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1.0 Summary

This report presents the results of a study whose objective is to provide
The Environmental Protection Agency (EPA) with a document suitable for state
agencices to make a first cut assessment of the emission limitation potential

for sources within their jurisdictions.

The disbursement of the document is

consistent with the July, 1977 deadline, at which time states must submit
attainment plans for those areas where the current Implementation Plan is

substantially inadequate.

The document contains quantitative information for

eighty source categories which were selected by EPA as those common to many
areas of the U.S. and would potentially benefit most from application of

control devices.

The analysis of the 80 source categories

is restricted to either particulate

matter or hydrocarbon emissions or for a few

source categories both pollutants

are considered. These source

II
IIT
IV

categories are

I External Combustion VII
Solid Waste Disposal VIII
Internal Combustion IX
Evaporation Lousses X

v Chemical Process Industry XI

VI

Food and Agricultural Industry

classified into eleven main areas:

Metalurgical Industry
Mineral Product Industry
Petroleum Industry

Wood Processing Industry
Manufacturing Industry

The elever main categories are subdivided by particulate and hydrocarbon
emissions according to Table 1.

Particulate Matter Hydrocarbons

1 External Conbustion
Botlers (Woed Weste '
Soflers {.3-12 x 105 RT/hr)
Batlors (10250 x 308 PIU/Ar)
Boflers (»250 x 10% BTU/hx)

Petroleun %efinery
('rocess Cas Comd)

T1 So0){é ‘laste Dispoual
Cyen Burnfng {Aprtculteral)
Suzar Cane (Yiele Burning)
Ind¢ustrial/Conerstal

Incincrator
Municipal Incinorators

Il loternal Ceabusticn
Interral Cozbustien Dngines
(Ofcnel & Dual Yuel)

Internal Conbustion Eug.
(Diescl & Dual Fuel)

1V Evaporation Losscs

Desrvasing
Dry Cleanirg
Craphic Arts (Flexography) i
Craphtc Ares (Cravure)
Craphic Arts (Lithography)
Craphile Arts (Letter Press)
Craphic Arts (Metol Decorating
Industrial Surface Couting
Petroteun Refueling
Petroleur. Service Stations
Petroleum Storage

Casoline (Rreathing)
Petroleuz Sroruge

Casoline {Working)
Petroleun Tranaler Coscoline

¥ Chenical Frocess Industry .
Aceylanftrile
Aznonta (Methanotor Plant)
Azzaonta (Repenorator &

C) Alsaider)
Carben Black
Charcoal
Ethyiene Dichloride
Tihytece Oxide
Forealdehyce
Patnt
Pihialtc Anlydride
Polycthylune (high denelty)
Polyethylene (low density)
Polystyrene
Printing Ink
Synthetic Fibers (Sylon)
Varnish

Carbon Black
Charcoal

TABLE 1

SOURCE CATEGORY CLASSIFICATION

Particulate Matrer

vt Food and Agricultural
Industry

Seer Procesalng
Cotton Glnning
Deep Fat Frylog
Direct Firing of Meats
Fecd Milling
(Excluding Alfa)fa)
Fertilizer - Diammoniuz
Phosphate
Yertflizer - Nitrace
Craln lNanlling -~ Nitrate
CGratn Nandtiag (Prytng)
CGratn Handlirp (Precessing)
CGrafa fandlinp
(Sereentng & Cleaning)
Cratn Handling (Transfer)
Vepetable 041 Manufacturing

VIl Metalurgienl Industry
Cost lren Foundrics
(flectric Furnace)
Cost Iren Foundrico
(Cupola Turnace)
Cast Iron Foundries
{Care Dvens)
Iren and Steel Plonts
{Electric Are)
Iron and Steel Plants
(Searting)
Iron und Steal Plants
(Stntering)
Irou and Steel Flanta
(Open Learth FYurnaces)
Primary Cuppet
Prinary Aluntnum
Steel Foundries (Sccondsry)

VIIT Hineral Procucts
Tnduatry

Asplinle Batching

Asphalt Rooftng (Bloviag)

Brickh & Related Clay Producte

Cement Plancs

Caal Cleantng (Thernal
Prytng)

Concrete Batehing

Cl.aam Vool Production
{Soda Lime) |

Cypsum

Hinesal Wool

Phosphate Rocka (Oryinyd

-1~

Hiyéencarbons

Beer Processing

Decp lat Frying
Direct Firing of Meate

Partfculate Matter
VIII Mineral Products
Industry (Ceatinucd)
Phoaphate Rocks {(Grinding)

Sand and Gravel Procesning
Stone Quarrying

Hydrocarbone

1% Petroleun Industry

Pluid é-t-lyrlc Crucking Units

X Weod Processing
Plyvood Plyvood
XI Manufacturing

Autodobile Assezdly Autonobile Assecbly

Veretable 011 Manufacturing

Caet Zron Foundrice
{Core Ovens)

Asphalt Roofing (Blowing)




The eighty source categories are assessed according to (1) typical plant
size and associated emissions, (2) applicable control equipment efficiencies
and (3) potential for compliance with New Source Performance Standards and the
most and least restrictive regulatory limitations. The document presents data
typical of current emissions and control techniques. The document does not
address whether the source categories studied are controlled to either Best
Available Control Technology (BACT) or Reasonably Available Control Technology
(RACT). Tor some of the source categories, more detail would have been of real
use to agency personnel, However, the intended objective limited the develop-
.ment to comparable levels of detail for each of the eighty categories.




2. Introduction

The Environmental Protection Agency (EPA) is preparing to distribute to
State Agenciles a document suitable for assisting agencies in making a first
cut assessment of the emission limitation potential for sources within their
Jurisdiction, [EPA has required states with designated Air Quality Maintenance
Areas, through (40 CFR, Part 51) to submit plans that describe how acceptable
air quality will be attained and/or maintained. Much progress has been made
in defining problem areas, especially in and around urban centers, where air
quality levels exceed primary and secondary standards. Special efforts are
under way to increase Federal, State and Local enforcement, and to determine
the extent to which implementation plans can be remedied. EPA is critically
aware that specific and accurate information 1s necessary to define source
categories to which limited funds and personnel can be applied. EPA is also
aware that a significant gap is growing between level of resources required -
to organize and implement state plans and the level of effort states have
avallable, The lack of suitably trained staff is hampering states from
‘making timely and accurate submittals to EPA of required data and plans.

EPA has previously assisted State Agencies in fulfilling their required
tasks, by supplying them with appropriate reference documents. EPA realizes
that a document which assisis in prioritizing sources would allow state
agencies to focus their efforts on areas that would be productive. State
agency staff are interested in determining which types of sources emit suffi-
clently large quantities of pollutants, and could exceed even lenient regu-
lations. This type of information will allow agency staff to assess the
adequacy ol the data on file to determine compliance oo non~compliance.

The analysis of the 80 categories considered either particulate matter
or hydrocarhon emissions., These source categories were classified into
eleven main areas: :

I External Combustion VII  Metallurgical Industry

IT  Solid Waste Disposal VIII Mineral Products Industry
ITT Internal Combustion IX Petroleum Industry

IV  Evaporation Losses X Wood Processing Industry
v Chemical Process Industry XI Manufacturing Industry

VI Food and Agricultural Industry

For each of the eighty categoriles, an outline format is used to present
pertinent information and data. The format is identical for each category to
assure uniformity and ease of use. The elements of the format and an explana-
tion of what is contained in each is presented below:

A, Source Category

B. Sub-Category

C., Source Description

D, Emission Rates

E. Control Equipment

F. New Source Performance Standards and Regulation
Limitation

G, References




Section A consists of a one line designation, denoting one of the .eleven
categories by Roman numerical and industry group.

Section B consists of a one line designation that distinguishes a par-
ticular industry within the major category.

Section C consists of a brief description of the process, type of product
manufactured and approximate locations in the process where emissions, in-
cluding fugitive emissions occur. No estimates are made for fugitive emis-
. -slons because of a lack of quantitative data. Fugitive emissions are vari-

able on a day to day basis even from one plant. As such, they are not
amenable to accurate estimation. Also, traditional stack techniques for
control are not appropriate for reduction of fugitive emissions. The
description of each sub~category includes information on the type of raw
material used, description of process equipment and a flow diagram of the
process,

Section D consists of a brief discussion of the quantity of particulate
and/or hydrocarbon emissions arising from an average size plant., If data

are available estimates are made for discrete items of equipment in the
plant, Each sub-section contains at least one table that describes the
emissions on a lbs/ton and 1lbs/hr basis for a typical plant. This is done to
simplify future emission calculations for sources that have process weights
different than the ones used. The table for emission rates presents un-
controlled and controlled emissions. Where information for control is not
svailable for a specific process, a range of control efficiencies is
hypothesized, so a realistic comparison to regulations could be made.

Section E consists of a brief discussion of control equipment typically
associated with the process described in Section D. The efficilencies found
in the emission table in Section D, are quoted from available literature.
The equipment and efficiencies listed in Section E do not imply these are
the only types of control possible, or that the control efficiencies listed
are the highest possible, Specification of control efficiencies that depict
best available control require exact definition of stack parameters which
s beyond the scope of this task,

Section F consists of a brief discussion of where controlled and uncon-
trolled emissions stand with respect to New Source Performance Standards
and Regulatory Limitations. Examples are given of least restrictive and
most restrictive regulations for the size of the process listed in Section

D, The examples given may not necessarily be the most or least restrictive

- in every case, since some states require specification of stack parameters
in order to define an allowable emission. The states used for examples in
the text and tables are therefore qualified as being representative of a
most and a least restrictive limitation. In every Section F, there is at
.least one table that presents controlled and uncontrolled emissions and
limitations, Surveying this table indicates what level of control is
necessary to meet the quoted limitations. For a majority of the processes,
qualifying remarks and a table are included that specify whether existing
control technology is adequate to meet New Source Performance Standards
where applicable and regulatory limitations.




Section G consists of a listing of references that were used to develop
the information presented in the text. Literature references that were
not used but reviewed are also listed. This allows the reviewer a broader

understanding of the material surveyed.




3.0 Conclusions and Discussion

The format and inclusion of the seven sections as outlined in the Intro-
duction allows rapid analysis of numerous details. Because the eighty source
categories are distinct and separate from each other, one category can be
removed from the rest of the text without losing or destroying the meaning
of either the category removed or the categories remaining. While this ap-
proach has necessitated repetition of much of the details of the regulation
and reference sections, it i1s expected to provide maximum utilization of the
document. Updating and revising can be performed relatively easily because
the categories are removable as a unit. Additional categories can be added
without disrupting the page numbering or conclusions drawn from the other
categoriec,

The analysis of the eleven major industry categories, as listed in
Section 2,0, is based on the application of a six point overview presented
by the following questions.

1. 1Is the source category commonly found or is it relatively rare?

2, Does the source category have the potential for a wide range of
process weights?

3. Does one source category consistently exceed regulatory limits
or does the uncontrolled source category operate within all
regulatory limits?

4. Are there New Source Verformance Standards which apply to the
subcategorics?

5. Is existing control technology sufficicently adequate to allow
emissions to meet ‘regulatory limitations?

6. Does the source category have the potential for fugitive emis-
sion problems?

The framework for the analysis of the eleven main industry classifications
1s based on the responses to the above six questions.

1. Source categories that are common in all fifty states have universal
interest in terms of the other five questions. Source categories that
are relatively rare could require special treatment tailored specifi-
cally to individual plants and/or regulatory bodies.

2, Source categories that have a wide range of process weights require
extra care when assessing compliance with regulatory limitations.
Many limitations are either unusually restrictive or lenient at the
extremes of the process weight curve.

.




3. Source categoriles that consistently exceed regulatory limitations indicate
that adequate control has not been applied. Source categories that meet
regulatory limits with no control could indicate that a specific regula-
tion should be adopted or tightened to reduce emissions from uncontrolled
sources.,

4, The existence of New Source Performance Standards indicates that these
source categories should be reviewed first by agency staff to assure
compliance.

5, If existing control technology is not adequate to meet regulatory limi-

¢ r.tations, agency staff should investigate the accomplishments of similar
source categories to justify (1) that control technology does not exist
or (2) whether the source category has been deliberately slow in apply-
ing control,

6. Sources that have a fugitive emission potential or problem present a
complicated emission picture to agency staff. Agency staff should
quickly distinguish points within a source that are covered by stack
limitations and which aspects are fugitive. Recommendations for assess-
ment and cortrol of fugitive emissions 1s beyond the scope of this
task,

The following eleven sections discuss each of the major industry groups as
outlined in Section 1,0, according to the above six point overview:

h External Cowmbustion

The External Combustion Category covers process heaters and boilers of all
‘'sizes, Boilers..of all sizes are common to all fifty states, and are either cast
iron, firetube or four sizes of watertube design. There are five types of coal
fired units. New Source Performance Standards have been promulgated for boilers
larger than 250 x 106 BTU/hr. Coal fired boilers require controls to meet even
lenient limitations. New Mexico is representative of states that require con-
trols for oil fired units., Process heaters were not evaluated because of lack
of appropriate literature,

IT 'Solid Waste Disposal

The Solid Waste Disposal Category covers sugar cane field burning, agri-
cultural burning, municipal incinerators and industrial/commercial inciner-
ators. Sugar cane burning was not covered because of lack of data. Agricul-
tural burning data was developed for eighteen states. For these eighteen
states hydrocarbon emissions totaled 146,000 tons. Regulations have been
enacted to control agricultural burning. Municipal incinerators often have
capacities of 50 tons/day and require controls to comply with regulations.
Industrial/commercial incinerators normally have capacities of S0 1bs/hr to
4,000 1bs/hr and normally require controls to comply with existing regulations.
New Source Performance Standards have been promulgated for incinerators charg-
ing more than 10 tons/day.




ITI Internal Combustion Engines

The internal Combustion Engine Category consisted of one sub-category,
diesel and dual fuel engines. Particulate emission data for this category
was quite sketchy so thils category was not developed.

v Evaporation Losses

The category of Evaporation Losses consists of the various phases of gaso-
line storage, handling and marketing, the graphic arts industry and various
phases of industrial surface coating operations., EPA has promulgated New
Source Performance Standards for storage vessels larger than 40,000 gallons.
Los Angeles Rule 66-type legislation has become relatively common, which
sharply limits the quantities of both reactive and non-reactive hydrocarbons
that can be released form all types of processes. Hydrocarbon regulations are
cliaracterized because they are not based on process weight, thereby requiring
large sources to employ extensive control.

4 ~'Chemical Process Industry

The Chemical Prozess Industry consists of basic manufacturing processes
that provide other industries with the organic and inorganic chemicals. The
ifndustry is to be noted because of the wide range of process weight rates.
Varnish manufacture is typical of a small process (0.03 tons/hr) and ethylene
dichloride is typical of a large process (24 tons/hr). No New Source Per-
formance Standards have been promulgated for the categories as outlined in
Section 1.0 for the Chamiznl Process Industvwies, The categories as described
for the Chemicol Process Industry require extensive controls to meet the Los
Angeles Rule 66 limitation of 3 1lbs/hr. For many of the larger processes,
control technology has not been fully demonstrated.

VI Tood and Agricultural Industry

The Food and Agricultural Industry consists of the various grain hand-
ling and processing operations, food and beverage preparation and fertilizer
production. The grain handling operations presented the potential for sub-
stantial particulate emissions. The economic value of the grain has warranted
investment in hoods, cyclones and fabric filters. However, a number of the
grain operations can comply with existing regulations even uncontrolled. Food
preparation included direct firing of meat, deep fat frying and vegetable oil
manufacturing. The hydrocarbon emissions from these sources, while not large
compared to those in category IV, do comprise local problems. These types of
sources are usually uncontrolled and often create a substantial odor problem.
In general, they are unregulated in the traditional 1lbs/hour basis. The
fertilizer processes quoted have relatively large process weights (15 tons/hr)
and the technology for control is firmly established. Inadequate process data
for diammonium phosphate necessitated not completing this category.




VII Metallurgical Industry

The Metallurgical Industry consists of the basic processes to produce
‘iron, steel, copper and aluminum metals, The industry is characterized by
large and varied process weights, Core ovens are representative of a small
process weight of 0.05 tons/hour and sintering represents a large process
of 250 tons/hr, All of the Metallurgical Industry Processes consume large
amounts of energy mostly by burning fuels. This, plus the nature of the
basic reduction processes, produces the potential for large quantites of
particulate emissions. New Source Performance Standards have been promul-
gated for copper smelters. Various states have passed specific and general
process regulations for the industries considered under this category. ,

Particulate emission limitations are based on concentration, control effi-
~ clency, gas volume and process weight rate. All of the sources in this cate-
gory require some sort of control to comply with existing regulations. Ade-
quate control technology does exist to meet existing state regulations and
for copper smelters to meet New Source Performance Standards.

ATIIT " 'Mineral Products Industry

The Mineral Products InZustry .consists of sources that either make or
-use asphalt and cement, coal drying, bricks, glass wool, gypsum, mineral
wool, and phosphate wvock grinding. Brick and Related Clay Products is
. typical of a smaller process (3 tons/hour) and Stone Quarrying is typical
of a larger process (97 tons/hr). All of these source categories are rela-
. tively heavy emitters of particulate matter and all require some control to
meet even lenient regulatory limitations. New Source Performance Standards
have Deen promulgated for Portland Cement Plants,

IX ' Petroleum Industry

The Petroleum Industry for this report is comprised of only one source
category, Fluid Catalytic Cracking Units (FCCU). FCCU are characterized by
their large energy requirements, high catalyst recirculation rate and poten-
tial for being a large emitter of CO and particulates. FCCU are designed to
process 20,000 to 150,000 barrels/day of fresh crude. FCCU are often equipped
with CO boilers and electrostatic precipitators to reduce emissions. Several
states have specific regulations for controlling FCCU and New Source Per-
formance Standards have been promulgated for FCCU.

X " 'Wood Processing Industry

The Wood Processing Industry contains only one source category, Plywood
Manufacturing. Both hydrocarbon and particulate emissions were assessed.
Plywood manufacturing process weights typically average about 4.0 tons/hour.
The particulate emission regulations require baghouses. The hydrocarbon
emissions can effectively be controlled with an afterburner, and in a few
instances by a condenser, to meet the Los Angeles Rule 66~type legislation.

XI Manufacturing Industry

The Manufacturing Industry for this report includes only one sub-category;
automobile painting. The quantity of solvents emitted from a typical paint line
is large compared to the Rule 66 type regulations. The concentration of hydro-
carbons in the exhaust is fairly low thereby making the cost of scrubbing pro-
hibitive. Recently "staged" air make up has reduced significantly the
volume of air needed to be treated.




A. Source Category: I Fxternal Combusticn

B. ‘Sub Category: Wood Waste Bollers

C. Source Description:

Wood waste boilers are very similar in design and construction to coal
fired spreader stokers and arc commonly found at pulp paper mills. The waste
-boilers alung with the chemical recovery unit provide the paper pulp plant with
much of its energy requirements. The fuel for a wood waste boiler is tradi-
tionally wet bark and wood refuse originating from the debarking and cleanup
of logs prior to shredding. The moisture content of the refuse can be as high

as 70 to 80 percent. Whenever it exceeds an average of 55 percent, the bark is
either vresced to remove the excess water or mixed with drier material to pro-
duce a substance that will ignite consistently., Depending upon the power re-
quirements of the boiler and availability of auxiliary fuel, oil or coal can
usually be simultaneously fired. The typical spreader stoker used for bark
burning allows the bark to enter high enough in the fire box to allow evapor-
ation of excessive moisture and permit oxidation of most of the combustible
matter. This is accomplished and aided by rows of nozzles blowing preheated
air tangentially at various levels. All of the bark passes through this highly
,turbulent high temperature gas zone where a large portion of the bark burns
{rapidly, and only the larger particles fall to the grate. (})1.671 Typical
'wood waste boilers are six million BTU/hr (1512) x 10° cal/hr) with larger
units as high as 450 million BTU/hr (113.400 x 108 cal/hr), This corresponds
to approxiwately 700 Ibs/hr (212 kg/kr) to 53,000 lbs/hr (24,040 kg/hr) of
wood waste assuming a heat content of 8,500 BTU/lb (4,718 cal/g).(z)11 62

D. Emission Rates:

Particulate emissions result from the stack of the waste heat boiler burn-
ing wood and bark. Improper maintenance of the grates especially when using
coal as an auwxiliary fuel is a primary reason for excessive emissions. In
addition excessive moisture in the bark will cause poor combustion with re-
sultant smoking. The emission rate per ton of wood burned is expressed as a
range since there are several variables that can cause emissions of particu-
lates to vary from boiler to boiler and even on the same boiler. Under normal
conditions, the particulate emissions range between 25-30 1bs (11.25-13.5 kg)
of particulate per ton of wood burned. Table I-1 shows the heat input in 10°
BTU/hr, and 10® cal/hr and the amount of wood consumed, 211762

TABLE I-1
WOOD WASTE ROILER PARTICU&ATE'EMISSIONS

Type of 4 1bs part ka2 part Tons /by ke/hr Heat Tnput Fmissions
Operation & Control!ControljTon Wood|M Ton Vood] Wood Wood 10° BTU/hr] 09 cal/br |1bs/10° BTU|;/10° esl
Wood Waste Boller, o | 25-30% | 12.5-15 |.35-26.5[317.5-24000| 6-450 |1.5-113,400 1.6 2.9

Uncontrolled . .
Wood Waste Boller 94 25-30 12.5-15 | .35-26.5]317.5-24090] 6-450 |1.5-113,400 0.096 0.17

vith Cyclone

Wood Waste Boller
with Scrubber

Wood Waste Boiler _
with Llectrostatic
precipitator 99 2530 12,5-15 |.35-2A,51317.5-24090| 6~450 1.5-113,400

98 | 25-30 12.5-15 |.35-26.5]317.5-24090} 6-450 |1.5-113,400 0.032 C.058

0.016 0.029
Wood Waste Boiler ..
with Fabric Filter| 99.5 25-30 12,515 :.35-26,5| 317.5-24090 6-450 1.5-112,400 0.008 0.014

L

*For this calculation, use 27.5,

I-1




E. Control Equipment:

Cyclones are commonly found on wood waste heat boilers. They can achieve
efficiencies up to 94% under typical wood waste boiler outlet conditions, but
607 to 85% efficiencies are more common. Wet scrubbers can achieve 98% effi-
ciency under normal boiler outlet conditions. However, wet scrubbers require
higher capital investment and higher operating costs than other devices.
Electrostatic precipitators can attain efficiencies of more than 99.5% de-
pending on number, size and voltage of the plates. Most modern high effi-
‘ciency electrostatic precipitators are designed to operate in the 97% to 99%
range. Baghouses often have efficiencies of 99.5 percent but are sensitive-
to the high temperatures in boiler exhaust. (*)%°% T

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): On December 23, 1971 EPA promul-
gated NSPS for fossil-fuel fired steam generators. These standards pertain to
steam generating units greater than 250 million BTU/hr heat input. As such,
some of the wood waste boillers of the larger sizes would be covered by 0.1
pounds/10% BTU heat input limitation.

State Regulations for New and Existing Sources: Alaska and Florida are
two states which distinguish wood waste boilers from other types of fossil
fuel steam generators. Alaska states its emission limitation as a concentration,
0.15 grains/standard cubic foot. As such this limitation is not directly
comparable to the 1bs/10%® BTU basis in Table I-2. Florida's expresses the
liwitation for wood waste boilers on a 1bs/10® BTU basis as follows:

Boilers 230 x 10% BTU/hr - 0.3 1bs/10® BTU for wood + 0.1 1bs/106
BTU for other fuels

Table I-2 presents uncontrolled and controlled particulate emissions and
limitations for wood waste boilers.
TABLE 1-2

PARTICULATE EMISSIONS AND LIMITATIONS FROM WOOD WASTE BOILERS3

Heat Input % Emissions Limitations 1bs/10% BTU ¢/10° cal
Type of Boiler and Control 10° BTU/hr 9 cal/hr| Control| 1bs/10° BTU | g/10% cal NSPS* Florida
-IWood Waste Boiler Uncontrolled 6-450 |L.5-113,400] 0 1.6 2.9 0.1/.18 0.3/0.28
Wood Waste Boiler with Cyclone 6-450 [1.5-113,400; 85 .24 .109 . 0.1/,18 0.3/0.48
Wood Waste Boiler with Sct'ubbexJ 6-450 }1.5-113,400] 94 .096 . 044 0.1/.18 0.3/0.48
Wood Waste Boiler with
Electrostatic Precipitator 6-450 {1.5-113,400! 98 032 .015 . 0.1/.18 0.3/0.48
Wood Waste Boiler with Fabric
Filter L 6-450 .5-113,400] 99.5 .008 . 004 0.1/.18 0.3/0.48

Potential Source Compliance and Emission Limitations: For wood waste boilers
to comply with NSPS, 947% control would be necessary. For a wood waste boiler to
comply with a 0.30 1bs/10® BTU limitation, such as Florida's, 81% control
would be necessary.

The Environment Reporter was used to update the emission regulatioms.,




G. References:

To develop the information in this section concerning wood waste boilers,
the following references were used:

(1) Compilation of Air Pollutant Fmission Factors, April 1974, USEPA.

(2) Exhaust Gases from Combustion and Industrial Processes, Engineering
Science, Inc., Washington, D.C., October 1971.

(3) Analysis of Final State Implementation Plans, Rules and Regulétions,
EPA, Contract 68-02-0248, July 1972, Mitre Corporation.

(4) Background Information for Establisbment of National Standards of
‘Performance for New Sources — Industrial Size Boilers, Walden Research
Corporation, EPA Contrcl No. CAP 70-165; Task Order No. 5, June 30, 1971.
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A. Source Category: I External Combustion

B. Sub Catepory: Boilers .3<10 x 10° 'BTU/Hr

C. Source Description:

Boilers in the .3-10 x 10® BTU/hr size range are generally one of two
types utilizing coal, oil, or natural gas. Industry associations have cate-
gorized cast iron and firetube boilers in two classes as outlined in Table I-3.

" 'TABLE I-3
CLASSIFICATINN AND CAPACITY OF CAST IRON AND FIRETUBE BOILERS

Size Heat Input
Type of Boiler | lbs steam/hr| kg steam/hr |10% BTU/hr | 10% cal/hr
Cast Iron 650~-8000 294.8-3629 .3-10.0 75.6-2520
Firetube 420-25000 100.5-11340 .3-10.0 75.6-2520

Cast iron bollers are generally noted for their extremely long service
life, often 50 years. They can be overloaded without harm and can absorb
demand surges in stride. However, they are somewhat expensive for a given

steam. Higher capacity units are constructed by bolting multiple castings
together to provide the desired capacity. The smaller sizes are made for
house-hcld installations, with the upper range having been extended to ap-
proximately 8000 lbs/hr (3600 kg/br) steam.

Firetube boilers are generally noted for their fast response to moderate
load change and are relatively inezpensive compared to other boiler types
for a given capacity. However, they are inferior to cast iron boilers because
they are more easily damaged during overload conditions and have a longevity
of only about 20 years. Firetube and cast iron boilers are amenable to shop
assembly, thus simplifying installation. All that is required are hook-ups
for steam outlet, water inlet, flue, fuel, and electrical power. Firetube
boilers are rarely found in domestic sizes but together with cast iron, are
common in schools, institutions, apartment houses, offices, etc. They are
also in increasing use for small industrial applications of space heating and
process steam at moderate pressure,

D. Emission Rates

Particulate emissions result from the stacks of the boilers burning coal,
oll, or natural gas. Improper maintenance can cause excessive smoke and poor
economy of operation. Table I-3A shows the heat input in BTU/hr, the emissions
produced per million BTU and million calories, and the effect of control ef-
ficiency on coal fired units.2,3(1)4=2,3,4(3)3

Many of the coal fired units found in operation have some type of control
equipment installed to lower emission levels of particulates to within pre-
valling regulations. '
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TABLE I-3A

PARTICULATE EMISSIONS FROM .3-10 x 10® BTU/hr BOILERS

% Emigsions
Type of Boiler and Control Type of Fuel | Control |1lbs/10° BTY dnput 2/10° cal input
Cast iron Coal 0 1.54 2.77
Cast iron and dry cyclone Coal 85 n.231 0-105
Cast iron and wet scrubber Coal 98 0.031 0.056
Cast iron and electric precipitator [Coal 99 0.015 _ - 0.027
Cast iron and fabric filter Coal 99.5 0.008 - - 0.014
Cast iron Distillate oil 0 n.108 0.195
Cast iron Residual oil 0 0.103 0.186
Cast iron - Natural gas 0 0.017 0.031
Firetube Coal 0 1.54 : 2.77
Firetube and dry cyclone Coal 85 0.231 0.105
Firetube and wet scrubber Coal 98 0.031 . 0.056
Firetube and electric precipitator |[Coal 99 0.015 0.027
Firetube and fabric filter Coal 99.5 0.008 0.014
Firetube Distillate oil 0 - 0.108 0.195
Firetube Residual oil 0 0.103 0.186
Firetube Natural gas 0 0.017 0.031

Many of the industrial and commercial applications of cast iron and
firetube boilers have control equipment to reduce particulate emissions.
The four most common methods are:

1. dry cyclone,

2. wet scrubber,

3. electrostatic precipitator, and
4, Dbaghouse.

Dry cyclones can achieve up to 94% efficiency under typical boiler out-
let conditions, but 60% - 85% efficiencies are more common. Wet scrubbers
can achieve 987 efficiency under typical boiler outlet conditions and offer
the advantage of some sulfur dioxide removal. However, wet scrubbers
require higher capital investment and incur higher operating costs than other
control devices. Electrostatic precipitators are the most common control
device for boilers and can attain efficiencies of more than 99.57 depending
on number, size and voltage of the plates. Most modern high efficiency elec-
trostatic precipitators are designed to operate in the 97% to 997 range.
Baghouses often have efficiencies of 99.5 percent but are sensitive to the
high temperatures found in boiler exhausts. (?) A-1u




F., New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): On December 23, 1971, EPA
promulgated New Source Performance Standards for fossil fuel fired steéam
generators., However, these standards only pertain to steam generating units
greater than 250 million BTU's per hour heat input. As such, boilers of
.3-10 x 10® BTU/hr heat input described in Section D are controlled by
individual state regulations for fossil fuel fired steam generators.

State Regulations for New and Existing Sources: All fifty states have
regulations pertaining to fuel combustion for steam generators. West
Virginia exempts sources less than 10 x 10% BTU/hour heat input. Other states
such as Alaska and Maryland express their limitations as a concentration and
as such are not directly comparable to the 1bs/10® BTU/hr calculations expressed
in Table I-4. Connecticut is representative of a restrictive limitation which
does not distinguish boilers by size. A flat limitation of 0.2 1bs/10® BTU for
existing sources and 0.10 1bs/10®° BTU for new sources are the statuatory
limitations. Louisizna is representative of a least restrictive limitation
which docs not distinguish boilers by size, 0.6 1bs/10% BTU. Table I-4
presents uncontrolled and controlled emissions and limitations for boilers of
the 0.3-10 x 108 BTU/hr size range.

