 and 3 and 

for proresses of type 1 as operating penalties over and above the 

reductions caused by the physical separation process. Physical cleaning 

processes are restricted by the RI 8118 washability data to top sizes of 

1-1/2 inches, 3/8 inch or 14 mesh, and to specific gravity fractions of 

float -1.3, 1.3-1.4, 1.4-1.6 or the sink from 1.6. 

A physical roal cleaning process can be specified by the top size 

to \\hich the roal is crushed before separation plus the following 

quantities for each specific gravity fraction: 

• The percent ash rerroved; 

• 'Ihe percent pyri tic sulfur rerroved; 

• 'll1e percent organic sulfur renoved; 

• '!he percent BTU/lb rerovery; and 

• 'Ille percent ~ight rerove.:ry (=O. 0 for a specific gravity 

fraction mich is discarc'.Ed) • 

No allCMance was made for process inefficiency (misplaced material) in 

this analysis of available reserves. 'Ihese quantities are in addition 

to the arrount of each characteristic that is reno"Ved by the physical 

separation process. A cleaning process of type 2 can be expressed in 

te:ans of the above five quantities alone. A cleaning p:rooess of type 3 

can be expressed in terns of the al:x::>ve quantities together with threshold 

values for those characteristics that are reduced to thresmld levels. 

Given such a specification of a cleaning process of type 1 or 2 

and the file of the RI 8118 washability data, it is possible to ronstruct 

an array (Ti,j,k) which fully characterizes the cleaning of coal f.ran a 

particular state, bed and oounty group by the cleaning process. Here i 

oor:respcnds to the index of the washability data (ootermined from the 

state, :bed and oounty group) , j oorresponds to the cleaning process under 

CD11sideration, and k corresponds to the characteristics of the roal that 

a:re subject to change by cleaning (w=ight, ash, pyri tic sulfur, organic 

635 



sulfur, and B'IU/lb). en cleaning by process j a sanple of rr:M roal having 

state, bed and oounty group oorresponding to washability index i and 

characteristics R(k), one cbtains cleaned ooal having characteristics 

C (k) = R(k) xT (i, j ,k) • 

'Ihus the effect of a cleaning process on ooal of a given washability is 

obtained sinply by scaling the characteristics of the ooal by the relevant 

factors f:rcm. the T array. Cllemical cleaning, which redures characteristics 

to thresmld val~s (type 3 processes) , can be simulated by reducing the 

relevant characteristics after scaling by the T factors. 

'll1e arrey (Ti,j,k) is cx:nputed as follows. For a type 2 cleaning 

p:roress j the specification of the process described above oorrpletely 

detennines the T natrix. '!he process specification gives the proportion 

D (k) of dlaract:eristic k of the feed ooal that appears in the cleaned 

CX>al. If 

then 

k=l oorrespcnds to w:ri.ght 

k=2 - oorrespcnds to ash CDntent 

k=3 oorrespcnds to pyritic sulfur oontent 

k=4 oorrespcnds to organic sulfur oontent 

k=S oorrespcnds to B'IU/lb for the CX>al 

T(i,j,l)=D(l) 

T(i,j,k)=D(k)/D(l), k=2,3,4,5 

'!his is indepencEI1t of the washabili ty in&x i. 

Fbr a type 1 proress the proportion P (£ ,k) of the feed roal in 

specific gravity fraction R. and having characteristic k that appears in 

the cleaned ooal is given by the washabili ty data for the feed ooal. Any 

additional reduct:a.on in the levels of the characteristics is given by the 

process specification and can be expressed as D(R.,k). G:lnbining these tw::>, 

the proportion of the feed ooal appearing in the product is 

I: p {t ,k) xD (R, ,k} 
t 
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where the surrmation is over the four specific gravity fractions of the 

RI 8118 washabili ty data. Then 

and -

T(i,j,l)=E P(£,l)xD(£,l) 
£ 

T(i,j,k)=E P(£,k)xD(2,k)/T(i,j,l), 
£ 

k.=2,3,4,5. 

Having ccnstructed this T matrix f:rom the specifications of the 

cleaning processes and the washability data, it is cx:rnbined with the over

laid reserves and analytical data file. 'lh.e characteristics of the raw 

coal from eadl of the 36,000 reserve resource :reoords on the file are 

scaled by the awropriate f actQrs from the T matrix to obtain the 

characteristics of that coal after cleaning by eadl of the processes. 

M.y reduction in characteristic values to threshold values for a type 3 

process is done at this stage. A new file is created consisting of 

36 , 000 reoords as before but now each reoord contains not just the reserve 

levels and dlaracteristics of the raw coal but those values also for the 

processed coal for earn cleaning process. 'lh.is file is then used to 

assess the desulfurization potential of the coal reserves. 
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APPWI?IX B 

LEVELIZID ca3TS FOR L0-1 SUIFUR CX>ALS 
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LEVELIZED CDST auan:ATIONS 

~ levelized cost is equivalent to a fixed current-dollar cost during 

each year of the ecooanic lifetine of a facility. Because of the positive 

m:u:ket rate of interest, the levelized cost of a facility in any year of oper

ation nust be disoomited back to a base year. The sum of the levelized costs 

discoonted back to the base year during each year of o:peraticn is called the 

present discount vaZue of the a::>st. 

Since the annual current-value a::>st is generally not constant, the preser1t 

disca.mted value is, in fact, the sum of a series of discounted variable ex:>sts. 

Ole can fom a series of tenns representing equivalent fixed annual ex:>sts 

disoomited back to the base year, such that the sum of the tenns equals the 

present discxrunt value. It is the equivalent fixed annual cost of this 

series that is defined as the Zevelized cost. 

In matleratical terms, the procedure for calculating the present dis

count value and the levelized oost is describ:!d in the following tw:> steps: 

1. Find the present discount value, POV, of the costs: 

N C 
POV = k n , where 

n=O (l+d)n 

en = Cllf' (l+p)n =. the oost of the variable being evaluated 

n=l,N · th 
in current dollars in the n year. 

d = the average discount rate during the econanic lifetine. 

C. = the ex>st of the variable being evaluated in the initial year. 
1 

p = the average price escalation. 

2. Find the levelized oost, IC, (the equivalent oonstant annUa.l 

cx:>st) such that the POV cc:nputed on the l::Bsis of IC will be equal 

to the PDV found in step 1 above: 
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'Ihe levelized cost is equivalent to a fixed current-dollar cost during 

each year of the economic lifetine of a facility. Because of the positive 

mru::ket rate of interest, the levelized cost of a facility in any year of 

c::peration nrust be d.iscx:n.:mted back to the base year. The sum of the 

levelized costs discounted back to the base year during eadl year of 

oper~tion is called the present disrounted value (PDV) of the rost. 

Furthernore, the rontribution of the levelized rost to the POV in the base 

year (n=l) will decrease as n increases. The total POV is equal to the 

sum of the d.isrounted values of the levelized cost for all years throughout 

the lifeti.ne of the facility. 

In fact, there is not generally a ronstant annual real cost; the POV 

is a sum of discounted real rosts that vary from year to year. 'Ille levelized 

oost (the equivalent fi~ yearly real oost) is found by first finding the 

value of the POV for a base year, and then equating this value to a sum 

of a series of te:r:m.s, eadl of which is the levelized cost discounted back 

to the base year at an average disrount rate. In mathematical tems, the 

prooodure for calculating POV and levelized cost is described in the follow

ing ~ steps: 

N 1 
PDV = LC ~ 

n=o (l+d)n 

d (l+d)N 
IC= PDV. 

-·(l+d)N - 1 

An equivalent way of expressing th: levelized cost (IC) is to rrW.tiply 

the oost in the initial year by the Zeve"lization faator (IP): 

U' = r d (1 + d) N 

Ul + d)N - 1 

'!he first factor in the above equation is often ref erred to as the capital 

recovery factor (CRF). 
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For capital costs there are additicnal charges associated with an invest

nent beyond the initial cnes levelized by applying the al:ove equations. 

Taxes, insuran.ce and general and administrative expenses required for capital 

equiµrent shoold re acca.mted far as well, usually by applying a fi:r:ed ehar>ge 

rate to the initial investnent anount to arrive at a total levelized cost 

associated with capital expenditure. '1he fixed charge rate is defined as: 

FCR = CRF + TAX + lNS + G&A 

where 

FCR = fixed charge rate d Cl + d) N 

CRF =capital recx:>very factor=--~
(l+d)N - 1 

INS = insurance and real estate taxes as a levelized percent of the 

initial investnent 

G&A = general and administrative expenses as a levelized pe:rcent of the 

initial invest:Irent. 

The values presented as Zeve Ziaed c:osts in the following tables are 

the sum of (1) the levelized capital costs found by nultiplying the initial 

investnent costs by the fixed charge rate, and (2) the levelized operating 

and maintenance (O&M) oost~, found by nu.tl.tiplying the first-year O&M costs 

by the apprq>riate levelizing factor. 

'!he flled d1arge rates and levelizaticn factors, and the values upon 

whidl they are based, are listed in Table B-1 for the four major types 

of industrial cx:>a.1-bmning boilers cx>nsicered in this study. 'Ihe 

levelized ooa1 costs are obtained by applying levelizing factors to the 

annual CDal oosts (see Table 4-3): 2.57 to the field-erected l:x:>ilers, 

2. 13 to the 30 Mi packaged l:x:>iler. 

'lhe cx:>nput·tion and results of levelizing the low-sulfur cx:>al rosts 

are presented in Tables B-2 through B-7. 
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TABLE B-1. VAUJES USED IN THE CDST Ai~YSIS OF IDW-SULFUR-CDAirCDMBUSTION 

~ ..... 
~ 

Boiler i 

Field Erected Watertube: 

Type • Spreader Stoker 
Packaged watertube: • Chain-Grate Stoker 

rm1 Underfeed Stoker • Pulverized Coal 

Investment Life 30 years 45 years 

Operating Cbst 7% 7% 
Escalatiai Rate 

Discount Rate 10% 10% 

Ieveliza.tian 2.13 2.57 
Factor 

Ca.pitaJ Recovery 10.61% 10.14% 
Factor 

()!-..her Fixed 4% 4% 
Charges 

Fixed Charge 14.61% 14.14% 
Rate 
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'l'ah lo B-2. ANNUALIZIID AND U:l/ELIZED FUEL C.'OSTS (1978 $) AND Fm~L INPUl'S BY BOIIER-'IYT'E CAPACIT'i* -- ··--·----------
----- JkJJ I e1· Cnp,,cJ ty 

------------- ·--------------
8.8 Ki 44 Hi 

Feed rate) (lO X 106 B'IU/hr) (150 X lOti 8'.U/hr) 

Coal. Soun ...... :i_ _____ ~i·--_-_-_-_,_.$/Y:;;;e:.::a-:.::r·-.:~--I<-kg/Year -·-_-_-_-$;:/i...;Y::.:ca=r ___ Kk__.g_/year:.__ 

IJrn:t.,·man, VT\. 
(li.JW-SuJ ftn- Eastern) 

la~ /\11l11ns, m 

WI. I J iston, ND 

Gillette, WY 

R><.:k SprJnys, WY 

Gallup, NM 

1\1 Ullli'l i 1\ru1t1a l 
(love l_J ze<.!!_ (level i zed) 

165,600 
(425,600) 

121,400 
(112,000) 

78,740 
(202 I 400) 

5'1,800 
(148, 500 

99,100 
(254, 700) 

188,800 
(305, 300) 

5,250 

6,260 

10, 200 

8,410 

6,210 

6,350 

820,000 
(2,128,000) 

607,000 
(l,556,000) 

393,700 
(1,011,800) 

289,000 
(742, 700) 

495,500 
(l,273,400) 

594,000 
(1, 526, 500) 

26,300 

31,300 

51,000 

42,000 

31,000 

31,800 

- - --·-------·-·-----~---------------·-- --------· 

------------
58.6 Ki 

(200 x 10& D'lU/hr) 

·•--$~/Y_ear __ Kk9/~~ 
l\IUlllil 1 

(Level izcd) 

1,109,000 
(2,050,100) 

813,400 
(2 I 090,400) 

527,560 
(1,355,800) 

387,300 
(995,400) 

664,000 
(1,706,500) 

796,000 
(2,045, 700) 

35,200 

41,900 

68,300 

66,300 

41,600 

42,500 

4 Costs am h1scd upon (1) spot prices, f.o.b. mine, in $/GJ (see 'l'ill>le 4-4) and (2) capacity factor 
f!<.!lJal to o.6. F..xcept wl~re indlec,tl.>d olhei:wise, tic levelized costs apply to field-erected water
tulx~ loller; et h~vel1zatict1 factor of 2.57 is Cl(~>l:l.ed (see 'l'able 4-3). 
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Table B-3. 'lUE a:MVI'ATICN ~ ANNUALIZED AND I.EVELIZED CDSTS FOR '111E S'mNDMD OOIU:RS (1978$) 
(EXCUJDING 00\L COOTS) 

Field-Erected Field-Erected Field-Erected 
Package Watertube Watertul::e Watertute Watertube 

Boiler Type: 30 X 106 BW/hr 75 X 10 6 BTU/hr 150 X Hf' B'IU/hr 200 x 1oc BW/hr 

Eastern Ea stem Ea stem Fa stern 
Coal Type.: low-sulfur Sulliit. low-sulfur Subbit. low-sulfur · Subbit. low-sulfur Subbit. 

Direct Costs 442,700 496,500 773,300 864,400 1,101,500 1,267,100 1,404,500 1,610,700 
(less fuel) 

Oller head 178,300 185,200 177,300 434,500 371,400 400,200 386,400 415,100 

O&M Costs 621,000 681,700 
' 

950,600 1,298,900 1,478,900 1,667,300 1,790,900 2,025,800 
(excludin9 fuel) . 

Ievelized O&M Cost 1,322,730 1,452,021 2,443,042 3,338,173 3,800,773 4,284,961 4,602,613 5,206,306 
(excloo.in<J fuel) 

capital Cllarges 
(levelized) f 

260,400 345,800 
I 

629,000 692,300 1,161,400 1,519,000 1,549,100 1,992,800 

Annualized Chst 881,400 1,027,500 1,579,600 1,991,200 2,640,300 3,186,300 3,340,000 4,018,600 
(excluding fuel) 

I.evelized Olst 1,583,130 l, 797 ,821 3,012,042 4,030,473 4,962,173 5,803,961 6,151,713 7,199,106 
(exclOOing fuel) 



Olal 
Sou roe 

Buchanan, Va.. 

Las Animas, Cb. 

Williston, N.D. 

Gillette, Wy. 

Ibck Springs/ Wy. 

Gallup, N.M, 

'l'able B-4. ESTlW\TED COS'J'S (1978 $) OF OORNIOO JLM--SlJU'UR aw.s 
DOU.ER TYPE1 PACKrotll WATERruBE, UND~'Em S'lUKER 

0.8 Ki (30 )( 101MU/hr)J 150 PSIG/sat.t:mt>. 1-

Standard within \'llich 
Unoontzolled F.lnissions Fall Yearly costs (1978 $) 

Coal l ... AMualized LENelized 
'fypa ( ny SOa/J (lb SOa/lO'B'lU) Cbst Cbsts 

D 860 (2.0 1,047,500 2,008,700 

B 516 (1.2) 1,075,800 1,895,130 

lJ.gnit.e 1,075 (2.5) SIP 1,106,200 2,000,200 

SB 860 (2.0) 1,085,300 1,946,300 

B 645 (1.5) 1,053,500 1,837 ,800 

SB 860 (2, O) 1,146, 300 2,103,100 

'l'he costs here (annualized and levelized) are famd by q<ldin9 the yea.rly fuel costs (annual and 
levelizc.'(i) in Table B-2 to the yearly boiler costs excluding fuel costs (annualized and leveUzed) 
in '!'able B-3. 

o The bitumincJ.1s coals are assurred to be b.1rned in boilers caistructed to torn "eastern low sulfur coal" i 
1:1-e subbiturninous coal and lignite are assured to be burned in boilers ccostructed to b.lm "sub
hitlHTlinous coal" (see 'l'able B-3). 

