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ABSTRACT 

The increasing concern over landftlls as a waste 
•anage•ent optton and the decreasing availabilit1 of 
sites have focused attention on inctneration for de
struction of hazardous wastes and volu•e reduction of 
other wastes in the U.S. The use of incineration 
requires the control of air pollutant e•issions. 
which can be •ini•tzed b1 co~btning in-furnace and 
post-co~bustion control technologies. Since future 
potenti•l regulation of both hazardous atr pollutants 
and acid rain precursors •a1 cause extenstve retroftt 
or early terminatton of existing waste inctneratton 
tnstallattons. the planntng for new or •odiffed 
fnstallations should recognfze the varfous control 
technologies available tn order to •tnt•tze future 
outla1s tf regulations are tightened. A surve1 of 
avaflable technologies in the u.s •• Japan. and Western 
Europe is presented for consideration. 

For presentation at the Jnternatf onal Congress on 
Hazardous Matertals Management. Chattanooga. Tl. 
June 1-12. 1917. 

Thts paper has been reviewed tn accordance wttb 
wtth the u.s. £nvf ron•enta1 Protection Agenc1 
peer and ad•tnf strattve review poltcies and approved 
for presentation and publtcation. 



INTRODUCTION 

Generators of hazardous wastes. substanttal •ol• 
u•es of non·ha1ardous wAstes, or •txtures of both 
have several avaf lable disposal optf ons, all of which 
proatse to becoae increastngl1 expensive fn the future. 
Long-ter• storage and landff lling have inherent 
liabiltties and steadily increasfng costs as a•ailable 
sftes diminish and regulations drive up operatfng costs. 
Except for li•ited recycle/reuse opportuntties, the 
•aJortty of ther•ally destructible wastes wtll probabl1 
be incinerated in special purpose furnaces, or •ixed 
with fossil fuels and/or larger voluae co•bustible wastes 
and burned in conventfonal stea• boilers or water-wall 
incinerators. In •any cases, cogeneration of stea• 
and electrtcit1 fro• waste co•bustion will be the 
•~st econo•tcally attractt•e long-ter• waste disposal 
option. 

In reducing waste volume and destroytng potenttall1 
hazardous co•pohents. afr pollution is an unavofdable 
by-product. Nearly co•plete destruction (99.991) of 
hazardous wastes by combustion is now required. However, 
trace quantities of products of incomplete coabustion, 
especially dioxins and furans, are not currently regu
lated by the U.S. EPA. Further, htgh destructio~ 
efficiencies require high te•perature and increased 
turbulence (good •txing). Both of these proaot~ 
increased oxtdes of nttrogen (IOx>• whtch are acid rain 
precursors. Oxidation of fuel nttrogen, sulfur, and 
halogens produces addittonal MOJ as well as sulfur 
oxides (SOxJ and acid gases, all suspected contributors 
to actd ratn. lon-co•busttbles such as trace •etals 
(espectally •ercur7, lead, arsentc, and chro•tu•) are 
all potenttallJ eattted with flJ ash. 

Gt•en the potential for these classes of pollu• 
tants••trace hazardous organtcs, acid gases. trace 
hea•1 •etals. and fly ash••the atr pollution control 
strateg1 selected •ust hawe the cap1btlf t1 of •ultt
pollutant control tn order to •fnt•fze costl1 retrofft 
or upgradf ng to •eet possfble future regulations. 
The residues, although s•all fn wo1u•e relatiwe to 
unburned wast•s• contaf n concentrated pollutants which 
•ast be df sposed of f n an enwf ron•entall1 safe •anaer. 
but resfdue disposal ts not addressed here. 