TABLFE 1-4

ARYICULATE 1LSSIONG W) LIMITATIONS TROM .3-1C x 10% BTU/lo ROLLEXs

% Emissions Limitatinns® its/lo” BTU / p/10° cal
Tvpe of Boiler and Control Fucl Control| 1bs/10% BTU g/lO6 cal Conn  Esvu Coan New Lovisiana
Cast iron Coal 0 1.54 2.77 ‘o
Cast iron and dry cyclone Coal 94 0.231 0.105 g'ifg:gg g'}gfg'ig 8.2;1.82
Cast iron-und wet scrubber Coal 98 0.031 0.056 0.7/0.36 0.10/0.18 0.6/'1'08
Cast iron and clectric precipitator |Coal 99 0.015 0.027 0.5/0.36 0'10/0']3 0.6/1‘08
Cast iron and fabric filter Coal 99.5 0.008 0.014 0'2/0.36 0:10/0:13 o'(,/] .oa
Cast iron Distillate oil 0 0.108 0.195 0:2/0.36 0.10/0.18 0:6/1:08
Cast iron Residual oil o 0.103 0,186 0.2/0.36 0.10/0.18 0.6/1.08
Cast iron Natural gas 0 0.017 0.031 0.2/0.36 0.10/0.18 | 0.6/1.08
Firetube Coal 0 1.54 2.77 0.2/0.36 0.10/0.18 0'6/1-08
Firetube and dry cyclone Coal . 94 0,231 0.105 0.2/0.36 0.10/0 18 0.6/1.08
Firetube and wet scrubber Coal 98 0.031 0.056 0.2/0.36 0:10/0:13 0:5/1:05
Firetube and electric precipitator |[Coal 99 0.015 0.027 0.2/0.36 0.10/0.18 0.6/1.08
Firetube and fabric filter Coal 99.5 0.008 0.014 0.2/0.36 0.10/0.18 0.6/1.0%
Firetubde Distillate ofl 0 0.108 0.195 0.2/0.36 0.i0/0.18 0.6/1.03
Firctube Residual oil 0 0.103 0.186 0.2/0.36 0.10/0.18 0.6/1.03
Firetube Natural gas 0 0.017 0.031 - 0.2/0.36 0.10/0.18 0.6/1.03

Potential Source Compliance and Emissions Limitations: There is a wide
range of boiler particulate emissions and the limitation imposed by the least
restrictive to the most restrictive state regulation, Table I-4A summarizes
the percent control necessary to achieve compliance in states that have
ligitations equal to Comnecticut's 0.1 1bs/10® BTU and Louisiana's 0.6 1bs/
10° BTU.
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TABLE I-4A

COMPILATION OF CONTROL REQUIREMENTS FOR BOILERS .3-10 x 10® BTU/hr

Boiler Type Fuel Connecticut (new) Louisiana
Cast Iron Coal | 94% - . 61%. |
Firetube Coal 94y 61% -

Table I-4A indicates that 94% control is required for the most restrictive

regulation, and current technology is sufficient to control cast iron coal and
firetube units of the 0.3-10 x 10° BTU/hr size range.

("'o

The Environment Reporter was used to update emission limitations.

References:

To develop the information presented in this section concerning boilers

.3-10 x 10% BTU/hr the following references were used:

1.

Background Information for Establishment of National Standards of Perfor-
mance for New Sources - Industrial Size Boilers, Walden Research Corpora-
tion, EPA Contract No. CPA70~165, Task Order No. 5, June 30, 1971.

Systematic Study of Air Pollution from Intermediate-sized Fossil Fuel
Combustion Equipment, Walden Research Corporation, EPA Contract No.
CPA22-69-85, July, 1971.
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References that were not used directly in the development of the informa-

tion for this section but could provide qualitative background for other uses
and were reviewed include:

5.
6.

Air Pollution Engineering Manual, Second Edition, EPA, May, 1973,

Combustion Engineering, Glen R, Tryling, published by Combustion Engin-
eering, Inc., 277 Park Avenue, New York, New York 10017; 1966.




A. Source Category: I External Combustion

Sub Category: Boilers 10-250 x 105 BTU/hr

C. Source Description:

Boilers in the 10-250 x 105 BTU/hr size range are of the water tube type,
utilizing coal, oil, or natural gas. Water tube boilers comprise the bulk of
industrial and almost half of all the utility boilers. Generally the smallest
industrial boilers are of the firetube design with large water tube boilers
providing up to 10,000,000 1bs (4,500,000 kg) per hour of steam. (1)273
Industry associations have cate%orized water tube boilers in four size classes
as outlined in Table I-5, ()3 :

TABLE TI-5
CLASSIFICATION AND CAPACITY OF WATLR TUBE BOILLRS

Boiler Typical Rated Capacity Range Steam |Source Class | Size Input
Type 1bs/hr kg/hr 10 BTU/hr | 10% cal/hr
Water tube-1l 10000-100000 4536-~45359 10-250 2520-63000
Water tube-2 | 100001-250000 45359.6-113528 10-250 2520-63000
Water tube~3 | 250001-500000 . 113398.5-226796 >250 >63000
Water tube-4 >500000 >226796 >250 >63000

Virtually all of the water tube-1l group are packaged units, shop assembled
znd shippecd in onc piecc by trailer or flat car. Tho Loloners of the middle
capacity range and all of the larger units are field assembled units. Today
almost all of the coal firing units are the field erected water tube design
with gas and/or oil as a possible alternative fuel for any of the categories.
Coal firing is accomplished by one of the following methods: (Z)A'I”

1. Pulverized 4. Spreader stoker
2. Cyclone 5. Underfeed stoker
3. Overfeed stoker

For industrial size boilers (water tube=1 and water tuBe-Z)
stoker firing is the most common while the larger sizes (water tube-~3
and water tube~4) pulverized firing is the most common.

D. Emission Rates:

Particulate emissions result from the stacks of the boilers burning coal,

oil, or natural gas. Improper maintenance or poor startup procedures can

cause excessive smoke and poor economy of operation. Table I-5A shows the type
of boiler and control, type of fuel, the size of the boiler, the percentage of
control that can be expected with a cyclone scrubber, electrostatic precipitator
and fabric filter and the emission rate in pounds per million BTU and grams per
million calories. (1)%=2,3,4, (3)11 (tper combinations of control equipment are
possible with both higher and lower efficiencies.




P ILEREEY

ARYYCULATE YMISSIONS VRO 310=250 % 10 h1u/le JNLERS

@ ——

13 hnlv wtone
Yype of lLiatder and Control Type of Yued  fcontrad | Tha/ 1o it [/ 0" T
Uater Yuber) tatura) pas ] n.m? 0,01
Hater Yube-} Resfdua) OF1 ] 0.103 0,160
Vater Yule-) Bistidlate O1) 0 0,108 0,195
Vater Yuhe-), Spreader Stober, Underfired|Coa)® -0 1.5 .79
Water Tube-1, Spreader Stoher, Underfired

vith Cyclone Conlt 85 0.23) 0,105
Wnter Tuhe-}, Spreader Stoker, Maderfdred

with Serutber Conal* 98 0,031 0.050
Water Tubie=), Spreader Stober, Underfired

with Kleetvostatic Yrecipitator Coals 99 0.016 0.029
Water Tube=}, Sprcader Steker, Underfired

with Fabefe Filter . Coaln 99.5 0.0608 0.014
Vater Yube=), Overfived Coa)# i} 4.5 8,20
Vnter Tube-), Overfived ufth Cyclone Coald 85 0.66) €102
Water Juhe=), Overfired with Scrubber Coal¥ 12 0.09) 0,364
Rater Yube=1, Overfired with Lleciro-

iatic precipitator Coa)# 99 0,046 0.083
Water Tube=1, Overfived with Fabrice .

Fidter Coalt 99.5 0.02) 0,04}
Vater Sube-2 Batinral Cas 0 0.Mm4 0,026
Vater Tube-2 Resfdusnt 01 ] 0,606 (U
Vater Tuhe-? Deridlate 0N 9 ©.108 .95
Water Tube~2, Spreader Stoker, Underfived|{Coalt [ 1.55 ?2.99
Water Tobe-2, Spreader Stoker, Underfired

with Cyclence Coalt 85 0,21 0,105
Matey Tubie=2, Spreader Stoker, Underfdyed

with Scrubbey Coal* 98 0.011 4,056
Vater Yube-2, Spreader Stoher, Wderfired

with Blectrostatic Precipiiator Coalt 99 0,016 0.029
KRater Tuhe=2, Spreadey Stoler, Underfired

wvith Yabric Vilter Coa)t 99.5 0.008 0.004
¥ater Tube-2, Overfived Conlt 0 4,01 1.0
Vater Tube=2, Overfired with Cyclone Coaldr 8h 0,605 7214
Water Yuhe=2, Overfived with Serubber Coal# 94 0,008 0,014
Mater Tube-2, Overfived with Llectiro-

sintic Yreefpitator Coal® 99 0,040 0,072
Water Yube-2, Overfirved w/¥ ahtic Filter lCoal® 99.5 0,020 0.020°
Water Tube-2, Cyclone Conl® 0 6,20 11,17
Rater Tube=2, Cyeclonic vith Cyclone Coalk k5 0.930 0.427
Vater Tube=2, Cyclonie with Scerubber Coal% 98 0.324 0,223
Eater Yuhe=2, Cyvlenfe with Eloctro-

gtatfe Procipictator Coal® 99 0,062 0.112
Water Tube-2, Cyclonic with Fabric

Tilter Conl* 99.5 0,031 0,046
Water Tuhe=2, Fulverized . Coal® 0 4,0 8,94
Water Yube=2, Folverized with Cyclone Coalt £5 0,744 0.337
Weler Tube-2, Pulverized with Sevubber Goa) # ~ 48 0,659 . 0,078
Vateo Tube-d Tulvar fned with Lleetro-

statfc trecipliator Coal* 29 0.050 0.09%50
Water Tube=2, Pulverfzed with Vabrie

Filter Conlt 99,5 0,025 0,045

*Assume 6,15 aah

E. 'Control Equipment:

Many of the iIndustrial and commercial applications of water tube boilers
have control equipment to reduce particulate emissions. The four most common
methods are:

1., dry cyclone,

2, wet scrubber,

3. electrostatic precipitator, and
4, baghouse,

Dry cyclones can achieve up to 94% efficiency under typical water tube
boiler outlet conditions, but 607 to 857 efficieicies are more common. Wet
scrubbers can achieve 987 efficiency under typical water tube boiler outlet con-
ditions and offer the advantage of some sulfur dioxide removal. However, wet
scrubbers require higher capital investment and higher operating costs. Electro-
static precipitators are the most common control device for water tube bollers
and can attain efficiencies of more than 99.5% depending on number, size and
voltage of the plates, Most modern high efficiency electrostatic precipitators
are designed to operate in the 97%Z to 99% range. Baghouses often have effi-
ciencies of 99.5 percent but aHe sensitive to the high temperatures found in
water tube boiler exhaust,
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P. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): On December 23, 1971, EPA
promulgated New Source Performance Standards for fossil fuel fired steam
generators, However, these standards only pertain to steam generating
units greater than 250 million BTU's per hour heat input. As such, boilers
of 10-250 x 10% BTU/hr heat input described in Section D are controlled by
individual state regulations for fossil fuel fired steam generators.

State Regulations for New and Existing Sources: All fifty states have
regulations pertaining to fuel combustion for steam generators.  Florida is
one of the few states that has no numerical limitation for boilers less than
250 x 10% BTU/hr, rather the regulation states to use the latest technology.
Other states such as Alaska and Maryland express their limitations as a concen-
tration and as such are not directly comparable to the 1bs/106 BTU calculation
expressed in Table I-8. Connecticut is representative of a restrictive
limitation which does not distinguish boilers by size. A flat limitation of
0.2 1bs/10% BTU for existing sources and 0.10 1bs/10® BTU for new sources are
the statuatory limitations. Louisiana is representative of a least restrictive
limitation which does not distinguish boilers by size, 0.6 1bs/10® BTU. Washington,
D.C. is represcentative of states that have a decreasing limitation for boilers
between 1-10,000 x 1085 BTU/br, 0.13 1bs/108 BTU to 0.02 1bs/10% BTU respectively.
Table I-6 presents controlled and uncontrolled particulate emissions and
limitations for boilers between 10-250 x 106 BTU/hr.

TABLE =6

PARTICULATE EHISSIONS AND LIMITATIONS FRC: BOTILRS 10-290 x 1n® RU/R

[’ “ Tmissions ttmivatfors® Jhs/A00 .
Type of Totler and Control Type of Fuel [Control [10s/1F LI | /10 % cal | ¢ {3ow) . 0o

v t
Vater Tube-1 Katural gas 0 0.012 6,031 0.1/0.i5 : 0.:/0.36 6.6/1.08
Water Tuhe=1 Residual 01} 0 0.10) 0,185 0.1/0.18 1 0.2/0.3% 0.6/1.03
Vater Tube-1 Distillate 011 0 0.108 0.195 0.1/0.06 | 0.2/0.36 P0.6/1.03
Valer Tube-l, Spreader Stoker, Underfircd|Coald [} 1,55 2,79 0.1/0.18 '} 0.2/0.36 ©0.6/1.0%
Water Tuhe-1, Sprcader Stoker, Underfired H .

vith Cyclone Coal* 85 0.233 0.105 0,1/0.18 | 0.2/0.36 | 0.6/1.6>
Water Tube-1, Spreader Stoker, Underfived

wvith Scrubber Coal#* 98 0.0 0.056 0.1/0.18 ! 0.2/0.36 ' 0.6/1.03
VYarer Tube=1, Spreader Stoker, Underfired '. H

vith Llectrostatic Precipicator Coalk 99 0.016 0.029 0.1/0.18  0.2/0.36 . 0.6/:.08
Water Tube-1, Spreader Stoker, Underfived . ! H

with Fabric Filter . Coal#* . 99.5 0.008 0.014 0.1/0.18 ; 0.2/0.36 | O.

Water Tude-l, Overfired Coal® i 4.55 8.20 0.1/0.18 ' 0.2/0.36 i 0.8/
Vater Tube~1, Overiired with Cyclore Coal* as 0,063 0.102 0.1/0.18 0.2/0.36 0.6/
Vater Tuke-1, Ovorfired with Scrubber Coaln 98 0.051 0.164 0.1/0.18 0.2/0.36 R
Bater Tube-l, Overfired with Clectro-

static precipitator Coal* 99 0.046 0.083 0.1/0.18 | 0.2/0.36 to.
Vater Tube-1, Overfired with Fabric i

Fllter Coalr 99.5 | 0.023 0.041 0.1/0.18 ; ©.2/0.36  , €.

Rater Tube-2 Natural Cas 0 0.004 0.026 0.1/0.18 0.2/0.36 ; C.
¥aver Tude-2 Restdual 011 0 0,066 0.119 0.1/0.18 4 0.2/0.36 ] 0.
Vater Tube=2 Distillate 011 0 0.108 0.195 0.1/0.18 1 0.2/0.36 G
Water Tube-2, Spreader Stoker, Underfired|Coald 0 1.55 2.99 0.1/0.18 0.2/0.36 1 o
Vater Tube-2, Spreader Stoker, Underfived

vith Cyclone Coalt 8s’ 0.233 0.105 0.1/0.18 | 0.2/0.3 0.6/1.0s
Water Tube-2, Spreader Stoker, Underfired : !

Vith Serusber ’ Coals 98 0.031 0.056 0.1/0.18 { 0.2/0.36  : 0.6/1.0>
Water Tubo~2, $preader Stuker, Underfired !

with Clectrostatic Procipivator Coals 99 0.016 0.029 0.1/0.18 0.2/0.36 p ObSr
Rater Tube=2, Spreader Stoker, Underfived }

with Yabric Filier Conln 99.5 0,008 0.04 0.1/0.18 0.2/C.34 ;0.9
Water Tuhe=2, Overfired Coalt 0 4,03 7.206 0.1,/9.18 0.2/3.36 . G,
¥ater Tube-2, Overfired with Cyclane Coal* 85 0.605 0,274 0.1/0.18 | 0.20.3 | O,
¥ater Tube-2, Overfired with Scrubber Coaln 98 0.008 0,014 0.1/0.18 8,2/9.36 ¢ 0.

Water Tube-2, Ovar{ired with Electro- !
statie Precipitator Coal : 9 0.040 0.072 0.1/0.18 0.2/0.36 0.
Vater Tulie~2, Overfirced w/Fabric Filter ({Coal® 99,5 0.020 0.036,, 0.1/0.18 0.2/0.3 ‘ 0.0,
¥ater Yube-2, Crclone ¢ Conle 4] 6.20 11.17 0.1/0.18 0.2/0.36 0.
Water Tube=2, Cyclanic with Cyclone < [Conl% 65 0.930 0,422 0.170.18 0.2/0.36 too.
Kater Tuhe-2, Cyclenic with Scrubber Coal% LH] 0.124 0.223 0.1/0.18  0.2/0.3% | o !
Pater Tube=2, Cyeleonie with Ylecero-

static Precipitator Coal* 99 0.062 0.1:2 0.170.18 0.2/0.36 l 0.6/1.83
Water Tube-2, Cyclonic with Fabric !

Fitter Coal* $9.5 0,031 0.056 0.1/0.18 | 0.2/0.36 0.6/1.05
water Tube=2, Pulverized Coal% 0 4.96 8.94 0.170.08 1 0.2/0.3 ‘ 0.6/1.18
¥ater Tube-2, Pulverizcd with Cyclone Cuale 85 0,744 0.337 0.1/0.18 0.2/3.36 0.6/:..-
Water Tube-2, Pulverized with Scrubber  |Coald -« 93 0,099 0.170 0.1/2.18 | 0.2/0.3% 0.6/1..»
Water Tube-2 Pulverized with Klectro~ .

static Preedpitator Coal 99 0,050 0.090 0.1/0.18 | 0.2/0.3 0.6/1.%¢
Water Tube-2, Pulverized with Fabric I

Fllier Couls 99.5 0.023 0.045 0.170.18 . 0.2/0.38 0.6/1.08
*sswie 8,13 ash 10




Potential Source Compliance and Emission Limitations: There is a wide range
of boller particulate emissions and the limitations imposed by the least restric-
tive to the most restrictive state regulations. Table I-6A summarizes the percent
control necessary to achieve compliance with a typical restrictive limitation
(Connecticut's) and with the New Source Performance Standard.

TABLE I-6A

COMPILATION OF CONTROL REQUIREMENTS FOR BOTLERS 10-250 x 105 BTU/hr

Boiler Type Fuel Conn, (New) | Louisiana

Water Thbe—l, Spreader

Stoker, Underfired Coal* 94% 617
Water Tube-1, Overfired Coal* 98% 87%
Water Tube-2, Spreader ’

Stoker, Underfired Coal* 94% 617
Water Tube-2, Overfired Coal* 987% 85%
Water Tube-2, Cyclonic Coal* - 98% 907
Water Tube-2, Pulverized Coal* 98% 88%

*Assume 8.1% ash

Table I-6A indicates that 987 control is required for the most restric-
tive regulation, and current technology is sufficient to control water tube-1
and water tube-~2 coal units using coal that contains 8.1% ash.

The Environment Reporter was used to update the emission limitations.,
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A. Source Category: I External Combustion

B. Sub Category: Boilers >250 x 105 BTU/hr

Source Description:

Boilers in the >250 x 10° BTU/hr size range are always of the water tube
type utilizing coal, oil, or natural gas. Water tube boilers of this size
comprise the bulk of industrial boilers and almost all of the utility boilers.
Water tube boilers usually range in size from about 10,000 1lbs steam/hr (4500
kg/hr) to 10,000,000 1bs steam/hour (4,500,000 kg/hr).(1)2'3 Table I-7
categorizes water tube boilers in four size classes in accordance with

with industry associations,

TABLE I-7
CLASSIFICATION AND CAPACITY OF WATER TUBE BOILERS

Typical Rated Capacity Steam Source Class Size
Boiler Type 1bs/hr kg/hr 10° BTY/hr{ 10° cal/hr
Water tube-1 10000--100000 4536-45359 10-250 2520-63000
Water tube-2 |100001-250000| 45359.6-113398 20-250 2520-63000
Water tube-3 |{250001-500000]113398.5-226796 >250 >63000
Water tube-4 >500000 >226796 >250 >63000

Virtually all of the water tuhe-1 group are packagzld units, shop assembled
and shipped in one piece by trailer or flat car. The balance of the middle
capacity range and all of the larger units are field assembled units. Today
almost all of the coal firing units are field erected water tube design with
gas and/or oil as a possible operating fuel for any of th§Ac?Eegories. Coal

firing is accomplished by one of the following me,thods:(—2
A. Pulverized D. Spreader stoker

B. Cyclone _ E. Underfeed stoker
C. Overfeed stoker .

Coal firing industrial sized boilers (typically water tube~-l and water
tube-2) stoker firing is most common, while the larger coal sizes (typically
water tube-3) pulverized firing is most common. Water tube-4 is typically all
pulverized firing,

D. Emission Rates:

Particulate emissions result from stacks of boilers bufning coal, oil, or
natural gas, Improper maintenance can cause excessive smoke and poor economy
of operation. Table I-7A presents emission rates in pounds per million BTU,
type of boiler and control, and a typical control efficiency of a cyclone,
scrubber, electrostatic precipitator and a fabric filter. (1)4-2,3,4(3)20
Other combinations of control equipment are possible with both higher and lower
efficiencies. It should also be noted that coal fired water tube-4 always uses
pulverized firing.
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JARLE T-7A

PARTICUIATE FMISSIONS FROM >230 x 108 BTU/hr DOJLERS

. z Entsnions
Type of Pofler and Control Type of Fuel [Control |1bs/10¢ Byu] £/10% cal
Water Tube-3 Hatural Cas [ 0.014 0.02%
Water Tube-) Resfdual 011 ] 0.066 0.119
Water Tube-) Diatillate Of1 0 0,108 0.194
Water Tube-3, Spreader Stoker, Underfired|Coals 0 1.55 2,19
¥ater Tube-Jd, aprender stoker, under-

fired with cyclone Coalt 85 0.233 0.103
Hater Tube-3, Sprender Stoker, Under-

fired vith scrubber Coalt 98 0.031 0.056
Water Tube-3, Spreader Stoker, Under~

fired with electroatatic precipitator |Coal* 99 0.016 0.029
Water Tube=3, Spreader Stoker, Under~

fired vith fabrie filter Coal 99.5 0.078 0.140
Water Tube-3, Overfired Coals 0 4,03 7.35 -
Water Tube-), Overfired wicth Cyclone Conl® 85 0,605 0.274
Water Tube~3, Overfircd with scrubber Coalt 98 0,081 0,146
Water Tube-), Overfired with electro-

static precipitator Coalt 99 0.040 0,072
Water Tube-3, Overfircd with Fabric

Filter Coalt 99.5 0.020 0.036
Vater Tube-3, Cyclonie Coalt [ 6,20 11.16
Water Tube J, Cyclonic with Cyclone Conl% 85 0,930 0.422
¥ater Tube-3, Cyclonic with Scrubber Coals 98 0.124 0.223
Water Tube-3, Cyclontc with Elcctro~

siatic Precipitator Coal# 92 0.062 0,112
¥arer Tube-3, Cyclonic with Fabric

Filter Coal# 99.5 0,01 0.056
Water Tube-3, Pulverized Coalt® o 4.96 8.98
Water Tube-3, Pulverized with Cyelone Coal® 85 0,744 0.33?
¥Water Tube-3, Pulverfzed with Scrubbel Coalk 98 0.099 0.178
Water Tube-), Pulverized with Electro~

static Precipitator Coal® 99 0.050 0.0%0
Water Tube-3, Pulverized with Fabric

Fileer Caalt 99.5 0.025 0,045
VWater Tube-é . Natural Cas 0 0,014 0.025
UWater Tube-4 Residunl Gas [ 0.066 0.119
Water Tube~6 Diattllate 011 Q 0,108 0,196
Water Tube-4, Pulverized Coaln 1] 4,96 8.93
Water Tube-4, Pulverized with Cyclone Coalt 85 0,744 0,337
Water Tube=4, Pulverized with Scrubber Coal* 98 0.099 0.178
Water Tube-4, Pulverfzed with Electro-

aratfc Procinteagnr Ceale 99 0.050 0.090
Water Yube-4, Pulverized with Fabric

Filter Cosl# 99,5 0.025 0.0435

*Assunce 6,1% ash

E. Control Equipment:

Many of the industrial and commercial applications of water tube boilers
have control equipment installed to reduce particulate emissions. The four
most common methods are:

1, dry cyclone,

2. wet scrubber,

3. electrostatic precipitator, and
4, baghouse.

Dry cyclones can achieve up to 947 efficiency under typical water tube
boiler outlet conditions, but 607 to 85% efficiencies are more common. Wet’
scrubbers can achieve 987 efficiency under typical water tube boiler outlet
conditions and offer the advantage of some sulfur dioxide removal. However,
wet scrubbers require higher capital investment and higher operating costs.
Electrostatic precipitators are the most common control device for water tube
boilers and can attain efficiencies of more than 99.5% depending on number,
size, and voltage of the plates. Most modern high efficiency electrostatic
precipitators are designed to operate in the 977 to 99% range. Baghouses often
have efficiencies of 99.5 percent butlaEe sensitive to the high temperatures
found in water tube boiler exhaust, ()*-"
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F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): On December 23, 1971, EPA pro-
mulgated New Source Performance Standards for fossil fuel fired steam gen-
erators, These standards pertain to steam generating units greater than 250
million BTU's per hour heat input. Boilers of greater than 250 % 10°% BTU/hr
heat input described in Section D are covered by NSPS of 0.1 1bs/10% BTU heat
input (0.18 g/10% cal) and individual state regulations. '

State Regulations for New and Existing Sources: All fifty states have
regulations pertaining to fuel combustion for steam generators.  Some states
such as Alaska and Maryland express their limitations as a concentration and
as such are not directly comparable to the 1bs/10® BTU calculation expressed
in Table I-8. Louisiana is representative of a least restrictive limitation
which does not distinguish boilers by size, 0.6 1bs/10® BTU. New Mexico is
representative of a restrictive limitation both by type of boiler and existing
boiler versus a new boiler. For existing boilers, New Mexico has a variable
emission limitation for boilers (coal) in the 10-1000 x 108 BTU range of 0.56 1bs/106
BTU to 0.135 1bs/10® BTU. For boilers 250 x 10® BTU the limitation is 0.265
lbs/106 BTU. For coal fired boilers installed after July 31, 1977, greater
than 250 x 10% BTU/hr the limitation is 0.05 1bs/10® BTU. For oil fired boilers
installed after July 31, 1977 greater than 1,000,000 x 10® BTU/hr the limitation
is 0.005 1bs/10® BTU. Table 1-8 presents controlled and uncontrolled emissions
and limitations for boilers greater than 250 x 10® BTU/hour heat input.

TAMY I-8

PARTICULATE TMISSIONS AND LIMITATIONS FROM BOILERS >250 7 105 pTU/hr

” Faiasnions Limitations® 1us/108 n1u / 5/10% cat

Type of Noller and Control 1 Type of ¥uel |[Control [Jba/1n% prU 5/10% ca) E Wew ex1¢0  (new) Louisiens
Yater Tuhe-3 . Natural Gas [ 0.014 0,025 b.370.18 0.005/0.009 0.6/1.08
Water Tube-3 Residual 041 0 0.006 0.119, 0.1/0/18 0.005/0.009 0.6/1.08
Water Tuhe-3 - Dintillate 041 4 0.108 0.194 0.1/0.18 0.005/0.009 0.6/1,08
Vater Tube-D, Spreader Stoker, UnderfirediCoalt 0. 1.55 . 2.7 0.170.18 0.05 /0.09 0.6/1.08
Water Tube-), spreader stuvker, under-

fired with eyclone Coal* 85 0.233 0.105 0.1/0.18 0,05 /0.0% 0.6/1.08
¥ater Tube-3, Spreader Stoker, Under— - -

fired with sevuhber Conl* 98 0.031 0.056 0,1/0.18 0.05 /0.09 0.6/1.03
Water Tube-3, Sprender Stoker, Under- . X

fired vith clectrostat{c precipitator [Coalt 99 0.016 0.029 0.1/0.18 0,05 /0.09 0.6/1,08
Witer Tube-3, Spreader Stoker, Under~

fived vith favric filter Coal 99.5 0.078 0.140 0.1/0.18 0.05 /0.09 0.6/1.08
Hater Tube-3, Overfired Conl#* 0 4.03 7.25 0.1/0,18 0,05 /0.09 0.6/1.08
\later Tube-3, Overfired with Cyclone Coalk 85 0.605 0.274 0.1/0.38 0.05 /0.09 0.6/1.08
Rater Tuhe-3, Overfired with serubber Coal* 98 0.081 0.146 0.1/0.18 0.05 /0.09 0.6/1.08
Vater Tube=3, Overfired with electro~ .

static precipitator Coal* 99 0.059 0.072 0.1/0.18 0.05 /0.09 0.6/1.03
Water Tuha-3, Overfired with Fabrie

Filter Coal® 99.5 0,020 0,036 0.1/0.18 0.05 /0.09 0.6/1.08
Water Tube-3, Cyclonic Coal® 0 6.20 11.16 0.1/0.18 0.05 /0.09 0.6/1.08
Water Tube 3, Cyelonic vith Cyclone Conl* 85 0.930 0.422 0.1/0.18 0,05 /0,09 0.6/1.08
Unter Tube-3, Cyclonic with Scrubber Coalt 98 0.124 0.223 0.1/0,18 0,05 /0,09 0.6/1.08
tater Tube-3, Cyszlonfc vith Elcctro-

static Precipitator Conlh 99 . 0.062 0.112 0.1/0.18 0.05 /0.09 0.6/1.08
¥aver Tube=3, Cyclonic with Fabric

Filter Coal* 99,5 0.031 0.056 0.1/0,18 0.05 70.09 0.6/1.08
Water Tube-3, Pulverized Coal% 0 4,96 8.98 0.1/0.18 0,05 /0,09 0.6/1.08
Water Tube~3, Tulverized with Cyclone Coal® 85 0.744 0.337 0,1/0.18 0.05 /0.09 0.6/1.08
¥a.er Tube-3, Pulverized with Scrubber  |Coal* 98 0.099 0.178 0,1/0.18 0.05 /0,09 0.6/1.08
Mater Tube-3, Pulverized with Elcctro~

static Trecipitator Conle 99 0.050 0.090 0.1/0.18 0.05 /0.09 0.6/1,08
Vater Tube-3, Pulverized with Pabrie .

Filter Coal# 99.3 0.025 0,045 0.1/0.18 0.05 /0,09 0.6/1.08
Mater Tube-& Natural Gas [\] 0.014 0,025 0.1/0,18 0,005/0,009 0.6/1.08
Water Tube-4 Renidual Cas 0 0.066 0,119 0.1/0.18 0,005/0,009 0.6/1.08
Vater Tube-4 Distillate Ofl 0 0,108 0.194 0.1/0.18 0,005/0.009 0.6/).08
Water Tube-4, lulverizsrd Coal* 0 4,96 8.93 £,1/0.18 0.05 /0,09 0.6/1.0%
Water Tube=4, Pulverized wicth Cyeleone Coal® 85 0,744 0.337 0,1/0.18 0,05 /0.09 0.6/1.08
Rater Tube-4, Pulverized wvith Serubber Conlt 98 0.099 0.170 0,1/0.18 0.05 /0,09 0.6/1.08
Water Yube=4, Tulverized with Elcctro~ .

static Trecipicator Coal* 99 .| 0©.050 0.09%0 0.1/0.18 0.05 /0.09 : 0.6/1.08
Vater Tube-4, Pulverized with Fabric

Filter Conl® 99.5 0.025 0.045 0.1/0.18 0.05 /0,09 0.6/1,08 .
*Assuzcs 8,13 ash *
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Potential Source Compliance and Emission Limitations: There is a wide
range of boiler particulate emissions and the limitations imposed by the least
restrictive to the most restrictive state regulations. Table I-8A summarizes
the percent control necessary to achieve compliance with NSPS and New Mexico's
0.05 1bs/10% BTU limitation according to specific boiler type and fuel.

TABLE 1-8A

COMPILATION OF CONTROL REQUIREMENTS FOR BOLLERS >250 x 10® BTU

New Mexico
Boiler Type Fuel NSPS - (new)
Water Tube~-3 Resid oil 0% 92%
Water Tube-3 Dist oil 0% 95%
Water Tube-3, Spreader
Stoker, Underfired Coal%* 947 97%
Water Tube-3, Overfired Coal* 987% 997%
Water Tube-3, Cyclonic .Coal* 987% 997
Water Tube-3, Pulverized | Coal* 98% 997%:
Water Tube-4 Resid oil 0% 92%
Water Tube-4 Dist oil 0% 95%
Water Tube-4, Pulverized Coal* 98% 99%

*Assume 8,17 ash

The existing control technology is adequate to achieve change particulate
limitations of even the most restrictive regulation.