'" 'J'hcse are the nnst stringent of five S02 standards ccnsidered here, which the unccntrolled S02 emissims 
Frcm each coal can n-eet. The standards {ng 802/J) c:tre 516, 645, 860, 1,075, 1,290. We assune no 
retenU on of sulfur as S02 in the boiler. 



Table B-5. F..STJMA'J'ED CDSTS (1978 $) CF HJRNINJ I.CW-SULruR CCV\IS 
OOILER T'lPE: FIEID-~ Wl\TER'IUBE . 
22 MW (75 X 106 D'IU/hr)1 150 l'SIG/sat.tenp. t 

Standard within ~ch 
Cbal Uncontrolled Emissions Fall Cbsts (1973$) 

Source 
Coal 0 Annualized frNelized 
Type ngood,J Clb .00211o'mu1 

00 

Cbst Costs 

Buchanan, Va. B 860 (2.0 1,993,600 4,136,000 

Las Animas, Cb. n 516 (1.2) 2,088,900 3,850,000 

Williston, N.D. TJ.gnite 1,075 (2.5) SIP 2,188,000 4,536,400 

Gillette, lfy. SB 860 (2.0) 2,135,700 4,401,800 

Rock Springs, Wj. D 645 (1.5) 2,033,200 3,708,700 

Gallup, N.M. SB A60 (2.0) 2,288,200 4,793,700 

"I- 'l'he costs here (annualized and levelized) are found by adding the yearly fuel costs (annual and 
levelizcd) in Table B-2 to tre yearly boiler costs excluding fuel costs (annualized and levelized) 
in Table B-3. 

CJ 'lhe bit\.111.inous coals are assured to be rurned in boilers cc:ostrncted to rum "east.em low
sulfur OJal;" the subbitwninous coal and lignite are assured to be burned in boilers oon
str:ucted to burn "subbituninous ooal" (see Table B-3). 

'lhese are the 11Dst stringent of five SOz standar:ds considered here, which the unoontrolled 001 
emissions fran each coal can ireet. '11ie standards (ngOOdJ) are 516,645, 860, 1,075, 1,290. \-e 
assUITe no retention of sulfur as S02 in the miler. 



Table B-6. 1-m'IMATl:D OOSTS (1978 $) CF OORNil~ U:.W-SIJUUR COUS 
OOILER 'IYPE1 FIEI.D-ERIOC."IE> WA'l'ElmJBE . 

44 Md (150 X l018'1U/hr) 1 450 PSIG/6008 F t 

.. .__ ... .u.u within f\bich 
Unoontrolled &Ri.ssions Fall Costa (1978$) 

C.oal Co<ll 0 ... Annualized 1.evelized 
source 'fype n<]S02/J (lb S02/101 B'IU) Cbst Cbsts 

Buchanan, Va. 8 860 (2.0) 3,468,300 7,090,200 

I.as Animas, Cb. B 516 (1.2) 3,520,300 6,518,200 

Williston, N.D. Lignite 1,075 (2.5) SIP l,580,000 6,815,800 

Gillotte, Wj. SB 860 (2.0) 3,475,300 6,546,700 

lbck Springe, Wj. B 645 (1.5) 3,408,800 6,235,600 . 

Gallup, N.M. sn 060 (2.0) 3,780,300 7,330,500 

'l'he costs ooro (annualizuJ and levelized) are foond by adding the yearly fuel costs (annual and 
levelizt;.-d) in 'l'able B-2 to the yearly boiler costs excluding fuel costs (annualized and levelized) 
in 'l'able B-3. 

o 'lhe bi tuninous coals are ass1IOOd to be burned in boilers coostructed to bum "eastern 
la.r-sulfur roal;" the subbitwninous ooal and lignite are aasmed tD be b.lmed in boilers 
c."Onstrucloo to burn "sublliblmi.nous coal" (see Table B-3) • 

'lhese are U1e lll)flt stringent of five 502 standards <nl&idered here, which the WlCOlltrolled 
S02 emissions frun each coal can ireet. 'Jhe standards (ngS02/J) are 516, 645, 860, 1075, 
1290. ~ assUTe no retention of sulfur as S01 in the boiler. 



°' .i::.. 
IC 

. ---·-~--·-.-.---·-

Onl 
:-;ource 

--"--- - ···--- -- -·-- -----
iluch.:JJ kU I I VT\ 
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BOifJ·'[• 'l'Yl'r:: FIEl[H! !~':"1.nm 
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* 'l'l1c costs here (annualizr 
levelized) in Table B-2 tv 
in Table &-3. 

i 1evolizoo) are fa.u1d by "d1i.:1<1 Ll11 • · .. uli "' .... t .. \,.. ,,i,d 
, , ._i yearly boiler costs exclud111g fuel costs (aim1 . ..ilized and H,velized) 

-1- 'l'he bitumi.nous coals are asswred to be burned in boilers ccnsLrucled to burn ''<"'1stern lo.i sulfur coal"; 
the subbituminous coal and lignite are assured to be b.UT1ed in boilers crnstructed to bum "sub
bituninoos coal" (see Table B-3). 

V These are the irost stringent of five S02 standards considered here, which the unccntrolled SO:i 
emissims fran each coal can ireet. 'Jhe standards (ng SOi/J) are 516, 645, 860, l,075, 1,290. We 
assurre no retentiai of sulfur as S02 in the boiler. 
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Hl':<~H"1 

/\Nil l'I J\N'I' ~ll. 

-~-------

N. "r'!'i1ladiinn - 144 
N. /\ppalachian - 144 
N. l\ppnlad1ian - 145 
N. 1lpp11lad1ian - #52 
N. 11[p11l;id1ian - t:'! 
N. /\n:>nladlian - 152 
N. /\nmlad1ian - 152 
N. /\nlaladlian - 152 
N. fo{ipnl.,d1ian - W52 
N. !-f1p1i1 <irhi m - 152 
N. "f~>alrirhi.,n - 152 
N. 11waladtimt - 143 
N. llpp;!ladlian - f4 3 
N. llppaladllan - l'\6 
N. llppaladtian - 147 
N. llJ?l'alaclnian - 148 
N. llppa]achian - f 49 
N . /\pp;iladlian - ISO 
N. J'\nlaladdan - ISO 
N. llppaladlian - 120 
N. llppalachian - 120 
N. l\[{'aladlian - 120 
N. l\pp3lachian - f20 
N. llppaladlian - 120 
N. J\ppr1ladifan - 120 
N. l\ppaladdan - 122 
N. /\rpaladlian - 122 
N. l\pp·'lladdan - f23 
N. J\!:paladiian - 123 
N. J\rpal11d1ian - 123 
N. J\!:l'aladiian - 123 
N. J\!:tialadlian - f 36 
N. J\!:l'aladtian - 137 
N. J\!:l'aladtian - I 38 
N. J\!:l'aladiian - f38 

U. F. 
IJ,F. 
U.F. 
r .• F.61\ 
L.F.6/1 
Pitt 
Pitt 
Pitt 
P.i tt 
Pitt 
Pitt 

Pgh 
P91 
Pgh 
P9t1 
Pgh 
Pgh 
Pgh 
Pgh 
Ohiol6 
ctiiot6 
ctilol6 
<11ioW6 
<1tlol6 
Ohlof6 
Pittl8 
Pittl8 
Pittf8 
Pittf8 
Pittf8 
rittlB 
Sewell 
Sewell 
.Ritt.an 

l.t<ittan 

------· 

~ B ~ ~ 
fl~ 

J\lleg1eny l"tL 4 
/\llegheny l'a. 4 
Solrerset l'a. 4 
llar-rison w.va. 3 
llilrriRon W.Vr.t. 3 
Belnunt Ohio 3 
Harrison w.va. 3 
llarrison W.Va. 3 
lle]nnnt iliio 3 
l1"1nnnt Ohl.a 3 
l111rdio1or1 w.va. 3 
Washington Pa. 4 
Wil.'lhingtco Pa. 4 
M.,rshall W.Va. 2 
Mm·:shall w.va. 1 
Mnfon w.va. J 
Hnrrison w.va. 4 
M-irion w.va. 3 
Harrison w.va. 3 
Perry <llio 2 
Perry Ohio 2 
Perry C11io 2 
Perry Ohio 2 
Perry Ohio 2 
Perry dli.o 2 
Belnont Ohio 2 
Belnont Ohio 2 
M:Jnroe Ohio 3 I Belnont Ohio 3 
Belnont atio 3 
M:>nroe C11io J 
Nidlolan w.va. 4 
NidlolM w.va. 3 
UpRlmr w.va. 4 
llp~hur w.va. 4 

l'lmll ANJ) PIUI x 1r.r (l)l\I, Q!JA l.I'IY FOfl N. Af'PAI .AC m AN 

t• 
r 

I 'llllf.) 
rn1u:1· 
QIJl\N'l'l'l'\ 

l 
95,000 
20,000 
!M,000 
99,000 
88,000 
0e,ooo 
88,000 
88,000 
811,000 
88,000 
811,000 

2 
2 
2 
2 
2 
2 
2 
2 

1 92,000 
40,000 
40,000 
90,000 
88,000 
40,000 
44,ooo 
20,000 
70,413 
52, 329 
78,680 
59,949 
OB,650 
79,994 
00,000 
00,000 
00,000 
00,000 
00,000 

2 
2 
1 
2 
2 
1 
l 
1 
1 
1 
1 
2 
1 
9 

,o 
,o 
7 

,2 
300,000 
49, 200 
53,000 
27,000 

9,400 

··--- --------·------- ···---

IU1 

rml/111 ' f,'Jr11' 

11, 730 1.84 
lO ,810 1.6'7 
10,000 1.31 
'l,147 2.92 

11, 785 2.55 
9,667 3.28 
9, 335 2.05 

12,294 5.09 
12 ,J97 2.51 
12,502 3.02 
12,660 2.67 
9, 770 1.55 

10,060 2.0 
10,940 4.97 
12,800 2.8 
13,360 3.46 
13,260 4. 30 
12,460 4.24 
13,140 3.61 
ll,054 4.07 
11,665 3. 7J 
11,179 3.98 

'10,742 4.46 
10,836 3.96 
10 ,929 3.45 
10,lOS 4.89 
10,105 4.89 
10, 105 4.89 
10,105 4.89 
10,105 4.89 
10,105 4.89 
11,236 .85 
12,432 • 70 
10,626 1.93 
10,626 1.93 

--- --- -----------·---- ----··--·-·--------· - ------· --

f'ITMH~r 

w,1711 d ""a C'.J\I, S'll::J\M 

·----- --I--

IJl11/lll i s·nrr lrl\J/1.11 i mur 

14,0JO 1.28 
14,130 1.57 
14,450 1.03 

13,821 2. 94 
13,979 2. 34 
13,232 3.96 
13,520 2. 79 
13,431 3.59 
12,986 2.15 
13,074 2.51 
13,855 2.33 

14,040 1.55 
13,680 1.92 
12,660 4.52 
1:2 ,900 2.9 
13,980 2. 72 
14 ,010 3.2 
13,940 3.27 
14 ,010 2.0 
12,494 3.03 
12,464 2.86 
12,462 3.06 
12,443 3.05 
12,465 3.06 
12,428 2.99 
11, 790 3.66 
12,048 3. 34 
12, 359 3. 36 
12 ,292 3.46 
12,1163 4.23 
12,407 3.31 

14,452 .80 
14, 148 • 71 
13,822 1.02 

12,416 l.38 

IU1 

3.14 
3,09 
2,62 
6. 38 
4,33 
6. 79 
4.39 
8.29 
4.05 
4.83 
4.22 
3,17 
3.98 
9.09 
4.39 
5.18 
6.49 
6.81 
5.'19 
7.46 
6.40 
7.12 
8.30 
7. 31 
6. 31 

9.68 
9.68 
9.68 
9.68 
9.68 
9.68 
1.51 
1.13 
3.63 
3.63 

rm1u::r 
- ----------

1.IJ2 
2.22 
1.43 
4.25 
3. 35 
5.99 
4.11 
s. 35 
3. 3-t 
]. 84 
) . .36 
2.21 
2.01 
7.14 
4.JB 
3. 89 
4.57 
4.69 
4.00 
4. 85 
4.60 
4.91 
4.90 
4. 91 
4.81 

6.21 
5.54 
5.44 
5.63 
6.58 
5.33 
1.10 
1.0 
1.47 
2.22 

42.0 
28. 2 
45 .• 1 
JJ.1 
22.6 
11. B 
6.4 

35.5 
17. 5 
20.:i 
20.'1 
30. 3 
29.1 
21. 5 
0 

2'1. ') 
29.G 
31. l 
27.2 
35.1 
28.l 
31.0 
41.0 
32.9 
23.8 
)5. IJ 
42.8 
43.ll 
41.6 
31.7 
44.9 
27.1 
11.5 
59.5 
]fl.fl 
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N. /lppnlmMnn - 153 J,. 
N. /lpt-,,,lnd1lnn - 153 I •• 
N. /lf~•,lnd1l;i11 - 153 r .• 
N. /lpJ~,Jnd1ln11 - 153 L. 
N. llf~x1lmitt.nn - l!iJ L. 

~ ~ ~ ·M 

Kitt 3 
Kitt J 
Kitt 3 
Kitt J 
Kitt 3 

FF.F.ll llNIJ PlmJCT ffiAL QUALTIY rot N. llPl'AlAOlll'IN 

(TI 
rlUI 

pr 

640 
6110 
640 
640 
640 

- ··- -- ·--· 

11 
mwin 

13,405 
12,1179 
12,102 
12,657 
l3,f'i29 

IUt 

\ 1mrr 

2.80 
2.24 
1.8'1 
1.46 
l.30 

-------·----·--

tr.r/\J Ulll:fC1\I, 

mwin 
------

14,622 
14,249 
1", 146 
14, 392 
14,4J5 

t mr JI' 

1. 
1. 
1. 
o. 
0. 

11 
20 
22 
82 
99 

11in [1(>,/111" mu•n rn. 
ir~ 

--- -- f:l ~I!~ ----· ----- ----
11'111/Jl) ' lfl\11_' _, __ '·-~---- 1'110IO::~ ... _r,,.~ 

4.15 1.52 63. 4 
3.48 1.68 51.6 
3.04 1. 72 43. 3 
2.31 1.14 50.(i 
2.03 1. 37 32. 3 



ffiF.O l\NO PllTIJCT m.\! qUl\J.11Y Fm S. lll'PlllJ\OIIAN 
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1·m1:0:-r 

Jm m,/J 
.. ~•t 

11m;1n1 

~ 
N':'l'lllJ rn1;1 CJ\!. S11'./IM 

/\Nil l'llMI' ITT. 

~ ·~ 
(1tllS) 

m 
rTUfU."1' 131'1/ln \ S'IUI' lml/111 'mur lfnl/Jll ~ mur 11~1 m OIWl'l'l'l'li 

o• rrr11•:: tj·~ 

(
I • I 
I ' 

J .. 