CURREIT REGULATORY STATUS 

Requf re•ents of the f ndf •f dual states df ffer, and 
the U.S. lags behind other f ndustrtal nattons in 
regulating e•issions fr~• waste co•bustfon as shown 
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in Table 1. local regulations or per•tt conditions 
frequently deter•ine the types of co•bustor and t•isston 
controls required. In the u. s •• for exa•ple. only 
particulate •atter f s currently regulated by Federal 
Standard. but typical peratts at the local or state 
level haye lt•tted carbon Monoxtde. SOx• and MOx eatss
fons, and aore recently haYe covered trace aetals. 
hydrocarbons (parttcularly dfoxfns>. and acfd gases 
(hydrochlortc and hydrofluorfc acfds). Recent tnstall• 
atf ons in the u. S. have f ncluded technologfes tpec• 
tffcally targeted to reduce unburne~ hydrocarbons fn 
the furnace as well as tafl-end processes to re•o•~ 
actd gases. SOx• and partf culate ••tter. Parttculate 
•atter controls are currently betng per•f tted at 20 to 
251 of the a11owable emissfons under current Federal 
Standards. reflecting growing concern ower trace •etals 
whf ch tend to partf tf on fn the finer particles. One 
recent u.s. f nstallatfon has also f nfluded an fn-furnace 
reduction technique for reducing MOx• 

In Western Europe. partf cularly Vest Ger•any. 
sfaf lar technologies have been installed for nearly a 
decade due to local permit require•ents and national 
standards whi:h were recently set by Federal regulations 
su•marfzed fn Table 1. Many of the technologfes current
ly offered in the U.S. and described later tn thts 
paper are ltcensed fro• European vendors such as MIRO. 
Flatt. and Deutsche Babcock. Japane'e tnstallattons 
have shown st•tlar trends to those fn Europe but ad'
ttfonally feature an add-on. catalyttc reductton step 
for NOx re•o•al. usfng Japanese technologl deweloped 
ortgf nallJ for stea• electric generators.5 

EMISSION COl!ROL TECHNOLOGIES 
~ 

In-Furnace lechnf gues 

Of para•ount concern ts the destruction of co•bust• 
fb1e and hazardous coaponents whfch also ~f•fntsh the 
aaoants of potentially hazardous products of tnco•plete 
co•bastf on. or toxtc organics. A progra• ts now under
way wtthfn the u.s. EPA to dewelop co•bustfon 9ufdeltaes 
for f acfnerators wf thf n the next 1e1r. The 10111 of 
the pro,ra• fnclude establfshfng •tnt•u• tf•e/te•pera
ture relatf onshtps for efftctent co•bustf on. atr/fuel 
•f xfng crtterta. atr tnJector destgns. excess atr and 
turndown restrfctf ons. startup and sftut~own procedures. 
and •onf torfng to wertf1 co•plfance wtth these gutde• 
ltnes. 

For IOx control. one tn-furnace tecftnfque fs curr
entl1 f n ase tn Japan and at one tnstallatton tn the 
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U.S. Knovn as Ther•al DeNOx• tt tnwolwes tnjecttng 
a•~onta tn the upper furnac5 to achieve selective reduc• 
tion of NOx (see Figure 1). The a••onfa/NOx reactions 
are extre•ely sensf ttve to te•perature so that the tnJec
tf~n location aust be c1refull1 selected. Also there 
ts generallJ so•e slfp of aamonta (t.e., aa•onta which 
does not react wf th NOa>• 

-· 

NH31UAEA ., 

STOtCHIOMETRIC RATIO t 
CSRJ 

SR3• 1.9----- - - -

SRz•0.9----

r;gurP 1. ~eburning and thermal DeNOx applied to a waste 
~ r~ i nerator. 

Another pro•tstng IOx control concept ts reburntng 
wfth an auxtltarJ fuel such as natural gas. The process 
could potenttallJ be applied to waste fncfnerators as 
shown tn Ftgure 1. Tbe tndtYf dual stotcbto .. trtc ratto 
(SRt> ter•s tn tbts ftgure refer to the atr/f•tl stotcb• 
to .. trtc ratto (SR) wtth SR less than 1.0 representing 
fuel·rtch condf tfons. Enough r•b•rntng fuel should be 
tnJected at a locatton low tn the furnace to create a 
hot, sltgbtlJ ox7gen•starwed zone. Tb• OYtrftre atr ts 
tnJecttd above the reburntnc zone to co•pltte the co•
bustfon process. Reburntng can be co•bfned wtth a••onta 
or urea tnJectton to opttatze •Ox reduction. In addttton 
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to NOx reduction. rebu~nf ng has the potential for 
destroying organic co•pounds due to the h1gh fla•e te•p· 
erature and high concentratton of fla•e radicals existing 
tn the reburn1ng zone.6 