The Environment Reporter was used to update emission limitations.
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G.

References

To develop the information presented in this section concerning boilers

> 250 % 10° BTU/hr the following references were used:

1.

Background Information for Establishment of National Standards of Perfor-
mance for New Sources, Walden Research Corporation, EPA Contract No. CPA70-
165, Task .Order No. 5, June 30, 1971.

Systematic Study of Air Pollution from Intermediate-sized Fossil Fuel
Combustion Equipment, Walden Research Corporation, EPA Contract No. CPA22-

69-85, July, 1971.

Impact of New Source Performance Standards on 1985 National Emissions
from Stationary Sources, Volume 3, Emission Factors for Boilers. :

References that were not used directly in the development of the informa-

tion for this section but could provide qualitative background for other uses
and were reviewed include:

4,

Analysis of Final State Implemeﬁtation Plans - Rules and Regulations, EPA,

Contract 68-02-0248, July, 1972, Mitre Corpcration.

Air Pollution Engineering Manual, Second Edition, EPA, May, 1973.

Combustion Engineering, Glen R. Fryling, published by Combustion Engin-

eering, Inc., 277 Park Avenue, New York, New York, 10017; 1966.
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A. Source Category: II Solid Waste Disposal

B. Sub Category: Open Burning (Agricultural)

C. Source Description:

Disposal of agricultural wastes by open burning is imperative because refuse
piles retain horticultural diseases and agricultural pests. Open burning is per-
formed in many areas as a practical means of clearing the land of these wastes.
Open burning is done in open drums or baskets and in large-scale open dumps or
pits,

D. FEmission Rates:

Emissions from burning straw and stubble consist of smoke and various gases,
The principal gases emitted are hydrocarbons,'carbon dioxide, carbon monoxide,
and oxides of nitrogen. (191 The relatively low temperatures associated with
open burning causes emission of large quantities of unburned particulates,
carbon monoxide, and hydrocarbons, and suppress the emissions of nitrogen oxides.
Annual hydrocarbon emissions from agricultural burning are listed by states for
which the data was available, (})5»9

Table II-1 presents hydrocarbon emissions from agricultural burning
for 18 statec

o= .

TABLE TI-1

HYDROCARBON EMISSIONS FROM AGRICULTURAL BURNING

Number of Acres tons/ 1bs Emission/ | kg Emission/ tons/ M tons/
1. _State Burned Acre Burned ton Refuse M ton Refuse | Year Year
Alabama 89,000 2 24 12 2,136 1,937
California 762,862 3 24 12 27,463 | 24,909
Delaware 210 10 24 12 25 23
Florida 265,000 7 24 12 22,260 20,190
Georgila 974,400 1 24 12 11,693 10,606
Hawail 108,000 12 24 12 15,552 | 14,106
Idaho 11,849 2 24 12 284 258
Kansas 600,000 1 24 12 7,200 6,530
Loulsiana 350,000 6 24 12 25,200 | 22,856
Maine 36,400 1 24 12 437 396
Maryland 1,500 5 24 12 90 82
Mississippi 340,170 2 24 12 8,164 | 7,405
Nevada 1,950 3 24 12 70 63
North Carolina 341,185 2 24 12 8,188 7,427
Oregon 264,170 2 24 12 6,340 5,750
Puerto Rico 78,791 8 24 12 7,564 6,801
Vermont 100 3 24 12 4 4
Washington 140,801 2 24 12 3,379 3,065
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E. Control Equipment

Agricultural open burning is an uncontrolled pollution. problem from the
equipment application point of view. Impact from this type of operation can
be minimized by burning on days of appropriate stability and wind direction.

F. New Source Performance Standards and Regulation Limitations:

. New Source Performance Standards (NSPS): No New Source Perfopmance
‘Standards have been promulgated for agricultural burning.

State Regulations for Existing Sources: Most states have regulations
prohibiting open burning. However a few states have such liberal exemptions
that open burning can be used to dispose garbage and leaves on properties with
less than four dwelling units. Agricultural burning is not restricted in any
of the states. Some states require farmers to obtain a permit and others
leave the exact timing of the burn up to the discretion of the local air
pollution control officials.

The Environment Reporter was used to develo
burning restrictions.

p the infcrmation on open

G. References:

Literaturc uscd to develop the information on open burning of agricultural
wastes includes:

1. George Yamate and John Stockham, An Inventory of Emissions from
Forest Wildfires, Forest Managed Burns and Agricultrual Burns
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A. Source Category: II Solid Waste Disposal

B. Sub Category: Industrial/Commercial Incinerators

C. Source Deccription:

Industrial and commercial incinerators cover a broad range of size and
type of material burned., Industrial and commercial incinerators are either
single chamber or multiple chamber units capable of burning 50 1bs/hour to
4,000 1bs/hour of charged refuse. (1)2.1-2

The combustion of refuse originating from commercial and industrial
establishments that is performed in a multiple chamber incinerator proceeds
in two stages:

1. primary or solid fuel combustion in the ignititon
chamber, and

2, secondary gaseous-phase combustion in the downdraft
or mixing chamber and in the uppass expansion or
combustion chamber.

The two basic typer of multiple chamber incinerators are:

. retort incinerator, and

; ..
. dn-lins dincinesrator.

PO =

Operational features that distinguish the retort design are:

1. The arrangement of the chambers causes the combustion gases
to flow through 90-degree turns in both lateral and vertical
directions.

2, The return flow of the gases permits the use of a common wall
between the primary and secondary combustion stages.

3. Mixing chambers, flame ports, and curtain wall ports have
length~to-width ratios of 1:1 to 2.4:1.

Operational features that distinguish in~line design are:

1. TFlow of the combustion gases is straight through the
incinerator with 90-degree turns only in the vertical
direction.

2, The in~-line arrangement is readily adaptable to installations
that require separated spacing of the chambers for operating
and maintenance. _

3. All ports and chambers extend across the full width of the
incinerator and are as wide as the ignition chamber. Length-
to-width ratios of the flame port, mixing chamber, and curtain
wall port flow cross sections range from 2:1 to 5:l.

Figures II-3 and II-4 are illustrations of retort multiple chamber incin-
erator and in-line multiple chamber incinerator, respectively.

’
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In multiple chamber incinerators, gas from the primary chamber flows to a
small sccondary mixing chamber where more air is admitted and more complete
oxidation occurs. As much as 300 percent excess air is supplied in order to
promote oxidation of combustibles. Auxiliary burners are sometimes installed
in the mixing chamber to increase the combustion temperature.(l)””"”s2

Single chamber units have capacities of 50 1bs/hr to 4,000 lbs/hr and are
often equipped with automatic charging mechanisms, temperature controls, and

movable grate systems,(2)2172

D. Emission Ratcs:

Operating conditions, refuse composition, and basic incinerator design have
a pronounced effect on emissions. The method by which air is supplied to the
combustion chamber has the greatest effect of all design parameters on the
quantity of particulate emissions. As underfire air is increased, an increase
in fly-ash emission occurs. Erratic refuse charging causes a disruption of the
combustion bed and a subsequent release of large quantities of particulates.
Unconbusted particulate matter and carbon monoxide are emitted for an extended
period after charging of batch-fed units because of interruptions in the com-
bustion process. In continuously-fed units, particulate emissions are dependent
upon grate type. Use of rotary kiln and reciprocating grates causes higher
particulate emissions than use of rocking or traveling grates. Particulate
emissione from commercial and industrial incincrators are presented in Table
11-5.(2)2.1-3  pounds per hour emission rates are based on a burning rate of
50 1bs/hr and 4,000 1lbe/hz,

TABLE II-5
PARTTICULATE EMISSTONS FROM INDUSTRIAL AND COMMERCIAL INCINERATORS

Emission Rate

Type of % Emissions (Based on 50 lbs/hr)|(Based on 4,000 lbs/hr)
Operation & Control Controll 1bs/ton kg/M roni 1bs/hr kp/hr 1bs/hr kg/hr
Single Chamber, Uncontrolled 0 15 7.5 .38 17 30.0 13.6

-Single Chamber, with Settling
Chamber and Water Spray
Single Chamber, with Settling

30-80 {10,5-3,0 5.3-1,5 |.26 -.08 .12 -.04 | 21.0-6.0 9.5-2.7

Chamber, Water Spray, and 80-95 | 3.0~ .8 1.5~ .4 {.08 -,02 .04 -,009| 6.0-1.6 2,7- .7
Scrubber

Single Chamber, with Settling

Chamber, Water Spray, and 90-96 { 1.,5- .6 .8~ ,3 |.04 -,02 ,018-,009| 3.0-1.2 l.4~ .5

Electrostatic Precipitator
Single Chamber, with Settling

Chamber, Water Spray, and 97-99 5= .2 e3~ .1 .01 -.005 .005-,002] 1.0~ .4 oS5~ .2
Fabric Filter '
Multiple Chamber, Uncontrolled 0 7 3.5 2 14.0 6.4
Multiple Chamber, with Settling . .
Chamber, Water Spray, and 30-80 | 4.9-1.4 2.5~ .7 |.1 -.04 .05 -.,018] 9.8-2.8 4.4~1,3

Mechanical Collector
Multiple Chumber, with Settling

Chamber, Water Spray, and 80-95 | 1.4= .4 7= .2 |.04 =00 * ,018-.005| 2.8~ .8 1.3- .4
Scrubber
Multiple Chamber, with Settling

Chamber, Water Spray, and 90~96 7= .3 W4~ .2 {.02 -,008 ,009-.0041 1,4~ .6 6~ .3

Electrostatic Precipitator
Multiple Chamber, with Settling

Chamber, Water Spray, and 97-99 .2- .07 .1~ .04/.005-,002 ,002-,001 4= .14 2= .06
Fabric Filter '
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E. Control Equipment:

Potential control equipment for municipal incinerators vary from a simple
~settling chamber to a fabric filter. Seven potential control methods and their
efficiencies are:(1)2.1-%

1. Settling Chamber: 0~-30%
2, Settling Chamber: 30-60%
3. Wetted Baffles: 607%
4, Mechanical Collector: 30-807%
5. Scrubber: 80-95%
6. Electrostatic Precipitator: 90-967
7. Fabric Filter: 97-997%

A settling chamber 1s least expensive of the control systems used on incin-
erators. It consists of a large refractory-lined chamber where flue gases are
slowed to permit gravity settling of coarse materials. These chambers are
supplemented by sprays to wet the walls, and the bottoms are wet (quiescent
ponds) or sluiced (for fly~ash removal) to minimize reentrainment of settled
ash. :

The cyclone spins the gases as they move down the length of the unit,
reversing flow, and leaving through an axial exit pipe. Because of the spin,
the larger particles in the gas stream seek the outside of the gas stream, where
they fall along the wall to a collection hopper.

Electrostatic precipitators apply separating force to the dust particles
by the interaction of electrical charges placed upon the surface of the dust
particles by which the dust-laden gas passec. Upon entering an ion-filled
space, the dust particles receive a negative electrical charge and are moved
toward the positively charged collecting plates. At predetermined intervals,
the collecting plates are mechanically rapped in order to dislodge the layer' of
collected dust, The dust is collected in hoppers located beneath the electrode
section of the precipitator.

Fabric filters are designed with tubes of woven fabric (cotton, wool, nylon,
etc.) hung in frames equipped with shaking or deflating mechanisms for dust
dislodgment. The mechanics of collection on fabric filters are highly compli-
cated and include impingement, diffusion, electrostatics, and direct sieving.

In oxder to assure satisfactory performance and long bag life, flue gas tem-
peratures are controlled in the range of 2500-5500F., The temperature range
may be more narrow depending upon the fabric and the flue gas composition,

There are many types of scrubbing devices for contacting liquids with gas
streams for the purpose of removing particulate matter and gaseous pollutants.
The three most common are:

1. wetted surfaces, i.e., systems of wetted pipes, baffles,
or walls located in the off-gas duct;

2, devices for contacting the gas with a liquid spray,
either in a spray-filled chamber or in a Venturi;

3. devices for bubbling the gas through a quantity of liquid
(by ducting it below a liquid surface or by blowing it
through impingement trays or through a packed column),
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All of these devices humidify and cool the exhaust and produce a "steam" plume at
the stack under some atmospheric conditions. Application of a higher pressure

drop across a scrubber generally results in a higher degree of particulate removal.
(2)51’1—17—VII-'+8 ]

F., New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): On December 23, 1971, EPA
promulgated "New Source Performance Standards' for incinerators of more than
10 tons/day charging rate. The limitation is 0.08 grains/standérd cubic foot
corrected to 12 percent COp, maximum two-hour average.

State Regulations for New and Existing Sources: Particulate emission
regulations for varying charging rates are expressed differently from state to
state. Regulations applicable to new and existing incinerators are listed
according to the basis of the limitation. The limitations are based on
concentration, control efficiency, gas volume and charging rate.

Concentration Basis: States having regulazions for new and

existing incinerators expressed on a concentration basis are
listed in Table II-6.

TABLE 11-6

SIATES _HAVING REGUIATIL

FOB i AUR. EXISIING SOLRCES
i 5310

G A CO TEATION DS
State Cupucity & Age Linitation
Alaska £ 200 ibs/hr 0.3} gr/sct
200-1000 1ha/hr 0.2 gr/scf
> 1000 Jbs/hr 0.1 gr/scf
Atkansas 2 200 ibs/hr 0.2 gr/scf
. ¢ 200 lbs/hr 0.3 gr/scf

California a1l slzes typical of
all countrics 0.3 gri/scf
Colorado new 0.1 gr/sef
existing 0.15 gr/rct
Connccticut new 0.08 gr/sct
Florida 2 50 tons/day (new) 0.08 gr/scf
2 50 tons/day (existing) [ 0.1 gr/sef
Georgia 2 50 tons/day 0.08 gr/sct
€ 50 tons/day 0.1 grcfscf
exfsting before 1/1/72 0.2 gr/scf
Illinois > 2000 lbs/hr 0.08 gr/sct
<2000 Jbs/hr 0.02 gr/scf
> 60,000 lbs/hr 0.05 pr/scf
< 2000 lhs/hir (new) 0.10 gr/sct
lova 2 1000 iLs/hr 0.20 gr/scl
< 1000 1bs/hr 0.3% gr/sct
Kentucky > 50 tons/day 0.08 gr/sct
< 50 tons/day 0.2 gr/sct
Loufaiana all sizes 0.2 gr/sct
Maryland all sizes 0.03 gr/secf
Hassachunetts all sizes 0.1 gr/set
Hinncsota < 200 lbs/hr 0.3 gri/scl
200-2000 1bs/hr 0.2 pgt/scf
> 2000 Jbs/hr 0,1 pgre/sef
Hisslisafippt . all sizce 0.2 gr/sef
all sizcs (new) 0.1 gr/sct
Missouri x 200 1bs/hr (new) 0.2 pgr/fsct
all others 0.} grlect
Hontana < 200 Ibs/br (new) 0.3 gr/sck
. » 200 Ybs/hr 0.2 gr/sct
new sources 0.1 gr/ect
Nebraska < 2000 lba/hr 0.2 gr/set
2 2000 1bs/hr 0.1 gr/sct
New Uampshire € 200 lbs/ur 0.) gr/sct
> 200 lbs/lir {new) 0.2 gr/sefl
> 50 tons/day 0,038 gr/sct
NHew Jersey all stzes 0.1 gr/sct
Oregon <200 hs/hr 0.) gr/wcf
> 200 )hstftr 0.2 gr/oef
> 200 Jbs/ir (new) 0.1 gr/sct
Pennsylvanta all aizen 0.1 grlect
Rhode Isdand < 2000 Ibs/thr 0.16 gr/scl
2 2000 Ihs/br 0.08 pr/act
Utah . > 50 tonx/day 0.08 pr/scf
Virptnta a1} atres 0.1% gr/sct
Wanhlnston all sizes 0.1 pr/ncl
Wanhingten, DG, al) wliea 0.08 yrf ack

I1-7-




Control Efficiency Basis: Utah requires processes to maintain
85% control efficiency over uncontrolled emissions.

Gaé Volume Basis: Texas expresses particulate emission limitations
in pounds/hour for specific stack flow rates. The Texas limits are:

103 to 10% acfm - 7.11 1bs/hr
10% to 105 acfm - 38,00 1lbs/hr
- 105 to 10% acfm - 158.00 1lbs/hr

Process Weight Rate Basis: Hawaii, Wyoming, South Dakota;-Vérmontt
and Nevada express incinerator limitations in pounds of emission per
pounds of refuse charged. These limitations are listed below:

State Emission Rate Basis
Hawaii 2 1bs per 100 1bs refuse
Wyoming «2 1bs per 100 1bs refuse
South Dakota .«2 1bs per 100 1bs refuse
Vermont " <1 1bs per 1,000 1bs dry refuse
Nevada 3.0 1bs per ton refuse if = 2,000
1bs/hr

Potential Source Compliance and Emission Limitation: New Source Performance
Standards limit emissions on a concentration basis, so no direct comparison with
emissions In Table II~5 are made.

The Environment Reporter was used to update the emission limitations.

G. Refereﬁces:

Literature used to develop the information on industrial/commercial
incinerators is listed below:

1. Compilation of Air Pollutant Emission Factors (Second Edition),
EPA, Publication No, AP-42, March 1975,

2. Danielson, J. A., Air Pollution Engineering Manual, Second Edition,
AP~40, Research Triangle Park, North Carolina, EPA, May 1973,

3. Systems Study of Air Pollution from Municipal Incineration, Volume I,
Arthur D, Little, Inc., Contract No. CPA-22-69-23, March 1970,

The following references were consulted but noﬁ used directly to develop
the information on municipal incinerators:

4, Brinkerhoff, Ronald J., Inventory of Intermediate-Size Incinerators
in the United States - 1972, Pollution Engineering, November 1973.

5. Air Pollution Aspects of Emission Sources: Municipal Incineration,
Air Pollution Control Office, Publication AP~92, Research Triangle
Park, North Carolina, EPA, May 1971,
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A. Source Category: II Solid Waste Disposal

B. Sub Category: Municipal Incinerators

C. Source Description:

The combustion of refuse originating from residences and commercial and
industrial establishments is performed in a multiple-chamber incineratcr. The
process proceeds in two stages:

l'

2.

primary or solid fuel combustion in the ignition
chamber, and

secondary gaseous-phase combustion in the downdraft
or mixing chamber and in the uppass expansion or
combustion chamber,

The two basic types of multiple chamber incinerators are:

1.
2'

Operational

1.

2,

3.

Operational

1'

retort incinerator, and
in-line incinerator,

features that distinguish the retort design are:

The arrangement of the chambers causes the combustion gases
to flow through 90-degres turns in both lateral and vertiecal
divections,

The return flow of the gases permits the use of a common wall
between the primary and secondary combustion stages.

Mixing chambers, flame ports, and curtain wall ports have
length~to-width ratios of 1:1 to 2.4:1.

features that distinguish in-~line design are:

Flow of the combustion gases is straight through the
incinerator with 90~degree turns only in the vertical
direction.

The in-line arrangement is readily adaptable to installations
that require separated spacing of the chambers for operating
and maintenance,

All ports and chambers extend across the full width of the
incinerator and are as wide as the ignition chamber. Length-
to-width ratios of the flame port, mixing chamber, and curtain
wall port flow cross sections range from 2:1 to 5:1.

Figures II-1 and IX-2 are illustrations of retort multiple chamber incin-
erator and in-line multiple chamber incinerator, respectively.,
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In multiple chamber incinerators, gas from the primary chamber flows to a
small secondary mixing chamber where more air is admitted and more complete
oxidation occurs. As much as 300 percent excess alr is supplied in order to
promote oxidation of combustibles., Auxiliary burners are sometimes installed
in the mixing chamber to increase the combustion temperature.(l)“37‘”52

Multiple chamber units have capacities of 50 tons/day (45.4 MT/day) and are
usually equipped with automatic charging mechanisms, temperature controls, and
movable grate systems, (2)2+1-2

D. Emisesion Rates:

Operating conditions, refuse composition, and basic incinerator design have
a pronounced effect on emissions. The method by which air is supplied to the
combustion chamber has the greatest effect of all design parameters on the
quantity of particulate emissions. As underfire air is increased, an increase
in fly-ash emission occurs. Erratic refuse charging causes a disruption of the
combustion bed and a subsequent release of large quantities of particulates.
Uncombusted particulate matter and carbon monoxide are emitted for an extended
period after charging of batch-fed units because of interruptions in the com-
bustion process. In continuously-fed units, particulate emissions are dependent
upon grate type., Use of rotary kiln and reciprocating grates causes higher
particulate emissions than use of rocking or traveling grates. Particulate
emissions from municipal incinerators are presented in Table 11-7.(2)2.1-3
Pounds per hour emission rates are based on a burning rate of 2 tons/hour,

- TABLE II-7

PARTICULATE EMISSIONS FROM MUNICIPAL INCINERATORS

Type of % Emissions Emission Rate
Operation & Control Control lbs/ton ke/M ton ‘1bs/hr kg /hr
Multiple Chamber, Uncontrolled 0 30 15 60 27.2

Multiple Chamber, with Settling
Chamber and Water Spray

Multiple Chamber, with Settling
Chamber and Water Spray, 30-80 | 9.8-2.8 4,9-1,4 19,6~22.4 8.9~10.2
Mechanical Collector

Multiple Chamber, with Scttling ' . .
Chamber and Water Spray, 80-95 2.8- .7 1.4~ 4 5.6- 1.4 2,5~ .6

0 14 7 28 12,7

Scrubber
Multiple Chamber, with Settling .
Chamber and Water Spray, 90-96 l.4~ .6 7= .3 2,8~ 1.1 1.3- .5

Electrostatic Precipitator
Multiple Chamber, with Settling ’

Chamber and Water Spray, 97~99 b= 14 2= 07 8= .3 A= 14

Fabric Filter

*Emission rate based on 2 ton/hour burning rate
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E. Control Equipment:

Potential control equipment for municipal incinerators vary from a éimple
. settling chamber to a fabric filter. Seven potential control methods and their
efficiencles are:(1)2.1-4

1, Settling Chamber: 0-30%
2.  Settling Chamber: 30-60%
3. Wetted Baffles:. 607
4, Mechanical Collector: 30-80%
5. Scrubber: 80-95%
6. Electrostatic Precipitator: 90-967%
7. Fabric Filter: 97-99%

A settling chamber 1s least expensive of the control systems used on incin-
erators, It consists of a large refractory~lined chamber where flue gases are
slowed to permit gravity settling of coarse materials. These chambers are
supplemented by sprays to wei the walls, and the bottoms are wet (quiescent
ponds) or sluiced (for fly-ash removal) to minimize reentrainment of settled
ash,

The cyclone spins the gases as they move down the length of the unit,
reversing flow, and leaving through an axlial exit pipe. Because of the spin,
the larger particles in the gas stream seek the outside of the gas stream, where
they fall along the wall to a collection hopper.

Electrostatic precipitators apply separating force to the dust particles
by the interaction of electrical charges placed upon the surface of the dust
particles by which the dust-laden gas passes. Upon entering an ion~filled
space, the dust particles receilve a negative electrical charge and are moved
toward the positively charged collecting plates. At predetermined intervals,
the collecting plates are mechanically rapped in order to dislodge the layer of
collected dust. The dust is collected in hoppers located beneath the electrode
section of the precipitator.

Fabric filters are designed with tubes of woven fabric (cotton, wool, nylon,
etc,) hung in frames equipped with shaking or deflating mechanisms for dust
dislodgment. The mechanics of collection on fabric filters are highly compli-
cated and include impingement, diffusion, electrostatics, and direct sieving.

In order to assure satisfactory performance and long bag life, flue gas tem-
peratures are controlled in the range of 2509-550°F, The temperature range
may be more narrow depending upon the fabric and the flue gas composition,

There are many types of scrubbing devices for contacting liquids with gas
streams for the purpose of removing particulate matter and gaseous pollutants,
The three most common are:

1. wetted surfaces, i.e., systems of wetted pipes, baffles,
or walls located in the off-gas duct;

2, devices for contacting the gas with a liquid spray,
either in a spray-filled chamber or in a Venturi;

3. devices for bubbling the gas through a quantity of liquid
(by ducting it below a liquid surface or by blowing it
through impingement trays or through a packed column),
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All of these devices hymidify and cool the exhaust and produce a "steam" plume
the stack under some atmospheric conditions. Application of a higher pressure

drop across a scrubber generally results in a higher degree of particulate re-
moval, ('Z)VII—I 7-VII-48

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): On December 23, 1971, EPA
promulgated '"New Source Performance Standards" for incinerators of more than
10 tons/day charging rate. The limitation is 0.08 grains/standard cubic foot
corrected to 12 percent CO,, maximum two-hour average.

State Regulations for New and Existing Sources: Particulate emission
regulations for varying charging rates are expressed differently from state to
state. Regulations applicable to new and existing incinerators are listed
according to the basis of the limitation. The limit-~tions are based on
concentration, control efficiency, gas volume and charging rate.

Concentration Basis: States having regulations for new and

existing incinerators expressed on a concentration basis are
listed in Table II-8,

TABLE 11-8

Anaree
STATES

Stote Capacity & Age Limftatfon

Alaska < 200 lbs/br 0.3 gr/scf

200-2000 1bs/hr 0.2 gr/sct

> 1000 Jbs/hr 0.1 gr/scfl

Arkansas z 200 lbs/hrc 0.2 griscf

* < 200 Ibs/hr 0.3 pr/scf
California all sfzes typlcal of

all couvntrics 0.3 griscfl

Colorado new 0.1 gr/sct

existing 0.15 gr/sct

Connccticut new 0.08 pgr/scf

Flortda 2 50 tons/day (new) 0.08 gr/scf

2 50 tons/day (existing) | 0.1 gr/scf

Georgla 2 50 tons/day 0.08 pr/sct

€ 50 tonsfday 0.1 gr/scf

exfsting Lefore 1/1/72 0.2 gr/scf

111li{nois > 2000 1bs/hr 0.08 gr/sct

< 2000 Ybs/hr 0.02 gr/scf

> 60,000 lbs/hr 0.05 gr/scf

<€ 2000 lbs/hr (new) 0,10 gr/sct

lowa 2 J000 lbs/hr 0.20 gr/sef

< 1000 1bs/hr 0.35 gr/scf

Kentueky > 50 tons/day 0.08 gr/scf

€ 50 tons/day 0.2 grifsel

louisfana all sizes 0.2 gr/sef

Haryland all eizes 0.03 gr/pef

hasasachusetts all sfies 0.1 gr/set

Minucsota < 200 lbs/nr 0.3 pr/sef

200-2000 1ba/he 0.2 gel/scf

> 2000 lbs/hr 0.1 gr/sct

Mississippl . a1l stzes 0.2 gr/scf

all sizes (new) 0.} pr/ect

Missouri 2 200 1ba/hr (new) 0.2 gr/sct

8l} others .| 0.3 gr/sct

YHontana £ 200 lbs/ur (ncw) 0.3 gr/scf

> 200 lbs/ur 0.2 gr/sef

nev mources 0.1 pr/sct

Nebraska < 2000 lba/hr 0.2 gelset

2 2000 lbs/hr 0.). gr/sct

New Nampshire € 200 lbs/ur 0.3 pgr/sct

> 200 Jua/he (new) 0.2 gr/sef

> 30 tens/day 0.08 pr/scf

New Jersey oll sizes 0.1 gr/sct

Orepon <200 tha/nr 0.) gr/sct

> 200 Ihsitr 0.2 gr/acf

> 200 Jbs/hir (new) 0.1 gr/nct

Pennsylvania all wfrzesn 0.1 gr/uct

Khade tstand <2000 Jbs/hr 0.16 gr/sef

. 2 2000 1hs/he 0.08 pr/scf

Utah > 50 tonn/day 0.08 pr/scl

Virginla Al miren 0.04 pr/scl

Wanhrbngston all alzen 0.1 gpr/scf

Sashington, D6, all nizea 0,08 gr/ncfl




Control Efficiency Basis: Utah requires processes to maintain
85% control efficiency over uncontrolled emissions.

Gas Volume Basis: Texas expresses particulate emission limitations
in pounds/hour for specific stack flow rates. The Texas limits are:

103 to 10% acfm - 7.11 1bs/hr
10% to 105 acfm -~ 38,00 1lbs/hr
10° to 10% acfm ~ 158.00 lbs/hr

Process Welght Rate Basis: Hawaili, Wyoming, South Dakota;‘VéfméntA
and Nevada express incinerator limitations in pounds of emission per
pounds of refuse charged. These limitations are listed below:

State Emission Rate . Basis
Hawaii .2 1bs per 100 1lbs refuse
Wyoming .2 1bs per 100 1lbs refuse
South Dakota «2 1bs per 100 1lbs refuse
Vermont .1 1lbs per 1,000 1lbs dry refuse
Nevada 3.0 1bs per ton refuse if £ 2,000
1bs/hr .

A Potential Source Compliance and Emission Limitation: New Source Performance
Standards limit emissions on a concentration basis, so no direct comparison with
emiceions in Table II~7 are made.

The Environment Reporter was used to update the emission limitations.

G. References:

Literature used to develop the information on municipal incinerators is
listed below: '

1. Compilation of Air Pollutant Emission Factors (Second Edition),
EPA, Publication No. AP-42, March 1975,

2, Danielson, J. A., Air Pollution Engineering Manual, Second Edition,
AP-40, Research Triangle Park, North Carolina, EPA, May 1973.

3. Systems Study of Air Pollution from Municipal Incineration, Volume I,
Arthur D, Little, Inc., Contract No. CPA~22-69-~23, March 1970.