--~f?,!." 
f'l!OI n·r · ):! t~ ""rtm 

S. Appalachian - 111 Sewell Raleigh w.va. 4 75,000 4,823 1.28 14, 190 • 75 5.31 1.06 llO. l 
s. /\ppalachlan - fll llf!<:kley llaleigh W.Va. 4 66,000 5,000 1.25 13, 975 • 75 5.00 1.07 7R.5 
s. A(:palachian - 112 Poca-3 llaleigh w.va. 4 96,000 6,129 1.18 14,250 • 72 3.85 1.01 73. 8 
s. Appal11chian - 113 Cedar lloone w.va. 4 75,000 11,307 • 50 J.3,614 • 75 .88 1.1(' (+24.6 

Grove 
s. 11ppalad1ian - 114 Stodt- lloone w.va. 4 24;000 11,159 .65 13,285 .69 1.] 6 1.04 10. B 

ton 
s. 11ppalad1ian - 115 Marker Wise W.Va. 4 69,000 7,675 .60 14 ,120 .70 1.56 .99 36.5 
s. Appalachian - 115 Taggart Wise w.va. 4 63,000 10,040 • 75 14,170 .62 1.50 ,87 41.4 
s. l\{lJaladlian - 115 Dordles Wise w.va. 4 84,000 9,240 .97 12,800 1.0 2.10 1. 56 25.6 

ter 
s. Appalamian - 121 SWVA. Wise w.va. 3 2,700 10, 834 1.2 14,591 1.48 2.21 2.0:1 8.2 
s. /\ppalachian - 121 SWVA. Wi.!le w.va. 3 2,700 10, 377 0.92 14,449 1.31 1. 77 1. Bl (+·2. 4) 

s. l\ppalachinn - 121 ™"A Wi!le w.va. 3 2,700 9, 771 o. 82 14 ,260 0.89 1.69 1.25 25.6 
s. ll(:palachian - 121 SWVA. Wi!le w.va. 3 2, 700 9,182 0.61 14,428 1.06 1.3~ 1. 47 ( f-10. r; 
S. l\ppalactiian - 121 SWVT\ Wise w.va. 3 2, 700 9,752 1.1 14,624 1.1 2.26 1.50 33. 4 
s. ll(:p11lachian - 124 Various Di dtenson W.Va. 3 95,500 10,500 • 70 14, 381 • 75 1.33 1.04 21.8 
s. Appal11chlan - 124 Varioll!I Dickenson w.va. 3 7,200 10,500 • 70 12,463 .eo 1.33 1.28 3.7 
s. Awaladlian - 125 Tiller Russell W.Va. 4 74,000 11,326 • 42 14, 387 .SJ 0. 74 0. 74 
s. l\ppalachian - 126 Various Rus!lell W.Va. 4 132,000 9,055 .60 14, 355 • 70 1. 32 0.97 26.0 
S. l\ppalachian - 126 Various Russell w.va. 4 56,600 9,055 .60 12,446 .69 1.32 1.11 15.9 
s. Appalad1ian - 127 llaven Buchanan w.va. 4 10,779 .55 15,032 .59 l.02 0.78 23. 5 
s. l\ppaladiJan - 128 L.Jewel Duchanan w.va. 4 42,000 9,947 .64 14,463 .62 1.28 o. 86 32. 8 
s. l\ppal<1d1ian - 128 L.,lewel IBuchanan w.va. 4 6,500 9,947 ,64 13,031 .66 1.28 1.01 21.1 
S. ll(:palachian - 129 Jewell Buchman W.Va. 4 48,000 8,010 • 76 15,056 • 75 1.89 
S. l\ppalachian - 129 L.Jewel lludianan w.va. 4 55,000 9,484 .73 14,494 • 73 1.54 

0.99 47.6 
1.01 3-1.-1 

S. l\ppalad1ian - 130 Various Pike W.Va. 4 68,400 13,589 • 78 14, 397 .66 1.15 
S. llppalilchian - I 31 Various Logan W.Va. 3 84 ,000 9,342 .66 13,979 • 72 1.41 

0.92 20.0 
1.03 26.9 

S. Appalachian - 131 Various Logan w.va. 3 3,600 9,342 .66 11,402 . "" 1.41 
S. Arpalachian - 132 Warfiel• t.ogan W.Va. 2 44,600 12,410 1.1 13, 730 .99 1. 77 
S. 1\(:p<tlachian - 132 W<1rfiel1 Iogan w.va. 2 30,ooo 12,410 1.1 12 ,394 1.32 1. 77 

1.47 +4.2) 
1. 4" 18.6 
2.13 +20.1 

s. Awaladlian - 133 Cedar Iogan w.va. 2 23,000 12,710 1. 7 14,156 1.3 2.67 1.03 Jl.o; 
Gro'-"E! 
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f,. 11f pi l11d1 l nn - I 13 Cr.<Jnr l.oqnn w.va. 2 
Grove 

s. 11ppa111dil 1111 - I JJ CNlar loq1m w.va. 2 
Grow 

s. 111v·1lnd1l11n - 134 Al"Ckl • Wyoming w.va. 4 
s. ll[l'nlnd1inn - 134 Vnrio Wyondng w.va. 4 
s. llppnlnd1inn - I 35 roe 3,4 Wyoming w.va. 4 
s. /\ppnlnd1lnn - 135 roe 3 Wyoming w.vn. 4 
s. 11£1'nlndiinn - 154 Pr.fme Wyoming w.va. J 
s. 1111•1lamlnn - 154 Pe fuse wyoming w.va. 3 
s. l\[llnlad1tnn - 154 f>.cfuse Wyonllng w.va. J 
s. ll!ll<1ladltnn - 154 Reftl'le wyomtng w.va. 3 
:;. llff'11 lndli nn - I 54 RefuAe Wyomlng w.va. 3 

°' U1 
~ 

FF.RD llM> rt1:ur.r n>AI. Qll/11.l'l'V !'tit S. ArP/\JNlllllff 

--------------~ ~-------- -------
J•mru:r 

1tm1 ( 
r1 

J.Jr 
UIU~r 
OlWl'l'l'M 

16,000 

7,000 

47,500 
480 
600 
600 
600 
600 
600 

111U/lll 

12,710 

12, 710 

9, 779 
9,021 

10,816 
10,816 
7,067 
8,127 
9,084 
8,672 
7,887 

JO• 

' s-mr 

1.7 

1. 7 

.so 
1.10 

.67 

.67 

.603 

.637 
1.099 
.570 
,582 

W.rl\UAll'l:tCl\f, lm'JIM 

mu/111 'mur IJIU/111 ' s-iur 

12,836 1.71 

12,712 1.66 

14,611 .65 
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l)(j 4 Yea 

117 J Yea 

U9 4 Yes 

140 4 Yes 

J.12 N/A Yem 

O'I 
O'I 

14 ]/\ ·1 Yns .i::o. 
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060 3 Yes 200 160 12931 15 .. n 1. :13 lJ5ll 13.02 J. 16 sane as uli 1.ity .. 

073 N/A Yes 

090 4 Yes 

099 4 Yes 

100 4 Yes 

O"I I 0 I 4 Yes 
O"I 
U1 

102 4 Yes 

115 4 Yes 600 360 11006 25.05 0.95 ll934 0.4 o. 79 

121 4 Yes 550 358 11600 24. J 8 0. 06 
. 

122 4 Yes 550 360 14260 7. 1 0.0 

125 N//\ Yes 

129 4 Yes 550 400 11727 23.35 0.07 13321 12.50 0.05 

132 3 Yes 

UJ N/A Yes 

114 J Yes 



TAUL~ -li (Continued) 

-4-· .. .... - -
• '11•1 "' I n•J 

....... ..,, Um111-! ti.Jdl 

... , lt!VUI •.• , .... :11 y 

""' •If """' 1.llill '" lllly IN fw!I· 11101 "' 'lht!IHUI l'f'/111 • i 
I <:lt,iu1l1"J h1yf!tU ·~ ... c:lf?nu lrltl ...... !Uul f~I ,., IJJll /\oh ntul !if.• 1io lflll /\uh 6lul f;p :io - -I l Yue 450 )87 12672 12. "/l 3.43 11290 10.18 2.40 

00 

l 4 Ytie 200 912 I 3192 9.4 1.82 l. U O. 71 13600 7.0 1.40 12000 12.0 1.40 
()()(i 

') 4 Yue 000 !.150 13200 0.0 1.2 0.6 0.6 13JOO 7.0 . l.) 0.5 0.6 
(JO 

... l Yea 000 750 13440 o.so 2.50 l.25 1.25 13480 8.30 2.28 1 • .14 1.14 
01 

] ] Yem 450 no 11000 20.0 0.65 0.26 0.39 13000 6.0 0.62 0.25 0.37 
0). 

... J Yun 200 150 J20QO 15.0 1.00 0.40 0.60 3700 3.5 0.90 o. 30 0.60 
02 

5 4 Yes 525 11000 20.0 0.75 LJUOO 7.4 o. 72 4JOO 5.25 0.65 
() 3 Yes 131100 6.5 1.00 0.20 o.oo 
I ] Yus 1.3500 7.0 LOO 0.20 0.00 

() l 

0) ... 4 Yem 1250 000 10500 25 . l.03 13276 10.1 0.90 
()] ,. .) N/A Yes 520 350 11000 12.0 13100 6.50 0.88 

0.1 u 4 Yes 10.30 0.90 

04 2 N//\ Yes 

0'1 1 ] Ym-1 

1/\ Njl\ Ye8 12570 6.20 1.42 13292 6.64 3.62 ., 
4 Yes 1500 l )70 11·100 20.0 2.0 1.4 0.6 1264117.8 l.06 

06 2 J Ye:; 
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027 ] tlo 150 120 13000 5 o. 70 13000 4 0.70 13000 3 o. 70 
029 2 tk> 1200 12 1.5 0.5 l.O 
052 Ill\ No 70 50 10636 29.2 5.14 13305 14.4 3.13 
053 i\ tlo 300 21\0 13000 16.0 2.0 1.20 0.80 ID900 10.0 1.00 1.0 O. IJO 
oc;o tlA No 350 225 15261 9.0 0.99 0.67 o. 32 ~5261 9.0 0.99 0.6'1 0.32 Sane as uUli t.y 
063 llA tk.1 70 65 1 10-11 1.0-1.5 
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207 4 Yea 400 220 1024'.J 35.0 0.60 0.04 o. !iG 

200 3 1267"/ 10. 0 1.10 0.30 0.115 11000 17.0 1.50 13071 9.5 1.20 
209 ] Yeo 550 357 12500 JO 0.05 o.74 o.n 

210 3 Yoe 1.2)10 7.35 0.92 0.18 o. 74 

215 4 Yos 11000 17. 0.68 0.20 0.40 

216 4 Yes 250 Hi7 l2200 2l.2 l.10 0.)8 o.oo 
218 4 Yee 400 200 lto:?so 30 o.r.o 0.10 0.42 .3104 16. 0 0.60 0.10 0.42 

OM 4 tlo 1200 1044 lt26 '/7 10.0 1.10 0.380.05 lllOO 17.0 1.50 13071 9.5 1.20 

005 2 Ila JOO 255 l.1300 14 1.7 1.2 o.s 4000 10 1.3 O.R 0.5 

0011 2 No lOOO 600 L2300 14. 2 :?. l 1.4 o.7 2700 12.1 1.0 1.0 o.e 
061 2 tlo 150 no l3000 10 1. !j 3000 0 2.0 

072 111\ llo ll500 10 6 3000 9.5 3.2 

075 ~! Mo 150 100 2200 15 l.2 ?. !X)O 11 l .O 

O~H 2 lk> 75 GO 2500 ](j 1.0 l.O J.o 2000 14 3.0 0 3.0 

l)] Ill\ llo 60 54 ]!j(}Q 12.0 1.2 l3900 0.55 l.21 

020 2 tlo 70 56 Hi 7G 0.911 l.24 
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159 4 Yes 13500 7.5 0.90 0.10 o. 72 

161 4 ~1000 9.5 l.00 0.20 o.oo 
166 4 Yes 

167 4 Yes 

171 3 Yes IJ250 6. 75 o. 70 0.14 0.56 
172 3 Yes 400 275 

175 3 Yes 600 4:?0 ~0195 30.05 0.90 0 3154 12. 5'i o. 00 0 

109 4 Yes l772 1539 .2007 21.61 0.57 0.10 o.47 

190 4 Yes ~060 000 2150 lO.JO 0.59 0.10 0.49 

195 4 Yf'.s 500 400 3150 14.00 o. 70 0.56 0.22 

196 4 Yes 500 400 2052 16.00 o.oo 0.55 0.25 . 2!i40 16.00 0:04 0.24 0.60 
198 3 Yes 325 255 45.00 17.00 1.08 

200 3 Yes 430 290 23.00 2175 19.50 1.12 

202 3 Yes 350 240 1745 24.5 o.n 2340 10.0 l.O 
2(\) 4 Yes I: 1(100 o.o 0. 75 0.15 0.60 

206 4 Yes 650 . 3250 l.2. 50 1. 20 0.35 0.65 14850 2.50 0.90 0.15 O.G~i -
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Raw coal Storage and Handling 
Preparation Plant F.quiprrent Cost 

Total Cost of Preparation Plant 
Misrellaneous Facilities and Equiprrent 
Total Direct Cost 

'lbtal Direct costs (equiprrent and 
installation) 

'lbtal Indirect Cost 
Contingencies 
'lbtal Turnkey Costs 
Land 
\'brking Capital 
Grand 'lbtal (turnkey and land and 

\oK>rking capital) 

StJMv1ARY OF 'lOTAL DIRECT CDS'IS (Mid 1978 Ibllars) 

Physical Cl:>al Cleaning Chemical Cl:>al Cleaning 

High Sulfur 1..LM Sulfur ERDA M:!yers 
Eastern O:>al Eastern Cbal Prornss Proress 

2,147,000 2,149,000 
(2,076,000) (1,913,000) 
4,882,000 4,496,000 
3,818,000 2,884,000 

10,847,000 9,529,000 136, 728,000 99,432,000 

Slff111.RY OF 'ID'l1\L INSTJ\LIED CAPITAL CDS'IS (Mid 1978 Dollars) 

10,847,000 
3,473,000 
2,864,000 

17,184,000 
264,000 
675,000 

18,123,000 

9,529,000 
3,049,000 
2,516,000 

15,094,000 
264,000 
566,000 

15,975,000 

136, 728,000 
43,775,000 
36,097,000 

216,580,000 
120,000 

7,931,500 

224,631,500 

99,432,000 
31,818,000 
26,250,000 

157,500,000 
U0,000 

5,973,000 

163,593,000 

Gravidleffi 
Process 

39, 344 ,000 

39,344,000 
12,593,000 
10,387,000 
62,324,000 

120,000 
2,430,000 

64,874,000 



ANNUAL OPERATING <:m'IS (Mid 1978 n:>llars) 

Ph~ical Coal CleaniHf 
r;t?yer's 

Oiemical Q:>al Cleanin~ , 
iii~ sfui l£M s fur P.RiY\ Gra chem Proress 
Eastern CbaJ. Eastern Cbal Process Process Physical diemicaI 'lbta! 

Direct Cbst 
Direct Lalx:>r 426,600 237,000 688,000 2,190,000 260,700 722,000 982, 700 
Supervision 91,200 91,200 92,000 212,000 60,800 91,000 151,800 
Maintcnanre Labor 237,000 142,200 142,200 142,200 
Maintenana? Supplies and 

Ieplaoerrent Parts 1,202,900 1,056,600 10,829,000 7,875,000 687,600 2,625,000 3,312,600 
P~r 199, 300 315,100 12,885,000 5,200,000 83,400 1,734,000 1,817,400 
Water 3,800 7,400 288,000 2,484,000 900 828,800 829 I 700 
Waste Disposal 433,200 323,300 240,000 1,275,000 319,700 425,000 744 I 700 

°' OlCmicals 106,300 90,300 6,704,000 4,655,000 2,200 1,735,000 1,737,200 
....J 'ID1'/\L DIRECI' COST 2 I 100, 300 2,263,100 31,726,000 23,891,000 1,557,500 8,160,800 9, 718,300 "" 

~rhcad 

Payroll 226,400 141,100 234,000 720,000 383,000 
Plant '536,600 420,400 4,761,000 3,880,000 1,645,000 

'llJI'/\T, OVERl!El\D CDST 763,000 561,500 4,995,000 4,600,000 2,028,000 

Capital Charges 

G&J\, Taxes & Insuranre 687,400 603,800 8,663,000 6,300,000 2,493,000 
Capital reoovery 2,132,000 1,773,500 25,448,000 18,500,000 7,358,000 

'IUI'/\I, C/\T'IT/\L 011\Ir.F--S 2,886,900 2,434,300 34,111,000 24,800,000 9,851,000 

'!Ul'/\L NJNUJ\L CDS'l'S* 6,350,200 5,258,900 70,832,000 53,291,000 21,597,300 

*Exclucrs oost of r<M c:nal. 