Particulate Matter Control 

Partfculate •atter contrcl for soltd waste co•bus· 
tors ts practiced fn all tec~nologtca111 advanced ctun
trtes. The do•tnant s1ste• tn t~e u. s. ts the electro
stattc precfpftator (ESP). accounting for about 751 of 
all s1ste•s. W1th ESPs. ver1 low e•issfon levels are 
achtevable; < 45 •g/Nml (< 0.02 gr/dscf) at high ratios 
of collector plate surface area to gas flow volu•e: 
t.e •• tn the range of 170 •fn./• (52 •fn./ft) or 
greater. 

Vet scrub~ers (Yenturis) are relatf yely ineffectf ve 
for particle control. re•oYing 80 to 9SS at nor•al oper
ation. Very high pressure losses are required to re•o•e 
fine particles. and the erosion and corrosion potential 
f n acfdfc gas streams mate the venturi a poor chofce 
fro• econo•ic and relfabilfty perspectives. 

fabric ff lters are seldo• used unless upstrea• 
sorbent fnjectfon ts practiced. because of the percefyed 
failures caused by hot gases. spark carryover. or sttcty 
particles. However. fabric filters are capable of 
control to < 45 •g/Nnl without the operational upsets 
due to Yaryf ng fuel and ash co•posttton that adversely 
affect ESPs. 

Acf d Gas Co~trol 

Control of acfd gases (Htl. HF. and S02) requires 
scrubbing or devtces for gas/liquid or gas/solid contact. 
Mater alone ts a reasonably effective sorbent for yer1 
reactt•e actd gases such as HC1 and HF. but an altalt 
sorbent (or control of lfqufd pH to 5 or hfgher) fs 
necessar1 for sabstanttal S02 control. Tota111 dr1 
sorbents requtre substanttal residence ~t•e tn the gas 
for effecttwe acfd gas control. lnJectfon of sorbent 
tnto ~ duct •ust be co•ple•ented bJ a flutd-bed reactor. 
hu•tdtflcatton. a fabrtc ftlter dust collector. or 
co•btnattons of these to be effecttYe. Ff gures Z and 3 
tllustrate t7pfcal dr1 sorbent tnJectton 111te•s tn ••• 
tn Western Europe. 

Spra1 drytng or se•f-dr1 fnJectf on of sorbent f s 
aore effecttve than dry tnjectton. wtth tncreastng actd 
gas control as the approach to saturation teaperature 
ts decreased. etther by waste heat recover1 or water 
tnJectfon/hu•f df ftcatton. The aost effecttve control 



1. FUANACI AND BOILER 
2. PRECOLLECTOR 
3. WASTE HEAT BOILER NO. 1 
4. REACTOR 
I. ELECTROSTATIC PRECIPITATOR 
I. FABRIC FIL TIR 
7. WAITI HEAT IOtLIR NO. 2 
I. UMlllLO 

I. LIME FEEDING 
10. LIME RECIRCULATION 
11. COARSE DUST CONVEYING 
12. FINE DUST CONVEYING 
11. DUSTllLO 
14. DUIT HUMIDIPllR 
11. DUITltN 

Figure 2. Dry absorption system. Malm. Sweden. 

of acfd 9a11s ts bJ a1ta1f 1crubb1r1 op1rattn1 at 
11tur1tfon (wet scrubbtn1>. but thfs h11 to be wet9h1d 
agatnst the a•ount of waste water generated and tts 
tr11t•ent. Ftgurt 4 tllustrates a trptcal 1pra1 dr1er 
111te• for 1ctd 111 re•ow11. 