The following references were consulted but not used directly to develop
the information on municipal incinerators:

4. Brinkerhoff, Ronald J., Inventory of Intermediate~Size Incinerators
in the United States -~ 1972, Pollution Engineering, November 1973,

5. Air Pollution Aspects of Emission Sources: Municipal Incineration,
Air Pollution Control Office, Publication AP-92, Research Triangle
Park, North Carolina, EPA, May 1971.
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A. Source Category: IV Evaporation Losses

B. Sub Category: Degreasing

C. Source Description:

Degreasing operations clean the surfaces of manufactured items so that sur—
face coatings will adhere. These operations are also used as a final step in the
manufacture of items that are not surface coated. During the fabrication of many
metal products, surfaces are lubricated with oils, greases, or stearates to
facilitate various drawing, forming and machining operations. Lubricants with
dust particles and dirt, must be removed from the metal surface prior to coating
or shipping. (*)20

Solvent degreasers vary in size from simple unheated wash basins to large
heated conveyorized units in which articles are washed in hot solvent vapors.
Figure Iv-49(6)871 prescents a typical vapor-spray degreaser. Solvent is
vaporized in the left portion of the tank either by electric, steam, or gas
heat. The vapors diffuse and fill that portion of the tank below the water-—
cooled condenser. At the condenser level, a definite interface between the
vapor and air can be observed from the top of the tank. Solvent condensed at
this level runs into the collection trough and from there to the clean~solvent
receptacle at the right of the tank. Articles to be degreased are lowered in
baskets into the vapor space of the tank. Solvent vapors condense on the
cocler metal parts, and the hot condensate washes oil and grease from tha parts.
The contaminated condensate drains back into the heated tank from which it can
be revaporized. When necessary, dirty parts are hand sprayed with hot solvent
by means of a flexible hose and spray pump to aid in cleaning.

| FINNED COIL
CONDENSER

CONDENSATE
WATER JACKET —={] . g,/’cDLLEc10R

VAPOR AREA— AW T WATER SEPARATOR
- DRAIN
WORK REST i[-p~—WATER SEPARATOR
BOTLING L1QUI0I— - oo bt OVERFOLW LINE

IMMERSION‘ ~t+~1—PUKP SUMP

HEATE:“N‘ “§Q)=SPRAY PUMP

Figure IV-49: Vapor-Spray Degreaser

In a continuous vapor-spray degreaser, metal parts are suspended in baskets
from hooks which move through the unit on a monorail. Figure IV-50(%)23
presents a diagram of a continuous vapor-spray degreaser. The parts pass through
a vapor zone, followed by a liquid immersion section and then another vapor
zone,

-
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Tigure IV-50: Continuous Vapor-Sprav Degreaser

D. Emission Rates:

Degreasing operations use halogenated hydrocarbons. The most common hydro-
carbBons Used are the following:(“)z

Solvent Formula Boiling Point Boiling Point
Trichloroethylene C1lHC = CCl2 870C 189°F
1, 1, 1 - Trichloroethane CHBCC13 740C 165°F
Perchloroethylene c120 = 0012 1200C 248°F
Methylene Chloride CH,C1, 400¢C 104°F
Trichlorotrifluoroethane ClBC =~ CF3 45,80C 114°F
CleC - CF201 47.7°C 118°F

Because of Los Angeles Rule 66, an estimated 90% of the solvent used in Los
Angeles County is divided equally between perchloroethylene (C12C=CClz) and
1, 1, 1 trichloroethane (CHBCCl ); the remaining 10% is trichloroethylene
(C1HC=CCl,). In localities that do not have air pollution control laws restricting
organic solvent emissions, an estimated 907 of the solvent used for degreasing is
trichloroethylene., Most of the remaining 10% of the solvent is the higher boiling
perchloroethylene. Selection of solvent is dictated by the operation's temperature
requirements. Most greases and tars dissolve readily at the 1890 boiling point
of trichloroethylene. Perchloroethylene boils at 2490F and is used when higher
temperatures are required or when compliance with ailr pollution control legislation
is required.(6)872

Solvent emissions from vapor degreasing occur primarily during loading and
unloading of the degreaser. Solvent escapes from the vapor zone and, to a lesser
extent, during idling conditions. Daily emissions of a single spray degreasing
booth may vary from a few pounds to 1300 pounds per day. A typical metal cleaning
operation using a vapor degreaser can clean 200,000 lbs of metal in one day.(3)8
Table IV-1 presents controlled and uncontrolled hydrocarbon emissions from de-
greasing operations.
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TABLE IV-1
HYDROCARBON EMISSIONS FROM DEGREASING OPERATIONS

Based on 200,000 1lbs of
Type of % Metal Cleaned’ Metal Cleaned/day(3)8
Operation & Control Control | 1bs/ton  ki/m ton 1bs/br ka/hr
Degreasing, Uncontrolled 0 1.5 «75 6.3 2.8
Degreasing, Refrigerated
Cooling Coils 30~60 1,0-0.6 0.5-0.3 }4.2-2.5 1.9-1.1
Degreasing, Use of Covers| 25-40 1.1-0.9 C.5-0.05 1 4.6-3.8 2,1-1.7
Degreasing, Carbon '
Adsorption 40-70 0.9-0.5 0.5-0.3 | 3.8-2,1 1.7-1.0

E. Control Equipment:

Three methods of control are used to reduce emissions from degreasing
operations in addition to use of nonreactive solvents. These methods include:

1. refrigerated cooling coils,
2. covers, and
3. carbon adsorplLiomn,

Cooling coils condense solvent vapors before they escape from the top of

the tank. They achieve 307%~40% control. Guillotine-type covers are closed
when the tank is not in use, achieving 25%-407% control. Carbon adsorption sys-
tems are an effective means of control of hydrocarbon emissions from degreas-
ing. A typical carbon adsorption system consists of two vessels filled with
activated carbon, a solvent-laden air inlet, an outlet, a blower, filter, steam
~ inlet and outlet, a condenser, and a decanter. Bed efficiencies properly main-

tained carbon adsorption systems average about 95%. However the intake effi-

ciency can be much lower, thus bringing total control efficiency to a range of
40 to 70%.

F. New Source Performance Standards (NSPS): No New Source Performance Standards
have been promulgated for degreasing operatioms,

State Regulations for New and Existing Sources: Currently, hydrocarbon
emission regulations are patterned after Los Angeles Rule 66 and Appendix B
type legislation., Organic solvent useage is categorized by three basic process
types. These are, (1) heating of articles by direct flame or baking with any
organic solvent, (2) discharge into the atmosphere of photochemically reactive
solvents by devices that employ or apply the solvent, (also includes air or
heated drying of articles for the first twelve hours after removal from #1 type
device) and (3) discharge into the atmosphere of non-photochemically reactive
solvents. For the purposes of Rule 66, reactive solvents are defined as solvents
of more than 207 by volume of the following:

IV-3




1. A combination of hydrocarbons, alcohols, aldehydes,
esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent
2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethylbenzene: 8 per cent
3., A combination of ethylbenzene, ketones having branched
hydrocarbon structures, trichloroethylene or toluene:
20 per cent

" Rule 66 limits emissions of hydrocarbons according to the three process’
types. These limitations are as follows:

Process 1bs/day & 1lbs/hcur
1. heated process ’ : 15 3
2. unheated photochemically reactive 40 8
3. non-photochemically reactive 3000 450

Appendix B (Federal Register,Vol. 36, No. 158 — Saturday August 14, 1971)
limits the emission of photochemically reactive hydrocarbons to 15 lbs/day and
3 lbs/hr. Reactive solvents can be exempted from the regulation if the solvent
is less than 20% of the total volume of a water based solvent. Solvents which
have shown to be virtually unreactive are, saturated halogenated hydrocarbons,
perchloroethylene, benzene, acetone and cj-csn-paraffins.

¥or both Appendix B and Rule 65 type legislation if 85% control has been
demonstrated the regulation has been met by the source even if the lbs/day
and 1lbs/hr values have been exceeded. Most states have regulations that
limit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B. Some
states such as North Carolina have an organic solvent regulation which is
patterned after both types of regulations.

Colorado specifically limits hydrocarbon emissions from degreasing
operations to 40 lbs/day and 8 lbs/hr.

Table IV~2 presents uncontrolled and controlled emissions and limitations
from degreasing operations,

TABLE IV-2 )
HYDROCARBON FMISSIONS AND LIMITATIONS FROM DEGREASING

Emissions
Based on 200,000 1b Colorado. LimitationsS
Type of ’ 4 Metal Cleaned/day

Operation & Control Control 1o/hy kg/hr T6/hr kg/hr T1b/kr kg/hr
Degreasing, Uncontrolled 0 6.3 2.8 8 3.6 3 1.4
Degreusing, Refrigerated

Cooling Colle 30-60 4,2-2.5 }.9-1,1 8 3.6 3 1.4
Degreasing,

Use of Covers 25-40 4,6-3,8 2,1-1,7 8 3.6 3 1.4
Degreasing, : .

Carbon Adsorption 40~70 3.8-2.1 1.7-1,0 8 3.6 3 1.4
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Potential Source Compliance and Emission Limitations: Hydrocarbon emission

limitations are not based on process weight. Degrcasing operations can use
elther complying solvents or covers or carbon adsorption to meet the 3 lbs/hour
limitation,

The LInvironment Reporter was used to update the emission limitations.

G. QReferences:

Literature used to develop the information in this section on dégreasing is
listed below:

(1

(2)

(3)

~~
£~
~

(5>

(6)

Control Techniques for Hydrocarbon and Organic Solvent Emissions from

Stationary Sources, U.S. Department of Health, Education, and Welfare,

National Air Pollution Control Administration Publication No., AP-68,
March 1970.

Larson, Dennis M., Activated Carbon Adsorption for Solvent Recovery in
Vapor Degreasing, Metal Finishing, Volumz 72, No. 10, October 1974.

Organic Compouud Fmission Sources, Emission Control Techniques, and
Emission Limitation Guidelines (Draft), EPA, Emission Standards and
Engincering Division, June 1974.

hughes, T. W., Source Assessment: Prioritization of Air Pollution from
Industrial Surface Coating Operations, Monsanto Research Corporation,

Contract No. 68-02-1320, (Task 1l4), February 1975.

Analysis of TFinal State TImplementation Plans ~ Rules and Regulations,

EPA, Contract 68-02-0248, July 1972, Mitre Corporation.

Air Pollution Engineering Manual, Second Edition, Complled and Edited
by John A. Danielson, May 1973.
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A. Source Category: IV Evaporation Losses

B. Sub Category: Dry Cleaning

C. Source Description:

Dry cleaning is the process of washing fabrics in a nonaqueous solvent.
Two classes of organic solvents are used most frequently by the dry cleaning
industry. These are:

1. petroleum solvents, and
2, chlorinated hydrocarbon solvents
{synthetic solvents).

The process of dry cleaning is performed in three steps. These include:

1. '"Washing," fabric is agitated in a solvent bath
and rinsed with clean solvent;

2. "Extraction," excess solvent is removed by
centrifugal force; and

3. '"Drying" or "Reclaiming," fabric is tumble
dried with warm air. '

Older petroleum solvent equipment employs separate machines for each step,
and synthetin selvent and nower petroleum selvent eguipment combine the waching
and extraction in one machine, and drying in a separate unit., Hewer equipiment,
including coin-operated machines, combine all three steps in one machine.

Combination washing and extracting machines contain a perforated horizontal
rotating drum enclosed in'a vapor-tight housing. The machine has one door and
is mounted on a flat bhase solvent tank. These machines slowly agitate the
clothes during the wash cycle, and after the solution is drained, the drum
rotates at high speed to wring solvent from the fabrics.

Machines that perform all three dry cleaning steps have a horizontal rotating
drum which is mounted with one door in a vapor-tight housing. The drum rotates
slowly during the wash cycle. After washing is completed, the solvent returns
to the tank, and the drum rotates at high speed to extract more solvent, which
is also returned to the tank. The drum again rotates slowly while heated air is
blown through the fabrics, The air is recycled to the tumbler through a condens-
er to recover the evaporated solvent. The three-step machine is used only with
synthetic solvents.

In installations where one machine does not perform all three steps, a
separate tumbler is used to dry the fabrics after the extractor. The tumbler
is a revolving perforated cylinder through which air 1s passed after the air
has been heated by passage through steam heated coils. A few synthetic
solvent tumblers use electrical resistance heating coils instead of steam.




In drying tumblers that utilize petroleum solvent, the heated air makes a
single pass through the fabric. Drying tumblers designed for synthetic solvent

are called '"reclaimers" or '"reclaiming tumblers,' and the drying air is recir-
culated in a closed system.

Heated air vaporizes the solvent, and this vapor-laden mixture is carried
through refrigerated coils. Solvent vapor is condensed and decanted from the
water and is returned to the wash machine tank. The air is then recirculated
through the heater to the tumbling fabric., When the concentration of solvent
vapor from the drum drops below its dew point, the air is exhausted to the
atmosphere, This phase of the drying cools the fabric and deodorizes it by
evaporating the final traces of solvent.

D. Emission Rates:

The major source of hydrocarbon emissions from dry cleaning is the tumble
dryer. The amount of solvent vapors emitted to the atmosphere from any one
dry cleaning plant is dependent upon:

1. the amount of cleaning performed,

2, the type of equipment used, and

3. the precautions practiced by the
operating personnel.

The petroleum solvente uvused in Los Angeles
contained 11 Lo 13 pervent by volume of highly
Stoddard solvent and the 140-F solvent used in
mulated to contain no more than 7.5% by volume
‘IV-3 lists the physical properties of commonly

prior to enactment of Rule 66
reactive components. The

Los Angeles County are refor-
of reactive components. Table
used dry cleaning solvents.

TABLE IV-3

PROPERTIES OF DRY CLEANING SOLVENTS
TX:-‘;“,I S;l;ydl:lx::;. Perchloro- T:éf;‘ll‘?g:"-
Property 140-F R 66 Stoddard R 66 ethylene ethane
Flash point (TCC), OF 138.2 143 100 108 Ex!i;guhhe. Non~Flammable
ire
Initial boiling point, OF 357.8 366 105 316 250 117.5
Dry end point, OF 396 400 350 356 254 unknown
API gravity 47.9 44,0 50. 1 48,1
Specific gravity at 60 °F 0.789 0. 8063 0.779 0.788 1,623 1.574
Weight, 1b/gal 6.57 6. 604 €.49 6,56 13,58 13.16
Paralfins, volume % 45,7 1 825 46,5 8s.3 C
Aromatics, volume % 12,1 7.0 11,6 5.9 0
Naphthenes, volume % 42,2 41,9
Olefina, volume % 0.5 0.8
Toluenc/ethylbenscne, 5.0
volume %
Corrosivencsas None None None None Stight on metal none
Cautlon Flammable Flammable Flammabla Flamimable Toxie
Odor Mild Mild Sweat Swaet Ether like Like CCl,
Color Water white Water white Water white Wator white Colorless VWater White
Cost (average size 0,29 9,30 0,28 0,29 2,05 8-10
plant), $/gal
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Synthetic solvents for dry cleaning are classed as nonreactive. Perchloro-
ethylene 1s used in almost all synthetic plants., Trichloroethylene, a reactive
solvent, was a major synthetic dry cleaning solvent a few years ago but is no
longer used since perchloroethylene or trichlorotrifluoroethane is preferred.

The average daily emissions to the atmosphere from synthetic dry cleaning
and petroleum dry cleaning plants is as follows:(1)879

Synthetic Solvent Dry Cleaning: 38 lbs/day, 13.6 kg/day
Petroleum Solvent Dry Cleaning: 875 lbs/day, 79.4 kg/day

The operators of plants using synthetic solvents conserve the solvent be-
cause of the high cost. A typical small neighborhood synthetic solvent plant
processing 1,500 pounds of textiles in a 5-day week have the following potential
emission rates as outlined in Table IV-3A. '

TABLE 1V-3A
HYDROCARBON EMISSIONS FROM DRY CLEANING USING SYNTHETIC SOLVENTS

LEmissicns

gal/ 1ts/ kg/
. 1,000 1bs 1,000 1bs 1,000 1bs
Type cf Operation Fabric Fakric Fabric 1bs/day kg/day

Dry cleaninn, using separate combination
washer-extractor aad separate tumbler 7.3-11 09.3~150 45 - 68 29.8- 45.0 13.5-20.4
reclaimer, including reuse of solvent
recovered fron filter sludge

Dry cleaning, using "hot" type unit ) '
where all three functions are performed | 3.6- 5.5 30 - 74,8 22.2- 33.9 | 14,7- 22,4 6.7-10.2
in sene machine

Dry cleaning, using coin-operated units

averaging less than 8 1lbs/leoad, per- 1 -36 150 -490 68 <222 45.0-147 20, 4-66.7
forning all three functions in one

unit

The low cost of petroleum solvents provides little economic incentive to
conserve solvent. The solvent is driven off during the drying of the fabric
in the tumbler. Solvent is also emitted during transfer of wet fabrics from
the washer to the extractor. Normally, fabrics are placed on a drain board in
the washing machine for 3 to 5 minutes before being transferred. Use of
petroleum solvents in similar plants results in emissions of 4 to 7 times more
solvent (by volume) than emissions from synthetic solvent plants,

E. Control Equipment:

Aasorption and condensation systems control syntheétic solvent emissions
from modern dry cleaning plants. A water-cooled condenser normally is an in-
tegral part of the closed cycle in the reclaimer tumbler. Up to 95% of the
solvent is recovered from the clothing in the tumbler. Activated carbon ad-
sorption is used where 977-98% control efficiencies are desired.
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There are no commercially available control units for solvent recovery for
petroleum-based plants. Two types of petroleum solvents are used that are
formulated so they are non-reactive under Los Angeles County's Rule 66, (1)882

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No New Source Performance Standards
have been promulgated for the dry cleaning industry.

State Regulations for New and Existing Sources: Currently, hydrobarbon
emission regulations are patterned after Los Angeles Rule 66 and Appendix B
type legislation. Organic solvent useage is categorized by three basic process
types. ‘These are, (1) heating of articles by direct flame or baking with any
organic solvent, (2) discharge into the atmosphere of photochemically reactive
solvents by devices that employ or apply the solvent, (also includes air or
_heated drying of articles for the first twelve hours after removal from #1 type
device) and (3) discharge into the atmosphere of non-photochemically reactive
solvents, For the purposes of Rule 66, reactive solvents are defined as solvents
of more than 20% by volume of thé following:

1. A combination of hydrocarbons, alcohols, aldehydes,
esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent
2. A combination of aromatic compounds with eight or moere
carbon atoms to the molecule except ethylbenzene: 8 per cent
3. A combination of ethylbenzene, ketones having branched
hydrocarbon structures, trichloroethylene or toluene:
20 per cent

Rule 66 limits emissions of hydrocarbons according to the three process
types. These 1im1tatlons are as follows:

Process lbs/day & lbs/hour
1. heated process 15 3
2. unheated photochemically reactive 40 8
3. non-photochemically reactive 3000 450

Appendix B (Federal Register,Vol. 36, No. 158 - Saturday, August 14, 1971)
limits the emission of photchemically reactive hydrocarbons to 15 lbs/day and
3'1bs/hr. Reactive solvents can be exempted from the regulation if the solvent
is less than 20% of the total volume of a water based solvent. Solvents which
have shown to be virtually unreactive are, saturated halogenated hydrocarbons,

. perchloroethylene, benzene, acetone and cj-cgn-paraffins.

For both Appendix B and Rule 66 type legislation if 857% control has been
demonstrated the regulation has been met by the source even if the lbs/day
and lbs/hr valucs have been exceeded. Most states have regulations that
limit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B. Some
states such as North Carolina have an organic solvent regulation which is
patterned after both types of regulations.
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Colorado specifically limits hydrocarbon emissions from dry cleaning
operations by requiring at least 857 control. Operations that emit less than
3 1lbs/hr and 15 1lbs/day uncontrolled are exempt from the Section J regulation,
Also dry cleaning operations can become exempt from Section J by switching
to a non-photochemically reactive solvent.

Potential Source Compliance and Emission Limitations: Hydrocarbon emission
. limitations are not based on process weight. Typical dry cleaning operations
as described in Section D, by virtue of using conforming synthetic solvents and

equipment that recycles the solvent, will be in compliance with hydrocarbon
regulations.

The Environment Reporter was used to update the emission limitations.

G. References:

Literature used to develop the information on dry cleaning is listed
below:

1. Danielson, J. A., Air Pollutional Engineering Manual, Second Edition,
AP~40, Research Triangle Park, North Carolina, EPA, May 1973,

2, Compilation of Air Pollutant Emission Factors, Second Edition,
EPA, Publication No. AP-42, April 1973,

3. Priorization of Air Pollution From Industrial. Surface Coating
Operations, Monsanto Rcsearch Corporation, Contract No. 68-02-0320,
February 1975.

4, Control Techniques for Hydrocarbon and Organic Solvent Emissions from
Stationary Sources, U. S. Department of Health, Education, and Welfare,
National Air Pollution Control Administration Publication No. AP-68,
March 1970,

5. Analysis of Final State Implementation Plans - Rules and Regulations,
EPA, Contract 68-02-0248, July 1972, Mitre Corporation.
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A. Source Category: IV Evaporation Losses

B. Sub Category: Petroleum Refueling of Motor Vehicles

C. Source Description:

Refueling of vehicle tanks causes a displacement of hydrocarbon vapor laden
air from vehicle tanks to the atmosphere. The amount of vapor displaced is
proportional to the volume of gasoline delivered to the tank. The emissions con-
sist of the more volatile components of gasoline including butanes and pentanes.

(1)2

A recent study for the Department of Commerce by the Panel on Automotive Fuels and

Air Pollution (March 1971) showed that the contribution of unburned hydrocarbons
to the atmosphere during refueling operations compared with 1975 exhaust HC
standards of .41 g/mile, is becoming a significant portion of the total. The HC
vapor emissions during vehbicle refueling are estimated at .32 g/mile. (2)93

D. Emission Rates:

Hydrocarbon emissions from refueling vehicle tanks are dependent upon:

1 the volume of fuel delivered,
2. ambient temperature, and
3. vapor pressure of gasoline.

Table IV-5 presents controlled and uncpsr “hydrecarbon emissions from
refueling for typical service statjon sizés and classificationq. The uncontrolled
emissions from refueling vehicle tanks if 11 1bs/1,000 gallom€ (1.3 kg/103 liters)
of gasoline delivered. (2)3 4 vapor balansg system red -fs/em1331ons 70%-90% to
1.1-3.3 1bs/1,000 gallons pumped. Secondary“w*w'e551ng systems raduce emissions
90% to 1.1 1bs/1,000 gal (.13 kg/103 liters).(3)t

$-
" TABLE IV-5

HYDROCARBON EMISSIONS FROM REFUELING VEHICLE TANKS

. Erfissions

Type of : % 1Yys kg/

Operation & Control Control \ day

Major Service Stations, Uncontrolled 0 5.9 2.65
Major Service Statioms, Vapor Balance 70-90(5)% .6~1.8 .27-.81

Major Service Stations, Secondary Processing 90 (6)7’ .6 .27

Independents, Uncontrolled 0 2.6 1.17
Independents, Vapor Balance 70-90(5)4 .3-.8 .14-.36

Independents, Secondary Processing 90(8)7 .3 .14

Rural Stations >2000 gal < 6000 gal/mn, Uncontrolled 0 .18 .08
Rural Stations >2000 gal < 6000 gal/mn, Vapor Balance 70-90(3)% .02-.05 .009-.02
Rural StaFions >2000 gal < 6C00 gal/mn, Secondary 90(6)7 .02 .009

Processing

Terminals >25,000 gal/day, Uncontrolled 0 .98 - A
Terminals »25,000 gal/day, Vapor Balance 70-90(5)% .1-.3 .05-.14

Terminals >25,000 gal/day, Secondary Processing 90(6)7 .1 .05
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E. Control Equipment:

Various concepts are possible to appreciably reduce vapor losses during present
refueling of vehicle tanks. (2) 91 The two basic concepts for minimizing refueling
losses differ primarily where the displaced vapor is collected. The two basic
approaches are:

1. containment of refueling vapors within vehicle,
2, containment of refueling vapors within station.

Figure IV-8 presents a diagram of the concept for collection, cdhtéinmeht, and

ultimate disposal of vehicle refueling losses. This concept has several advantages
and disadvantages. These are listed as follows: :

Contalinment of Refueling Vapors Within Vehicle

_ Advantages o Disadvantages
Requires little modification Imposes major task for con-
of £illing station. trol of exhaust emissions.

Cost and complexity rule out
retrofit.

Does not control station
refueling losses.
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IV-8: Schematic of Vehicle
Vapor Containment
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Figure IV-9 presents a diagram of a vapor control nozzle that would return
displaced vapors from vehicle fuel tank to underground storage tank. Figure
IV-10 presents a diagram of the vapor return and fuel lines that would be
necessary to accomodate the vapor control nozzle. The nozzle presented in

figure IV-9: Vapor Control Nozzle

strvicLAan
CARRUM TFAR

Figure IV-10: Statjon Modification

. for Tight Fill Nozzle

Figure IV-9 would have to be mated to a newly designed filler neck on vehicle
tanks. Figure 1V 11 presents the adapter arrangement that would be necessary
to utilize this "equal-volume exchange concept" on older vehicles.
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new NOZZLL

Figure IV-11l: Retrofit Adapter

for Past Models

The "equal~volume exchange concept"" as outlined in the above figures also
has its own unique advantages and disadvantages. They are as follows:

Advantages Disadvantages
Maintenance of system would Use of adapters would be
be more effective than main- difficult to police, and it
tenance of systems on would complicate attendant's
millions of vehicles. task,

Control of underground tank
breathing and refueling
vapors should be easily
attainable.

F. New Source Performance Standards and Regulation Limitatioms:

New Source Performance Standards (NSPS): No "New Source Performance Standards'
have been promulgated for petroleum refueling of motor vehicles,

State Regulations for New and Existing Sources; Several states specifically
. regulate hydrocarbon emissions arising from refueling vehicle tanks.

California Bay area is representative of a regulation that requires 90%

control of refueling emissions. Colorado limits the emissions from refueling
to 1.10 1bs/103 gallons of fuel delivered. Recently, EPA Region I has
promulgated a transportation control plan for the Boston Air Quality Control
Region (Federal Register, June 12, 1975). Part of the plan included vapor
return lines to be installed on gasoline stations to limit refueling

vehicle emissions and station tank refueling emissions.,
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Potential Source Compliance and Emission Limitation: Existing technology
is adequate to meet the 1.10 1bs/1000 gallon imposed by Colorado. A vapor
balance or a secondary processing system operating at 90%Z control efficiency
is required and has been accomplished on existing sources.

The Environment Reporter was used to update the emission limitations.

G. References:

Literature used to develop the information in this section, "Petroleum
Refueling of Motor Vehicles," is listed below:

1. Vehicle Refueling Emission Seminar, API Publication 4222, December
4-5, 1973. ‘

2., Hydrocarbon Vapor Control at Gasoline Service Stations, Barnard R.
McEntire and Ray Skoff, APTIC #62202, Presented 66 APCA, Chicago,
Illinois, June 24-28, 1973, :

3. Organic Compound Emission Sources Control Techniques and Emission
Limitation Guidelines (Draft), EPA, Emission Standards and Engineering
Division, June 1974.

4. Batchelder, A. H., Kline, D.I., Vapor Recovery at Service Stations,
State of Celifornia Alr Kesources Board, Apriil 17, 1974,

5. Callaghan, D. J., Feldstein M., The Control of Gasoline Vapor Emissions
at Service Stations, Bay Area Air Pollution Control District, San
Francisco, Califorpnia, for Presentation at the 68th Annual Meeting of
the Air Pollution Control Association, Boston, Massachusetts,

June 15-20, 1975.

6. Schneider, Alan M., Cost Effectiveness of Gasoline Vapor Recovery
Systems, University of California at San Diego, for Presentation at
the 68th Annual Meeting of the Air Pollution Control Association,
Boston, Massachusetts, June 15-20, 1975.

7. Analysis of Final State Implementation Plans - Rules and Regulations,
EPA, Contract 68-02-0248, July 1972, Mitre Corporation.
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A. Source Category: IV Lvaporation Losses

B. Sub Category: Graphic Arts (Gravure)

C. Source Description:

Gravure printing is a type of printing where the image area is recessed
relative to the surface of the image carrier. Ink is picked up in the engraved
area, and excess ink is scraped off the nonimage area with a "doctor blade."
Ink is transferred directly from the image carrier to the paper or film.
Gravure may be sheet fed or roll fed. Sheet-fed gravure uses either a flat
plate for an image carrier, or a curved plate which is attached to a cylinder.
In roll-fed gravure, or rotogravure, the image 1s engraved in the cylinder
itself. Rotogravure may be used for coated or uncoated paper, film, foil, and
many combinations thereof. (1)2

The ink used in high speed gravure printing contains a relatively large
amount of low-boiling solvent and has a low viscosity. The rotogravure inks
contain approximately 65% highly volatile, aromatic solvent which is not subject
to decomposition in the drying process. Control of solvent vapors around the
ink fountain is desirable to avoid the danger of explosion. For most commercial
operations, the solvent concentration ip the exhaust gases ranges between 25%
and 407% of the lower explosive 1imit.(2 347

Figure TV-j7(1)348 presents a schematic of a rotogravure printing
operation.(?)349 Rotogravure printing is similar to web-letterpress because
the web is printed on one side at a time and must be dried after each color is
printed. In publication printing, the web is usually passed through four presses
where four colors are applied to one side of the web. The web is turned over and
passed through four additional presses for the reverse side printing. For
four-color, two-sided printing, eight presses are employed, and each press will
include a pass over or through a steam drum or hot air dryer where nearly all of
the initial solvent is removed.

~ SOLVENT LADEN AR
T39LB./MIN,. OF SOLVENT*

GRAVURE INK
=85%/ SOLVENT

{ AROMATIC & ESTER)
60LB/NHN.YELUDW1

y
Y
!
i

INIC
FOUNTAIN /

STEAM
DRUNM
63 IN. WEB ,I500FPM : PRESS R OR MOT ) cHLL | PropueT
- e el 30
YTt rovept - ——= (eNE UNMT) KR DRYER([ 2 ROLLS
50% COVERAGE 90 TO 150°F

L bt

AR
ad e HEAT AIR CoOL
B2000_SCFM ] FROM WATER
AR PER COLOR STEAM,
HOT WATER
OR

HOT AIR

‘I

Figure 1V-17: Rotogravure Printing Operation

IV-16




A typical rotogravure printing operation as depicted in Figure IV-17
operating under the conditions listed would have hydrocarbon emissions
according to press speed as presented in Figure Iv-18,(1)351
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Figure IV-18: Emission Rates from a Typical Rotogravure Printing Operation

D. Emission Rates:

The major points of hydrocarbon emissions from rotogravure printing are:

hot air dryer,
press unit,
chill rolls, and
ink fountain.

SO
. o &

In gravure and printing operations in general the ink is the major source
of hydrocarbons. Printing inks consist of three major components:

1. Pigments, which produce the desired colors, are composed
of finely divided organic and inorganic materials.

2. Resins, which bind the pigments to the substrate, are
composed of organic resins and polymers.

3. Solvents, which dissolve or disperse the resins and pigments,
are usually composed of organic compounds. The solvent is
removed from the ink and emitted to the atmosphere during the
drying process., :
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The solvents used in ink dilution are classified into five general categories
according to the chemical composition,(2)335 '

A. Benzene, toluene, xylene, ethylbenzene, unsaturates and mixtures
with aromatic content greater than 257 by volume.

B. Normal and isoparaffins, cycloparaffins, mineral spirits
containing less . than 157 aromatics.

C. Methanol, ethanol, propanol, isopropanol, butanol,
isobutanol, glycols, esters, ketones. '

D. Trichloroethylene, trichloroethane, methylene chloride.

L. Nitroparaffins and dimethyl formamide.

F. Miscellaneous

Table IV-7 presents the volume breakdown in hundreds of gallons of solvent
consumed for Ink dilution by process and solvent type.(2)338

TABLE IV-7

YOLUME BREAKDOVIN. QF SQLVENT. CONSUMEDR FOR INK DILUTION
BY _PBINTING.PROCESS_AND SOLVENT. . TYPE_{i9G8)

PRINTING SOLVENT TYPE (HUNDRED GALLONS)
PROCESS | A 8 ¢ Lo LEL F ToTAL
Lithography : 14,972 23,941 16,691 38 723 408 58,773
Letterpress 08 444 399 52 - 1 - 994
Flexography 58 " 606 10,180 - 1 170 11,015
Gravura 10,089 24,637 12,868 - .12 - 47,608
Screen Printing ) 34 173 85 - - 145 437
Total 25,251 49,801 40,223 90 738 724 116,825

Table IV-7A presents the uncontrolled and controlled emissions in pounds/hour
and kilograms/hour for the typical rotogravure printing operations as depicted in
Figure IV-17. The emissions listed are for a typical operation. These could vary
even with the same equipment. The exact solvent structure of the ink, the per-
centage of the web that is covered with ink, the number of colors applied and
dryers used, and press speed affect the emissions.
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TABLE IV-7A
HYDROCARBON -EMISSIONS FROM GRAVURE PRINTING

Type of Z Press Speed Emissions

Opera;ion & Control Control feet/min 1bs/hr kg/hr
R;;zg:izz;iegrinting, Coated Paper 0 | 1500 15 6.8
Sgsosravure Printing, Non-coaced o | 0 | s
foiogrzyre Irlnting, Sosced Tarens | gougy | wso | et | 1m0
Fororrovure Printing, Yovcoated | gog9 | w2 -2 | e
R:;tﬁrzzgzipzizzting, Coated Paper, 99 1500 .15 '.07
Rorogravize Printing, Noncoaced | g 2 |

E. Contrcl Egquinment:

Control of hydrocarbon emissions from rotogravureé and printing operations “in
general, are categorized according to the following:( )35k

1. process modification,
2. ink modification, and
3. conventional air pollution control equipment.

1. Process Modification:

Modification of the drying process would decrease hydrocarbon emissions.
Several methods of drying are being developed which could greatly reduce
hydrocarbon emissions:

Microwave drying increases the temperature of the ink by application
of electromagnetic energy. Since fuel is not directly consumed, the
oven exhaust will not contain combustion products. However, solvent
vapors will be emitted if conventional inks are used.