SUMMARY OF 'IOTAL DIRECT COST (Equi.prent and Installation) 

Physical Cbal Cleaning-High Sulfur F.aste:rn Coal· (Mid 1978) 

Raw Cbal Storage and Handling 

Pi:eparaticn Plant F.quiprrent Cost 

Total Cbst of Preparation Plant 

Miscellaneous Facilities and Equiprent 

'lUl'AL DIRECT CDST 

2,147,000 

2,076,0000 

4,882,000 

3,818,000 

10,847,000 

St.M-1ARY OF 'lDTAL INSTALIED CAPITAL CX:ST-Physical Cbal Cleaning

High Sulfur Eastem Cbal (Mid 1978) 

Total Direct Cbsts (equiprent and installation} 

'lbtal Indirect Ccsts 

Ccntingencies 

'lbtal Turnkey Costs 

Land 

W:>rking Capital 

GAAND 'IUl'AL ( tumkey & land & v.iorldng capital) 

673 

10 '--~~-?-' 000 
3,473,000 

2,864,000 

17,184,000 

675,000 

18,123,000 



Annual ~ting Costs 

Physical Coal CleaninJ - High Sulfur Fastem Coal (Mid 1978) 

Direct Cost 

Dii:ect Labor 

SUpervision 

Maintename Labar 

Maint:.enana! suwlies aIX1 replacement parts 

PcMer 

Water 

Waste Disposal 

Clleni.cals 

'Ibtal Direct Cost 

Overllead 

Payroll 

Plant 

'lbtal Overllead Cost 

Capital Charges 

G & A, taxes arrl insurance 
Capital :reoovery 

'lbtal Capital Charges (including interest on 
w::>rking capital of $67,000) 

'lbtal Armuc 1 Costs* 

*excludes cost of raw roal 

674 

426,600 

91,200 

237,000 

1,202,900 

199,300 

3,800 

433,200 

106,300 

2,700,300 

226,400 

536,600 

763,000 

687,400 

2,132,000 

2,886,900 

6,350,200 



SUnrnacy of 'Ibtal Direct Cost (Equiprent and Installation) 

Physical Coal Cleaning Plant - IDw SUlfur Eastern C.oal (Mid 1978) 

Raw Coal Storage and Handling 

Preparation Plant F.quiµrent Cost 

'Ibtal Installed Cost of Preparation Plant 

Miscellara:>us Facilities and F.quiµrent 

'Ibtal Dll:ect Cost 

1,913,000 

SUnrnacy of 'lbtal Installed capital C.ost 

2,149,000 

4,496,000 

2,884,000 

9,529,000 

Physical C.oal Cleaning Plant - I.ow Sulfur Eastern Cbal (Mid 1978) 

'lbtal Dll:ect Costs (equiptent and installation) 

'lbtal IndiI:ect Cbsts 

Contingencies 

'lbtal Turnkey Cbsts 

Iand 

lt>rldng capital 
Grarxl 'lbtal (tw:nkey + larxl + \\Urking capital) 

675 

·9;529,000 

3·,449·,ooo 

2 ;s16 ;c><»o ·· 
15-,094,000 

264,000 

566,000 

15,975,000 



Annual ~ating Costs 

Physical Cbal Cleaninj Plant - ICM Sulfur F.astenl Cbal (Mid 1978) 

Direct Cost 

Direct Labar (10 man yr. x $23, 700/man yr.) 

SUpervision (3 man yr. x $30 ,400/man yr.) 

Maintenance Labor (6 man yr. x $23, 700/nan yr.) 

Maintenance SJwlies am Replaoerent Parts 

IUwer (25.8 mils/kwh x 3,673 kw x 3,325 hrs/yr) 

Water 
Waste Disposal ($1/tx:n) 

Chemicals 
'lbtal Direct Cost 

OVerllead 

Payroll 

Plant 

'lbtal CNeJ:head Cost 

Capital Olarges 

G & A, taxes and insurance 

Capital rec:ovei:y 

~tal Capital Cllal:ges (incluees interest an 
worldng capital of $57,000) 

'lbtal Annualired Cbsts* 

*exclt.Xies oost of raw coal 

676 

237,000 

91,200 

142,200 

1,056,600 

315,100 

7,400 

323,300 

90,300 

2,263,100 

141,100 

420,400 

561,!?00 

603,800 

1,773,500 

2,434,300 

5,258,900 



Smmu:y of 'lbtal Installed capital Cost 

ERDA Olernical Coal Cleaning Process - {Mid 1978) 

'lbtal Direct Cl:>sts (equjptelt and installation) 

'lbtal Indirect Costs 

Cl:>ntingencies 

'lbtal TuznJcey casts 

Land 

~rking Capital 

Grand 'lbtal (tllnlkey + land+ 'Werking capital) 

677 

136,728,000 

43,755,000 

36,097,000 

216,580,000 

120,000 

7,931,500 

224,631,500 



Annual Operating Cbsts - ERDA Olemical Coal Cleaning Process 
(Mid 1978) 

Direct cast 
Direct lalx>r 

SupeJ:visian 

Maintenance labor 

Maintenance supplies and replacenent parts 

PcMer 

lilter 

w:tste Disposal 

Cllemicals 

'lbtal Direct Costs 

Overhead 

Payroll 

Plant 

'lbtal Overhead Cost 

capital Charges 

G&A, 'laxes and Insurance 

Capital recovery_ 

'lbtal Capital Charges 

'1btal Armua.1 Costs* 

* Exclmes CDst of Paw Cbal 

678 

688,000 

92,000 

10,829,000 

12,885,000 

288,000 

240,000 

6,704,000 

31,726,000 

234,000 

4,761,000 

4,995,000 

8,663,000 

25,448,000 

34,111,000 

70,832,000 



Sur:mu:y of Total Installed Capital Cost - ~yers Cllernical Coal 
Cleaning Process (Mid 1978) 

'lbtal Direct Costs (equiµrent and installation) 

'lbt.al Indirect Costs 

Contingencies 

Total Tumkey Costs 

land 

N::>rld.ng Capital 

Grand 'lbtal ( tumkey + land + working capital) 

679 

99,432,000 

31,818,000 

26,250,000 

157,500,000 

120,000 

5,973,000 

163,593,000 



Annual ~ting Costs - Meyers Chemical Coal Cleaning Process 
(Mid 1978) 

Dizect Cost 

Direct lal:x>r 

SqJel.Vision 

Maintenance labor 

Maintenance supplies and replacerrent parts 

Po\tler 

water 
waste Disix>sal 
Clenicals 

'lbtal Direct Costs 

Ouerllead 

Payroll 

Plant 

'lbtal O\lel:head Cost 

Capital Olarges 

G&A, ta:xes and insurance 

Capital rea:Nerj 

Total capital Olarges 

'.Ibt:al Annual Costs* 

* Exclmes Cost of Faw Cbal 

680 

2,190,000 

212,000 

7,875,000 

5,200,000 

2,484,000 

1,275,000 

4,655,000 

23,891,000 

720,000 

3,880,000 

4,600,000 

6,300,000 

18,500,000 

24,800,000 

53,291,000 



Surrmazy of 'Ibtal Installed Capital Cost 

Gravichan Coal Cleaning Plant - (Mid 1978) 

'lbtal Direct Costs (equiprent and installation) 

'lbtal Indirect Costs 

Contingencies 

'lbtal 'l\llnkey Costs 

!and 

\'«>rki.DJ Capital 

Grand Total (turnkey + land + \\Urk.ing capital) 

681 

39,344,000 

12,593,000 

10,387,000 

62,324,000 

120,000 

2,430,000 

64,874,000 



Annual Operating Costs 

Gravichem Cbal. Cleaning Process - (Mid 1978) 

Direct Cost 

Direct labor 

Supezvision 

Maintenance l.alx>r 

Maintenance suwlies am 
i:epl.aa;mant parts 

Paer 

Water 
Waste Disposal 

Chani.cals 

Total Direct Cbsts 

Payroll 

Plant 

Total O\lerllead Cost 

Capital Clarges 

G & A, taxes, am insurance 

capital recovecy 

Total Capital Olarges 

'lbtal Annual Costs* 

*excltrles oost of raw CX>a.l. 

Chsnical 

722,000 

91,000 

2,625,000 

1,734,000 

828,SOO 

425,000 

1,735,000 

8,160,800 

682 

Physical 

260,700 

60,800 

142,200 

687,600 

83,400 

900 

319,700 

2,200 

1,557,500 

Total 

982,700 

151,800 

142,200 

3,312,600 

1,817,400 

829,700 

744,700 

1,737,200 

9,718,300 

385,000 

1,645,000 

2,028,000 

2,493,000 

7,358,000 

9,851,000 

21,597,300 
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EMISSIONS FROM REFERENCE BOILER'S NO. 1-4 
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nv, kJ/kg 

Coal Feecl, kgLS 
t:al 1\<;h, g/S 

Ill 
d 
0 
·rl 
Ill 
Ill 
·rl 

ll 

QI 

::i 
,, 

~!.!_<]/S 
c.n, 
1120 

lJ 
S02* 

QI o, 
Ill ...... N, tll 

~ N02 
2 ro 
15, at., 

Total 
--

SC)?* 

u 002 
cu 
Ill m 
' g, 01., 

'lbll{l, °K 
Ill Std m3/nec Ill t' J\ctml m1/snc 

Raw Cl:>al 

27,305 
o. 3219 

75. 32 

18.83 

17.58 

7.65 

0.3242 

10.53 

118.92 

0.05247 

o. 01149 

0.01003 

155.03 

20. 77 

2.41 

o. 322 

0.161 

478 
3.475 
6.075 

·----·------· 

1'1\BLE F-1. EMlSSIOOS F1D1 Rl:~FEnENCE OOILER 00. 1 P1\CMGE, Wl\'IERlUBE, lNERFEEO S'IOO<ER 

8. 79 M'l = B, 790 kJ/S (30 x 106 B'rn/hr) Input; 50% F.xoess Air 

1U2h-Sulfur Eastem Cbal Iow-Sulfur Eas tem Cbal 

imP:Cleaned PCC Middli.nq Pa: ERlll\ Gravidlem Raw Cbal pa: Product EnDI\ Gravidtem 

33,555 31,662 27,305 34 ,081 31,685 33,883 31,685 34,666 
0.2620 0.2776 o. 3219 0.2579 0.2774 0.2594 0.2774 0.2536 

15.20 31.40 75.32 11. 32 28.79 10.71 28. 79 4.95 

3. 80 7.85 18.83 2.83 7.20 2.68 7.20 1.24 

17.58 17.57 17.58 17.58 17.58 17.58 17.58 17.58 

8.15 8.21 8.21 7.46 7.02 7.87 7.02 6.98 

0.0838 0.1390 0.0706 0.0840 0.0970 0.0684 0.0320 0.0421 

10.27 10. 34 10.26 10.27 10.25 10.22 10.18 10.19 

116.06 116.78 115.90 116.05 115.85 115.51 115.07 115.19 

o. 04271 0.04525 0.05247 0.04203 0.04522 0.04228 0.04522 0.04134 

0.00935 0.00991 0.01149 0.00921 0.00990 0.00926 0.00990 0.00905 

0.00817 0.00865 0.01003 0.00804 0.00865 0.00809 0.00865 0.00790 

152.14 153.04 151. 45 151. 44 150.79 151.26 149.88 149.98 

5.37 8.91 4.52 5.38 6.21 4.38 2.05 2.70 

l. 97 2.08 2.41 1.93 2.08 1.95 2.08 1.90 

0.262 0.278 o. 322 0.258 0.277 0.259 0.277 0.253 

0.131 0.139 0.161 0.129 0.139 0.130 0.139 0.127 
-· 

450 450 450 450 450 450 450 450 
3.410 3.430 3.395 3.394 3. 380 3.390 3.360 3.362 
5.614 5.647 5.590 5.588 5.565 5.581 5.532 5.535 

* 95i of Stoichio111:?tric Quantity 

low-Sulfur ~stem Cbal 

Raw Cha.l PCC l'roduct ·-
26,268 29,201 
o. 3346 0.3010 

---
83.01 49.67 

20.75 12.42 
----

17.58 17.58 

7.lS 8.00 

0.0585 0.0580 

10.17 10.17 

114.88 114.91 

0.05454 0.04906 

0.01195 0.01075 

0.01043 0.00938 

149.77 150.71 
-------

3.75 3. 72 

2.51 2.26 

0.335 0.301 

0.1E7 0.150 
·-· 

450 450 
3.3'i7 3.378 
5.5'!7 5.562 



ory nv, kJ/kg 

DIV Q)al Feed, kq/S 

fotal 1\sh, g/S 

Fly ash, g/S 

enz 
1120 

u 
S02* 

QJ 02 rn 
ti! ........ 

N2 c: UI 
0 <II 

·r-1 ..... N02 Ill ~ ti! en ·r-1 a Si UI at~ 
Ill Tut al ;:I 
0 
Q) -- -
Ill SOz* ,,, 
\.!) 

002 u 
QI 
Ill en ........ 

5, QI~ 

QJ 'l'errp, "K 
;:I ti! Std m3/sec ,_j,,, 
r., ~ J\ctual m1/sec 

Raw Coal 

27,305 

0.8018 

188.32 

47.08 

43.94 

19.12 

0.8107 

26.32 

297.33 

0.1312 

0.0287 

0.0251 

387.6 

51.94 

6.04 

0. 804 

0.403 

478 
8.688 
15.188 

TABIE F-2. EMISSIGlS FroM REFERENrn BOIIER NJ. 2 PACKAGE, WATERI'UBE, QIAIN GRATE 

21.975 r+I = 21,975 kJ/S (75 x 106 B'IU/hr) Input; 50% Excess Air 

.. 
High-Sulfur East.em O:>al I.ow-Sulfur Eastem O:>al 

~P-cleaned PCC Middling Pa: ERM Gravidlelll Raw Cbal Pa: P.roduct ER0.1\ 

33,555 31.662 27 ,305 34,081 31,685 33,883 31,685 

0.6549 0.6940 o. 8048 0.6448 0.6935 0.6486 0.6935 

37.98 78.49 188.32 28. 31 71.99 26.79 71.99 

9.50 19.62 47.08 7.08 18.00 6.70 18.00 
-

43.94 43.94 43.94 43.94 43.94 43.95 43. 94 

20.36 20.53 19.12 18.64 17.54 19.67 17.54 

0.2095 o. 3475 0.1765 0.2101 0.2424 0.1710 0.0801 

25.68 25.84 25.65 25.68 25.63 25.56 25.46 

290.11 291.94 :..a9. 77 290.15 289.63 288.83 287.68 

0.1067 0.1131 0.1312 0.1051 0.1130 0.1057 0.1130 

0.0234 0.0248 0.0287 0.0230 0.0248 0.0232 0.0248 

0.0204 0. 0216 0.0251 0.0201 0.0216 0.0202 0.0216 

380.3 382.6 378.7 378.6 377.0 378.2 374. 7 

13.42 22.26 11.31 13.46 15.53 10.96 5.13 

4.91 5.20 6.04 4.84 5.20 4.86 5.20 

0.655 0.695 0. 804 0.644 0.695 0.650 0.695 

o. 327 o. 347 0.403 0.322 0.347 0.324 0.347 

450 450 450 450 450 450 450 
8.524 8.576 8.487 8.487 8.450 8.477 8.399 
14.034 14.120 13.973 13.973 13.912 13.957 13.828 

* 95% of Stoichionetric Quantity 

Low-Sulfur »astem Cbal 

Gravidtem .Raw !Dal PCC Pnxluct ·-
34,666 26,268 29,201 

0. 6339 0.8366 o. 7525 
---

12.36 207.56 124.16 

3.09 51.89 31.04 

43.94 43.95 43.94 

17.44 17.95 20.0l 

0.1051 0.1462 0.1449 

25.48 25.42 25.43 

287.93 287.25 287.28 

0.1033 0.1364 0.1227 

0.0226 0.0299 0.02(,9 

0.0198 0.0261 0.0235 

374. 9 374. 5 376.8 
-----·- ------

6.73 9.37 9.28 

4.75 6.28 5.65 

0.633 0.837 0. 753 

0.318 0.419 0. 377 
------

450 450 450 
8.403 8.394 8.445 
13. 835 13. 820 13.90'1 

·-~--
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r~~v 
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QI 
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S<h* 
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QI 

"' m 
........ 