'1 
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1. LIMl llLO 
2. REACTOR 
1 CYCLONE 
4. DUST COl.UCTOR 
I. ITACK 
I. WAITlllLO 

FLUE GAS----

~YWAITI 

Figure 3. Circulat;ng fluid-bed absorption (dry) process. 

1. LIME PllOElt 
2. UME IL.AKER 
1 FEEDTANK 
4. HEADTANK 
I. SPRAY AaSORIER 
.. DUST cou.ICTOA 1 
7. ITACIC 

• 

DnWMTI 

Figure 4. Spray 1bsorptton (se11t-dr7) process. 

Co•bf ned •••f •dr1/dr1 scrubbers control acf d 11se1 
p1rb1ps •ore effecttwel1 tban once•tbrougb 1pr11 dr1tn1 
and are probablJ st•f 1ar tn effecttwene11 to 1pr11 dr1-
tn1 wf tb recrc1e. dependfnt on tb• approach to 11tur1tfo1 
t1•p1r1tur1. Co•bf ned 11•f •dr1/w1t 111t1•1. such 11 
1pr11 dr1er/wenturf (1) co•bfnatfons. are pot•ntf1111 
the •ost eff1ctf w1 111t1•1 for acfd 111 control but 
beco•• f ncr111tn1lr co•plt• 11 the nu•ber of targeted 
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pollutants tncreases. Table 2 su••arfzes the above dts
cusston. The read'r ts cautf oned that the reagent 
require•ents and so11d/ltqu1d wastes produced are not 
considered. and this table onl1 reflects the systeas as 
operated. An7 of these techntques •a1 be enhanced b1 
•ore reactf we sorbents or operatf on at aore favor1ble 
teaperatures. ftgures 5 and 6 illustrate the coabfna• 
tfon seat-dr1/dr1 and se•i-dry/wet scrubbing s1steas. 

TABLE 2. EFFECTIVENESS OF ACID GAS CONTROLS (S REMOVAL) 

s~trol siste:a 

o,., Injection + Fabric Filter (Ff )a 

DrJ lnjectf on + Fluf d-Bed Reactor + ESPb 

Spray Dryer + ESP 

(Recycle)C 

Spray Dryer + Fabric Filter 

(Reeycle)C 

Spray DrJer + DrJ Injection + ESP or ffd 

Met Scnabbere 

Spray O,.,er + Wet Scrubber( s) + ESP or Ffe 

I T • 16C-180•t (320-356.F) 
b T • z3o•c (44&•r> 
c T • 14:>-Ho·c (284-320.F) 
d 1 • ~·c (3tz•r1 

. e T • 40-so•t (104• 122•F) 

RC1 

80 

90 

95+ 

(95+) 

95+ 

(95+) 

95+ 

95+ 

95+ 

'o11utant 
RF' s~ 

98 50 

99 60 

99 50-70 

(99) (70-90) 

99 70-90 

(99) (BD-95) 

99 90+ 

99 90+ 

99 90+ 

T • the temperature at the extt of the control de•tce. 

Jn 1uaaar1. effectf•e control of acfd gases ts 
possible with drJ. seat-dr7. and wet scrubbers. HCl 
and HF are ~•lattwely •••1 to control. whtle S02 control 
ts •~re df fffcult and ts favored b7 wet or seat•dr1 
11ste•s wf th lower flue gas teaperatures. Although not 
discussed due to lact of data. werr effecttwe sulfur 
trtox1de control see•s possible vf th a 1pra1 dr1er. 
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1 

FLUE GAS 

SOLIDS LIME 

SOLIDS 

CALCIUM SILICATE 

AIR 

1. QUENCH REACTOR csr ~AV DRYERt 
2. DAY VENTURI 
3. BAGHOUSE 
4. STACK 

Figure 5. Se~i-dry/dry scrubber. 7 

Should 503 control also beco•e a concern. s1ste•s which, 
contact the gas wtth wet or dr1 sorbent prt;r to a par
ticulate control devtce should be encourage • -,.his 
approach ts suggested because, after altalt scrubbing. 
503 apparentl1 beco•es an aerosol and f s ••enable to 
capture. Control s1ste•s wf tb parttcle collectors up
trea• of the scrubber have hf storfcallJ reported poor 
S03 control effectiveness. 