Infrared drying causes a free radical polymerization mechanism

to occur which utilizes a nonvolatile monomer-based ink., The ink
will not contain a volatile solvent, thus eliminating hydrocarbon
emissions,
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Electron beam drying utilizes electron~induced polymerization. The
procedure requires inks composed of monomers or prepolymers which
will solidify when induced by the beam.

Ultra-Violet drying utilizes light between 2400 to 3600 angstroms to
activate monomer-based inks that polymerize rapidly. Hydrocarbons
are eliminated, but the monomer—based inks are more expensive, the
inks are not readily removed during paper reclamation, and ozone is
produced in the process.

2. Ink Modification:

Aqueous inks are used in some flexographic operations. A disadvantage
of an aqueous system is the relatively high latent heat of water. This
limits press speeds when conventional dryers are employed. The
application of microwave drying has enabled press speeds to increase.

Solventless inks are dried by thermally induced polymerization which
appreciably reduces hydrocarbon emissions. The ink can be adapted to
present equipment without modification. Since lower oven temperatures
can be used, press speeds can be increased.

3. Conventicnal Air Pollution Control Equipment:

Exhaust gaces from gravure and printing operations in general are
treated wilth conveational pollution control cguipment. The threc main
types of processes utilized are:

1. thermal combustion,
2, catalytic combustion, and
3. adsorption.

Thermal combustion incinerates the hydrocarbon emissions from the
collective gravure vents in a gas or oil fired flame. The gases are
preheated to 600°F to 900°T and incinerated at 1200°F to 1600°F. Fuel
consumption is dependent upon the amount of heat exchange employed and
the operating temperature. Thermal incinerators are capable of

operating continuously at efficiencies of 90% to 99%. TFigure Iv-19(1)358
presents a flow diagram for thermal combustion.

Catalytic combustion causes flameless oxidation of the undesired hydro-
carbons from the rotogravure exhaust. The oxidation occurs with a
catalyst of a platinum group metal deposited on a ceramic base or

metal ribbon. TFigure IV-20(1)359 jg a schematic of a catalytic incin--
erator, Efficiencies range between 857 and 957 depending on the
application,
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Adsorption is the removal of hydrocarbons from a gas stream by

means of an activated bed of carbon. When the adsorptive capacity

of the bed is reached, the gas stream is diverted to an alternate

bed. The original bed is regenerated with steam or hot air, If
hydrocarbon solvent is not miscible in water, it can be recovered

by decantation; otherwise distillation is necessary. Figure 1v-21(1)360
presents a flow diagram for an adsorption process. A well designed

bed will absorb 15% of its own weight of solvent before regeneration

is required. The efficiencies of a well designed bed are 99%.
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Figure IV-21: Flow Diagram of Adsorption Process 1_—4*wMWER

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS}: No New Source Performance Standards
have been promulgated for gravure printing.

State Regulations for New and Existing Sources: Currently, hydrocarbon
emission regulations are patterned after Los Angeles Rule 66 and Appendix B
type legislation. Organic solvent useage is categorized by three basic process
types. These are, (1) heating of articles by direct flame or baking with any
organic solvent, (2) discharge into the atwmosphere of photochemically reactive
solvents by devices that employ ox apply the solvent, (also includes air or
heated drying of articles for the first twelve hours after removal from #1 type
~device) and (3) discharge into the, atmosphere of non-photochemically reactive
solvents, Tor the purposes of Rule 66, reactive solvents are defined as solvents
of more than 20Z by volume of the following:
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1. A combination of hydrocarbons, alcohols, aldehydes,
esters, cthers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent
2. A combination of aromatic compounds with eight or more
o . carbon atoms to the molecule except ethylbenzene: 8 per cent
~ 3. A combination of ethylbenzene, ketones having branched

hydrocarbon structures, trichloroethylene or toluene:
20 per cent

. Rule 66 limits emissions of hydrocarbons according to the three process
types. These limitations are as follows:

Process

1bs/day & lbs/hour
1. heated process o 15 3
2. unheated photochemically reactive 40 8
3. non-photochemically reactive 3000 450

Appendix B (Federal Register,Vol. 36, No. 158 - Saturday, August 14, 1971)

limits the emission of photchemically reactive hydrocarbons to 15 1lbs/day and
3 1bs/hr. Reactive solvents can be exempted from the regulation if the solvent
is less than 20% of the total volumeé of a water based solvent. Solvents which
_have shown to be virtually unreactive are, saturated halogenated hydrocarbons,
"perchloroethylene, benzene, acetone and cy-csn-paraffins, ‘

For both Appendix B and Rule 66 type legislation if 85% control has been
demonstrated the regulation has been met by the source even if the 1bs/day
and 1bs/hr values have been exceeded. Most states have regulations that
lirit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B. Some
states such as North Carolina have an organic solvent regulation which is
patterned after both types of regulations. s

Table IV-8 presents the uncontrolled and controlled emissions and limitations
from rotogravure printing operations. :

TABLE IV-8
HYDROCARBON EMISSIONS AND LIMITATIONS FROM ROTOGRAVURE PRIN?ING

.

Type of % Fmissions Limitations
Operation & Control Control 1bs/hrx kg/hr 1bs/hr kg/hr
Rotogravure Printing, Coated Paper 0 15 6.8 3 1.4
Uncontrolled )
Rotogravure Printing, Non-Coated 0 20 9.1 3 1.4
. Paper, Uncontrolled . A - .
Rotogravure Printing, Coated Paper, 90-99 1.5-.15 .7—.67 3 1.4
with Thermal Combustion
Rotogravure Printing,‘Ngn-Co?ted 90-99 2 ~.2 L9-.1 3 1.4
Paper, with Thermal Combustion .
Rotogravure Printing, C?ated Paper, 85-95 2.3~.75 1.0-.3 3 1.4
with Catalytic Combustion
Rotogravure Printing, Non~Coated 85-95 3.1 1.4-.5 3 1.4
Paper, with Catalytic Combustion
Rotogravure Printing, Coated Paper, 99 .15 .07 3 1.4
- with Adsorption
Rotogravure Printing, Non-Coated 99 .2 1 3 1.4
Paper, with Adsorption
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Potential Source Compliance and Emissjon Limitations: Hydrocarbon emission
limitations are not based on process weight. Rotogravure printing operations,
even well controlled, could violate the 3 lbs/hour limitation if the number of

presses and press speed are such that the emissions could average more than
3 1bs/hr.

The Environment Reporter was used to update the emission limitations.

G. References:

References used in preparation of this summary include the following:

1. Air Pollution Control Technoiogy and Costs in Seven Selected Arecas,
Industrial Gas Cleaning Institute, EPA Contract No. 68-02-0289,
December 1973.

2. Background Information for Stationary Source Catégories, Provided by
EPA, Joseph J. Sableski, Chief, Industrial Survey Section, Industrial
Studies Branch, November 3, 1972. :

3. Priorization of Air Pollution From Industrial Surface Coating Operations,
Monsanto Research Corporation, Contract No. 68-02-0320, February 1975.

The following references were consulted but not used to directly develop
the information on gravure printing.

4., Evaluations of.Fmissions and Control Technologies in the Graphic
Arts Industries, Phase I1: Web-0ffset and Metal Decorating Processes,
R. R. Gadomski, A, V. Gimbrone, Mary P. David, and W. J. Green,
Contract No. 68--02-0001, May 1973. '

.

5. Oxrpanic Compound Emission Souvrces, Emission Gontrol Techniaues and

Emission Limitation Guidelines, EPA, June 1974,

6. Hydrocarbon Pollutant System Study, Volume I -~ Stationary Sources,
Effects, and Control, October 20, 1972, MSA Research Corporation.
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A. Source Category: IV Evaporation Losses

B. Sub Category: Graphic Arts (Letterpress) -

C. Source Description:

Letterpress printing is the oldest and most basic form of printing and still
predominates in periodical and newspaper publishing. Approximately 93% of the
nation's newspapers are printed by this process.(l)332 In letterpress printing,
-ink is transferred to the paper from the image surface. This ‘surface is raised
relative to the nomprinting surface of the plate. Originally, letterpress was
done with a flatbed image carrier, and the image was hand set type. Currently,
the image is transferred to a mat which can be curved. Then a cylindrical plate
is made from the curved mat.(2)5

Letterpress printing currently is accomplished in two similar but different
processes. The composition of the ink and the inclusion of drying are the main
areas where the processes differ. The two types of letterpress printing are:

1. letterpress, publication, and
2, letterpress, newspaper.

1, Letterpress, publication uses a paper web that is printed on one side
at a time, and the web is dried after each color is printed. When four
colers are printed, s precedurz called "double ending" is employnd, The
web processes through vne press and one dryer, is turned over and re-
turned to the same press where it was adjacent to the first pass on the
same cylinder. In this manner, only four presses and four dryers are
required for four-color, two-sided printing. The dryer may be either a
hot air dryer where a minimum of flame impingement occurs, or an all-
flame dryer where direct impingement of the flame on the web occurs.
The composition of the dryer emissions depends on the type of dryer
employed. 1In the hot air dryer, very little solvent decomposition occurs.
As the amount of flame impingement increases, the quantity of solvent
decomposition also increases,

The exhaust and solvent emission rates shown in Figure Iv-22(1) 345 pe
present one color, two-sided printing. In an actual four-color operation,
four dryers would be manifolded together to a common exhaust stack.

Letterpress publication ink is similar in composition to lithographic

ink (heatset - 35% aliphatic solvent). The composition of hydrocarbon
emissions depends on the type of dryer.(1)34%7
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Figure IV-22: Web Letterpress, Publication

Letterpress, newspaper printing operations use oxidative drying inks
which contain little or no solvent.

The exhaust gases from these
operations are not a source of hydrocarbon emissions.

The only sub-

stances emitted from these operations are ink mist and paper dust.

Figure 1v-23(1)346 presents a schematic of a letterpress, newspaper
printing process,
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D. Emission Rates:

The major points of hydrocarbon'emissions from letterpress printing are:

1. hot air dryer,
2, press unit, and
3. chill rolls.

In letterpress and printing operations in general, the ink is the major
‘source of hydrocarbons, Printing inks consist of three major. components:

l. Pigments, which produce the desired colors, are composed
of finely divided organic and inorganic materials.

2, Resins, which bind the pigments to the substrate, are
composed of organic resins and polymers.

3. Solvents, which dissolve or disperse the resins and pigments,
are usually composed of organic compounds. The solvent is
removed from the ink and emitted to the atmosphere during the
drying process.

The solvents used in ink dilution are classified into five general categorles
according to the chemical composition,(2)335

A. 3Benzene, toluene, xylene, ethylbenzene, unsaturates, and mixtures
with aromatic content greater than 25% by volume.

B,  Normal and isoparaffins, cycloparaffins, mineral spirits
containing less than 15% aromatics.

C." Methanol, ethanol, propanol, isopropanol, butanol,
isobutanol, glycols, esters, ketones,

D. Trichloroethylene, trichloroethane, methylene chloride.

E. Nitroparaffins and dimethyl formamide.

F. Miscellaneous

Table IV-9 presents the volume breakdown in hundreds of gallons of solvent
consumed for ink dilution by process and solvent type.(2)338

TABLE IV-9

OLUME BREAKDOWN OF SQL '
Y PRINTING PROCESS AND SOLVENT TYPE (1968)

PRINTING SOLVENT TYPE (HUNDRED GALLONS)
PROCESS . - A B [ ) E F TOTAL
Lithography 14,972 23,941 16,691 38 7223 408 58,773
Letterpress 98 444 399 52 - 1 ‘ 994
Flexography 58 606 10,180 - “1 170 11,016
Gravure 10,089 24,637 12,868 - 2 . - -47,606
Screen Printing | 34 173 85 - - 145 437
Total 25,251 43,801 40,223 80 736 724 116,825
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A typical letterpréss printing operation as depicted in Figure IV-22
operating under the conditions listed would have hydrocarbon emissions
according to press speed as presented in Figure IV-24, ‘

0.4

0.3

0.2

0o 500 100C 1500 2000

PRESS SPEED, FEET/MIN.

Tigure IV-24: Emission Rates from Web Offset and Web
Letterpress Employing Heatset Inks

Table IV-9A presents the uncontrolled and controlled emissions in pounds/hour
and kilograms/hour for the typical letterpress printing operations as depicted
in Figure IV-24. The emissions listed are for a typical operation. These could
vary even with the same equipment. The exact solvent structure of the ink, the
percentage of the web that is covered with ink, the number of colors applied and
dryers used, and press speed affect the hydrocarbon emissions.

E. Control Equipment:

Control of hydrocarbon emissions from letterpress and printing operations in
general are categorized according to the following: (2)35%

1. process modification,

2, 1ink modification, and
3. conventional air pollution control equipment.
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TABLE IV~-9A
HYDROCARBON EMISSIONS FROM LETTERPRESS PUBLICATION PRINTING

Type of 4 Press Speed Emissions
Operation & Control Control ft/min 1bs/hr kg/hr
Letterpress Printing, Coated Paper, 0 1500 .26 12
Uncontrolled , . .
Letterpress Printing, Noncoated 0 1500 .35 .16
Paper, Uncontrolled . :
Letterpress Printing, Coated Paper 90-99 1500 .026-.0026 .012-,0012
with Thermal Combustion ' - N
Letterpress Printing, Noncoated 90-99 1500 | .035-.0035 | .016-.0016
Paper with Thermal Combustion :
Letterpress Printing, Coated Paper 85-95 1500 .039-.013 .018-.006
with Catalytic Combustion . _
Letterpress Printing, Noncoated 85-95 1500 " .053-.018 .024-.006
Paper with Catalytic Combustion
Letterpress Printing, Coated Paper 99 1500 .0026 .0012
with Adsorption i :
Letterpress Printing, Noncoated 99 1500 .0035 0016
Paper with Adsorption 1 :

1.

2.

Process Modification:

Modificaticn of the drying process would decrease hydrocarben

emissions, Several methods of drying are being developed which could

greatly reduce hydrocarbon emissions:

Microwave drying increases the temperature of the ink by application
of electromagnetic energy. Since fuel is not directly consumed, the
oven exhaust will not contain combustion products. However, solvent

vapors would be emitted if conventional inks are used.

Infrared drying causes a free radical polymerization mechanism
to occur which utilizes a nonvolatile monomer-based ink. The

ink will not contain a volatile solvent, thus eliminating hydro-
carbon emissions.

Electron beam drying utilizes electron induced polymerization,
The procedure requires inks composed of monomers or prepolymers
which will solidify when induced by the beam.

~Ultraviolet drying utilizes light between 2400 to 3600 angstroms to

activate monomer-based inks that polymerize rapidly. Hydrocarbons
are eliminated, but the monomer-based inks are more expensive, the

inks are not readily removed during paper reclamation, and ozone is
produced in the' process. ”

Ink Modification:

Aqueous inks are used in some flexographic operations. A disadvantage

of an aqueous system 1s the relatively high latent heat of water. This
limits press speeds when conventional dryers are employed. The appli-
cation of microwave drying has enabled press speeds to increase.
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Solventless inks are dried by thermally induced polymerization which

appreciably reduces hydrocarbon emissions. The ink can be adapted to
present equipment without modification. Since lower oven temperatures
can be used, press speeds can be increased.

3. Conventional Air Pollution Control Equipment:

Exhaust gases from letterpress and printing operations in general are

treated with conventional pollution control equipment. The three main
types of. processes utilized are: . '

a, thermal combustion,
b. catalytic combustion, and
c. adsorption.

Thermal combustion incinerates the hydrocarbon emissions from the
collective letterpress vents in a gas or oil fired flame. The gases
are preheated to 600°F to 900°F and incinerated at 1200°F to 1600°F.
Fuel consumption is dependent upon the amount of heat exchange employed
and the operating temperature., Thermal incinerators are capable

of operating continuously at efficiencies of 90% to 99%. Figure
1v-25(1)358 presents a flow diagram for thermal combustion.
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Figure IV-25: Flow Diagram for Thermal Combustion Including
Possibilities for Heat Recovery
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Catalytic combustion causes flameless oxidation of the undesired
hydrocarbon from the letterpress exhaust. The oxidation occurs
with a catalyst of a platinum group metal deposited on a ceramic
base or metal ribbon., Figure IV-26(1)359 is a schematic of a
catalytic incinerator. Efficiencies range between 85% and 95%
depending on the application,.
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Figure IV-26: Flow Diagram for Catalytic Combustion Including
. Possiblities for Heat Recovery

Adsorption is the removal of hydrocarbons from a gas stream by
means of an activated bed of carbon. When the adsorptive capacity
of the bed is reached, the gas stream is diverted to an alternate
bed. The original bed is regenerated with steam or hot air, If
hydrocarbon solvent is not miscible in water, it can be recovered
by decantation; otherwise, distillation is necessary. Figure
Iv-27(1)360 presents a flow diagram for an adsorption process. A
well-designed bed will absorb 15% of its own weight of solvent
before regeneration is required. The efficiencies of a well-de-~
signed bed are 99%.
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Figure IV-27: Flow Diagram of Adsorption Process

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No New Source Performance Standards
have been promulgated for letterpress printing.

State Regulations for New and Existing Sources: Currently, hydrocarbon
emission regulations are patterned after Los Angeles Rule 66 and Appendix B
type legislation. Organic solvent useage is categorized by three basic process
types. These are, (1) heating of articles by direct flame or baking with any
organic solvent, (2) discharge into the atmosphere of photochemically reactive
solvents by devices that employ or apply the solvent, (also includes air or
heated drying of articles for the first twelve hours after removal from ##1 type
device) and (3) discharge into the atmosphere of non—photochemically reactive
solvents. For the purposes of Rule 66, reactive solvents are defined as solvents

of more than 20% by volume of the following:

1. A combination of hydrocarbons, alcohols, aldehydes,
‘ esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent
2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethylbenzene: 8 per cent
3. A combination of ethylbenzene, ketones having branched
hydrocarbon structures, trichloroethylene or toluene:
20 per cent : '
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Rule 66 limits emissions of hydrocarbons according to the thrge process
types. These limitations are as follows:

Process ' : 1bs/day & lbs/hour
1. heated process 15 ' 3
2. unheated photochemically reactive 40 8
3. non-plotochemically reactive 3000 450

Appendix B (Federal Register,Vol. 36, No. 158 - Saturday, August 14, 1971)
1imits the emission of photchemically reactive hydrocarbons to 15 1bs/day and
3-1bs/hr. Reactive solvents can be exempted from the regulation if the solvent
is ‘less than 20% of the total volume of a water based solvent. Solvents which
have shown to be virtually unreactive are, saturated halogenated hydrocarbons,
"perchloroethylene, benzene, acetone and c)-cgn~paraffins.

For both Appendix B and Rule 66 type legislation if 85% control has been
demonstrated the regulation has been met by the source even if the lbs/day
and lbs/hr values have been exceeded. Most states have regulations that
limit the emissions from handling and use of organic solvents. Alabama,
Connezticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B. Some
states such as North Carolina have an organic solvent regulation which is
patterned after both types of regulatioms.

Table IV-10 presents the uncontrolled and -controlled emissions and limitations
from letterpress printing operations.

TABLE IV-10
HYDROCARBON EMISSIONS AND LIMITATIONS FROM LETTERPRESS PRINTING

Type of ’ % Emissions Limitations

Operation & Control Control ibs/br kg /he 1lbs/hx ka/he
LS;E:EE;ET;CEHHting’ Coated Paper, 0 y .26 ' 12 3 1.4
e g ot || s | e
Lo terpress Printing, Coated Paper 90-99 .026-.0026 | .012-.0012 3 1.4
“Paper with Thernal Comboscion 90-99 | .035-.0035 | .016-.0016 3 L4
Mith Catelycic Comuscion 7O | 8595 | .03-.013 | .018-.006 3 1.4
eierptess peinieg, Yowostee | gsgs | oo | oneams |3 | b
L oo rign mas Coated Faper 99 .0026 .0012 3 1.4
pese s ot g s | ome | | e

Potential Source Compliance and Emission Limitations: Hydrocarbon emissions
limitations are not based on process weight. Letterpress printing operations as
outlined in Section D, even uncontrolled, will not violate the 3 lb/hr limitation.
However, it 1s concelvable to have a number of presses and dryers manifolded
together where control would be nececsary to meet the 3 1bs/hr limitatilon.
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The Environment Reporter was used to update the emission limitations.

G. References:

The literature used to develop the information on letterpress printing is
-as follows: . 4

1.

the

_Air Pollution Control Technology and Costs in Seven Se{ecfed'Areaé,

Industrial Gas Cleaning Institute, EPA Contract No. 68-02~0289,
December 1973,

Background Information for Stationary Source Categories, Provided by

EPA, Joseph J. Sableski, Chief, IndustL1el Survey Section, Industrial
SLudles Branch, Novembcr 3, 1972

Priorization of” Air Pollution From Industrial Surface Coating Operations,

Monsanto Research Corporation, Contract No. 68-02-0320, February 1975.

- The following references were consulted but not used to directly develop
information on letterpress. printing.

4. Dvaluations of Emissions and Control Technologiec in the Graphic

Arts Industries, Phase Il: Web-Offset and Metal Decorating Processes,
R. R. Gadomski, A, V. Gimbrone, Mary P. David, and W. J. Green,
Contract No. 68-02-0001, May 1973.

" 5, Organic Compound Emission Sources, Emission Control Teclhmiques and

Emissjion Limitation Guidelines, EPA, June 1974,

6. Hydrocarbon Pollutant System Study, Volume I - Stationary Sources,
Effects, and Control, October 20, 1972, MSA Research Corporation.
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A. Source Category: IV Evaporation Losses

B. Sub Category: Graphic Arts (Metal Coating)

C. Source Description:

Metal Coating is the printing with ink of an image on a sheet or object.
The image is usually applied to coated metal with a lithographic press. Clear
varnish is then applied directly over the wet ink for protectlon of the printed
image. The entire process involves three operations.

1. application of the undercoating to the bare mefal,
2, printing of the image to the dried coating, and
3. application of the clear varnish over the image.

The base coat is roller coated onto the metal and contains 50-80% solvents
. by volume. Figure IV-28 is a schematic of a metal coating operation. The base
coat is baked at 350°T-425°F. The quantity of the solvent emitted from the oven
Is dependent on the thickness and solvent content of the coating. The ovens are
operatad from 10% to 25% of the lower explosive limit,
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Figure IV-28: Metal Sheet Coating Operation
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The coated sheets are printed with lithographic inks containing very little
if any solvent. The wet inked sheets are coated with a varnish containing 70-80%
solyent and dried in wicket ovens at approximately 320°F. These ovens are oper=
ated at 107 to 25% of the lower explosive limit. Figure IV—29 is a schematic of the
printing and overcoating operations for metal decorating. (1)350
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Figure IV-29: Metal Sheet Printing and Varnish Overcoating

D., Emission Rates:

The major points of hydrocarbon emissions in metal decorating printing
are:

1. surxface roller coating
2, oven exhaust, and
3. varnish overcoater operation.

The roller coating and varnish overcoating operations are sequential and
comprise the bulk of the hydrocarbon emissions. The lithographic type inks
used in metal decorating contain little solvent, and their emissions due to
evaporation are insignificant. (2)3 The ovens are heated by oil or natural gas,
and the exhaust contains the products of combustion in addition to the evaporated
solvent,
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Table IV-1l presents emission rates for the various operations‘of metal
decorating from the ovens. (2)3 The thickness of the coatings and solvent content
influence the amount of hydrocarbons in the emissions.

. TABLE IV-11
HYDROCARBON EMISSIONS FROM METAL DECORATING

Type of : % ' Range of Emissions
Operation & Control Control 1bs/hr keg/br
Metal Decorating, Heated Oven Only 0 .2=1.0 .09-.5
Metal Decorating, Printing Only 0 e2-1,0 .09-.5
Metal;Decorat%ng,'Prlntlng with 0 4.0~ 16.0 1.8~ 7.3
Varnish Application »
Metal Decorating, Sizing (Lacquer) 0 6.0- 30.0 2.7-13.6
Metal Decorating, Coatings 0 4,0-122.0 1.8-55.3
Metal Decorating, Printing with
Varnish Application, Thermal 90-99 .04=1.6 .02-,7
Incineration _
Metal Decorating, Coatings, _ _ 5 =
Thermal Incineration 90-93 «4-12.2 -2-3.3

E. Control Equipment:

Control of hydrocarbon emissions from metal decorating are categorized
according to the following:

1. reformulation of solvents, and
2. application of control equipment.

1. Reformulation of Solvents:

The solvents employed in the varnish and lacquer coatings are
usually composed of methyl isobutzl ketone (MIBK), xylol and aliphatic
solvents, all of which can be at least partially removed 'in the wicket
ovens, The extent of solvent decomposition in the ovens is a function
of the wvariation of temperature due to a variation of the mixing effi-
cieicies of the hot and cold gases in the oven. (})3%0 A substitution
of non-photochemically reactive solvents or solvents that polymerize
when heated would reduce or eliminate the problem of excessive hydro-
carbon emissions,

2, Application of Control Equipment:

Thermal combustion incinerates hydrocarbon emissions from the
wicket ovens in a gas or oil fired flame. The gases are pre-
heated to 600°F to 900°F and incinerated at 1200°F to 1400°F,
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F

Fuel consumption is dependent upon the amount of heat exchange
employed and the operating temperature. Thermal incinerators

are capable of operating continuously at efficiencies of 90% to
95%,(1)350  Figure 1v-30(1)358 45 a schematic of a thermal incin-
erator. Thermal combustion is used to incinerate fumes from the
larger metal decorating operations.(2)3 Other types of control
equipment applications are possible but were not summarized in
Table IV-11.
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" Figure IV-30: Flow Diagram for Thermal Combustion Including
Possibilities for Heat Recovery

"Catalytic combustion causes flameless oxidation of the undesired
hydrocarbon from the metal decorating ovens. The oxidation occurs
with a catalyst of a platinum group metal deposited on a ceramic
base or metal ribbon. Figure IV-31(1)35% i5 a schematic of a
catalytic incinerator. Efficiencies range between 85% and 95%
depending on the application.
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Figure IV-31l: Tlow Diagram for Catalytic Combustion Including
Possibilities for Heat Recovery

Adsorption is the removal of hydrocarbons from a gas stream by

means of an activated bed of carbon. When the adsorptive capacity

of the bed’is reached, the gas stream is diverted to an alternate

bed. The originzl bed is regenerated with steam or hot air. If
hydrocarbon solvent is not miscible in water, it can be recovered

by decantation; otherwise distillation is necessary. Figure IV-32(1)360
presents a flow diagram for an adsorption process. A well designed

bed will adsorb 157% of its own weight of solvent before regeneration

is required., ‘The efficiencies of a well designed bed are 99%.
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Iv-39




F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No New Source Performance Standards
have been promulgated for metal decorating.

State Regulations for New and Existing Sources: Currently, hydrocarbon
emission regulations are patterned after Los Angeles Rule 66 and Appendix B
type legislation. Organic solvent useage is categorized by three basic process
types. ‘These are, (1) heating of articles by direct flame or baking with any
organic solvent, (2) discharge into the atmosphere of photochemically reactive
solvents by devices that employ or apply the solvent, (also includes air or
heated drying of articles for the first twelve hours after removal from #1 type
device) and (3) discharge into the atmosphere of non-photochemically reactive
solvents, For the purposes of Rule 66, reactive solvents are defined as solvents
-of more than 20% by volume of thé following:

1. A combination of hydrocarbons, alcohols, aldehydes,
esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent
2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethylbenzene: 8 per cent
3. A combination of ethylbenzene, ketones having branched
hydrocarbon structures, trichloroethylche or toluene:
20 per cent

Rule 66 limits emissions of hydrocarbons accordlng to the three process
types. These limitations are as follows:

: Process . 1bs/day & lbs/hour

1.. heated process . 15 3

2. unheated photochemically reactive 40 8

3. non-photochemically reactive 3000 450
Appendix B (Federal Register,Vol. 36, No. 158 — Saturday, August 14, '1971)

limits the emission of photchemically reactive hydrocarbons to 15 lbq/day and
3°1bs/hr. Reactive solvents can be exempted from the regulation if the solvent
is less than 20% of the total volume of a water based solvent. Solvents which
have shown to be virtually unreactive are, saturated halogenated hydrocarbons,
‘perchloroethylene, benzene, acetone and cj-cgn-paraffins.

For both Appendix B and Rule 66 type legislation if 85% control has been
demonstrated .the regulation has been met by the source even if the lbs/day
and 1lbs/hr values have been excceded. Most states have regulations that
limit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66
Indiana and Louisiana have regulations patterned after Appendix B. Some
states such as North Carolina have an organic solvent regulation which is
patterned after both types of recgulations.
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Table IV-~-12 presents the uncontrolled and controlled emissions and limitations
from metal decorating operations,

TABLE IV-12
HYDROCARBON EMISSIONS AND LIMITATIONS FROM METAL DECORATING

Type of A

Emissions ‘Limitations -
Operation & Control Control lbs/hr kg/hr 1bs/hr kg/hr
Metal Decorating, Heated Oven Only 0 .2-1.0 .09-,5 3 1.4
Metal Decorating, Printing Only 0 .2=-1.0 .09-,5 3 1.4
Metal Dccorating, Printing with N -

Varnish Application o] 4.0~ 16.0. 1.8- 7.3 3 1.4
Metal Decorating, Sizing (Lacquer) ] 6.0- 30.0 2.7-13.6 3 1.4
idetal Decorating, Coatings 0 4,0-122.0 1.8-55.3 3 1.4
Metal Decorating, Printing with

Varnish Application, Thermal 9G--99 .04~1.6 ,02-,7 3 1.4

Incineration :

Metal Dccorating, Coatings, _ - .
Thermal Incineration 90-99 -4-12.2 °2=5.5 3 1.4

Fotential Source Compliance and Emission Limitations:
limitations are not based on process weight. Metal surface coating, even
well controlled, could violate the 3 lbs/hour limitation. Metal decorating
operations arc characterizgd by all being different from each other in terms of:

Hydrocarbon emission

1. production rate,
2. solvent usage, and
3. control equipment.

The graphic arts printing of metal decorating will not violate the 3 1bs/hr
limitation,

The Environment Reporter was used to update the emission limitations.
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A. Source Category: IV Evaporation Losses

B. Sub Category: Graphic Arts (Lithography)

C. Source Description:

Lithography printing 1s characterized by having the image area on the same
plane as the non-image area., The image area chemically attracts ink while the
non~-image area chemically repels ink. The printing image is applied to a
cylinder which transfers the inked image directly to the substrate. This process
is direct lithography. The printing image can also be applied to a cylinder where
the inked image is transferred to a rubber blanket cylinder which in the same
revolution prints the wet inked image onto the substrate. This second process
is called offset lithography. When a web or continuous roll of paper is
employed with the offset process, it is called web-offset printing.(1)332

Web-offset printing employs a heatset ink. The web of paper travels through
the presses where it is printed on both sides simultaneously. The wet web is
passed through a dryer (v400°F) where approximately 60% of the initial solvent
is removed. The web passes over the chill rolls wHere it is cooled prior to
folding and cutting. Figure Tv-33(1) 342 presents a schematic of a web-offset,
publication process.
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A typical web-offset printing operation as depicted in Figure VI~-33 operating
under the conditions listed would have hydrocarbon emissions according to press
speed as presented in Figure IV-34, (1) 345
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Figure IV-34: Emission Rates from Web Offset and Web Letterpress
Employing Heatset Inks

The dryer may be either a hot air dryer where a minimum of flame impingement
occurs or an all flame dryer where direct impingement of the flame on the web
occurs. The composition of the dryer emissions depends on the type of dryer
employed. In the hot air dryer, very little solvent decomposition occurs, As

the amount of flame impingement increases, the quantity of solvent decomposition
also increases,

D. Emission Rates:

The major points of hydrocarbon emissions from web-offset printing are:

1. press,

2. dryer,

3. drill rolls, and
4. 1nk fountains.

In web-offset printing, the ink and the coating on the paper are the major
sources of hydrocarbons. Printing inks consist of three major components:
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Pigments, which produce the desired colors, are composed of
finely divided organic and inorganic materials.