B. a1,, 

!II 'fu np, ~K 

td m1/sec 
ctual m1/sec 

;.1 ~ s 
" L'J l\ 

TJ\BIE F-3. FMISSIOOS FRX>t REFERENCE OOILER 00. 3 FIELD-ERF'£I'EO, W1\TERIUBE, SPREru::ER S'ICl<ER 

43.95 M"1 = 43,950 kJ/S (150 x 106 B'IU/hr) Inputi 50% Exa?SS Air 

·--- lligh-Sulf ur Eastern O>al I.ow-SUlfur Eastern O>al 
flaw Cbal ll:!ep-Cleaned PCC Middlina PCC ERM Gravichem Raw Cbal PCC Product EIUll\ Gravidlem 
27, 305 33, 555 31,662 27,305 34,081 31,685 33,883 31,685 34 ,666 
1.6096 1. 3098 1.3881 1.6096 1.2896 1.3871 1.2971 1.3871 1.2678 ----· ·-----
376.6 76.0 157.0 376.6 56.6 144.0 53.6 144.0 24. 7 . 

244.8 49."' 102.0 244.8 36.8 93.6 34. 8 93.6 16.l 
87.88 87.89 87.88 87.88 87.89 87.89 87.89 87.89 87.88 

38.24 40.72 41.06 38.24 37.28 35.08 39. 34 35.08 34.89 

1. 6213 0.4191 0.6950 0.3529 0.4202 0.4849 0.3421 0.1602 0.2103 

52.63 51.36 51.68 51.30 51.36 51.27 51.12 50.92 50.97 

594.65 580.22 583.92 579.54 580. 31 579.29 577.61 575.41 575.86 

0.2624 0. 2135 0.2263 0.2624 0.2102 0.2261 o. 2114 0.2261 0.2067 

0.0575 0.0468 0.0496 0.0575 0.0460 0.0495 0.0463 0.0495 0.0453 

0.0502 0.0408 0.0433 0.0502 0.0402 o. 04 32 0.0404 o. 0432 0.0395 

775.2 760.6 765.3 757.3 757.3 754.0 756.3 749.5 749.8 

103.87 26.85 44. 53 22.61 26.92 31.07 21.92 10.26 13.47 

12.07 9.82 10. 41 12.07 9.67 10.40 9.73 10.40 9.51 

1.611 1.311 1.389 1.611 1.288 1.386 1.297 1.386 1.269 

o. 805 0.655 0.695 0.805 0.645 0.693 0.648 0.693 0. 634 
.. 

478 450 450 450 450 450 450 450 450 
17.376 17.048 17.153 16. 975 16.974 16.902 16.953 16.799 16. 806 . 
30. 376 28.068 28.241 27.948 27.946 27.828 27.912 27.658 27.670 

* 95% of Stoidli011Etric Quantity 

!J~Sulfur Westem OJal 

Raw Cl:>al l'<X P.ro<luct 

26,268 29,201 
1.6731 1.5051 
415.l 248. 3 
269.8 161.4 

--
87.89 87. BB 

35.90 40.02 

0.2925 0.2898 

50.85 50.86 

574. 46 574.60 

0.2727 0.2453 

0.0597 0.0537 

0.0522 0.0469 

748.9 753.6 
-

·18. 74 18.57 

12.55 11.49 

1.672 1.504 

0.837 0.752 

450 450 
16.786 16. 892 
27 .637 27.811 

--



--
Dr.y llV, kJ/kg 

1!!X Coal Feed, kq/S 

:fatal 1\sh, g/S 

Fly ash, q/S 

CD2 

1120 

u 
S02* 

Q) 02 rn 
Ul ' i:: 111 N2 
0 <ll 
·rl .-i N02 lll 0 
lll El CD ·rl 
El & 1>1 01~ 
lll 

'lbtal ::J 
0 
QJ 
UI SOi* 

"' !.!> ID2 u 
Ill 
rn CD 

' g m~ 

Ill 'furrp, OK 
::l Ill Std m3/sec --1"' Ii., t!J Actual m3/sec 

Faw Coal 

27,305 

2.1461 

502.2 

401. 7 

117. lB 

50.99 

2.1617 

42.11 

687.27 

0. 4198 

0.0383 

0.0201 

899.9 

138.49 

19.31 

1.073 

0.322 

478 
20.169 
35.259 

Table F-4. Emissions fran Reference Boiler No. 4 
Field-Erected, Watertube, Pulverized Coal 

58.60 MW = 58,600 KJ/S (200 x lOs Btu/hr) Input: 30% Excess Air 

lliqh-Sulfur Eastem Cbal low-Sulfur Eastern <.bal 

Os?ep-Cleaned FCC Middlinq Pa: ERDA Gravidtem Raw Q)al PCC Product EIIDJ\ 

33,555 31,662 27. 305 34,081 31,685 33,883 31,685 

1. 7464 1.8508 2.1461 1.7194 1.8495 1. 7295 1. 8495 

101.3 209 .3 502.2 75.5 192.0 71.4 192.0 

81.0 167.5 401. 7 60.4 153.6 57.1 153.6 

117.18 117.17 117.18 117.18 117.18 117.19 117.18 

54. 30 54.75 50.99 49. 71 46.77 52.46 46.77 

0.5588 o. 9266 0.4706 0.5603 0.6466 0.4561 0.2137 

41.0B 41.35 41.01 ·41.09 41.02 40.90 40.74 

670.60 674.88 669.80 670.67 669.54 667.60 665.04 

0.3416 0.3620 o. 4198 o. 3363 0.3618 0.3383 0.3618 

0.0312 0.0330 0.0383 0.0307 0.0330 0.0309 0.0330 

0.0163 0.0173 0.0201 0.0161 0.0173 0.0162 0.0173 

883.7 889.1 879.5 879.3 875.2 878.6 870.0 

35.80 59.36 30.15 35.90 41.43 29.22 13.69 

15.72 16.65 19.31 15.47 16.65 15.56 16.65 

o. 874 0.924 l.073 0.860 0.924 o. 866 0.924 

0.261 0.278 0.322 0.258 0.278 o. 260 0.278 

450 450 450 450 450 450 450 
19. 808 19. 929 19.714 19.709 19.618 19 .694 19.501 
32.612 32.811 32.457 32.449 32.299 32.424 32.107 

*95% of StoichiaJBtric Quantity 

Low-Sulfur lt!stem Coal 

Gravidlem Paw Cbal rec rroducl ·--
34,666 26,268 29, 201 

1.6904 2.2309 2.0068 

33.0 553.5 331. l 

26.4 442.8 264.9 

117.18 117 .19 117.lll 

46.52 47.88 53.36 

o. 2951 o. 3900 0.1flG4 

40. 77 40.67 40.68 

665.56 663.96 664 .11 

0.3306 0.4364 0.3925 

0.0302 0.0398 0.01S8 

0.0158 0.0209 0.0188 

870.4 869.4 875.8 
--·-

18.91 24.9') 24.76 

15.21 20.08 1!3. 06 

0.846 1.115 1.003 

0.253 0.335 0.302 

450 450 450 
19. 509 19.487 19.631 
32.120 32.084 32.321 



APPENDIX G 

ANALYSIS OF AN EAS'.lERN MEDitM SULFUR roAL 

LJ::Mer Kittanning Coal, canbria, Pa. 
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A :rcedium sulfur cnal (I.CMer ki ttanning, Carrbria, Pa. J has been 

analyzed to provide a cnnparison of perforrnanre factors on a variety of 

toiler types and sizes. 

Included in this Appendix is: 

• the design and cnsting basis; 

e washability data for ti"le dete:rmination of the perfonnanre 

of a physical a::>al cleaning operation on the rredium sulfur coal; 

• a cost analysis for the candidate control systems; 

• an energy inpact analysis of the candidate control systems; and 

• an enviromrental inpact analysis of the candidate control systems. 
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rESI~ AND OOSTING BASIS 

'!be major d:sign criteria used for the preparation of the flow sheets 

for each coal a:re sumarized as follows: 

• Plant input in each case is 544 netric tons per hour ( 600 tons 

per hour); 

• Annual capacity throughput is 1.81 million rretric tons (2.0 million 

tons) based upon a 13. 3 hour operating day and 250 operating days 

per year; 

• In all cases, the plant is located at the mine rrouth, and all 

z:esourres such as ex>al, water, pc:iwer, etc. are ass~ readily 

available; 

• Coal storage loading conveyors and pI:Oduct loading equiprrent is 

assmed to be part of the mine and has not been duplicated; 

• All process equiµcent used is cx:mrercially available and proven; 

• Actual equiprent. perfonnance partition factors have been used to 

adjust raw cnal washability characteristics to perfoJ:ITance 

guaranteed St;:ecifications; and 

• J:esign of pollutic.n control facilities is based upon federal new 

source perfo:rm:mce regulations - EPA standards for air and water 

quality, MESA regulatic.ns for refuse disposal, and MESA/OSHA 

noise limitatic.ns. 

• Annualized cnsts are presented on a cnst for beneficiatian basis 

[dollars/-...:n of clean cnal] excluding costs for coal lost to refuse. 
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Figure G-1. A level 3 ooal preparation flowsheet for beneficiation of a 
medium sulfur eastern coal for steam fuel purposes. 



TABu:: G-l ?!OXJC!' SPEC!FICAT!CN 
I.a.e: Kit'"...anninq Coal - Cesign #2 

A. c:EMICAL ~..O:: ICTICNS OF FEED AND ?:£00:..-cl' 

~. \+ 

':btal S, \+ 
.... ~. . - .. + 
C;:' ... .-.t::.C ;) r " 

Beatir.g Val~, (Bro/LB)+ 

~.\ 

!BS SO:z/10° 3IU 

CDU. 

~ fEfil. 

l':" x 3/8" l60.9 

3/8" x SM 254.5 

SM x 0 140.0 

'l'Qr;.L SSS .4 

FEED PRJIX."CT 

12. 8 8. 7 

l.86 

l.34 

13,SOB 

3.5 

2. 75 

w;a:R 

~ 

B.l 

43.0 

s.a 

56.9 

~ 
(TPS) 

169.0 

297 .5 

145.S 

611.4 

x 100 = 92.6\ 

1.22 

0.67 

14 ,139 

9.3 

1. 72 

\ ~IS'roRE 

4.8 

14.3 

4.0 

9.3 

........... ,,,_.:::e r ................. c"" ~......,...,....... - 56 9 
·"-'~~ ........... .__..... • - -~- - • .. 1 "0 - o_. ,,. .,,!.J..-4 .IC _i.; - J 
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TABIE G-2. 

COAL UASHAllLITV ANALYSIS FOR LOUER KITTAttHIHG SEA" 

CA"BRIA, PEHNSVLVAHIA 

I DIRECT PERCENT CU~ULATIVE PERCENT 
I C DRY IASJS > I l DRV BASIS> 
1----------------------------------------------------1----------------------------------------------------------------

SPEC I UEIGHT ASH BTU/ PVRITIC TOTAL I lolEIGHT ASH BTU.1 PVRITIC TOTAL LI so2.1 
GRAV ITV I " II LI. SULFUR, II SULFUR,9' I II ll LB. SULFUR.II SULFUR.II rut. aTU 

-------------1----------------------------------------------------1----------------------------------------------------------------
1-1.12 IV J.14 12. 4 12.4 

FLOAT- 1.3e 25.3 3.6 14934. e.19 e.82 25.3 3.6 14934. 8.19 e.82 1.1e 
t.38 - 1.35 15.6 1.e 14408. 0. 41 e.sn 4e.g 4.9 1'4733. e.21 8.88 1.1g 
t.35 - t.4e 8.2 11.g 13648. e.66 1.23 49. 1 6.1 1'4552. e.34 0.9'4 t.2!il 
1.4e - 1.se 6 .1 18.5 12626. 1.52 2.01 55.2 1. 4 14339. 9,47 1.0s 1.-47 
1.se - 1.68 s.s 30.7 10736 •. 1.57 1.79 68.7 9.5 14013. 0.57 1.12 1.60 
1.&e - 1.Slt 18.8 45.3 8474. t.83 2.e2 79.5 18.e 12703. e.87 t .33 2 .1e 
1.Slt - 2.2t 2.s 49.8 7777. 12.48 12.48 82.0 19.8 12553. 1.22 1.67 2.67 
2.21 - 2.se 7. SI 75.2 3842. 6. 41 6.H 89.9 23.9 11787. 1. 68 2.89 3.55 
a.st - a.st . 8.8 BJ.6 2541. 4.57 4.57 98.7 29.2 1096J. l. Sil 2.Jl 4.22 
a .ae - SIHIC 1.3 6'.6 6194. 36.82 37.05 1ee.0 29.6 10900. 2.38 2.77 S.07 

314 IV 318 19.1 31. 4 

FLOAT- 1.31 s2.e J.8 14993. 8.24 e.85 52.e 3.8 14983. e.24 e.s5 l.14 
1.31 - l.35 11.1 a.e 14253. 8.46 l.80 69.1 4.8 14742. e.29 e.89 l.28 

0\ l.35 - 1.41 s.e 12.9 13494. i.ee t.51 74.1 5.4 14658. e.34 0.93 1.27 
\LI 1.41 - 1.58 5,3 19.4 1-2487. 1.49 1.93 79,4 6.J 14513. e.42 t.88 1. 37 
w t.St - l.6t J.6 28.5 ll877. t.99 2.39 BJ.I 7.3 14364. e.49 l.86 1.47 

1.61 - 1.98 8.3 46.1 BJSt. 3.11 3.26 91.3 10.8 13817. t.73 l.26 l. 82 
t.M - 2.21 1.6 53.1 7266. 11.22 11.28 ga.g 1 t.S 13704. e.91 l. 43 2.09 
e.21 - a.st J.t 72.9 .. 198. 7.27 7.41 95.9 13.S 13407. •t.11 t. 6c? 2. '41 
a.st - 2.se J.t 82.4 2727. s.ve 5,91 g9,g 1s.5 13083. 1.as 1. 75 2.67 
2.81 - SittlC 1.1 61.9 5992. 37.63 37.73 1ee.8 16.1 13084. 1.65 a.1 .. J.29 

3,., • .,. 28 SS.7 87.1 

FLOAT- l.31 69.2 2.8 15158. 8.13 e.12 69.2 2.e 15058. •. tl e.12 e.96 
1.Jt - 1.35 13.t 7.2 14377. t.Ji! t.86 12.2 3,5 14959. t.16 8.74 e.9g 
1.35 - l.41 3.8 ll. l 13772. t.71 1.1s 86.t 3.8 14898. e.18 t.76 1.82 
1.41 - I .SI 3.1 16.9 1287'4. 1.23 1.62 89.t 4.3 14838. 1.22 e.79 1.es 
1.se - 1.&1 t.7 as.1 11'495. 1.94 2.45 90.7 4. 7 14768. t.25 e.s2 1.11 
1.61 - I.Slit ..... 45.2 8'49e. 3.77 4.15 SJS.1 6.6 1 .. 477. e.41 t.sn 1.35 
t.H - 2.21 1.1 53.1 '1281. 7.48 7.6 .. 96.1 1.e 14482. t.49 l.t4 1.45 
2.21 - i!.51 1.a 71.J '4611. 7.83 8.tB 97.3 7.8 14281. e.sa 1.13 t.58 
i!.51 - i!.81 t.7 81.4 3136. 6.77 6.77 99.t g.1 14088. t.68 1.23 1. 74 
l.H - Sii« 1.1 61.S 6119. 38.51 38.51 1ee.t 9.6 149951. 1.86 t.61 2.21 

ea IV 111 12.9 '"·' F"l.°"T- t. 3e TI.Ii! e.s 1H89. 1.28 t.92 77.2 2.6 15189. t.28 t.92 1.22 
t.le - t.35 1.1 7. 7 14299. t.41 1.11 as.a 3.1 15118. t.29 t.93 1.2'4 
1.35 - 1 ... 1 3.1 ll!.S 13566. t.'13 1.1& 88.9 3,4 149551. I.JI t.94 1.25 
t.41 - t.51 e.4 n.& 12711. 1.1 .. 1.64 91.3 3.8 l4ff2, t.33 t.96 1.29 
t.51 - 1.61 t.4 23.4 11817. 1.64 2.19 92.7 ... 1 14856. t.35 t.97 1.31 
•• ,. - 1.91 ••• 38. '1 911&. 2.31 e.11 gs,] s.t 14718. . .... 1.12 1.39 
1.ae - a.et 1.1 ss •• 1971. 3.&S .... , H.3 s.s 1'4638. t.44 a.es 1 ..... 
a.n - a.se 1.1 &&.& SIM. 1.29 ••• 4 97.4 s.2 14531 • t.H 1.12 1.54 
a.se - •·• t.3 n.1 341S. 1.73 8.93 91,7 7.1 HJI&. t.A a.21 ••• a.• - Slttl 1.3 .... 5741 • 31.71 37.71 .... I 7.9 14273. 1.11 t.&7 a.34 