Post-Co•bustf on 10, Control 

ProbablJ the •ost dffftcu1t aad ••P••stwe pollutant 
to control ts IOx, prf•arf1J due to ••reactf we 10 w~fcb 
co•prtses 951 or •ore of tbe tot.1 ••co•trolled 10.. Thi 
•ost effecttwe control ts selectfwe cat.i1tfc red•ction 
(SCR) vhtch currentl1 •ust be preceded '' actd gas and 
he1w1 •etals control to be effectfwe If the ther .. 1 
penalttes are acceptable, th•• SCI C' ...... 10-101 of 
•Ox with a IH3/IO •olar ratto of 1.0 • ~ abo•t 5 PP•• IN3 
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'· PLUIGAI 
2. IXHAUST GAi 
I. •RAY DRYER 
.. ILECTROITATIC PRECIPITATOR OR FABRIC FILTER 
I. QAl.GAI HEAT EXCHANGER 
& VENTURI SCRU88ER 
7. NEUTRALIZATION TANIC 

z 

I. SLUDGE TANIC 
t. LIME SILO 
10. LIME SLAkER 
11. SODIUM HYDROXIDE STORAGE 
12. SODIUM AIR TANK 
11DRVWASTE 

ftgure 6. Semt-drv/wPt ~r.rubber. 



slip. Use of special lower te•perature. HCl•resfstant 
catalists fn the future can mate SCR even more attrac• 
tf ve.5 Potentf ally less effective and •ore co•p11cated 
NOx control aa1 be achieved bJ an oxidatf on step inte· 
grated into sodiua- or aagnesiu•·based wet scrubbing. 
Due to the liquid waste potential. th1s ••1 be best 
applied to the co•b1nat1on se•t-dry/wet scrubber s1ste• 
shown tn F1gure &. and NOx control of 30 to 501 would 
be expected. Ftgure 1 illustrates SCR as applfed to 
tnctneration flue gas tn Japan. 

Post-Co•bustion Organic Pollutant Control 

Control of dioxins and furans. as well as other 
trace organtc co•pounds. is not well understood because 
~he •echants• of capture is not known. likely. conden
sation and capture as a parttcle is sf gntftcant. and 
attack and capture bJ caustic reagents fs also probable. 
These capture pheno11ena -ar.e best- -&d-dressed bJ -1oweri ng 
flue gas temperatures. subjecting flue gas to caustic 
sorbent. and collecting the product tn a highly effic-
1ent particle collector. Limited data show that spra1 
dryfng followed bJ fabric filtration is very effective 
f~r organic vapor control and superior to the spra1 
dryfng/ESP syste•. Also lower flue gas teaperatures 
favc increased co~trol of organics. Reference 8 ts 
a good discussicn of these observations. The results 
are summarized fn Table 3. where COD refers to chlor
inated dfbenzo•para-dfoxfns and CDF to chlorinated 
df benzofurans.8 

Lf•f ted data have been collected on control device 
efftciencfes for df oxf ns and furans, wf th on11 outlet 
concentrations betng reported for •ost tests. Unfort
u~ately. test data and •ethodologf es are lacttng to 
co•pare the effectiveness of various control s1ste•s 
for organic pollutants. However, the superforf t1 of a 
sorbent on a fabric filter for control f s evident fro• 
Table 3. The data shown were based on teats 1n a 
single p11ot plant. and thus should be used wtth 
.cauti on.t 

Heawz Metals Control 

Tbe control of beaYJ •etals fa st•f lar to organfc 
pollutant control tn that effecttYe control of par
tfcles and low flue gas te•peratures are .. Jor factors. 
Sorbent1 1 bowewer. are not suspected to pla1 a .. Jor 
role. Toxfc •etals enter the collectors as soltds. 
1fqutds, and wapors and. as the flue gas cools, tbe 
wapor portton conwerts to collectible 1oltds and 
lfqufds. Ffgure 8 tllustrates vartous he1w1 •etals 
as tbe1 appear tn flue gas and thetr relatf we 
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theoretical concentrations (wapor pressur~s) as a func
tion of flue gas te'•s;erature.9 

TABLE 3. SPRAY DRYER CONTROL OF SELECTED ORGANIC POLLUTANTS9 

Control Siste11 lS Removal J 

Collpound SO + ESP SD + FF • High Teg>. SD + FF • Low Tnp. 