Resins, which bind the pigments to the substrate, are composed
of organic resins and polymers.

Solvents, which dissolve or disperse the resins and pigments,
are usually composed of organic compounds. The solvent is
removed from the ink and emitted to the atmosphere during the
drying process.

The solvents used in ink dilution are classified into five general categories
according to the chemical composit:ion.(2)335

A.
B.
c.
D.

E.
F‘

Benzene, toluene, xylene, ethylbenzene, unsaturates and mixtures
with aromatic content greater than 25% by volume.

Normal and isoparaffins, cycloparaffins, mineral spirits con-
taining less than 15% aromatics.

Methanol, ethanol, propanol, isopropanol, butanol, isobutanol,
glycols, ester ketones, '

Trichloroethylene, trichloroethane, methylene chloride.
Nitroparaffins and dimethyl formamlde.

Miscellaneous.

Table IV-13(1)33¢ presents the volume breakdown in hundreds of gallons of
solvent consumed for ink dilution by process and solvent type.

TABLE IV-13

YOLUME. BREAKDOWN QF SOLVENT CONSUMED _EFOR INK DILUTION
BY PRINTING PROCESS AND SOLVENT TYPE (1968)

PRINTING SOLVENT TYPE {HUNDRED GALLONS)-
PROCESS A B _ c b E F TOTAL
Lithography 14,972 23,941 16,691 38 723 408 56,773
Letterpress - 98 444 399 62 o - 1 994
Flexography 58 606 10,180 - 1 179 : iLOIS
Gravure 10,089 24,637 12868 - 12’ - 47,606
Screen Printing 34 173 85 - - 145 437
Total 25,251 49,801 40,223 90 "736 724 116,825
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Table IV-13A presents the uncontrolled and controlled emissions in
pounds/hour and kilograms/hour for the typical web-offset printing operations
as depicted in Figure IV-34, The emissions listed are for a typical operation.
These could vary even with the same equipment. The exact solvent structure of
the ink, the percentage of the web that is covered with ink, the number of
colors applied and dryers used, and press speed affect hydrocarbon emissions.

 TABLE IV-13A
HYDROCARBON EMISSIONS FROM WEB-QFFSET PRINTING

Type of % Press Speed ‘Emissions
Operation & Control Control feet/min : lbs/hr kpg/hr
Web-0ffset Printing, Coated Paper, 0 1500 18 082
Uncontrolled * *
Web-Offset Printing, Noncoated Paper, 0 1500 28 13
Uncontrolled : * y
Web-0ffset Printing, Coated Paper - . - -
with Thermal Combu:tion 90-99 1500 .018-,0018 ,008-.0008
Web-0ffset Printing, Noncoated Paper ~ _ _
with Thermal Combustion 90 9? 1500 .028 .9028 .013 .9013
Web-Offset Printing, Coated Paper ~ ) - _
with Catalytic Combustion 85~95 1500 .027~,009 .012-,004
Web~Offset Printing, Noncoated Paper . _ - -
with Catalytic Combustion 85-95 1500 .042-,014 .020~,006
Web-Offset Printing, Coatcd Paper 0018 : 0s
with Adsorption . 9 . . 1500 .00 .00
Web-0ffset Printing, Noncoated Paper 99 1500 0028. 0013

with Adsorption

E. Control Equipment:

Control of hydrocarbon emissions from web-offset and printing operations in
general are categorized according to the following:

1. process modification,
2, ink modification, and

3. application of conventional control equipment.

1. Process Modification:

Modification of the drying process would decrease hydrocarbon
emissions. Several methods of drying are being developed which could
greatly reduce hydrocarbon emissions:

Microwave drying increases the temperature of the ink by application
of electromagnetic energy. Since fuel is not directly consumed, the
oven exhaust will not contain combustion products. However, solvent
vapors would be emitted if conventional inks dare used.
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2. Ink

Infrared drying causes a free radical polymerization mechanism

to occur which utilizes a nonvolatile monomer-based ink. The
ink will not contain a volatile solvent, thus eliminating hydro-
carbon emissions.

Electron beam drying utilizes electron induced polymerization,

The procedure requires inks composed of monomers or prepolymers
which will solidify when induced by the beam.

Ultraviolet drying utilizes light between 2400 to 3600 angstroms to

activate monomer-based inks that polymerize rapidly. 'Hydrocarbons

are eliminated, but the monomer-based inks are more expensive, the

inks are not readily removed during paper reclamation, and ozone is
produced in the process.

Modification:

Aqueous inks are used in some flexographic operations. A disadvantage
of an aqueous system is the relatively high latent heat of water. This
limits press speeds when conventional dryers are employed. The appli-
cation of microwave drying has enabled press speeds to increase.

Solventless inks are dried by thermally induced polymerization which

appreciably reduces hydrocarbon emissions. The ink can be adapted to
present equipment without modification., Since lower oven temperaturac
can be used, press speeds can be increased.

3. Conventional Air Pollution Control Equipment:

Exhaust gases 'from web-offset and printing operations in general are

treated with conventional pollution control equipment. The three main
types of processes utilized are:

a., thermal combustion,
b. catalytic combustion, and
c. adsorption.

Thermal combustion incinerates the hydrocarbon emissions from the
collective web~offset vents in a gas or oil fired flame. The gases

are preheated to 600°F to 900°F and incinerated at 1200°F to 1600°F.

Fuel consumption is dependent upon the amount of heat exchange employed
and the operating temperature. Thermal incinerators are capable of
operating continuously at efficiencies of 90% to 99%. Figure Iv-35(1)358
presents a flow diagram for thermal combustion.
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Figure IV-35: Flow Diagram for Thermal Combustion’ Including
- ‘ P0531b111tles for Heat Recovery

Catalytic combustion causes flameless oxidation of the undesired
hydrocarbon from the web-offset exhaust. The oxidation occurs
with a catalyst of a platinum group metal deposited on a ceramic
base or metal ribbon. Figure IV- 36(1)359 j5 a schematic of a
catalytic incinerator. Efficiencies range between 85% and 95%
depending on the application.

Adsorption is the removal of hydrocarbons from a gas stream by
means of an activated bed of carbon. When the adsorptive capacity
of the bed is reached, the gas stream is diverted to an alternate
bed. The original bed is regenerated with steam or hot air. If
hydrocarbon solvent is not miscible in water, it can be recovered
by decantation; otherwise, distillation is necessary. Figure
1v-37(1) 360 presents a flow diagram for an adsorption process. A
well-designed bed will absorb 15% of its own weight of solvent

before regeneration is required. The efficiencies of a well-designed
bed are 99%.
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F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): DMNo New Source Performance Standards
have been promulgated for web-offset printing.

State Regulations for New and Existing Sources: Currently, hydrocarbon
emission regulations are patterned after Los Angecles Rule 66 and Appendix B
type leglslation. Organic solvent useage is categorized by three basic process
types. These are, (1) heating of articles by direct flame or baking with any
organic solvent, (2) discharge into the atmosphere of photochemically reactive
solvents by devices that employ or apply the solvent, (also includes air or
heated drying of articles for the first twelve hours after removal from {1 type
device) and (3) discharge into the atmosphere of non-photochemically reactive
. solvents. For the purposes nf Rule 66, reactive solvents are defined as solvents
of more than 20% by volume of the following:

1. A combination of hydrocarbons, alcohols, aldehydes,
" esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent
2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethvlbenzene: 8 per cent
3. A combination of ethylbenzene, ketones having branched
hydrocarbon structures, trichloroethylene or toluene:
20 per cent

Rule 66 limits emissiohs of hydrocarbons according to the three process
types. These limitations are as follows:

Process lbs/day & 1lbs/hour
1. lheated process : 15 3
2. unheated photochemically reactive 40 8
3. non-photochemically reactive 3000 450

Appendix B (Federal Register,Vol. 36, No. 158 - Saturday, August 14, 1971)
limits the emission of photchemically reactive hydrocarbons to 15 lbs/day and
3 lbs/hr. Reactive solvents can be exempted from the regulation if the solvent
is less than 20% of the total volume of a water based solvent. Solvents which
have shown to be virtually unreactive are, saturated halogenated hydrocarbons, -
"pexchloroethylene, benzene, acetone and cj-cgn-paraffins.

For both Appendix B and Rule 66 type legislation if 85% control has been
demonstrated the regulation has been met by the source even if the lbs/day
and lbs/hr values have been exceeded. Most states have regulations that
limit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B. Some
.states such as North Carolina have an organic solvent regulation which is
patterned after both types of regulations.
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Table IV-14 presents the uncontrolled and controlled emissions and limitations
from Web-0Offset printing operations,

TABLE IV-14
HYDROCARBON EMISSIONS AND LIMITATIONS FROM WEB-OFFSET PRINTING

Type of % Emissions . Limitaticns
Operation & Control Control. lbs/hr kg/hr lbs/hr | kg/hr

Weh-Offset Printing, Coated Paper, 9 18 082 3 1.4
Uncontrolled . . .
Web--0ffset Printing, Noncoated Paper, 1

Uncontrolled 0 . .28 .13 3 1.4
Web-0ffset Printing, Coated Paper " enw _ _

with Thermal Combustion 90~-99 .018-.0018 .008-.0008 |. 3 1.4
Web-0ffset Printing, Noncoated Paper - oa_ - '
with Thermal Combustion 90-99 .028-,0028 .,013-.0013 3 1.4
Web-0ffsct Printing, Coated Paper - _ _

with Catalytic Combustion 85~95 .027-.009 .012-.004 . 3 1.4
Web-0ffset Printing, Noncoated Paper _ ' -

with Catalytic Combustion 85-95 .042-.014 .020~.006 3 1.4
Web-0Offset Printing, Coated Paper . .

with Adsorption , 99 -0018 - 0008 3 1.4
Welb-0ffset Printing, Noncoated Paper "

with Adcorpticn , 99 .0028 . 0013 3 1.4

Potential Source Compliance and Emission Limitations: Hydrocarbon emission
limitations are not based on process weight rate. Web-Offset Printing for the
conditions outlined in Section D would meet the 3 lbs/hr limitation uncontrolled.
A number of presses and dryers can be manifolded together where it would be
necessary to utilize some type of control equipment.

The Environment Reporter was used to update the emission limitations.
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A. Source Category: IV Evaporation Losses

B. Sub Category: Graphic Arts (Flexography)

C. Source Description:

Flexographic printing is similar to letterpress, where the image area is
raised above the surface of the plate. Ink is transferred directly to the image
area of the plate and directly from the plate to the paper or substrate. When-
ever the plate is made of rubber and alcohol based inks are used, the process
is flexography. The process is always web fed and is used for medium or long
runs on a variety of substrates, including heavy paper, fiberboard, metal, and
plastic foil.

Flexographic processes differ among themselves mainly in the type of ink
used. Most flexographic inks are fluid in consistency and contain about 55Y%
organic solvent. The solvent may be alcohol or alcohol mixed with aliphatic
hydrocarbons or esters.

Flexography printing uses two similar but different processes. The compo-
sition of the ink and the inclusion of drying are the main areas where the
processes differ. The two types of flexographic printing are:

1. flexographic, publication and
2. {lexographic, newspaper.

1, Flexographic, publication uses a paper web that is printed on one side
at a time, and the web is dried after each color is printed. When
four colors are printed, a procedure called "double ending'" is employed.
The web passes through one press and one dryer, is turned over, and

returns to the same press where it was adjacent to the first pass on the

same cylinder. In this manner, only four presses and four dryers are
required for four-color, two~sided printing. The dryer may be either
a hot air dryer where a minimum of flame impingement occurs, or an all-
flame dryer where direct impingement of the flame on the web occurs.

composition of the dryer emissions depends on the type of dryer employed.

In the hot air dryer, very little solvent decomposition occurs. As the
amount .of flame impingement increases, the quantity of solvent decompo-
sition also increases.

The exhaust and solvent emission rates for flexography would be similar
to letterpress, and a schematic of a typical letterpress operation is
presented in Figure 1v-38, (1)346  The exhaust and solvent emission rates
represent one-color, two-sided printing. In a four-color operation,
four dryers would be manifolded together to a common stack. The amount
and composition of the hydrocarbon emissions depend on the ink compo-
sition and the type of dryer, (1)347 .
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Figure IV-38: Flexographic, Publication Process

2, Flexography, newspaper operations use oxidative drying inks which contain
little or no solvent. The exhaust gases from these operations are not a source of
hydrocarbon emissions. The only substances emitted from these operations are ink
mist and paper dust. Figure IV-39(1)346 presents a schematic of flexographic,
newspaper printing process.
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Figure IV-39: Flexographic, Newspaper Process
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D. Emission Rates:

The major points of hydrocarbon emissions from flexographic printing are:

1. hot air dryer,
2. press unit, and
3. chill rolls.

. In flexography and printing operations in general, the ink is the major
source of hydrocarbons. Printing inks consist of three major components:

1. Pigments, which produce the desired colors, are composed
of finely divided organic and inorganic materials.

2. Resins, which bind the pigments to the substrate, are
composed of organic resins and polymers. '

3. Solvents, which dissolve or disperse the resins and pigments,
are usually composed of organic compounds. The solvent is

removed from the ink and emitted to the atmosphere during the
drying process.

The solvents used in ink dilution are classified into five general categories
according to the chemical composition,

A. Benzene, toluene, xylene, ethylbenzene, unsaturates, and mixtures
with arvomatic conteui greater than 25% by volume.

B. Normal and isoparaffins, cycloparaffins, mineral spirits
containing less than 15% aromatics.

C. Methanol, ethanol, propanol, isopropanol, butanol,
isobutanol, glycols, esters, ketones.

D. Trichloroethylene, trichloroethane, methylene chloride.

E. Nitroparaffins and dimethyl formamide.

F. Miscellancous.

Table IV-15 presents the volume breakdown in hundreds of gallons of solvent
consumed for ink dilution by process and solvent type.(2)338

TAWLE TV-15

“VOLUME BEEAKCOWN OF SOLVENT CONSUNED FCR INK DILUTION
UV PEINTING PROCESS AND SOLVENT TV23 {1488)

PRINTING SOLVENT TYPE (HUNDRED GALLCNS)

PROCESS A 8 c_ D £ F TOTAL
Lithography g2 Wem 16601 38 723 ace "65.773
Letterpress 5 444 393 52 ' .- i 94
Flexography . £3 605 10,130 - 1 173 11,015
Gravure 16,088 4637 12833 - i - 47,666
Screen Printing 34 173 85 - - 1as 437

Total 25,250 43,601 40223 90 735 725 116,525
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A typical flexographic printing operation as depicted in Figure IV-38
would have hydrocarbon emissions similar to a letterpress operation according
to press speed as presented in Figure IV-40,

0.4 |
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Figure IV-40: Emission Rates from Web Offset and Web Letterpress
Emploving Heatset Inks

Table IV~15A presents the uncontrolled and controlled emissions in pounds/hour
and kilograms/hour for the typical flexographic printing operations as depicted
in Figure IV-38. The emissions listed are for a typical operation. These could
vary even with the same equipment. The exact solvent structure of the ink, the
percentage of the web that is covered with ink, the number of colors applied and
- dryers used, and press speed affect the hydrocarbon emissions.

E. Control Equipment:

Control of hydrocarbon emissions from flexographic and printing operations in
general are categorized according to the following: (2)354

1. process modification,

2., ink modification, and
3. conventional air pollution control equipment
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TABLE 1V-15A

HYDROCARBON EMISSIONS FROM FLEXOGRAPHIC PUBLICATION PRINTING

Type of P4 Press Speed Emissions
Operation & Control Control ft/min 1bs/hr kg/hr
Ft:z:gz:g?;zdPrinting, Coated Paper, 0 1500 .26 12
il U T S ERC I T
i nstior ¢ T | s | w0 | oaegizs | oo
v 4 Py N
F%E;‘Z%rSi‘J;‘Ti,;iﬁii“é;;mi‘iiiifii’,ie" 90-99 1500 .035-.0035 | .016-.0016
Y [
"i‘iii’.“éﬁ‘éﬁi‘;&?éixz;£§i‘°d Faper 85-95 1500 .039-.013 | .018-.006
ottt ween i N RTINS
Fiizggzgzgigtiginting, Coated Paper 99 1509 L0026 0012
pares with Adsorptizn 9 1500 0035 0016

1.

Process Modification:

Modification cf the drying process would decrease hydrocarbon
emissions. Several methods of drying are being developed which could
greatly reduce hydrocarbon emissions:

Microwave drying increases the temperature of the ink by application

of electromagnetic energy.
oven exhaust will not contain combustion products.,
vapors would be emitted if conventional inks are used.

Infrared drying causes a free radical polymerization mechanism
to occur which utilizes a nonvolatile monomer-based ink. The
ink will not contain a volatile solvent, thus eliminating hydro-
carbon emissions.,

Electron beam drying utilizes electron induced polymerization.
The procedure requires inks composed of monomers or prepolymers
which will solidify when induced by the beam,

Ultraviolet drying utilizes light between 2400 to 3600 angstroms to
activate monomer-based inks that polymerize rapidly. Hydrocarbons

are eliminated, but the monomer-based inks are more expensive, the

inks are not readily removed during paper reclamation, and ozone is
produced in the process. i

Ink Modification:

Aqueous inks are used in some flexographic operations. A disadvant
of an aqueous system is the relatively high latent heat of water.
limits press speeds when conventional dryers are employed. The app
cation of microwave drying has enabled press speeds to increase.,
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Solventless inks are dried by thermally induced polymerization which
appreciably reduces hydrocarbon emissions. The ink can be adapted to
present equipment without modification. Since lower oven temperatures
can be used, press speeds can be increased.

3. Conventional Air Pollution Control Equipment:

Exhaust gases from flexographic and printing operations in general are

treated with conventional pollution control equipment. The three main
types of processes utilized are: :

a, thermal combusion,
b, catalytic combustion, and
¢. adsorption.

Thermal combustion incinerates the hydrocarbon emissions from the
collective flexographic vents in a gas ot oil fired flame. The gases
are preheated to 6000F to 900OF and incinerated at 1200°F to 1600°F.
Fuel consumption is dependent upon the amount of heat exchange employed
and the operating temperature., Thermal incinerators are capable

of operating continuously at efficiencies of 90% to 99Z. Figure
1v-41(1)358 presents a flow diagram for thermal combustion.
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Figure IV-41l: Flow Diagram for Thermal Combustion’ Including
’ ‘Possibilities .for - Heat Re::overy
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Catalytic combustion causes flameless oxidation of the undesired
hydrocarbon from the fléxographic exhaust. The oxidation occurs
with a catalyst of a platinum group metal deposited on a ceramic
base or metal ribbon. Figure 1v-42(1)359 45 a schematic of a
catalytic incinerator. Efficiencies range between 85% and 95%
depending on the application.
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Figure IV-42:- Flow Diagram for Catalytic Combustion Including
Possiblities for Heat Recovery

Adsorption is the removal of hydrocarbons from a gas stream by
means of an activated bed of carbon. When the adsorptive capacity
of the bed is reached, the gas stream is diverted to an alternate
bed. The original bed is regenerated with steam or hot air. If
hydrocarbon solvent is not miscible in water, it can be recovered
by decantation; otherwise, distillation is necessary. Figure
1v-43(1)360 presents a flow diagram for an adsorption process. A
well-designed bed will absorb 15% of its own weight of solvent
before regeneration is required. The efficiencies of a well-de-
signed bed are 99%.
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Figure IV-43: Flow Diagram of Adsorption Process

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No New Source Performance Standards
have been promulgated for flexographic printing.

State Regulations for New and Existing Sources: Currently, hydrocarbon
emission regulations are patterned after Los Angeles Rule 66 and Appendix B
type legislation. Organic solvent useage is categorized by three basic process
types. These are, (1) heating of articles by direct flame or baking with any
organic solvent, (2) discharge into the atmosphere of photochemically reactive
solvents by devices that employ or apply the solvent, (also includes air or
heated drying of articles for the first twelve hours after removal from #1 type
device) and (3) discharge into the atmosphere of non-photochemically reactive
solvents. For the purposes of Rule 66, reactive solvents are defined as solvents
of more than 20% by volume of the following:

1. A combination of hydrocarbons, alcohols, aldehydes,
esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent
2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethylbenzene: 8 per cent
3. A combination of ethylbenzene, ketones having branched
hydrocarbon structures, trichloroethylene or toluene:
20 per cent
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Rule 66 limits emissions of hydrocarbons according to the three process
types. These limitations are as follows:

Process I1bs/day & lbs/hour

1. heated process 15 3
2. unheated photochemically reactive 40 8
3. non-photochemically reactive 3000 450

Appendix B (Federal Register»Vol. 36, No. 158 — Saturday, August 14, 1971)
limits the emission of photchemically reactive hydrocarbons to 13 lbs/day and
3 1bs/hr. Reactive solvents can be exempted from the regulation if the solvent
is ‘less than 20% of the total volume of a water based solvent. Solvents which
have shown to be virtually unreactive are, saturated halogenated hydrocarbons,
"perchloroethylene, benzene, acetone and cj)-cgn-paraffins.

For both Appendix B and Rule 66 type legislation if 85%Z control has been
demonstrated the regulation has been met by the source even if the lbs/day
and 1bs/hr values have been exceeded. Most states have regulations that
limit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angelés Rule 60.
Indiana and Louisiana have regulations patterned after Appendix B. Some
states such as North Carolina have an crganic solvenL regulation which is
patterned after both types of regulations.

Table IV-16 presents the uncontiolled and ccatrolled emissions and limitations
from flexographic printing operations.

TABLE 1V-16
HYDROCARBON EMISSIONS AND LIMITATIONS FROM FLEXOGRAPHIC PRINTING

Type of % Emissions Limitations
Operation & Control Control lbs/hr =~ kg/hr lbs/hr ke/hr
; » .

Fﬁszsiiiggigdlrinting, Coated Paper, 0 .26 4.12 3. 1.4
gl TS BN I s |
LTS Femeint, S TR g | oneeoms | oweoon |3 |1k
: .y ! > \ ‘e
oopraphle Yeintiog, Mool | s | Loseoons | Loteeoots |3 | 1
e et T | ess | oo | oteecos |3 |
Foepehle trineiyn foreonted | gy | osseois | oseons |3 |
Fiizggxgzgistli’;inting, Coated Paper 99 .0026 .0012 3 L4
Agmamerieay et | gy | | ame |3 |
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Potential Source Compliance and Emission Limitations: Hydrocarbon emissions

limitations are not based on process weight. Letterpress printing operations as
outlined in Section D, even uncontrolled, will not violate the 3 1b/hr Iimitation.
‘However, it is conceivable to have a number of presses and dryers manifolded
together where control would be necessary to meet the 3 lbs/hr limitation.

The Environment Reporter was used to update the emission limitations.

G. References:

The literature used to develop the information on flexographic printing is
as follows:

1.

3.

Air Pollution Control Technology and Costs in Seven Selected Areas,
Industrial Gas Cleaning Institute, EPA, Contract No. 68-02-0289,
December 1973,

Background Information for Stationary Source Categories, Provided by
EPA, Joseph J. Sableski, Chief, Industrial Survey Section, Industrial
Studies Branch, November 3, 1972,

Priorization of Air Poilution From Industrial Surface Coating Operations,

Monsanto Research Corporation, Contract No. 68-02-0320, February 1975.
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Evaluations of Emissions and Control Technologies in the Graphic

Arts Industries, Phase II: Web-Offset and Metal Decorating Processes,
R. R. Gadomski, A. V, Gimbrone, Mary P. David, and W. J. Green,
Contract No. 68-02-0001, May 1973.

Organic Compound Emission Sources, Emission Control Techniques and

Emission Limitation Guidelines, EPA, June 1974.

Hydrocarbon Pollutant System Study, Volume I - Stationary Sources,

Effects, and Control, October 20, 1972, MSA Research Corporation.
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A. Source Category: IV Evaporation Losses

B. Sub Category: ' Industrial Surface Coating

C. Source Description:

Industrial surface coating operations, excluding those for automobile and
architectural painting, are utilized in the coating of sheet, strip, coil, paper
and paperboard, in treating fabrics, and in finishing appliances, machinery and
furniture, These coating operations produce hydrocarbon emissions, primarily
solvents and resins, and particulate emissions, (1)1 o

Industrial surface coating operations emit 1.3 x 109 kg/year for the
following: ' '

l. major appliance finishing,
2, small appliance finishing,
3. farm machinery finishing,

4. industrial machinery finishing,
5. commercial machinery finishing,
6. wood furniture finishing,

7. sheet, strip and coil coating,
8. metal furniture finishing,
9. paper and paperboard coating, and

10. fabric treatment.

Sheet, strip and coil coating, paper and paperboard coating, and fabric treat-
ment account for 95% of all emissions considered in this section.(1)% Figure
IV~44 summarizes the emission rates from industrial surface coating. The hydro-
carbon species cmitted from industrial surface coating operations include solvents
and resins. The solvent species include alcohols, esters, glycol ethers, ketones,
hydrocarbons, halogenated hydrocarbons, and nitroparaffins. Table IV-17(1)7
summarizes the individual hydrocarbons for each of the above categories.

SHEEY, STRIP, AND COIL COATING

30.65%
MAJOR
APPLIANCES
— 2.38%
REMAINDER
- 2.46%
PAPER AND PAPERGOARD  \ | D RIC TREATMENT

COATING 39.65% 15,.86%

)

Tipure 1V-44:  Summay o 2380
Indusirial Services Coating Operations
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TABLE 1V-17

SOLVENT SPHCTES IN EMITTED HYDROCARBONS

Algohols

Methyl alcohol
Ethy! alcohol
Isopropyl alcohol
n-Propyl alcohol
n-Butyl alcohol
sec—ﬁutyl_aléohol
1sobuty)l alcohol

Methyl isobutyl
carbinol

Ketones

Acetonc
Mothyl cthyl kcetone

- Methyl isobutyl
ketone

Methyl isoamyl
ketone

Diisobutyl ketone
Cyclohexanone
Diacctone alcohol
Ysophorone

Esters

Ethyl acctate
lsopropyl acetate
n-Butyl acetate
sec-Butyl acetate
Amyl acetate

. Methyl amyl

acetate

Ethylene glycol
monoethyl ether
acctate

Ethylene alycol
monobutyl ether
acectate

Hydrocarbons

Aliphatic:
Hexane
Heptane
VM&P naphtha
(typical)
Mincral spirits
(typical)

Aromatic:

Benzene

Toluene

Xylene (mixed)
High flash
aromatic
naphtha
(typical)

Glycol ethers
Ethylene glycol
monomethyl cther

Ethylenc glycol
monoethyl ether

Ethylenc glycol
monobutyl ether

Divthylene glycol
monocthyl ether

Diethylene glycol
monomethyl cther

Diethylene glycol
monobutyl ether

Halogenated
hydrocarbons

Carbon tetra-
chloride

Trichlorocthylene
Pcrchloroethylene

Nittogarafffns
Nitroecthane

Nitropropane
sec-Nitropropane

There are a number of different surface coating formulations. The Paints
and Allied Products industry contains 24 general formulations, and these are
presented in Table v-17A. (177 14 determining the emission factors for each
type, the surface coating formulations used for that product were weighted
according to the amount of paint consumed by that product.

Surface coating operations consist of three basic operations as depicted in
Figure IV-45:

1. degreasing,
2. surface coating, and
3. drying and curing. ;

In Figure IV-45, streams 1, 2, 3, and 4 represent the flow of products through
the plant, Stream 1 represents the input of uncoated products to the surface
coating system. For sheet strip, coil coating, and fabric treatment, the product
is degreased using halogenated hydrocarbons. Paper and paperboard are not degreased
prior to surface coating since these are not lubricated for machining and handling
purposes.
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TABLE IV-17A

EXAMPLES _QF SURFACE COATING AND ADDLD TEINNER FORMULAS ON AN
AS-PURCHASED BASIS IAVING CONFGRMING SOLVENT SYSTEMS

Composition of surface coatinqgs, t vol

volatile portion

Type of surface Welight, | Konvolatile| Aliphatic Alcohola Bstere Ethers
coating kg/1 portion saturated | Aromatic| saturatecd| Ketones| saturated| saturated

Enamel, air dry 0.9 39.6 93.5 6.5
Enamel, baking 1.1 42.9 82.1 13.7 6.2
Enamel, dipping 1.2 59.0 58.2 7.2 30.9
Acrylic enamel 1.1 30.3 6.9 ’
Alkyd enamel 1.0 4.2 92.5 7.5
Prinmer surface 1.1 9.0 18.0 8.9 21.8
Primer, cpoxy 1.3 57.2 44.8 15.9 3.0

Priner, zinc 1.2 37.8 80.0 7.2 12.8
chromate .

Primer, vinyl zinc 1.0 34.0 17.5 R S
chronate

Epoxy-pulyamide 1.3 3¢.7 T 19.9
varnish, kaking 0.8 35.3
Lacqusr, spraying 26,2 1.7
Lacquer, hot spray 1.0 16.5 6.8
Lacquer, acrylic 1.0 38.2 - . 18,5
Vinyl, roller coat 0.9 12.
vinyl 1.1 22.00 18.9
vinyl acrylic 0.9 15,2 .
Polyurethane .7 19.7
Stain 0.9 2.6 14.0
Claze 40.9 8.4
Wash Coat 12.4 14.7
Scaler 11.7 7.0

Toluene replacement : 17.5
Lhinne: Toiuene;

Aylens replacawent | Tn

thinner

59‘,?.[‘." SOLVENT SULVINT
REMQVAL REMOVAL ANOVAL
SYSIEM . SYSin SYSIEM
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Figure IV-45: Flow Di;\grnm of a Surface Coating O
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Stream 2 represents the flow of degreased or scoured products to the surface
coating operation. The type of surface coating operation used depends upon the
product-type coated, coating requirements, and the method of application.

Stream 3 represents the product flow to the drying and curing operation.
Drying and curing methods for three coating operations, and the drying technique
used are as follows:

Product-Type Category Drying and Curing Methods

Sheet, Strip and Coil Coating Bake Ovens -

Paper and Paperboard Coating Direct Contact Drylng,
Evaporative Drying

Fabric Treatment Direct Contact Drying

Stream 4 represents the flow of coated finished products from the surface
coating section of a manufacturing plant.

Stream 5 through 10 represent the flow of degreasing solvent through the
surface coating section of a manufacturing plant. Streams 5 and 6 depict the
flow of solvent into the plant, and the degreasing unit, respectively. Streams
7 and 8 represent the flow of solvent vapors from the degreasing unit through
the fume handling system. Uncontrolled and controlled emissions are represented
by streams 9 and 10, respectively.

Streams 11 through Z1 represent the flow of surface coating raw materials
through the plant. Streams 11, 12, 13, and 14 represent the flow of solvent,
pigment, resin and additives to the surface coating blending tank. Stream 15
is the flow of coating to the surface coating unit, For those operations that
use spray painting, stream 16 is the flow of compressed air. Streams 18 and 19
represent the flow of ‘solvents and resins from the surface coating unit through
the fume handling equipment. Uncontrolled and controlled emissions are depicted
by streams 20 and 21, respectively.

Streams 22 through 25 represent the flow of gases through the drying and
curing system. Stream 22 represents the flow of either fuel, steam, or electri-.
cally heated air to the drying and curing operation for forced evaporative drying
and for free evaporative drying. Stream 23 is the flow of gases from the drying
area, Streams 24 and 25 represent uncontrolled and controlled emissions.

Streams 26 through 30 represent the flow of materials through the steam
generation system. Steams 26 and 27 represent the flow of fuel and combustion
air to the boiler. Stream 28 is boiler feed water, and Stream 29 is the steam
produced. Stream 30 represents the flow of combustion gases from the steam
generation system. (1)87,89

D. Emission Rates:

The hydrocarbon emissions from industrial surface coating operations contain
solvents and resins, and arise from the three basic surface coating operations
as outlined in Figure IV~45. These operations are:
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1. degreasing,
2. surface coating, and
3. drying and curing.