'!'ABIE G-3 P!EIAPATICN PL1NT mUil?MENT (Mid 1978 $) 

Lower Kittanninq Coal - I:esi.gn #2 

Raw coal Sizinq Semen l 

Raw Coal Sizing Semen 2 

Heavy M!dia Vessel 

Heavy M!dia cycl..ale 
Vor-Siv 

Sieve Bend l 

Sieve Bend 2 

Sieve Bend 3 

Sieve Bend 4 

Drain & Rinse Screen l 

Drain & Rinse Sc:een 2 

Drain & Rinse Sc:een 3 

Drain & Rinse Screen 4 

Vac.llJl!l Disc Filter 

:lagrletic Separator l 

~tic Sepa..""atcr 2 

Raw Coal St.mp 

Heavy ~a Si::t' 1 

Eea"'Y :.~Ci.a 51..l!'lp 2 

::.ight ~a Surp l 

L.. ;ht :.l!Cia Sl.l!'lp 2 

3 iiti.ts 

5 units 

2 units 

l unit 

3 units 

l unit 

2 units 

1 unit 

5 units 

1 unit 

2 inits 

l iiti.t 

5 units 

l init 

1 unit 

2 units 

2 units 

5 units 

3 mi.ts 

4 mi.ts 

l init 

2 units 

SIZE & IESCRIPI'ICN 

8 I x20 I t Single t'eck t Dey t 
V:ibl:ating, Incllned 

8'x20', Single I:e.ck, Di:y, 
Vibrating, Incllned 

6'xl4', Single reek, ~t, 
Vibrating, Ii:lrizontal 

10' fiJ 

26' i 
M:ldel 2500 

60" radius, 5' wide 

30" radius, 4' wide 

60" radius, 5' wide 

30" raCius, 2' wide 

5' xl.6' , Single Dede, ~t, 
Vibrating, Borizaltal 

3' xl.6' , Single r:eck, ¥et, 
Vibrating, Horizontal 

8'xl.6', Single I:e.ck, ~t, 
Vibrating, H:Jrizontal 

3 • xl.6 • , Single reek , Wet, 
Vibrating, H:lrizcntal 

ll' fiJ, 6 Discs 

30"x6' 

30"x8' 

69,900 

139,800 

33,800 

fl0,000 

30,300 

15,500 

8,900 

2,500 

15,000 

l,900 

42,400 

l5, 700 

128,.500 

l5, 700 

75,600 

l3 ,800 

17,400 

60,000 

30,000 

40,000 

10 ,000 

20,000 

?..::ps 74,200 

'IDTAL EQU:P~ <DST (roB) 1,070,900 

'IDTAL a:s~ Cbt rr.s"talleel l ,:J92. Joo 
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TABLE G-3. C.~ITAL CX)S'IS FOR RAW CDAL S'IORAGE AND HANDLING (Mid 1978 $) 

lower Ki ttannino Coal - De~ian #2 

(Continued} 

Rav coal Storage Area (10,000 ton avg.; 20,000 ton max. 
capacity, stacking tul:e, 4 withdrawal areas, 4 
reciprocating feeders of tunnel) (40 hp) = = 

Belt Conveyor from raw coal storage to scalping tcwer 
(42" wide, 250 ft. center to center, 60 ft. elevation, 
75 hp rrotor) $560/ft x 250 ft. = 

Scalping Screen ( 8' x 2 0' , vibrating, double dP.ck, 
inclined, 2 x 25 = 50 hp rrotor) $30 ,000/1.08 ~ 

Fotar:y Break.er ( 12 ' .'J x 2 7' long) 
$165 ,000/l. 08 = 

Scalping Tower, Potary Breaker r.ntor (100 hp), Hopper/ 
Olute & Fode Bin, 28,000 + 153,000 = 

Belt Conveyor from Scalping Toto.er to Process 
(42" wide, 250 ft. center to center, 60 ft. elevation, 
75 hp notor) $562/ft. x 250 ft. = 

Tranp Iron Magnet (Explosion Proof, Self Cleaning} 

TOmL INSTALLED COST 

695 

463,000 

140,000 

28,000 

153 ,000 

181,000 

140,000 

22,000 

$1,127,000 



TABLE G-4 CAPITAL O)ST FOR Cl.EAN CDAL & REFUSE EQUIPMENT (Mid 1978 $) 
~r Kittanning coal - O:sign #2 

'Ihickener (77 ft. dianeter) = 143,000 

lefuse Belt (24"' 200 ft.) = 88,000 

~fuse Bin (Limit of 250 ton capacity) = 60,000 

Coal Sanpling System = 324,000 

Refuse Handling F.qui.J;xtent 

l Truck at 80,000 ead1 = 80 ,000 

l D:Jzer at 160,000 each = 160,000 

'romL INSTALLED CDST $855,000 

696 



TABU: G-5 S'~ OF CIPI':AL CDS'I'S (Mid 1978 S) 
Lower Kittanning Coal - J:esign ~2 

Raw Coal Storai;e and Ear.dling 1,127 ,000 

:?:eparation Plant Equi~'lt Cost 1, 092, 300 

Total Cost of ?:ep. ?lant 
(2. 35 x ?rep. ?lant Equi;;:rre.'lt Ccst) 

Miscellaneous ::'acilities and Equi;:rent 

Ccnst--.r-..i.cn & Field~ (10% 
of dL-ect COS""..s l 

Const--..r-..icn :r'ees (10% of dh""eC: c::stsl 

O.""!'nIG:NC:is { 25 % of dL'"eet & i."'ld:L"'E!Ct c:sts l 
(i.ncluees s~-q;: a:nc: ~oz:nance tes---sl 

697 

2,567,000 

855 ,000 

455,000 

455,000 

455,000 

$4,549,000 

$1,365,000 

1,479,000 

$7,393,000 

264,000 

402,000 

$8,059,000 



~ G-6 ANNm\LIZED COS'IS (~.id-l9i8S) 

Lower Kittanning Coal - Design lt2 

Dil:ect !.al:or (18 l!all yr. x $23, 700/man yr.) 

Supe._"'Visic::n (2 l!all yr. x $30, 400/Inal yr. l 

~"ltenanc:e tabor (8 man yr. x $23, 700/man yr.) 

Maintenance ~.atari.al.s & Becl.ace!tent ?arts 
(7\ of total ~Y ccstS) 

£1ec::::.c:it:y (25.8 :nils/kWh l,980 Jew x 3,325 h l 

water (S0.15/lOl gal. x 27.1x106 gal/yr.) 

waste~ ($1/tonx 1.633 x l'.ls tons/yr.) 

Olemical.s (magn: 1,140 tal/yr. x $65/tal) 
(!lcc: 0.52 ta1/yr. x $3 ,000 tall 

!'aymll (30% of di::ect & i."ld:L""eO: & 
:naintenano! labor) 

?lant O'vel::he:!d (26\ of dimct supervisicn, 
::aintenac.ce labor and :nam~.ance, 
and O!mi.c:al.s) 

capitai ~"'Y Factor (11. 75% of total. 
'l'lmlkey Costs) 

c•, ~ & :::."lS'-..~ ( 4% of tctal 
'l".mlk.Er/ COsts) 

!.,te-"l!St en ii::l~~g ~tal C!.Oi of w.c. l 

C....~ ?er !.O 0 3'l'U of Product 

698 

yr 

426,600 

60 ,800 

189,600 

517,500 

169 ,600 

4,100 

163, 300 

75, 700 

203,100 

330,300 

868, 700 

295,700 

40,200 

Sl,607,200 

$533,400 

Sl,204 ,600 

53,345,200 

l.81 

0.064 



TABLE G-7. ENERGY FACI'ORS 

~r Kittanning Coal - Cesign #2 

Energy loss in refuse: O. 908 x 10 6 BTU/Ton Product (MF Basis} 

Energy a:msurrption in plant: O. 012 x 10 6 BTU/'Ibn Product 

TOTAL 0. 920 x 106 B'IU/'Ibn Product 

or; 460 B'IU/lb product 

699 



A. SOLID WAS'lE 

Fran Disc Filter 

D&R Screen 2 

D&R Screen 4 

TABI.E G-8. ~ FACIDFS 

~Kittanning Cbal - Cesign #2 

Solid 
{'!PH) 

2.1 

27.7 

14.8 

44.6 

water 
{'IPH) 

0.9 

1.2 

2.4 

4.5 

Total 
{'!PH) 

3.0 

28.9 

17.2 

49.l 

Tens of Pefuse (Dey Basis) /l'cn of ?mduct = 44. 6 = O. O 80 
555.4 
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TABLE G-8. (Continued) 

B. WATER DISOlARGE PARAME'IERS 

Assurre Effluent Flowrate = 75 li ters/kkg of product 

Primaxy Pollutants 

Total Dissolved Solids (2 65 g/kkg of product) = 133,523 gm/hr. 

Total SUS'fEilded Solids (7 g/kkg of product) = 3,527 gm/hr. 

Total Volatile Solids (37 g/kkg of product) = 18,642 gm/hr. 

(J)D (41 gjkkg of product) = 5 ,542 gm/hr. 

'ICC (1. 9 g/kkg of p:coduct) = 957 gm/hr. 

Major El.errental Pollutants 

calcium (8. 8 g/kkg of product) = 4,434 gm/hr. 

Magnesium ( 4 • 2 g/kkg of product) = 2 t 116 gm/hr• 

Sodium (9. 0 g/kkg of product) = 4, 535 gm/hr. 

Trac: Element Pollutants 

Copper (1. 5 my'kkg of product) = 756 rrgjhr. 

Inn (14 ngjkkg of product) = 7,054 rrg/hr. 

Zinc ( 3 ng/kkg of product) = 1,512 rrg/hr. 

M3nganese (l. 8 ng/kkg of product) = 907 mg/hr. 

701 
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TABIE G-9. 

cmTS OF "BEST" 501 CXNI'RJL TrotNIQUES roR 22Ni CQMrFIRfD OOIIER:l usn~ MEDIUM SULFUR COAL 

SYSJ'EM ruNJl\L 

COOTS 

S'l'/\NDMD 0011.J.:RS TYPE l\ND 
$;Mt'l(t) 

al'l'l'OOL 
LI~ EFFICIEN:!Y+ ( $ /MBTU/hr) 

llcat Input 
Mrl (MIJI\J/hr) •rype OF aNrroL (\) 

** 
22 (75) Chain - Raw 0 16.07 (4. 71) 

Grate - Milerate 0 16.23 (4.75) 
PCC Coal Stoker 1290 ng S02/J 

32,887 kJ/kg SIP - Chntrol 37\ 16.60 (4. 86) 

1.22\ s q>tional 
8.7% /\sh f.bderate 37\ 16.60 (4. 86) 

860 ng SOdJ 

lntemediate 
645 ng S02/J 
PCC-I.evel 4 

Stringent 56\ N:>t Available 
516 ng SOz/J ( ass\J'OOd) 
PCC-I.evel 4 

* Bl\SED OOLY 00 1\NNll1\L al>'IS 
** Raw Coal: 1.86% S: 31,420 kJ/kg: 12.6% /\sh:(l,184 ng S02/J) 
+ Percent Reduction in ng SOi/J 

IMPl'Cl'S * 

\ llCRFA'>E % l~REl\SE 
IN Cll>'1'S OVER IN COS'l'S OVER 
UN::CMroLLfD SIP-coNI'IVLLECJ 

IOIU"Jt OOILER 

- -
1.0 --
3.3 --
3.3 --
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TABI.E G-10. 

cn3TI3 OF "BES'l"' S02 a:mroL TEDINIQUES FDR 117.2?4'1 CDAlr FIRED BOILERS USING MEDIUM SULFUR COl\L 

SYSTEM 1\NNUl\L 

COO'I'S 

STJ\NDJ\RD OOII.F..RS 'l'YPE 1\ND 
$/1·1W(t) 

a:M.l'OOL 
Lfo.VP.L EFFICIEN:l'+ ($/MB'I'U/hr) 

Heat lnP<Jt 
11"1 (MB'l'U/hr) 'l'yµ? OF a:NJ.'OOL {%) 

** 
117.2 (400) Clain - Raw 0 12.72 (3. 73) 

Grate - l'bderate 0 13.16 (3.91) 
PCC Cbal Stoker 1290 ng S02/J 
32,887 kJ/kg SIP - Cbntrol 37% 13.73 (4.02) 
1.22% s cptional 37% 13.73 (4.02) 
B. 7% Ash l'bderate 

B60 ng SOdJ 

Interrrediate 56% 
645 ng S02/J 
PCC-Ievel 4 

Stringent 56% lbt Available 
516 ng S02/J 
Per-Ievel 4 

* BASED OOLY ON ANNUAL CXETS 
** Faw Cbal: 1.86% S; 31,420 kJ/kg; 12.6% Ash (1,184 ng S02/J) 
+ Percent Reduction in ng S02/J 

lMPJ\CfS * 

% IOC~ % IOCREl\SE 
IN cusrs OVER IN COSTS <Mo:R 

UN:::XNl'ROLLFD SIP-CUN'I'OOJ.J,EJ: 
OOILER OOIIBR 

- --
5% --
8 --
8 --
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'mBLE G-11. 

Energy Usage of "Best" Cbntrol Techniques for 8. 8 Ki O>al-Fimd B::>ilers Using ~un Sulfur Coal 

SYSTEM ENERGY CONSUMPTION IMPACTS 

: 

'fype O:lntrol Energy O:lnsured Peramt Inctease Pero:mt 
Standa_, Boiler md Ef- Energy by Q:ntrol in Energy over Increase 

level ficiency Type Ul<D11trolled in Energy over 
Heat Rate of Percent Boiler SIP 
MW or 'fype Q:ntrol O:lntrolled 
(10 6 BTU/hr) kJ/k.9 (B'IU/lb) kw ( thennal.) Boiler 

8.8 Underfeed M:xlerate 

(30) Stoker l~'lW <Dal 0 0.5 (3. 0) 
ESP 89.5 Elec. 153 (65. 8) 42.9 

'lUI'AL 

SIP Fuel 1,056(454.1) 282.3 
PCC level 3 35.3 Elec. 14(6.0) 3.7 
ESP 60.4 Elec. 127(54.6) 33.8 3.6 NI\ 

'lUl'1\L 1.197(514. 7) 319.8 

~ional Fuel 1,056(454.1) 292.3 
MJderate 

PCC level 3 35.3 IElec. 14(6.0) 3. 7 
ESP 84.5 Elec. 153 (65. BJ 42.B 3.7 0.1 . 

lUI'AL -- 1,223(525.9) 328.8 

Intenrcdiate Fuel 1,805(810.6) 508.2 
CCC EIDJ\ 25 Elec. 209(89.9) 56.4 
ESP 94 .1 Elec. 208(89.4) 56.2 7.1 3.3 

'IDTJ\L 2.302(989.9) 620.8 

Stringent Fuel 1,885(810.6) 508.2 
CCC ERDA 25 Elec. 209 (89. 9) 56.4 
ESP 98.5 Elec. 244(104.B) 65.8 7.2 3.4 

'IU1'1\L 2,338(1005 .. 3) 630.4 
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TABIE G-12. 