Dioxfns: 

tetra COD 48 < 52 > 97 
penta CDD 51 75 > 99.6 
hexa CDD 7S 93 > 99.5 
hepta COD 83 82 > 99.6 
octa COD 89 NA > 99.8 

Furans 

tetra CDF 65 98 > 99.4 
penta CDF 64 88 > 99.6 
ttexa CDF 82 86 > 99.7 
llepta CDF 83 92 > 99.8 
octa CDF 85 NA > 99.8 

Fro• Ffgure 8, it can be deduced that decreasing 
the flue gas te•perature below 2oo•c (392.F) and hfgtt 
efftctency parttculate collectton should result tn a 
wer1 large reductton of •etals, except for •ercur1 
(Hg), arsenates (As203J2. and selentu• (SeOz and Se&>• 
Corresponding reductions of these co•pounds proc~ed 
dra•atica111 as teaperatures are lowered. Wtt~ th• 
•etals at thef r saturation te•peratur••· each ts ex
pected to be reduced bJ 901 for each add1tfona1 te•p
erature drop of 11 to 11•c (20 to 3o•rJ. If tbfs 
te•peratare effect f s true, then wet scrubbfng or : 
wet/drf 1crubbtn1 wltfctt operates at saturatton c- 4o•c 
(104.F)] sttoald be tttgh17 effecttwe for total tteaw1 
•ttals control. whtle •ost dr1 and •••f-drf 11ste•s 
should be Jast as effecttwe for practtca11J all ••tals 
except •ercur1. arsentc, and selenf ua. The dr1 and 
se•t-drJ s1ste•s should achtewe so•e capture of •tr• 
cur1. arsentc, and selenfu•. wtth the degree of cap
ture f ncreasf ng wtth decreasf ng f1u1 gas te•perature. 
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flleasured Hg concentrations tn raw gas. 

Figure a. Saturation points of ..Ul and metal a.pounds. 9 

Reported •etals control data 1enera11J show 95•981 
control or greater for •ost h1aw1 •ttala tacept a1rcur1 • 

. Yapor•phase •ercur1 control has been reported 11: 75 to 
151 control wtth spra7 dr7er plus bagbouse; aad 35 to 451 
control wtth spra1 dr7er plus ESP.t Thts ts t•portant tn 
that wapor control ts possible wtth fabrtc ft1ters and 
ESPs. although lt•tted data show the for•er to be clearlJ 
sapertor. Vet scrubbers would appear to bt tdeal for 
•ercur1 control. but the collection of •trcur1 wapor1 wt1 
conden,atton and capture ts not well docu .. •ted. There• 
fore. the choice of the •ost effecttwe .. rcur1 control 
ts still the subJect of controwtr11 (see Rtfert•ce 3J. 
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SUMMARY 

In destro1tng wastes b1 tnct~eratton, several classes 
of afr pollutants are e•f tted whtch wtll likely 
require control or at least consideration for control 
by per•f ttfng agencies. The pollutants include trace 
hazardous organf cs, acf d gases, trace heavy Retals, 
and particulate •atter. Various in-furnace and 
post·co•bustton tec~nologtes are avatlable to control 
these polluta"ts, but the degree of control co•plextt1 
tncreases wtth the nu•ber of pollutants to be con
trolled. Operators of exf sting incf nerators should 
be aware of these technologies for possible future 
retrofit r~qulre•ents, while those planning tnctnera
tton proJects should design these facilities to e•brace 
as ••n1 of the concepts described as practical, In 
order to •eet per•lt requirements ~ith ainiau• delay. 
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