Surface coating operations include point source emissions and fugitive emis-
sions. The point source emissions include controlled and uncontrolled emissions
from the degreasing, surface coating, and drying and curing operations. Other
point sources include the degreasing solvent storage tank vent, surface coating
solvent vent, .surface coating blending tank vent, and the steam generation stack.
The fugitive emission sources 'include solvent evaporation losses from degreased,
coated, and dried products. The fugitive emissions include losses from each
pilece %f ggocessing equipment and from the transfer of organic liquids within the
plant.

Table TV-178(1)227-252 pregents uncontrolled and controlled hydrocarbon
emissions from the following 25 surface coated items:

1. Dyeing . 14. Washers

2. Paper Bags 15. Dryers

3. Metal Cuans, Excluding Beverage 16. Enameled Plumbing Fixtures
4, Beverage Cans 17. . Coated Paper

5. Kraft Paper 18. Printing Paper

6. Duct Work - 19. Gutters

7. Wood Paneling 20. Paper Boxes

8. Cunoplies aud Awuiugs 21. Siziang

9. Milk Carton Board ' 22. Metal Doors, Excluding Garage
10. Refrigerators 23. Bedroom Furniture
11. Folding Cartons 24, Filing Cabinets
12. Fencing _ 25. 01l and Waxed Paper

13. Screening

A tally was included of the total number of units of production for each
item and what a typical plant produces in a year. The emission factor is ex-
pressed in terms of 1lbs/unit and grams/unit. Emissions were calculated on a
24~hour production basis except where noted by the asterisks. The emissions
were listed in descending order according to typical plant hourly emission rate.
The emissions listed for the controlled conditions did not include solvent
reformulation or water-based solvent substitution.

E. Control Equipment:

Control of hydrocarbon emissions from industrial surface coating operations
are categorized according to the following:

1., process modification,

2. solvent modification, and .
3. application of conventional control equipment.
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TABLE IV-17B

HYDROCARBON EMISSIONS FROM INDUSIRIAL SURFACE COATING

Total U.S. | Typical Plant
Type of 4 Production | Production Emissions/Unit Taission Rate
Operation & Control Control | Units/Year | Units/Year Lbs/Unit G/lrit Lbs/Hr Kg/Hr
( 1) Dyreing, Uncontrolled ] 4.79x109 1.17x108 8.80x10-2 3.98x10% 1175.3 533.1
Dyeing, Incineration 90-99 " " | 8.80x1073(10~%) 3.98x10% (10-1) 117.5 -11.8 53.3 - 5.3
Dyeing, Catalytic Cozbustion 85-95 " " ' 1.32x10-2-£.40x103  5.97-1.99 176.3 -58.8 80.0 -26.7
Dveinz, Carbon Adsorntion 95-98 " " 1 4.60210-3-2.64%x1073  1.99-.80 58.8 -23.5 26.7 -10.7
( 2) Paper Bags, Unccntrolled 0 7.73x1011 1.21x1010 ' 6.45%107"4 2.93x10-1 892.3 404.7
Paper Bags, Incineration 90-99 v " } 6.46x10~5(10-6) 2.93x1072(1073) §9.2 - 8.9 4C.5 - 4.1
Paper Bags, Catalytic Combustion 85-95 " " } 9.69x1075-3.23x10-3  4.40x1072-1.47x10~2 | 133.8 —44.6 60.7 -20.2
Paser Bazs, Carbon Adsorption 95-98 " N 3.23¢1075-1.94x10-5 1.47x10~2-5.86x10~3 44.6 -17.8 20.2 - 8.1-
{ ( 3 Meral Cans Excl. Beverage, Uncontrolled 0 3.98x1011 | 4.91x108 1.11x1072 5.02 622.2 282.2
Metal Cans Excl. Beverage, Incineration 90-99 " " 1.11x10-3(10-"%) 5.02x1¢-1(1072) 62.2 - 6.2 28.2 - 2.8
Metal Cans Excl. Beverage, Cata. Comb. 85-95 " " 1.67x1073-5.55x10™% 7.5x107}-2.5x10"} 93.3 -31.1 42.3 -14.1
Metal Cans Excl. Beverage. Carbon Adsorp. 95-98 " v 5.55x10~%-3.33x10~* 2.5x10-}-1.0x10"} 31.1 -12.4 14.1 - 5.6
i ( 4) Beverage Cans, Uncontrolled 0 3.74x1010 |, 6.23x10°9 1.11x10-2 5.02 622.2 282.2
H Beverage Cans, Iacineration 90-99 " " 1.11x1073(107%) 5.02x10-1(10-2) _ 62.2 ~ 6.2 28.2 - 2.8
: Baverage Cans, Cataly:tic Combustion 85-95 " » 1.67x1073-5.55x10"%  7.53x10-1-2.5x10"} 93.3 -31.1 42.3 -14.1
: Beverage Cans, Carbon Adsorption 95-98 " " 5.55x10-"~3.33x10~% 2.5x10~}-1.0x10~! 31.1 -12.4 14.1 - 5.6
( 5) Kraft Paper, Uncontrolled 0 1.42x1010 3.46x108 1.1x10-2 4.99 434.5 197.1
Kraft Paper, Incineration 90-99 " " 1.1x20-2(10-3) 4.99x10-1 (10~2) 43.5 - 4.4 19.7 -~ 2.0
i Kraft Paper, Catalytic Combustion 85-95 " " 1.65x10-3-5.5x10~%  7.49x10-}-2.50x10~! 65.2 -21.7 29.6 - 9.9
: Kraft Paver, Carbon Adsorption 95-98 " " 5.5x10~%-3.3x10~* 2.50x10"1-1.0x10-1 21.7 - 8.7 9.9 - 3.9
; ( 6) Duct Work, Uncontrolled 0 2.60x106 5.20x10% 3.60x10! 1.63x10% 320.6% 145.4%
' Duct Work, Iacimeration 90-99 " " 3.60x10° (10-1) 1.63x103(10%) 32.1 - 3.2%  14.5 - 1.5%
’ Duct Work, Catalytic Combustion 85-95 " " 5.4-1.8 2.46x10%-8,2x102 48.1 -16.0% 21.8 - 7.3*
: Duct Wcrk, Carbon Adsorption 95-98 " " 1.8-1.08 8.2x102-3.28x102 16.0 - 6.4% 7.3 - 2.6%
* { 7) Wood Paneling, Uncontrolled 0 1.80x10° 4.86x107 1.70x10-2 7.86 282.9%% 128.3%*
! Wooé Paneling, Incineration 90-99 " " 1.70x10-3(107%) 7.86x10~1(1072) 28.3 - 2.8%% 12,8 - 1.3%*
s Woecd Pareling, Catalytic Cozbustion 85-95 " " 2.55x1073-8.50x10~* 1.18-3.93x10-! 42.4 =14 1%% 19.2 ~ G.4%w
! Wood Paneling, Carbon Adsorption 95-98 " » 8.50x107%-5.1x10-%  3.93x10-1-1.57x10-} 14.1 - 8.5%% 6.4 = 2 6%
( 8) Cancpies and Awnings, Uncontrolled 0 1.50x10% 6.00x10% 1.80x10! 8.17x103 185.0%* 83.9%
Canopies and Awnings, Incineration 90-99 " " 1.80x109(1071) 8.17x102(101) 18.5 = 1.9% 8.4 - 8%
Canopies and Awnings, Catalytic Combustion | 85-95 " " 2.70-9.0x10~} 1.23x103-4.09x102 27.8 - 9.3%  12.6 - 4.2%
Canopies and Awnings, Carbon Adsorption 55-98 " " 9.0x10-1-5.4x10-1 4.09x10%-1.64x102 9.3 - 3.7* 4.2 «~ 1.7%
( 9) Miik Carton Board, Uncoatrolled (] 5.54x10% 8.16x107 '9.7x10-3 4.38 90.3 41.0
Milk Carton Board, Incineration 90-99 " " 9.7x107%(10-5) 4.38x10°1(1072) 9.0 - .9 4.1 - &
Milk Carton Board, Catalytic Combustion 85-95 " " 1.46x1073-4.85x10~" 6.57x1071-2,63x10-} 13.5 - 4.5 6.2 - 2.1
Milk Csrton Board, Carbon Adsorptionm 95-98 " " 4.85x10~%~2.¢1x10~* 2.19x10"}-.88x10~! 4.5 - 1.8 2.1 - .8
(10) Refrigeraters, Uncontrolled 0 6.32x10° 3.01x105 2.30 1.04x103 , 78.9 35.8
Rairigerators, Iacinaration 90-99 " ¢ 2.30x10-1(10-2) 1.04x102(10%) . 7.9~ .8 3.6 - .4
Reirigerators, Catalvtic Combustion 85-95 " " 3.45x1071-1.15x1071  1.56x102-5.2x10! 11.8 - 3.9 5.4 - 1.8
Rairizerators, Carbon Adsorption 95-98 " " 1.15x1071-6.9x10-2  5.2x10%-2.08x10! 3.9 - 1.6 1.8 = .7
(11) Folding Cartonms, Uncontrolled 0 1.43x10° 9.01x107 7.10x10°3 3.24 “73.0 33.1
Folding Cartons, Incineration 90-99 " " 7.10x10-%(10-5) 3.24x10-1 (10-2) C13- 3.3- .3
Folding Cartons, Catalytic Combustion 85-95 " . {1.07x10-3-3.55x10"%  4.86x10-1-1.62x10-1 | '11.0 - 3.7 5.0 --1.7
Foldirz Cartons, Carbon Adsorptiom 95-98 ” " {3.55x107%-2.13x107* 1.62x1071-6.5x10"2 | 3.7 - 1.5 1.7 - .7
(12) Fercing, Uacoatrolled . ] 5.51x105 2.21x104 1.72x10! 7.78x103 64.9% 29.4%
Ferzing, Incineration 90-99 " " 1.72x10%(10"°1) 7.78x102(101) 6.5 - .7 2.9 - 3%
Fencing, Catalytic Coobustion 85-95 " " 2.58x109-8,6x10"! 1.17x103-3.39x102 9.7 - 3.2% 4.4 - 1.5%
Fencine, Carbon Adscrption 95-98 » " 8.6x10"1-3.44x10"!  3.89x102-1.56x10% 3.2 - 1.3% 1.5 - .e*
(13) Screening, Uncontrolled 0 5.77x108 1.36x167 1.70x10-2 7.86 ] 45.4% 20.6*
Screening, Incineration 90-99 " " 1.70x1073(10~") 7.86x10=1 (10-2) 4.5 -~ 5% 2.1 - .2%
Screening,. Catalytic Combustiom 85-95 " " 2.55x1073-8.5x10™%  1.18-3.93x10~! 6.8 - 2.3* 3.1 - 1.0%
Scraening, Carbon Adsorotion 95-98 v ! 8.5%x107%-5.1x10~" 3.93x10-1-1.57x10"! 2.3 - .9* 1.0 - 4%

% Based on 2 shifts/day.

** Based on 1 shift/day.

(continuad)
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KYDROCARBON EMISSIONS FRGM INCUSTRIAL SURFACE COATING

TABLE IV-17B

(continued)
Total U.S. | Typical Plaint
Type of Z Production | Production Emissions/Unit Enission Rate

: Operaticn & Control Control | Units/Year | Unizs/Year Lbs/Unit G/uait Lbs/Hr Xg/Er

; (14) Washers, Unconatrolled 0 5.11x108 3.19x10% 1.13 5.13x102 41.1 18.6

! Washers, Incineration 90-99 " . 1.13x10-1(10-2) 5.13x101 (10%) 4.1 - .4 1.9 - .2

! Washers, Cataiytic Combustion 85-95 v " 1.70xi10-1-5.65x10"2 7.70x10!-2.57x10! 6.2 - 2.1 2.8 - .9

I! Washaers, Carbon Adsorption 95-93 " " 5.65x10-2-2.26x10~2  2.57x10'-1.03x10} 2.1 - .8 S~ .4

(15) Dryers, Uncontrolled 0 3.92x106 2.31x10% 1.52 6.88x102 40.1 18.2
Dryers, Incineration 20-99 " " 1.52x10-1(10-2) 6.38x10! (100) 4.0 - .4 1.8 - .2
Dryers, Catalytic Combustion 85-95 " " 2.28x10"1-7.6x10-2  1.03x10%-3.44x10} 6.0 - 2.0 2.7 - .9

! Drvers, Carbon Adsorption 95-98 " 7.6x10-2-3.04x10"2  3.44x10%-1.38x10! 2.0 - .8 .9 - .4

| (16) Enazeled Piumbing Fixtures, Uncontrolled 0 1.40x107 6.66x105 .. | 4.42x107! 2.01x102 33.6 15.2

i zeled Plunbing Fixtures, Incineration 90-99 " " 4.42x1072(103) 2.01x10% (10%) 3.6 - .3 1.5 - .2

’ zeled Plumbing Fixtures, Cata. Comb. 85-95 " " 6.63x10-2-2.21x16-2 3.02-1.01 5.0 -1.7 2.3 - .8

: Enaneled Plumbinz Tixtures, Carbon Adsorp. [ 95-98 ! . " 2.21x1072-8.86x10"3 1.01-.40 1.7 - .7 .8 - .3

: (17) Coated Paper, Uncontrolled 0 1.89x10!1 3.44x10% 8.20x1075 3.71x10-! 32.2 14.6
Ccated Paper, Incireration 20-99 " " 8.20x10-6(10-7) 3.71x10-2(10-3) 3.2~ .3 1.5 - .15
Coated Paper, Catalytic Combustion 85-95 " " 1.23x10-5-6.1x10-6  5.57x1072-2.23x10-2 | 4.8 - 1.6 2.2~ .7
Coated Paper, Carbon Adsorption 95-98 " " 4.1x1076-2.46x10"6  1.86x1072-1.13x310"2 ! 1.6 - .6 J - .3

.(18) Printing Paper, Uncontrolled 0 8.24x1011 1.92x109 1.40x107" 6.2x10-2 30.7 13.9 ' .

: Printing Paper, Incineration 90-99 " " 1.40x10-5(10-6) 6.2x10-3(107%) 3.1 - .31 1.6 - .1
Printing Paper, Catalytic Combustion 85-95 " " 2.1x1075-7.0x10-% 9.3x10-3-3,1x10-3 4.6 - 1.5 2.1~ .7
Printing Paper, Carbon Adsorption 95-98 " " 7.0x10-6-4.2x10-6 3.1x10-3-1.25x10~3 1.5~ .o g -3

(19) Gutters, Uncontrolled 0 1.39x10° 4.63x103 36.0 1.63x10% 28.5% 12.9%
Gutters, Incineration 90-99 " " 3.6-.36 1.63x103(102) 2.9 - 3% 1.3 - .13*
Gusters, Catalytic Combustion 85-95 " " 5.42-1.81 2.45x103-8.15x102 4.3 - 1.4% 1.9 - .6 *
Gutsers, Carbon Adsorption 95-98 " " 1.81-7.2x10"1 §.15x102-3.26x102 1.4 - .6* 6~ 3 *

(20) Paper Boxes, Unacontrolled 0 1.07x1012 6.73x.10% 3.40x10-° 1.53x1072 26.1 11.8
Paper 3oxes, Incineration 90-99 " " 3.40x10-6 (10-7) 1.53x1073(10-%) 2.6 = .3 1.2 - .1
Paper Zoxes, Catalytic Combustion 85-95 " " 5.1x10-6-1.7x10-% 2.30x10-3-7.65x10~% 3.9 - 1.3 1.8 - .6
Parer Boxes, Carbon Adsorption 95-98 " " 1.7x1076-1.02x10-6  7.65x10-%-3.06x10-" 1.3 - .5 6 - .2

(21) Sizing, Uncontrolled o 1.09x10%9 [ 7.08x107 2.16x10-3 9.76x10~1 17.8 8.1
Sizing, Incineration 90-99 " " 2.16x1074(10-5) 9.78x10-2(10-3) 1.8 - .2 .8 - .08
Sizing, Catalytic Combustion 85-95 " " 3.26x107%-1.08x10~ 1.47x1071-5.9x10-2 2.7- .9 1.2 - .4
Sizing, Carbon Adsorption 95-93 " " 1.08x107%-5.48x10"5  4.89x1072-1.96x10~2 .9 - .4 4= .2

(22) Metal Doors Excl. Garage Dcors, Uncont. 0 6.97x10% 1.34x10° 7.30x107} 3.31x10% 16.8% 7.6%

Metal Doors Excl. Garage Doors, Incin. 90-99 " " 7.30%10-2(10-3) 3.31x101 (10%) 1.7 - 2% .8 - .08%
Metal Doors Excl. Garage Doors, Cat. Comb. | 85-95 B u 1.10x1071-3.65x10-% 4.97x10'-1.67x10! 2.5 - .8* 1.1 - .4 *|
Metal Doors Excl. Garage Doors, Carbon Ads.| 95-98 " " 3.65%x1072-1.46x10"2  1.67x10l-6.68 .8 - 3% A - L2 %

(23) Bedrooa Furaiture, Uncontrolled 0 1.69x107 1.99x10° 4.93x107} 2.26x10? . 16.8% 7.6%
Bedroca Furniture, Incineration 90-99 " " 4.93x1072(1073) 2.24x101(209) 1.7 = 2% .8 - .08%
Bedrcca Furniture, Catalytic Combustion 85-95 " " 7.40x10-2-2.47x10~2 3.36x10'-1.12x10! 2.5 - .8% 1.1 - .4 %
Bedroon Furniture, Carbon Adsorption 95-98 " . 2.47x10-2-1.48x10"2  1.12x10!~4.5 © .8~ 3 b - 20k

(24) Filing Cabinets, Uncontrolled 0 3.77x108 5.39x10% 1.63 ) 7.38x102 - 15.0% 6.8% .
Filing Cabinets, Incireration 90-99 v " 1.63x10-1(10-2) 7.38x101(10%) © 1.5 - L2+ 7 - .07k
Filing Cabinets, Catalytic Combustion 85-95 " " 2.45x1071-8.15x10-2  1.11x102~3.65x10! 2.3 - .8% 1.0 - .3 %
Filing Cabinets, Carben Adsorption 95-98 " " 8.15x10-2-3.25x10"2  3.65x10%~1.48x10} .8 - 3% 3 - 1k

(25) 011 and Waxed Paper, Uncontrolled 0 9.80x108 2.79x105 8.50x10-! 3.84x20! 2.71 1.23
0il and Waxed Paper, Incineration 90-99 " " 8.50x1072(10-%) 3.84x100 (10-1) .3 - .03 1 - .01
01l and Kaxed Paper, Catalytic Combustion | 85-95 " " 1.28x10-1-4,25x10~2 5.76-1.92 L40- L2 .2 - .6
0il and Waxed Paper, Carbon Adsorption 95-98 " v 4.25%10-2-2.55x10"2  1.92-.77 .13- .05 .06- .02

* Basad on 2 shifts/cay.

** Based on 1 shift/day.




Process Modification: The three basic processes, degreasing,

surface coating, and drying, can be modified to decrease hydro-
carbon emissions.

Degreasing units can be equipped with cooling coils to condense
solvent vapors before they escape from the top of the tank.
Cooling coils achieve 20% to 407% control. Degreasing tanks can
also be equipped with sliding or guillotine covers which are
closed when the tank is not in use. Covers achieve 40% to 60%
control, (3)8

Solvent Modification: Reformulation of solvent-based coatings to

utilize solvents that are exempt from Rule 66-type legislation is
often more complicated and expensive than the ones they are re-
placing. In reformulating surface coating products, efforts are
made to retain the viscosity and drying characteristics of the
original solvent,(1)150

Another type of reformulation which reduces emissions of organic
solvents instead of just the "reactive solvents" is the reformu-
lation to water-based coatings. Water differs from organic solvents
in physical properties, particularly its latent heat of vaporization.
Water is a costly solvent to evaporate, and its rate of evaporation
is difficult to control with additives. The films resulting from
water-based solvents are often less glossy than those from solvent-
based paints. Water-based coatings tend to rusi metal, and they
adhere poorly to surfaces contaminated with oil or dirt.(1)151

Application of Conventional Control Equipment: Hydrocarbon emissions

from surface coating operations arise in a number of specific emis-
sion points about the plant. These can be collected to one central
point and treated in a conventional solvent removal system. The
three main types of solvent removal systems are:

a. thermal combustion,
b. catalytic combustion, and
c. adsorption. :

Thermal combustion incinerates the hydrocarbon emissions from the
collective surface coating vents in a gas or oil fired flame. The
gases are preheated to 600°F to 900°F and incinerated at 1200°F to
1600°F, Fuel consumption is dependent upon the amount of- heat
exchange employed and the operating temperature. Thermal incin-
erators are capable of operating continuously at efficiencies of
90% to 99%. Figure IV-46(2)358 presents a flow diagram for thermal
combustion.

Catalytic combustion causes flameless oxidation of the undesired
hydrocarbon from the surface coating exhaust, The oxidation occurs
with a catalyst of a platinum group metal deposited on a ceramic
base or metal ribbon. Figure IV~47(2)359 15 a schematic of a
catalytic incinerator, Efficiencies range between 857 and 95%
depending on the application.
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Adsorption i1s the removal of hydrocarbons from a gas stream by
means of an activated bed of carbon. When the adsorptive capacity
of the bed is reached, the gas stream is diverted to an alternate
bed. The original bed is regenerated with steam or hot air. If
hydrocarbon solvent is not miscible in water, it can be recovered
by decantation; otherwise, distillation is necessary. Figure
Iv-48(2)360 presents a flow diagram for an adsorption process. A
well-designed bed will absorb 15% of its own weight of solvent
before regeneration is required. The efficiencies of a well-de-
gigned bed are 95%-98%, (1) 140
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Figure IV-48: Flow Diagram of Adsorption Process

WATER

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No New Source Performance Standards
have been promulgated for the industrial surface coating industry.

State Regulations for New and Existing Sources: Currently, hydrocarbon
emission regulations are patterned after Los Angeles Rule 66 and Appendix B
type legislation. Organic solvent useage is categorized by three basic process
types. These are, (1) heating of articles by direct flame or baking with any
organic solvent, (2) discharge into the atmosphere of photochemically reactive
solvents by devices that employ or apply the solvent, (also includes air or
heated drying of articles for the first twelve hours after removal from #1 type
device) and (3) discharge into the atmosphere of non-photochemically reactive
solvents, For the purposes of Rule 66, reactive solvents are defined as solvents

of more than 20% by volume of the following:
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1. A combination of hydrocarbons, alcohols, aldehydes,
esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent
2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethylbenzene: 8 per cent
3. A combination of ethylbenzene, ketones having branched

hydrocarbon structures, trichloroethylene or toluene:
20 per cent

.Rule 66 limits emissions of-hydrocarbons according to the three process‘
types. These limitations are as follows:

Process 1lbs/day & 1lbs/hour
1. heated process 15 3
2. unheated photochemically reactive 40 8
3. non-photochemically reactive 3000 450

Appendix B (Federal Regicter Vol. 36, No. 158 - Saturday, August 14, 1971)
limits the emission of photchemically reactive hydrocarbons to 15 lbs/day and
3 lbs/hr. Reactive sclvents can be exempted from the regulation if the solvent
is less than 20%Z of the total volume of a water based solvent. Solvents which
have shown to be virtually unreactive are, saturated halogenated hydrocarbons,
"perchloroethylene, benzene, acetone and cj-cgn-paraffins,

Fer both Appendix B and Rule 066 type legislation if 85% control has been
demonstrated the regulation has been met by the source even if the lbs/day
and lbs/hr values have been exceeded. Most states have regulations that
limit the emissions from handling and use of organic solvents., Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B. Some
states such as North Carolina have an organic solvent regulation which is
patterned after both types of regulations.

Table IV-18 presents the uncontrolled emission rate for the typical plant
production listed in Table IV-17B and the percent control necessary to meet
the 3 1lbs/hour limitation.
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TABLE Iv-18

HYDROCARBON EMISSIONS AND LIMITATIONS
. FOR INDUSTRIAL SURFACE COATING

Uncontrolled Emissions
from Typical Plant % Control Necessary
- 1bs/ kg/ to Meet 3 1lbs/hour
Type of Product hour hour . Limitations
. 1, Dyeing 1175.3 533.1 99.7
2, Paper Bags 892.3 404.,7 99,7
3. Metal Cans, Excluding Beverage 622,2 282.2 99,5
4, Beverage Cans 622.2 282,2 99.5
5. Kraft Paper 434,5 197.0 99.3
6. Duct Work 320.6 145.4 99.0
7. Wood Paneling 282.9 128.3 98.9
8. Canopies and Awnings 185.0 83.9 98.3
9, Milk Carton Board 90.3 41.0 96.6
10. Refrigerators 78.9 35.8 96.2
11. PFolding Cartons 73.0 33.1 95.9
12, Fencing 64.9 29,4 95.3
13, Screecning 45,4 20.6 93.4
14, Vashers 41,1 18.6 92.7
15, Dryers 40.1 18.2 92.5
16. Enameled Flumbing Fixtures 33,6 15.2 91.0
17. Coated Paper 32.2 14,6 : 90,7
18, Printing Paper 30.7 13.9 90.2
19, Gutters i 28.5 12,9 89.5
20. Vlaper Doxes 26.1 11.8 88.5
21, Sizing 17.8 8.1 83,1
22; Metal Doors, Excluding Garage Doors 16.8 7.6 82,0
23, Bedroom Furniture . 16.8 7.6 82,0
24, Filing Cabinets 15.0 6.8 80.0
25, O0il and Waxed Paper 2,7 1.2 0.0

Potential Source Compliance and Emission Limitations: Hydrocarbon emission
limitations are not based on process weight. Industrial surface coating operations
as outlined in Section D cover a wide variety of process weights and formulations.
The typical oil and waxed paper plant, even uncontrolled, emits less than 3 1lbs/hour.
The typical dyeing, paper bag, metal can, beverage can, and kraft paper plants
require control efficiencies in excess of 99% to meet the 3 lbs/hour limitation.
Current technology as documented in Section E presents 99% as the highest
efficiency a thermal incinerator could provide. For the processes listed above
that would require efficiencies in excess of 99%, it is doubtful that existing
control technology is adequate to meet the 3 lbs/hr limitation. The remaining
industries outlined in Section D can be adequately controlled with existing

technology.

The Environment Reporter was used to update the emission limitations.
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March 1970.
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A, Source Category: IV Evaporation Losses

B. Sub Category: Petroleum Storage Gasoline (Breathing)

C. Source Description:

Breathing losses from bulk storage of gasoline occur continuously from fixed
roof tanks. These are constructed in a variety of shapes, but cylinders and
spheres are most common, Steel plate is the material most commonly used, and the
plates are welded together. There are seven basic storage vessel designs:

. fixed roof,

. floating roof, :

. covered floating roof,

« 1internal floating cover,
. wvariahle vapor space,

. low pressure,

. high pressure.

NoNum LW

The ultraflote floating cover design allows a vapor space between the cover
and the liquid., The covered floating roof contains a metal pan equipped with a
seal that floats on the liquid. The internal floating cover is non-metallic
(usually polyurethane) and may not be in contact with the liquid over its entire
surface., The external floating roof is the most widely used single deck pontoon
type of floating roof tank., There are two types of pressure tanks: low pressure
designed f{ur 17-30 psia and high pressure - up to 265 psia, Breathing losses
from low pressure tanks are minimal, but filling losses are substantial. Figures

IV~2, 3 and 4 present sketches of fixed roof, floating roof, and variable vapor
space storage -vessels.

PRESSURE-VACULM ’
ﬂ_‘ ' GAUGE HATCH | HANHOLE

/ LIQUID LEVEL

MANHOLE

Figure IV-2: Fixed Roof Storage Tank
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Figure IV-3: Double-Deck Floating Roof Storage Tank
(Nonmetallic Seal)

ROOF CENTER SUPPORT FLEXIBLE DIAPHRAGH ROOF

r QEAI

ROOF STAL
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LIQUID LEVEL

MANHOLE

Figure IV-4: Variable Vapor Storage Tank (Wet-Seal Lifter Type)

D. Emission Rates:

"Breathing" losses are defined as vapors expelled from a storage vessel
because of the following: (%) 9

1. thermal expansion of existing vapors,
2. expansion caused by barometric pressure changes,
3. dincrease in the amount of vapor from added vaporization

in the absence of liquid level change.
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The quantity of these "breathing" losses are affected by a number of factors,
including: ' :

vapor pressure of gasoline,

average temperature of stored gasoline,
vessel diameter and construction,

+» color of vessel paint,

. average wind velocity of area,

. age of vessel.

(AN B S PLRY Ul
®

Capacities of storage vessels range from a few gallons to 500,000 barrels
(8.0 x 107 liters), but tanks with capacities in excess of 150,000 barrels
(2.4 x 107 liters) are rare,(1)626 Typical fixed and floating roof tanks are
48 feet (14.6 m) high and 110 feet 233.5 m) in diameter with a capacity of
67,000 barrels (1.07 x 107 liters).(2)4.3-8 Taple TV-19(2)4.3-8-4.39 presents
controlled and uncontrolled hydrocarbon emissions from gasoline storage vessels.

. TABLE IV-19 _
HYDROCARBON BREATHING EMISSTONS FROM GASOLINE STORAGE TANKS

Emissions Based on 67,000 bbl Tank

Type of % Ibs, 3 kg 3 lbs kg

Operation & Control Control dnv/lo gal dax/lo . dav day
Fixed-Roof 01d Tank, Uncontrolled 0 .25 .030 . 700 320
Fixed-Roof New Tank, Uncontrolled 0 .22 .026 620 280
Floating-Roof 01ld Tank, Controlled 65 .088 .011 250 110
Floating~Roof New Tank, Controlled 85 .033 .004 93 42

E. Control Equipment:

A floating roof tank 1s essentially a controlled fixed roof tank. However,
vapors that are continuously released from both on a daily and yearly basis amount
to a small percentage of the total volume of liquid stored. The control methods
most commonly used with fixed roof tanks is a vapor recovery system. The Four re-
covery methods are:(?) o3

liquid absorption,

vapor condensation, and
adsorption in activated charcoal
or silica gel,

. incineration

S [OVIS SO ]
L]

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS):EPA promuléated, in the Friday,
March 8, 1974 Federal Register, a "New Source Performance Standard" for
storage vessels for petroleum liquids. The standard applies to vessels greater
than 40,000 gallons (151,412 liters) containing petroleum liquids that have a
true vapor pressure greater than 1.5 psia (78 mm Hg). If the vapor pressure

¢
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is greater than 1.5 psia (78 mm Hg) and less than 11.0 psia (570 mm Hg) a
floating roof or equivalent control is required. If the pressure is greater
than 11.0 psia (570 mm Hg) a vapor recovery system or equivalent control is
required.

State Regulations for New and Existing Sources: Many states and local
legislatures have regulations covering petroleum storage. These regulations
are similar to Appendix B (Federal Register, August 14, 1971) which requires the
use of pressure tanks, vapor loss control devices and vapor recovery systems.
Some states have specified either an emission rate or a control efficiency
expected. Most states simply have required specific equipment be utilized.

Appendix B states that storage of volatile organic. compounds in any
stationary tank greater than 40,000 gallons (151,412 liters) can be a pressure
tank. If a pressure tank is not possible a floating roof, consisting of a
pontoon type double deck roof, OF internal floating cover with seals to close
the space between the roof edge and tank wall may be used. If the vapor
pressure is greater than 11.0 psia (570 mm Hg) than a vapor recovery system
will be necessary. This will consist of a vapor gathering system and a vapor
disposal system. All gauging and sampling devices must be gas-tight except
when gauging or sampling is taking place.

Table IV-20 presents regulation requirements and limitations of various
‘tank sizes for gascline storage.