Energy Usage of "Best" Control Techniqoos for 22 MW O:>al-Fired Boilers Using M:?diLJTI Sulfur Coal 

SYSTEM ENERGY CONSUMPTION IMPACTS 

Type Control Energy Cbnsmed Pera:!llt Increase Peramt 
Standard Boiler and Ef- Energy by Control in Energy over Increase 

level ficienSt. Type Unrontrolled in Energy over 
Heat Rate of Pera:!flt Boiler SIP 
MW or Type Control Controlled 
(11)6 BTU/hr) k.J/kg (B'IU/lb) kw ( thennal) Boiler 

22 (~5) Olain f.txlerate 
Grate 

Paw Cbal 0 Stoker 
ESP 89.5 El.ec. 151 64.9 105. 3 o.s (3.0) 

SIP Fuel 1,056 (454.1) 704.4 -
PCC level 3 35.3 Elec. 14 ( 6.0) 9.3 

ESP 60.7 t;;lec. 125 ( 53. 8) 83.7 3.6 NA 

ITYl'J\T 1 11'.lC:: fC::l "l 01 70"7 A 

<:ptional 
Mxlerate Fuel 1,056 (454.1) 704.4 
PCC Level 3 35.3 Elec. 14 ( 6.0) 9.3 
ESP 83.4 Elec. 167 (71.8) 111.6 3.8 0.1 

'IUrAL 1,237 (531.9) 825.3 

Interrrediate Fuel 1,885 (810.6) 1,264.4 

CCC ERDA 25 Elec. 209 (39.9) 140.2 

ESP 94.6 Elec. 222 (95. 5) 148.8 7.1 3.3 

'IOl'AL 2,316 (996) ,553.4 

Stringent Fuel 1,885 (810.6) ~,264.4 
CCC ERDA 25 IElec. 209 (89.9) 140.2 
F.SP 98.2 Elec. 247 (106. 2) 165.6 7.1 3.4 

trarl\L 2, 341 (J. ,006. 7) 1,570.2 I : 



TABLE G-13. 

Energy Usage of "Best" Cbntrol TudVliqu?s for 44 MW Cbal-Fimd B::>ilers Using ~um Sulfur Coal 

SYSTEM ENERGY CONSUMPTION lMP/\CTS 

Type Cbntxol Energy Cbnsuned Percent Increase Peramt 
Standard Boiler and Ef- Energy by Control in Energy over Increase 

U?vel ficiency 'fype U'lcontrolled in Energy over 
lleat Rate of Percent Boiler SIP 
MW or Type O:lntrol Controlled 
(10 6 BTU/hr) 1<.J/kg (B'ru/lb) kw ( themal.) Doil er 

44 (150) Spreader r-txlerate 
Stoker 

Raw Cbal 0 
ESP 96.2 Elec. 189 (81. 3) 264.48 .6 (3. 0) 

rorAL 

SIP F'uel 1,056 (454.1) 1,411.72 

PCC level 3 35.3 Elec 14 ( 6.0) 18.71 

ESP 85.0 Elec, 161 (69. 2) 215,73 3,7 NJ\ 

'rol'/\L 1 231 1529. 31 1-646.16 

Optional 
M:lderate Fuel 1,056 (451\.1) 1,411.72 

PCC I.evel 3 35.3 Elec. 14 ( 6.0) 10.71 
ESP 93.8 Elec. 184 (79.1) 246.18 3.8 0.1 

'TrYT'I\ r 1 7l;;d (1:'10_2\ 1 _t;76 61 

Interrrecliate F\lel 1,885 (810.6) 2,533.85 

CCC ERDA 25 Elec. 209 (B9.9) 280,94 

IBP 97.8 Elec. 235 (101.0) 316.29 7.1 3,3 

tor AL 2.32911.001.51 'l 131-08 
Strin~nt "'uel 1,085 (810.6) 2,533.85 
Cl.."'C ERO/\ 25 E:lec. 209 (89.9) 280.94 
IBP 99. 3 E:lec. 251 (108. 0) 337.62 7.2 3.3 

TOTAL 2,345(1,008.5) ~.152.41 
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TABLE G-14. 

ENER:;Y USAGE OF "BEST" CUITIDL TECHNIQUES FOR 58.6 Mi tul\lr-FIRED BOIL.ER> USI~ MEDIUM SUI.FUR COAL 

SYSTEM ENERGY CONSUMPTION IMPACTS 

Type Cbntrol Energy CbnStDTed Peroont Increase Peramt 
Standard Boiler and Ef- Enexgy by Cbntrol in Energy over Increase 

Level ficiency Type UnOJntrolled in Energy over 
leat Rate of Peroont Boiler SIP 
MW or Type Q:mtrol Controlled 
(10 6 BW/hr) ~J/kg (B'IU/lb) kw(thetmal) Boiler 

58.6 (200) Pulverized Moderate -
Raw Coal -
ESP 96.7 Elec. 162 (69.9) 303.0 o.s (3.1) 

SIP Fuel -- 1,056 (454.1) 1, 381. 3 

PCC I.evel 3 35.3 Elec. 14 (6,0) 24.9 

ESP 87.8 Elec~ 152 (65.2) 270.0 3.7 NJ\ 

'l(YI'AL 1,222 (525. 3) 2,176.2 

~tional 
Moderate Fuel 1,056 (454.1) 1,881.3 

PCC Level 3 35.3 Elec. 14 (6.0) 24.9 
ESP 94.9 F..lec. 182 (78. 3) 324.2 3.8 0.1 

'IDTJ\L 1,252 (538,4) 2,230.4 
Intenrediate Fuel 1,885 (810.6) 3,379.2 
CCC ERDA 25 Elec. 209 (89.9) 374. 7 
ESP 98.3 Elec. 204 (87. 7) 366.S 7.0 3.2 

iroTAL 2,298 (988. 2) t,120.4 
. 

Stringent fuel 1,885 (810.6) ~,379.2 
CCC ERDA 25 l'.:lec. 209 (89.9) 374.7 
ESP 99.4 l'.:lec. 222 (95. 5) 398.3 7.1 3.3 

'IDI'AL 2,316 (996) '1,152.2 
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'l'ABIE G-15 • 

ENEOOY USAGE OF "BEST'' ~ 'lmfNIQUES FQR 117. 2 M'l cnl\IrFIREO BOILER3 l5ING PE>IUM SULFUR OJl\L 

SYSTEM ENERGY CONSUMPTION IMPACTS 

'fype CDnt.rol Energy CDnsl.l'led Peramt Increase Perc:Ent 
Standar Doiler md Ef- Energy by Control in Energy over Increase 

Level ficiency Type tlloontrolled in Energy over 
Heat Rate of Percent Boiler SIP 
MW or 'fype Control Controlled 
(11) 6 BTU/hr) k.J/kg (B1U/lb) kw ( theIIMl.) Boiler 

118 (400) Pulverized tt:iderate 

Raw Cl:>al -
ESP 96;7 Elec. 160 (72.2) 627.l .5 (3.0) 

SIP Fuel 1,056 (454.1) 3,762.6 -
PCC Level 3 35.3 Elec. 14 (6. 0) 49.9 
ESP 87.8 Elec. 144 (62. 0) 514.1 3.7 N1\ 

'IUI'AL 1,214 (522 .1) 4,326.6 
---

~tional 
ltlderate Fuel 1,056 (454.1) 3,762.6 
PCC Level 3 35.3 Elec. 14 (6.0) 49.9 

F.SP 94.9 Elec. 184 (79.1) G55.4 3.8 0.1 

'1rfrl\' 1~'10 ?\ A A.1:7 Q 

Intemediate Fuel 1,885 (810.6) 6,758.3 
CCC ERDA 25 Elec. 209 (89.9) 749. 3 
f!>P 98.3 Elec. 202 (87.1) 726.0 7.0 3.2 

IUrAL 2-296 1987.61 8,233.6 

Stringent F'uel 1,885 (810.6) 6,758.3 
CCC ERO/\ 25 !!:lee. 209 (89.9) 749. 3 
F.SP 99.5 1'.:lec. 244 (104. 9) 874,3 7.1 3.3 

'IUI'AL 2,338(1,005.4) 8, 381. 9 
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TABlE G-16. 

Air Pollution Inpacts from "Best" 502 and Particulate Ccfltrol Tedlniqu:!S for Medi.mi Sulfur O:>al-Fired Ebilers. 

SYSTEM EMISSIONS 

Standard Boiler Cootrol Particulate 
ro. Cootrol Pct. Reduction Q"\2 ""..+~ ,..,, ~ .. ~~ NO., 

level {Nane, 
Heat Rate % of S02 

Type PCT. Coal 
~ (l'W or 106 'l'ype of R:!duction Cleaning ESP ~ 2. !!9. 2. !!9. 

B'ru;hr) Reduction) Cootrol s J s J s J 

8.8 Ulderfeed Uloon trolled Raw Cba1 0 0 0 10.44 1,188 9.0 1,024 2.0 230 
(30) Stoker MJderate Raw Cba1 0 0 89.5 10.44 1,188 0.9 107.5 2.0 230 

SIP PCC level 3 37.7 35.3 60.4 6.5 740 2.3 258 1.9 215 
~ional M::>Cerate PCC level 3 37.7 35.3 84.5 6.5 740 0.9 107.S l.~ 215 
Intemediate CCC ERDA 56.9 25 94.1 4.5 510 0.4 43 2.0 230 
Stringent CCC ERDA 56.9 25 98. 5 4.5 510 0.1 12.9 2.0 230 

22 Otain U1oontrolled Raw Cbal 0 0 0 25. 9 1,188 22.3 1,024 5.1 230 
(75) Grate M::xlerate Raw Coal 0 0 89.5 25.9 1,188 2.4 107.5 5.1 230 

SIP Pa:: level 3 37.7 35.3 60.7 16.3 740 5.7 258 4.7 215 
~tiooal MJderate PCC level 3 37.7 35.3 83.4 16 .• 3 740 2.4 107.5 4.7 215 
lntemediate CCC ERM 56.9 25 94.6 ll.2 510 0.9 43 5.1 230 
Stringent CCC EIID.f\ 56.9 25 98.2 11.2 510 0.3 12.9 5.1 230 

44 Sprearer U1a:ntrolled Raw Cbal 0 0, 0 51.8 1,188 116. 2 2,644 10.1 230 
(150) Stoker M.'.>rer ate Paw Coal 0 0 96.2 51.8 1,188 4.7 107.5 10.1 230 

SIP PCC level 3 37.7 35.3 85.0 32.6 740 11.3 258 9.4 215 
~tional PCC level 3 37.7 35.3 93.8 32. 6 740 4.7 107.5 9.4 215 
Intemediate CCC ERDl\ 56. ~ 25 97.8 22.4 510 1.9 43 10.l 230 
Stringent CCC ERM 56.9 25 99.3 22.4 510 0.6 12.9 10.1 230 

58.6 Pulverized llicontrolled Raw Coal 0 0 0 69 .3 1,188 190.9 3,257. 0 16.2 276 
{200} M:><Erate Raw Coal 0 0 96. 7 69.3 1,188 6.3 107.5 16.2 276 

SIP PCC level 3 37.7 35.3 87.8 43.4 740 15.l 258.0 15.1 258 
~tiooal M::xlerate PCC level 3 37.7 35. 3 94.9 43.4 740 6.3 107.5 15.1 258 
Intenrediate CCC ERDA 56.9 25 98. 3 29.9 510 2.5 43.0 16.2 276 
Stringent CCC ERD.1\ 56.9 25 99.4 29.9 510 0.8 12.9 16.2 276 

118 Pulverized lha::ntrolled Faw Cba1 0 0 0 ~38.7 1,188 381. 7 l 257.C 32. 3 276 
(400) l'bderate Raw Cba1 0 0 96. 7 138.7 1,188 12.6 107.5 32.3 276 

SIP PCC tevel 3 37.7 35.3 87.8 86. 8 740 30.2 258.0 30.2 258 
~tiooal l'bderate PCC level 3 37.7 35.3 94.9 06. 0 750 12.6 107.5 30.2 258 
lnte:rrrediate CCC ERDA 56.9 25 98.3 59.8 510 5.0 43.0 32. 3 276 
Stringent CCC ERM 56.9 25 99.5 59.8 510 1.5 12.9 32. 3 276 

' 

Q) HC as 01, ·- --
2. !!9. .<l nq 
s J s ,j 

-- ---··· .. 
0.28 31. 9 0.145 165 
0.28 31. 9 0.145 16.5 
0.27 30. 4 0.133 15.l 
0.27 30. 4 0.133 15.1 
0.28 31.9 0.145 165 
0.28 31. 9 0.145 16.5 

0.68 31. 9 o. 363 165 
0.68 31. 9 0.363 16.5 
0.67 30.4 0.332 15.1 
0.67 30.4 0. 332 15.1 
0.68 31. 9 0. 363 16.5 
0.68 31.9 0. 363 16.5 

- ---

1.4 31. 9 o. 725 16.5 
1.4 31.9 o. 725 16.5 
1.34 30.4 0.664 15.1 
1. 34 30. 4 0.664 15.1 
1.4 31.9 0. 725 16.5 
1.4 31.9 0. 725 165 

--··-- ------· 
0.93 15. 9 0.287 49 
0.93 15.9 0.287 4.9 
0.89 15.2 0.264 4.5 
0.89 15.2 0.264 4.5 
0.93 15.9 0.287 4.9 
0.93 15.9 0.287 4.9 

-- ---- -
1. 86 15.9 0.574 4.9 
1.86 15.9 0.574 4.9 
1. 78 15.2 0.527 4.5 
1. 78 15.2 0.527 4.5 
1. 86 15.9 0.574 4.9 
1. 86 15.9 0.574 4.9 

I 
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St:andanl Boiler 
lbnt Rate 'fype 
r+l or 

J10 ~ D'IUL'.'.!!!:.l 

8.8 Underfeed 
(30) Stoker 

TABLE G-17. 

WA'll:R P0Lll1l'IOO IMPAC'IS F1U1 "BEST" 501 aMroL 'lmiNIQUES 

roR MEDil.11 SUlFUR CCY\IrFIRm BOIIERS 

SYSTEM EMISSIONS 

Cllltrol Prlimry i•oIIuEiiits 
Level 'fype 

(Nate, i of of ng/e nq/J Pollutmt oo, Jeduction O:Jntrol <lb/hr) (lb/10~ B'lU)_ 111J/9 

tole Raw QJal tbne - lt>oo 

0\ ** 
f.bderate Raw Cl:>al lbne -- lt>ne 
0\ 

SIP and (\:ltional PCC '1SS = 1. 87 c 0.215 Fe = 0.0037 
tbdcrate Level 3 =(0.015) .. (0. 0005) 

37\ mo = 2. 94 "' o. 33 ?.rl = 0.0008 
=(0.023) =(0.0008) 

'IOC = o. 51 = 0.057 OJ = 0.0004 

'l'race EletP...nts 

Otanqe 
over 

Raw O::>al. * 

* 

"' 

"' 
=(0.004) =(0.0001) "'1 = 0.00048 "' 

[pH "' 1. 2 I 
ca = 2. 35 = o. 272 

=(0.019) =(0.0006) 

Na "' 2.41 = 0.286 

=(0.02). =(0.0007) 

M;J = 1.12 = 0.13 
IntemEdiate and 

=(0.009) =(0.0003) It> Oita -Stringent 
56% CCC It> Oita --

"' Sare increase in environm:ntal effects ornpared to burning naturally-occurring cnal with no controls. 
** Discharge flow = 0.18 m1/hr. 



TABIE G-17. 

WA'IER POUlJTIOO IMPJ\C'IS FRCM "BEST" S02 CXNIIDL TEXllNIQUES 

FDR MEDIUM SULFUR CQl\Ir-FIRED OOIIERS 

( oontim.Ed) 

SYSTEM EMISSIONS 

Standanl Boiler Cllltrol PriJlery Pollutants Trao:! Eleirenw 

IP.at Rate 'fype level 'fype 
Mi or (Narre, % of of ng/s ng/J Pollutant 

(106 OOU/hr) S02 reduction Ontrol (lb/hr) (lb/10~ Jm.J) ma/s 

22 Watertube N:me Raw Cbal l'bne -- N:me 
(75) Grate 0% ** Stoker 

MJderate Raw Cbal N:>ne --- N:>ne 
0% 

SIP and ~tional PCC 'ISS = 4.66 = 0.212 Fe = 0.0093 
tbderate level 3 = (0. 037) = (0.0005) 

37% 
mo= 7.33 = 0. 332 Zn= 0.002 

= (0. 058) = (0.0008) 

'10C = 1.26 = 0.06 cu= 0.001 

=(0.001) = (0.0001) Ml = 0.0012 

[pll 7.2) 

ca = 5.86 = 0.269 

=(0.047) = (0.0006) 

Na = 6.0 = 0.275 

=(0.048) = (0.0006) 

~ = 2.8 = 0.126 

=(0.022) = (0. 0003) 
Intenredi.ate and ca:; N:> Data --- No Data 
Strinaent 56% 

* Sane increase in environnental effects cnrnared to buring naturally-occurring ex>al with no a:>ntrols. 

** Discharge flow= 0.18 m3/hr. 

Olanqe 
ov'er 

Raw Cbal" 

* 

* 

* 
* 

---



Standan:l Doller 
lt?at Rate 'fype 
Ki or 

(log DW/hr) 

44 Spreader 
(150) Stoker 

TABIE G-17. 

\il\'mR POW11'IOO IMPJ\CTS FOCM "BEST" S02 CXNIIDL TEOINIQUES 

FUR MEDIUM SULFUR CQl\L-FIRF.D OOII..ER; 

< oon tinued) 

SYSTEM EMISSIONS 

O:ntrol 
PrJJMry Pollutants 

IJ!wl 'fype 
(Nale, % of of ng/e ng/J Pollutmt 
so, Reduction O:ntrol (lb/hr) (lb/106 B'lU) nn/e 

tbne Raw Cbal tbne tbne ---
0% 

M:>derate 
Raw Cbal tbne -- tbne 

0% 

SIP and ~onal PCC TSS = 9.35 = 0.212 
M:>derate level 3 =(0.074) Fe .. 0.018 

37% = 0.0005 

aD"' 14.7 = 0.332 
Zn= 0.004 

=(0.116) = (0.0008) 

'IDC = 2.54 = 0.057 Cu "' 0.002 
=(0.02) = (0.0001) Ml = 0.0024 

[pl!= 7.2) 

ICa = 11.8 = 0.266 

=(0.093) = (0.0006) 

Na= 12.0 = 0.272 

= (0, 095) = (0,0006) 

M:J = 5.61 = 0.126 

=(0.044) = (0.0003) 
Intenrediatc and CCC It> Data --- It> Data 
Stringent 56% 

'l'race Eleroonts 

Change 
over 

Raw Chal.* 

* 

* 

* 
* 

---
- ---



Standard Boiler 
teat Rate 'fype 
t.fi or 

(lOg BW/hr) 

58.6 Pulverized 
(200) Cbal Fired 

TABIE G-17. 

WA'IER POLUJl'IOO IMPJ\CTS FIU1 "BEST" 802 rnmmL TEXlJNIQUES 

FOR MEDIUM SUIFUR CXWrFIRED BOILERS 

C continued) 

SYSTEM EMISSIONS 

a:ntrol Pri.nary Pollutants 

Level· 'fype 
(Ncwre, % of of ng/s ng/J Pollutant 
so2 !eduction O:lnt.rol (lb/hr) (lb/10~ MU) IOCl/S 

None Raw Cbal N:me -- ltme 
0% ** 

MJderate Raw Cbal tone - tbne 
0% 

SIP and ~tional PCC 'IBS = 12.4 = 0.211 
M:>derate Level 3 =(0.098) = (0.0005) Fe = 0.0249 37% 

am= 19.6 = 0.333 Zn= 0.0053 

=(0.155) = (0.0008) 

'10C = 3.38 = 0.056 Cu = 0.0027 

=(0.026) = (0.0001) 

[pH= 7.2) Ml = 0.0032 
Ca = 15.6 = o. 266 

=(0.124) = (_0.0006) 

Na= 16.0 = 0.273 

=(0.127) = (0.0006) 

t-tJ = 7 .48 = 0.127 

=(0.059) = (0.0003) 

Intennediate and occ lb Data --- It> Data 
Strinaent 56% 

Trace Ele:aents 

Cllanqe 
over 

Paw Cl:>al* 

* 
* 

* 

* 

---

* Sare increase in environrrental effects canpared to burning naturally-occurring coal with no controls. 

** Disdtarge flow = 0.18 m3 ;hr. 



------· -

Standard lk>ller 
l~nt Rate Type 
~or 

110" DTU/hr) 

118 Pulverized 
(400) Cbal Fired 

'I1\BIE G-17. 

WA'IER POLWTirn :rwrcrs FRa1 "BEST" S02 <nnroL TIDINIQUES 

FDR ~IUM SUiruR CQ.l\J.rFIRFD BOii.FR; 

( cxxitinued) 

SYSTEM EMISSIONS 

cmtrol Prinary Pollutants 

level 'fype 
(Nme, \ of of mg/s ng/J Pollutmt 
SOz A?duction a:ntrol (lb/hr) (lb/105 B'1U) lft'1/S 

tbne Raw Cbal »:>ne - tbne 
0\ "" 

f.t>derate Raw Cbal tbne -- Nale 
0% 

SIP and cptional PCC TSS = 24.9 = 0.212 Fe = 0.0498 
MJderate I.evel 3 =(0.197) = (0.0005) 37% 

CXJD .. 39.2 .. o. 334 Zn = 0.0106 
= (0, 311) = (0.0008) 

'IOC = 6. 76 = 0,056 Cu= 0,0053 
=(0.053) = (0.0001) 

[pH = 7.2) 1't1 = 0.0064 

Ca= 31.3 = 0.266 

=(0.2'1R) = (0.0006) 

Na = 32.1 = 0.273 

=(0.254). = (0.0006) 

ft} = 15.0 .. 0.126 

= (0.118) = (0.0003) 

Internediate and CCC It> Data -- It> Data 
Strinaent 56% 

•rrace IUem?n ts 

Olange 
over 

Raw Q)a.1" 

* 

" 

* 

* 

--

* Sare increase in envirorrrental effects cx:inpared to burning naturally-occurring coal with no controls. 

** Discharge nc:M = 0.18 m3/hr. 



Standard Boiler 
leat Rate 'fype 
(t-W or 
106 BW/hr) 

8.8 lhrerfeed 
(30) Stoker 

TABIE G-18. 

Solid Wastes fran "Best" S02 Control Teduliqres for a:>al-Fired Boilers 

~dium Sulfur Cbal 

(continued) 

SYSTEM EMISSIONS 

Cl:ntrol Solid ·Waste Percent 
Level Type Increase 

(Nane, % of of g/s ng/J over NO 
S<>2 ~duction O::ntrol (lb/hr) (lb/10 6 B'lU) oontrols 

lhoontrolled Raw Cbal Cleaning 
0% 0 
»xerate Raw Cbal Bottcrn Ash 
1,290 ng S<>i/J 26. 8(212.5) 1,032(2.4) 

Fly Ash 
9.0 (71.4) 3,053 (7.1) 
'lbtal Ash 
35. 8 (283. 9) 4,085 (9.5) --

SIP .. 
1,075 ng S<>z/J PCC Cleaning 

Level 3 21.4 (169. 7) 2,451 (5.7) 
cptional PCC Bottom Ash 
»xerate Level 3 17.4(138.0) 1,978(4.6) 
860 ng OOz/J Fly llsh 
37% 5.8(46.0) 645 (1. 5) 

'lbtal Waste 
44.6 (353. 7) 5, 074 (11. 8) 24.2% 

Inte mediate CCC Clearung 
645 ng 002/J ERDJ\ 8.9 (70.6) 1,032(2.4) 

Bottcrn Ash 
20.2(160.2) 2,279 (5.3) 

Stringent CCC Fly Ash 
516 ng OOz/J ERDll. 6. 7 (53.1) 774 (1.8) 
56% Total Waste 

35. 8 (283. 9) 4,085(9.5) 0 

PerCEnt 
Increase 
over SIP 
oontrols 

--

-

19. 7% 



TABLE G-18. 

Solid Wastes frcxn "Best" 002 Control Tedlniques for Olal.-Fimd Boilers 

f.l!cli\111 Sulfur Cl:>al 

(continood) 

SYSTEM EMISSIONS 

Standard Boiler Clntml Solid Waste Percent 
lbat Rate Type IP.val Type Increase 
(m or (Nam, \of of g/e ng/J over NO 
lo' mu/hr) S02 Reduction Control (lh/hr) (lh/10 6 B'IU) controls 

22(75) Clain UlCXll'ltIOlled Raw Coal Cleaning 
K;ratc Stoker 0% 0 

Dottom A."lh 
66.9(530.5) 3,053(7.1) 

M:xJerate 
1,290 ng OOdJ Raw Cbal Fly 1\sh 

22.3(176.8) 989 (2.3) 
Total 1\sh 
89.2(707.3) 4,042 (9.4) 

SIP PCC Cleaning 2,408 (5. 6) 
1,075 ng 00 /J Level 3 53.3(422.7) 

Bottom 1\sh 
43.5(344.9) 1,978(4.6) 

~tional t-hderate PCC Fly Ash 
860 ng OOdJ Level 3 14.5(115.0) 645 (1.5) 
37% Total Wuste 

111. 3 (882. 6 5,031(11. 7) 24.2% 

Intenrediate ax:: Cleaning 
645 ng 00 /J ERDA 22. 3(176. 8) 989 (2.3) 

Bottom Ash 
50.2(398.1) 2,279 (5.3) 

Stringent Fly Ash 
516 ng 00?/J CT.."C 16.7(132.4) 774 (1. 8) 0% 
56% ERDl\ Total Waste 

89. 2 (707. 3) 4,042 (9.4) 

Percent 
Incr:ease 
over SIP 
controls 

19.9% 



Standard Boiler 
feat Rate 'l)'pe 
(r+l or 
106 BTU/hr) 
44 Spreader 
(150) Stoker 

TABLE G-18. 

Solid Wastes from "Best" SCh Control TedmiqtEs for QJa.1-Fired Boilers 

~un Sulfur Cbal 

( cx:n tinued) 

SYSTEM EMISSIONS 

Q:ntrol Solid .Waste Pera:mt 

Level Type Increase 

(Nate, % of of g/s ng/J over NO 

S02 Ieductioo Chntrol (lb/hr) (lb/10 6 B'lU) oontrols 

Ula:mtrolled Raw Coal Cleaning 
0% 0 
MJ<:Erate Raw Coal Bott.an 1\sh 
1,290 ng SOi/J 62.6(496.4) 1,419 (3. 3) 

Fly 1\sh 
116. 2 (921. ~ 2,623(6.1) 
'lbtal 1\sh 
178.8(1,417.S ~ 4,042(9.4) 

SIP f(X: Cleam.ng 
1,075 ng 502/J OCevel 3 106.9(847.7 2,408(5.6) 
Q:>tional MJ<:Erate IPCC Bott.an Ash 
860 ng SOi/J tr.evel 3 40. 7 (322. 8) 946 (2.2) 
37% Fly Ash 

75. 5 (598. 7) 1, 720(4.0) 
Total Waste 
223.1(1,769 5, 074 (11. 8) 25.5% 

Intenrediate ~"CC Cleaning 
645 ng 002/J ER!ll\. 44. 7(354.5) 1,032(2.4) 
Stringent ~ Bott.an 1\sh 
516 ng 002/J E:RDA 46. 9 ( 371. 9) 1,075(2.5) 
56% Fly Ash 

87 .2 (691. 5) 1,978(4.6) 
'lbtal Waste 
178.8(1,418 4,085(9.5) 1.1% 

- -

Percent 
Increase 
over SIP 
oontrols 

19.1% 



Standaru Doller 
lhat Rate 'fype 
(!+I or 
10~ rrru/hr) 

58.6 Pulverized 
(200) 

TABU: G-18. 

Solid Wastes from "Best" S02 Control Tediniques for Chal.-Fimd Boilers 

~ttn Sulfur Cbal 

( cxmtinued) 

SYSTEM EMISSIONS 

Chltrol Solid Waste Percent 
level 'fypo Increase 

(Nme, 'of of g/s ng/J over 00 
so, !eduction C.ont.rol (lb/hr) (lb/10 6 MU) <XXltrols 

lhoontrolled Raw Cbal Cleaning 
0% 0 
Mo<Erate Raw OJal Bott.an 1\sh 
1,290 ng SO /J 47. 7 (378. 3) 817 (1.9) 

Fly 1\sh 
190.9(1,514' 3,268(7.6) 
TOtal Ash 
238.6(1,892, 4, 085 (9. 5) 

SIP PU: Cleaning 
1,075 ng so /J Level 3 142.4(1,129, 2,451 (5.7) 
~ional r-txlerate PCC Bott.an Ash 
860 ng so /J Level 3 31. 0 (245. 8) 516 (1.2) 
37% Fly 1\sh 

124. 0 (983. 3 2,107 (4.9) 
TOtal Waste 
297. 4 (2 ,358. 1) 5 ,074 (11. B) 24.2% 

Intemectiate ca:: Cleaning 
645 ng so /J ERDI\ 59.6(472.6) 1,032 (2. 4) 
Stringent ca:: Bott.an 1\sh 
516 ng SO /J ERDI\ 35.8(283.9) 602 (1.4) 
56% Fly Ash 

P.43.2 (1,13~ 2,451(5.7) 
TOtal Waste 
238.6(1,892) 4,085(9.5) 0 

Perront 
Increase 
over SIP 
oontrols 

' 

19.1% 



Standard Boiler 
lbat Rate Type 
(r+l or 
106 D'IU/hr) 

118 !Pulverized 
(400) 

TABLE G-18. 

Solid Wastes from "Best" S02 Control Tedmiques for O::lal-Fired Boilers 

r-'edium Sulfur Cbal 

( ccntinued) 

SYSTEM EMISSIONS 

O:ntrol Solid Waste Percent 
Level Type Increase 

(Nanli!, % of of g/s h.j/J over NO 
S02 reduction O:nt.rol (lb/hr) (lb/10 6 B'IU) oontrols 

lllcnntrolled Raw Cbal Cleaning 
0% 0 
!Vbderate Raw Cbal Bottan /\sh 
1,290 ng 002/J 95.4(756.5) 817 (1. 9) 

Fly Ash 
381. 8(3,028 3,268 (7.6) 
'lbtal Ash 
477.2(3,784) 1,085 . (9. 5) 

SIP PCX: Cleaning 
1,075 ng 002/J Level 3 284.9(2,259 3) 2 ,451 (5. 7) 
Optional M:x:Erate PCX: Bottcm Ash 
860 ng 002/J Level 3 62. 0 (491. 7) 516 (1. 2) 
37% Fly Ash 

247. 8 (1, 965 0)2,107(4.9) 
'lbtal Waste 
594.7(4,716 0) 5, 074 (11. Bl 24.2% 

Intenrediate ere CleanIDg 
645 ng 002/J ERDA 119.3(946.0 1,032(2.4) 
Strin~nt ax: Bottom Ash 
516 ng 002/J ERDI\ 71. 6 (567 .8) 602 (1. 4) 
56% Fly Ash 

286. 3(2,270 4)2,451(5.7) 
'lbtal Waste 
477.2(3,784 2)4,085(9.5) 0% 

Perrent 
Increase 
over SIP 
oontrols 

19.1% 
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