TABLE 1V-20

HYDROCARBON LIMITATIONS FOR BREATHING LOSSES FROM GASOLINE STORAGE

Tank Sizc
State {Gallons) Requirerents
Aladara 60,000 pressure vessel or {loating rool <11.0 psia, >11,0 psia vapor recovery
Arizona 65,000 pressure vessel or floating roof »2.0 psia
Califeornia >250 submerged £{11 unless pressure tank, vapor recovery, floating reoof
Colovado 40,000 pressure vessel <11.0 psia, >11.0 psia vapor recovery
Councecticut 49,000 [loating roof, pontcon double duck or vapor recovery not for facilities before 1972
washington,D.C. | 40,000 floating roof, pontcon double d.ck >1.5 psia <11.0 psia, >11.0 vapor recovery
. Bawall 40,000 pressure vessel or floating racf{ <11.0 psia, >11.0 psia vapor recovery
I1livois 40,000 floating rnof <12.5 psia, >12.5 psia vapor recovery §5%, vapor disposal prevent emissions
Indfana 40,000 fleating voof, pontoon double dack if <12.0 psia, >12.0 psia vapor recovery
Runsas 40,000 floating roof, pontoon double d.ck <13.0 psia, >13.0 psia vapor recovery
Rentucky 40,000 ficating rocf, pontoou double Zrek >1.5 psia <11.1 psia, >11.1 psia vapor recovery
Louislana 40,000 new, Tloating roof, penteon doulle deck <11.0 psia >11.0 psia vapor recovery
Maryland 40,000 floating roof
Massachusetts 250~40,000° submerged £411
Minncsota 65,000 prussure vessel, floating roof 2.5 psia <12.5 psta, >12.5 psia vapor recovery
Nevaca 40,009 floating roof deuble deck »1.5 psia
New Jersey - function of tank size and vagor pressure
North Carolina | 50,000 floating roof >1.5 psia <)1.C pula, >11.0 psia vapor recovery
Ohio 65,000 flosting roof, doudble deck peatvon, vapor recovery
Oklahoma - submerged £111 :
Oregon 40,000 vapor recovery or cquivelent, new
Peansylvania 40,000 vaper recovery >11,0 psia ”
Puerto Rico 40,000 vapor rccovery »11.0 psia
Rhode Island 40,000 pressure vessel or vapor recevery
Texas >1,000 subncrped {411
ttah - floating roof, vapor recovery »1.5 psia
Virginia 40,000 pressure vessel, floating roof, pontoon double deck, 90X efficiency
Wisconsin 40,000 floating rool, pontoun double dnck, vapor recovery
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Potential Source Compliance and Emissions Limitations: Existing vapor recovery
technology is adequate to meet state regulations for storage of gasoline.

The Environment Reporter was used to update emission limitations,

G. References:

Literature used to develop the information for "Petroleum Storage Gasoline
Breathing Losses'" is listed below:

(1) Danielson, J. A., Air Pollution Enginecring Manual, Second Edition, AP-40,
Research Triangle Park, North Carolina, EPA, May 1973.

(2) Compilation of Air Pollutant Emission Factors (Second Edition), EPA,
Publication No. AP-42, March 1975.

(3) Analysis of Final State Implementation Plans - Rules and Regulations,
EPA, Contract 68-02-0248, July 1972, Mitre Corporation.

(4) API Bulletin on Evaporafion Loss in the Petroleum Tadusiry — Cause

and Contrel, FoBruary 1959,
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A. Source Catepory: IV Evaporation Losses

B. Sub Category: Petroléum‘Storage'Casoline (Working)

C. Source Description:

Working losses from the bulk storage of gasoline occur when a storage vessel
is filled and emptied. The storage vessels are constructed in a variety of shapes,

but- most common are cylinders and spheres. Steel Plate is the material most
commonly used, and the plates are welded rather than bolted together. The
six basic storage vessel designs are:

1., fixed roof,

o floating roof, ,

. covered floating roof,

+ internal floating cover,
+ Vvariable vapor space, and
. Ppressure,

. fixed pressure.

SNooupswNn

The floating roof, covered floating roof, and internal floating cover are
similar in configuration because they minimize the vapor space above the liquid.
Figures IV-6, 7, and 8 present fixed roof, floating roof, and variable vapor
space vessel, respectively. (2)%.3-2

PRESSURE-VACUUI .
c:iéi;”' VENT GAUGE HATCH MANHOLE \

LIQUID LEVEL

MANHOLE

Figure IV-6: Fixed Roof Storage Tank
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Figure IV-7: Double-Deck Floating Roof Storage Tank
(Nonmetallic Seal)

ROOF CENTER SUPPORT
, FLEXIBLE DIAPHRAGM ROOF

GAUGE HATCH

ROOF SEAL
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LIQUID LEVEL
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Figure TV-5: Variable Vapor Storage Tank'(Wét—Seal Lifter Type)’
/

D. Emission Rates:

Working losses from the bulk storage of gasoline are defined as the vapors
expelled from a vessel as a result of filling, irrespective of the exact mechanism
by which the vapors are produced. Working losses also include the subsequent vapor
release as a result of emptying a storage vessel. The vaporization of the liquid
remaining in a storage vessel after emptying lags behind the expansion of the vapor
space during withdrawal, and the partial pressure of the hydrocarbon vapor drops.
Enough air enters during the withdrawal to maintain total pressure at atmospheric
pressure. When vaporization of the remaining liquid into the new air reaches

equilibrium, the vapor volume exceeds the capacity of the vapor space. This increase
in vapor volume causes some of the vapor to escape.
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Working losses are a function of the following:

loading rate,

~vessel construction,

amblent temperature,

. vapor pressure of gasoline,

. type of recovery system,

. day/night temperature change, and
. change in atmospheric pressure.

~Noaui el

Size and type of vessel construction are fixed parameters once a vessel has
been installed. Capacities of storage vessels range from a few gallons to '
500,000 barrels (8.0 x 107 liters) but_ tanks with capacities in excess of 150,000
barrels (2.4 x 107 liters) are rare.(1)626 Table 1V-21(2)4.3-9 presents hydro-
carbon emissions from gasoline working losses.

TABLE IV-21

HYDROCARBON EMISSIONS FROM GASOLINE WORKING LOSSES

Emissions
Based on 231 x 10° | Based on 7x10°
Throughput gal/day Thrpt gal/day Throt
Type of ” s/ kgf 1bs/ ks lbs/ kgl
Cquiyment & Centrel | Comvrol | 108721 10°) hs hx hr hr
Fixed Roof ' ’
Uncontrolled 0 9.0 1.1 86.6 39.3
(Variable Vapor Space - _
Uncontrolied 0 .10.2 1.2 2,96 1.34
Fixed kRoof with
Vapor Recovery 95 .5 .06 | 4.33 1.96

E. Control Equipment:

A floating roof tank is essentially a controlled fixed roof tank. However,
wvapors that are released from both during filling and emptying amount to a small
percentage of the total volume of the liquid transferred. The control methods
most commonly used with fixed and floating roof tanks are vapor recovery systems
which collect hydrocarbon vapors from storage vessels and strip the volatiles from
the vented air. The four recovery methods are: (2)4.3-7

liquid absorption,

vapor compression,

vapor condensation, and
adsorption in activated charcoal
or silica gel.

SN
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F. New éource Performance Standards and Repulation Limitations:

New Source Performance Standards (NSPS):EPA promulgated, in the Friday,
March 8, 1974 Federal Register, a '"New Source Performance Standard" for .
storage vessels for petrolecum liquids. The standard applies to vessels greater
than 40,000 gallons (151,412 liters) containing petroleum liquids that have a
true vapor pressure greater than 1.5 psia (78 mm Hg). If the vapor pressure
'ds greater than 1.5 psia (78 mm Hg) and less than 11.0 psia (570 mm lig) a
floating roof or equivalent control is required. If the pressure is greater

than 11.0 psia (570 mm Hg) a vapor recovery system or equivalent control is
required,

State Regulations for New and Existing Sources: Many states and local
'legislatures have regulations covering working losses from gasoline storage.
These regulations are similar to Appendix B (Federal Register, August 14, 1971)
which requires the use of pressure tanks, vapor loss control devices and vapor
recovery systems. Some states have specified either an emission rate or a control
efficiency expected. Most states simply have required specific types of
equipment be utilized.

Appendix B states that storage of volatile organic compounds in any
stationary tank greater than 40,000 gallons (151,412 liters) can be a pressure
tank. If a pressure tank is not possible a floating roof, consisting of a
pontoon type double deck rvof, ©OF internal floating cover with seals to close
the space between the roof cdge and tank wall may be used. If the vapor
pressure is greater thanm 11.0 psia (570 mm lg) than a vapor recovery system
- will be necessary. This will consist of a vapor gathering system and a vapor
disposal system. All gauging and sampling devices must be gas-tight except
when gauging or sampling is taking place. The same equipment requlrements that
cover storage losses will at least partially cover working losses.

Table IV-22 presents regulation requirements and limitations of various
tank sizes for working losses from gasoline.
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HYDROCARBON LIMITATIONS FOR WORKING LOSSES FROM GASOLINE

Tunl. Size
State (Gallons) Leguirexents
Alabara 60,000 pressure vessel or fleating roof <11.0 psia, >11.0 psia vapor recovery
Arizena 65,000 re vessel or floati.az roof »2.0 psfa
California >250 submerged £111 unless prossare tauk, vapor recovery, fleating :'oof
40,CC0 pressure vessel <11.0 psic, >11.0 psia vaper recovery, 1,05 1bs/107
40,0600 floating voof, pontoon datbdle deck 0T Vapdr Yecovury < for f:xcil
40,000 ing roel, montaon deable deek »1.5 psia <110 ps
40,500 1 vessal ar floa roof <11.0 pecia, >11.0 pe , :
40,000 s roof <12.5 puia, .5 psia vapor rccovery £57, vus 21 prevent emissicns
40,000 ‘loanm rosf, pontoon deu cuck 1f <12.0 psia, >12.0 psia \'\pcr resevery
40,003 floating roof, ponzoon double deck «13.0 psia, >13.0 zsia vapor reguvery
40,000 floatiry real, pontoon double daek »1.5 psia <11.1 pstia, »>21.1 psia vuapor racovery
40,000 new, fleacing roof, pontoon double deck <11.0 psia »11.0 psia vapor 'c.w\_ry
n 40,000 floating roof .
s32¢ \u‘etcs 250-40,000: submerged f£ill
eeata €5,060 vessel, floszing rcof >2.5 psia <12.5 psia, >12.5 psia vapor rccovery
1dn 40,000 roof double d -1.5 psiz
New Jarsey 2 of ranw size and vinpor prossure
Norszh Carclina | 50,000 fleating voof >1.5 psia <11.0 psia, >»11.0 psia vapor recovery
Crio 65,000 ;floating roof, double deck pontoon, vapor recove:y
C\la‘m:a - ‘submerged rill
40,000 VaDEr réscvery or c:r,uivo.lcm, new
B ¥ 40,060 vanor recovery »11.0 psi
’ue::o Rico 40,000 vasor recovery >11.0 p..‘..
Raede Island 46,000 VN..el or vapor Tocovery B
Toxas »1,000
. - ¢ rool, vanor recovary >1.5 psia
40,0350 sressure vessel, floating roof, ponteoon double dack, 90X efficicnay
cmsir 40,000 floating roof, peatoon double deck, vapor reeoviry J

Potential Source.Compiiance and Emissions Limitations: Existing vapour recovelry
technology is adequate to meet state regulations for storage and working losses
of gasoline.

The Environment Reporter was used to update emission limitatioms.

G. References:

Literature used to develop the information presented in this section is listed
below:

(1) Danielson, J. A., Air Pollution Engineering Manuel, Second Edition, AP-40,
Research Triangle Park, North Carolina, EPA, May 1973.

(2) Compilation of Air Pollutant Emission Factors (Second Edition), EPA,
Publication No. AP-42, March 1975.

(3) Analysis of Final State Implementation Plans - Rules and Regulations,
EPA, Coutract 68-02-0248, July 1972, Mitre Corporation.

(4) API Bulletin on Evaporation Loss in the Petroleum Industry -

C
Control, February 1959. auses and
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A. Source Category: IV Evaporation Losses

B. Sub Category: Petroleum Transfer Gasoline

C. Source Description:

After leaving the refinery, gasoline is transferred via pipeline, rail,
ship or barge to intermediate storage.terminals and then to regional market-
ing terminals for temporary storage in large quantities, The gasoline is then
pumped into tank trucks that deliver directly to service stations or to "bulk'
plants." From "bulk plants" the gasoline is trucked to its final destination,
service stations and ultimately motor vehicle fuel tanks., (Lytat-1

D. Emission Rates:

Transfer losses of gasoline vapor from tank cars and trucks is dependent upon:

. loading method,

. ambilent temperature,

. loading rate, and

. Vvapor pressure of gasoline,

M~

"Splash" loading is the process of filling a storage tank through a short
filler neck where the gasoline impinges upon the surface of the liquid. The sub-
sequent splashing causss axcess liquid droplets to become temporarily cntrained.
As the tank filLis, the vapor volume above the liquid level is reduced and the vapors
exiting from the vent are completely saturated., ''Submerged" loading 1s the process
of filling a storage tank through a filler neck that extends to the bottom of the
tank, The resulting surface splashing is greatly reduced because the liquid already
in the tank dampens the splashing and excessive movement of the filling liquid.
Consequently, the vapor volume above the liquid that is exiting through the vent
contains vapors that are less saturated than the equivalent one in "splash"
loadingo(l)”'”"l’z Table IV-23 presents hydrocarbon emissions from the transfer
of gasoline. '

TAPLE IV-23
HYDROCARBON EMISSIONS FROM TRANSFLR OF GASOLINE(1)U.4-6

Emissions Based on 67,000 bbl Tank
lbs/ kg/
Type of % 103 Gal 103 Liters 1bs/ kg/
Equipment & Control Controll Transferred! Transferred ' Day day

Splash Loading Uncontrolled 0 12, .
Submerged Loading Uncontrolled 67 4.2 1.29 ii 28g 12,288
Unloading Uncontrolled : 83 2.1 . .25 210*(1)“ 3-8 ’k95
Splash Loading, With Vapor Recovery 95 .62 074 1,700 790
Submerged Loading, With Vapor Recovery| 98- .21 .025 580 260
Unloading, With Vapor Recovery 99 11 .013 11 5

- *Agsured 100,000 gal/day transferred.
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E. Control Equipment:

“Submerged" loading versus "splash" loading involves the structure of the
storage tank rather than a typical "add on" arrangement. There are however four
types of vapor recovery methods that are suitable for the collection of petroleum
1iquid vapors during transfer. These are:(l)4.3-7

+ 1liquid absorption,

. <Vvapor compression,

. vapor condensation, and

. adsorption in activated charcoal.

Hw e

In order to control the hydrocarbon vapors that are displaced when filling a
storage tank, one of the above systems could be installed on the vent. However,

it 1is not necessary for every storage tank to have such a system available,
Instead, a speclally designed and constructed delivery truck can dispense

petroleum liquids and collect displaced vapor simultaneously., Figure IV-1l presents
the process diagram whereby the delivery truck returns to the bulk distribution
plant with the vapor the liquid contents replaced. When the tank truck is
subsequently filled, a wvapor recovery system at the distribution plant will collect
the resulting vapors. Overall control efficiency for the vapor-tight tank truck

1s 93 to 100 percent when compared to uncontrolled "splash" filling,(l)4.%=5

VAPOR VENT LINE

MARIFOLD FOR RETURNING YAPORS \ B m H E \‘4

TRUCK STORAGE | N

CONPARTHENTS H\

VAPOR
RETURN
LINE I

o
\

VALVE

iy

LIéUlD LEVEL \ Q II;RGROUND
L—\Tktntnnnu___t_ :1111111111111\1};‘:’2,:‘:5

1 il
KiTERLOCKING VALVE ’1:! ’

Figure IV-1: Underground Storage Tank, Vapor-Recovery System
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F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): In the Friday, March 8, 1974 Federal
Register, EPA promulgated "New Source Performance Standards" for storage vessels
for petroleum liquids. The standard applies to tanks greater than 40,000 gallons
(151,412 liters) containing petroleum liquids that have a true vapor pressure of
1.5 psia (78 mn Hg). However, this standard does not apply to transfer of gasoline
but is directly related because of the specification of the type tank required. As
‘such, the limitation of hydrocarbon emissions from the transfer of gasoline is
controllcd by individual state regulations. :

State Reculations for New and Existing Sources: Many states and
local legislatures have regulations covering petroleum transfer. The
majority of regulations follow the Appendix B (Federal Register,
August 14, 1971). Appendix B requires that loading of volatile
organic compounds into any tank, truck or trailer having a capacity
in excess of 200 gallons (760 liters) can be from a loading facility equipped
with a vapor collection and disposal system. The loading facility can be

equipped with a loading arm with a vapor collection adapter,

pneumatic, hydraulic or other mechanical means to force a vapor tight
seal between the adapter and the hatch. A means can be provided to
prevent drainage of liquid organic compounds from the loading device
when it is removed from the hatch, thereby accomplishing complete
drainage before removal. When loading is effected through means other
than hatches, all loading 2nd vapor lines can be equipped with fittings
whichi make vapor tight connections and which close automatically

when disconnected. The emission limitation will result in 55 to 60 per
cent reduction in volatile emissions from uncontrolled sources in
gasoline marketing and other transfer operations.

Table IV-24 presents requirements.and limitations of typical
states which require control of transfer operations.

TABLE 1V-24

HYDROCARBOW LIMITATIONS FROM PETROLEUM TRANSFER

State Throughput . Requirement
gallons/day
Alabama 50,000 vapor recovery
Colorad? 20,000 vapor recovery, limit 1.24 1bs/1000 gal
Connceticut 10,000 Vapor recovery
\ [P NT SN
kamvlnbnon, D.C, - vapor recovery, disposal 90¥% efficiency
Ill%nois 40,000 vapor recovery, disposal prevent cmissions
lnd%nna 40,000 vapor tight seal '
Lﬁu;fin?n 20,000 vaper yocovery, 85 officioncy
Maryland 20,0600 fioatiug roofl aad vapor Leoovery
Pennsylvania 20,000 vapor recovery
Puerto Rico 20,000 vapor recovery
F?xns 20,000 vapox tight scal
Vivginia 20,000 vapor recovery
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Potential Source Gompliance and Emission Limitations: Existing vapor recovery
technology is adequate to meet state regulations for transfer of petroleum liquids.,
The tank and special delivery truck arrangement outlined in Section E is consistent
with existing regulations and permits the economy of vapor recovery installation at
only the bulk distribution plant.

The Environment Reporter was used to update emission limitations,

G. References:

Literature used to develop the information in this section is listed
below:"

(1) Compilation of Air Pollutant Emission Factors (Second Edition),
EPA, Publication No. AP-42, March 1975,

(2) Analysis of Final State Implementation Plans - Rules and Regulations,
EPA, Contract 68-02-0248, July 1972, Mitre Corporation.

References Not Used:

(3) Danieison, J. A., Air Pollution Engineering Manuel (Second Edition),
AP--40, Recccarch Triangle Park, North Carolina, EPA, May 1973,

(4) Hydrocarbon Pollutant Systems Study, Volume I - Stationary Sources,
Effects, and Control (Final Technical Report), MSA Research Corporation,
October 20, 1972.

(5) Control Techniques for Hydrocarbon and Organic Solvent Emissions
From Stationary Sources, U.S. Department of Health, Education, and
Welfare, National Air Pollution Control, Administration Publication
No. AP-68, March 1970.

(6) Schneider, Alan M., Cost Effectiveness of Gasoline Vapor Recovery
Systems, For Presentation at the 68th Annual Meeting of the Air
Pollution Control Asscciation, Boston, Massachusetts, June 15-20,
1975.
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A. Source Category: IV Evaporation Losses

B. Sub Category: Petroleum Service Stations

C. Source Description:

Hydrocarbon emissions from service stations arise primarily from the following
operations:

1. £illing and emptying losses,
2. breathing losses,
3. filling of vehicle tanks.

Except for automobile refueling which is discussed in another section, the losses .
arise from the underground tank storage vents. Figure IV- 12(4) 93 presents a
typical uncontrolled service station underground storage tank. Filling losses
occur as vapors are expelled from the tank as a result of filling with liquid

i N
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Figure IV-12: Present Uncontrolled Service Station for Underground Tank

gasoline. Losses occur when the vapor space recedes with increasing liquid

level. The pressure inside the tank then exceeds the relief pressure. Emptying
losses occur because the liquid removed during refueling of vehicles causes a
partial vacuum, and ambient air is drawn in through the vent. Enough air enters
during withdrawal to maintain atmospheric pressure in the tank. When vaporization
into the new air reaches equilibrium, the vapor volume exceeds the capacity of the
vapor space. This increase in vapor volume causes the expulsion. Breathing losses
occur through underground storage tank vents by thermal expansion of existing
vapors, expansion caused by barometric pressure changes, and an increase in the
amount of vapor from added vaporization in the absence of liquid level changes.(5)9

D. Emission Rates:

Hydrocarbon emissions from service stations include the vapor displaced from
the vehicle tank, the liquid spilled in filling the vehicle tank, the breathing
losses of the stored gasoline, and the filling and emptying losses of the under-
ground tank. Table IV-25 presents hydrocarbon emissions from service stations.
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E.

TABLE 1V-25

HYDROCARBON EMISSIONS FROM SERVICE STATIONS

Emissions
! 1bs/ kg/
Type of X 1bs/ kg/ Refueling of ‘Refueling of
Operation & Control Control | 1000 gal 1000 liters | 6000 pal tank | 23,250 liter tank

Vapor Loss at Vehicle, Uncontrolled 0 11,00 1.33 66 7.98
Vapor Loss at Vehicle with Equal W)Y
Volume Balance System 70 '3’3 “ 13 19.8 2.34
Spillage at Vchicle, Uncontrolled 0 RN .08 4.2 .48
Storage Breathing Loss, Uncontrolied 0 1.0(4)0 A2 6.0 W72
Storage Breathing Losg, with Equal uyh
Volume Balance System % +10(9) 012 +60 +072
Splash Loading, Uncontrolled 0 12,4(1)3 1.5 14.4 9.0
Splash Loading, with Equal Voluwe 1)1
Balance Systom 90 1.264(1) .13 o 1.4 .90
Submerged Loading, Uncontrolled (] 4,1(1)3 - 49 24.6 2,94
Submerged Loading, with Equal (1)3
Volume Balance' System %0 41 ‘) -05 2.46 +30
Unloading, Uncontrolled 0 2,1(1)3 .25 12.6 1.5
Unloading, with Equal Volume (1)3
Balance éystem 90 .21 .03 1.26 .18

Control Equipment:

An effective control system for use at a service station underground storage
tank must not only reduce emissions from filling, emptying, and breathing losses

of the underground tank, but also. must be amenable to reduction of vchicle
refueling losses.

However, a problem exists with vehicles that have open vented tanks.
fitting nozzle causes an increase in pressure in the vehicle tank, thus expelling
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Figure IV-13:

Simple Displacement System

Figure IV-13 presents a simple displacement system.
returns to the underground tank the displaced vapor from the vehicle tank.

vapor through the vehicle vent, (%
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Figure IV-14: On-Site Regeneration System

Figure IV-14 presents an on-site carbon regeneration system. The on-site
regeneration system can effectively collect vapor from even vented vehicle tanks

ground tanks. Vapors from the vehicle tank are extracted with the aid of an air
pump. These vapors, together with excess vapors from the underground tank, go
through one of two canisters which adsorbs the hydrocarbons and expels the air.
An electric timer is used to close off one canister after several hours of
operation and connects another pump to it, which evacuates this canister to

28" Hg. Electric heaters raise the carbon temperature to 250°F to improve the
desorption effect. The vapors are cooled in a heat exchanger and bubbled through
the gasoline in the ground tank where they are absorbed. During this time, the
second canister adsorbs vapors from the vehicles. The initial adsorption
efficiency of 99% decreases to 947%, at which time the carbon is 1'egem—zrat:ed.(“)10
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Figure IV-15: Refrigeration System
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Two refrigeration systems.are under test. The one presented in Figure IV-15
consists of a heat exchanger, a blower with 80 CFM capacity, and a one-ton
refrigeration unit. When pressure builds up during the underground tamk filling,
a pressure activated switch starts the blower and refrigeration system, which
reduces the heat exchanger temperature to 40°F. Vapors are pulled through the
heat exchanger by the blower, cooled off, and returned to the ground tank. A
small amount of gasoline vapor is condensed. This reduces the pressure allowing
the unit to shut off. This system has limited effectiveness on warm days when
the heat flux into the unit 1s large. The use of a vapor recovery pump to extract
vapors from the vehicle filler neck area further complicates matters,( )11
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Figure IV-16: Compression Liquification System

Figure IV-16 presents a scaled-down version of a recovery system used commonly
at large bulk plants. Excess vapor from the vehicle tank or underground storage
tank enters the surge tank through a layer of gasoline which saturates it. The
compressor is started when this tank is nearly filled. It compresses the vapor to
82 psi, raising the temperature to 250°F. The vapors are cooled to 35°F in the
first heat exchanger. The heavy-end hydrocarbon and all water vapors are condensed.
The remaining vapor goes through the second stage of the compressor where. the
pressure is increased to 425 psi and the temperature reaches 275°F. 1In the second
condenser, an isobaric temperature decrease to 109F occurs. All hydrocarbons
except traces of methane and ethane are condensed. They are returned to the surge
tank, and the overflow goes to the ground tank. The refrigeration unit maintains
the condensers at their design temperature at all times. It does not cycle on
and off with the compressor. Three pre-production models are now being field-
tested, two at gas stations in San Diego, and a third at a research center.
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F, New Source Performance Standards and ﬁegulation Limitations:

New Source Performance Standards (NSPS): No '"New Source Performance Standards"
have been promulgated for petroleum losses at service stations.

State Regulations for New and Existing Sources: Several states and local
governments specifically regulate the emissions from service station operations.
Areas in California and the District of Columbia require 90% control efficiencies.
Colorado limits emissions to 1.10 lbs/103 gallons delivered. Maryland and Massachu-
setts require vapor return rules. In addition to the above states, New Jersey,
Texas, Virginia, and Wisconsin regulate automobile refueling operations.

" Potential Source Compliance and Emission Limitations: Existing technology is
adequate to meet the 907 control limitations. A vapor balance or a secondary pro-
cessing system operating at 907 control efficiency is required and has been ac-
complished on existing sources. : -

The Environment Reporter was used to update the emission limitation.

G. Literature used to develop the information in this section, "Petroleum
Service Stations,'" is listed below:

(1) Batcheldar, A. H., Kline, D. I., Vapor Reéovery at Service Stations,
State of California Air Resources Board, April 1974.

{2) Martens, Stuart W., Countrol of Refueling Emissiong Statement by
General Motors Corporation, Vehicle Refueling Emissions Seminar,
Sheraton-Anaheim Motor Hotel, Anaheim, California, December 4-5, 1973.

(3) Analysis of Final State Implementation Plans - Rules and Regulatioms,
EPA, Contract 68-02-0248, July 1972, Mitre Corporation.

. (4) Hydrocarbon Vapor Control at Gasoline Service Stations, Barnard A.

McEntire and Ray Skoff, County of San Diego, California, 66APCA,
June 1973. :

(5) Vehicle Refueling Emissions Seminar, API Publication 4222, Décember 1973.
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A. Source Category: V Chemical Process Industry

B. Sub Category: Acrylonitrile

C. Source Description

Acrylonitrile, CH,CHCN, is produced from propylene and ammonia by the
Sohio process, which is described by the following reaction:

2 CH, = CHCHj3 + 2 NH3 + 3 Oy C—al'%{_s-t-» 2 CH, = CHCN + 6 Hy0

Vaporized propylene and ammonia (2:1) are mixed with air and steam and introduced
into a catalytic reactor which operates at 5-30 psig and 750~

950°F (399-510°C). The original catalyst introduced by Sohio was bis-

muth phosphomolybdate on silica. This has been replaced by the more

efficient antimony-uranium oxide system. The reacted product is withdrawn to a
countercurrent absorber where organic products are absorbed in water and subse-
quentially recovered by distillation. The process flow sheet, shown in Figure
V-1, illustrates the Sohio process for the manufacture of acrylonitrile.

No alternative raw materials are available for the ammonia and propylene used
in this process. Approximately 1,000 1lbs (454 kg) ammonia, 2,000 1lbs (907 kg)
propylene, and 20,000 1bs (9,072 kg) air are required to produce 1 ton (.9 m ton)
of acryloniirile. As the process flow sheet iadicates, both hydrogen cyanide and
acetonitrile are produced as by-products. Approximately 150 1lbs /68.0 kg) of hy-
drogen cyanide and 30 lbs (13.6 kg) of acetonitrile are produced per ton of acry-
lonitrile. A typical plant will produce 274 tons (249 m tons) of acrylonitrile
per day. . .
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Figure V-1: Sohio Process for Acrylonitrile Manufacture
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D. Emission Rates:

Hydrocarbon emissions from the Sohio process originate from the absorber off-
gases and from the flare in the reaction section of the process. The hydrocarbon
emissions for this uncontrolled and controlled process are shown in Table V—l.(“)9
Various percentages of control were calculated as examples to show how much in
reduced emissions is obtained in discrete increments of additional control.

TABLE V-1,

HYDROCARBOY EMISSIONS FROM ACRYLONITRILE MANUFACTURE .

Emissions* Based on 274 tons/day
Type of Operation & Control % Control 1bs/ton | (kg/MT) 1bs/hr kg/hr
Absorber Off-Gases to Flare, Uncontrolled 0 200 100 2280 1034
Absorber 0ff-Gases to Flare, with Incinerator 80 40 20 456 207
Absorber Off-Cases to Flare, with Incinerator 85 30 15, 342 155
Absorber Off-Gases to Flare, with Incinerator 90 20 10 228 103
Absorber Off-Gases to Flare, with Incinerator 95 " 10 5 114 52
Absorbver Off-Gases to Flare, with Incinerator 99 2 1 23 10

*As methanc

E, Control Eauipment:

Incineraiion of the off-gases is an effective means of controlling hydro-
carbon emissions from the Sohio process for the manufacture of acrylonitrile.
Efficiencies from 80 percent to 100 percent are routinely achieved with incin-
eration, (*)? Controlled hydrocarbon emissions from the manufacture of acryloni-
trile are presented in Table V-1.

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No New Source Performance Standards
have been promulgated for acrylonitrile manufacture. '

‘State Regulations for New and Existing Sources: Very few states have adopted
hydrocarbon regulations for specific process industries such as acrylonitrile.
Currently, hydrocarbon emission regulations are patterned after Los Angeles
Rule 66 and Appendix B type legislation. Organic solvent useage is
categorized by three basic types. These are, (1) heating of articles by
direct flame or baking with any organic solvent, (2) discharge into the
atmosphere of photochemically reactive solvents by devices that employ or
apply the solvent, (also includes air or heated drying of articles for the
first twelve hours after removal from #1 type device) and (3) discharge
into the atmosphere of non-photochemically reactive solvents. For the

purposes of Rule 66, reactive solvents are defined as solvents of more
than 20% by volume of the following:




1. A combination of hydrocarbons, alcohols, aldehydes,
esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent

2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethylbenzene:

8 per cent
3. A combination of ethylbenzene, ketones having branched

hydrocarbon structures, trichloroethylene or tolune:
20 per cent '

Rule 66 limits emissions of hydrocarbons according to the three process
types. These limitations are as follows:

Process ' 1bs/day & lbs/hour
1. heated process 15 K}
2. unheated photochemically reactive 40 8
3. non-photochemically reactive 300¢C 450

Appendix B (Federal Register, Vol. 36, No. 158 ~ Saturday, August 14, )
1971) limits the emission of photochemically reactive hydrocarbons to 15 lbs/day
and 3 lbs/hr. Reactive solvents can be exempted from the regulation if the
solvent is less than 20% of the total volume of a water based solvent.

Solvents which have shown to be virtually unreactive are, saturated
halogenated hydrocurbous, perchioroethylene, benzene, acclone aud cyj-cgn-
paraffins.

For both Appendix B and Rule 66 type legislation, if 85% control has been
demonstrated the regulation has been met by the source even if the lbs/day
and lbs/hour values have béen exceeded. Most states have regulations that
limit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B. Some
states such as North Carolina have an-organic solvent regulation which is
patterned after both types of regulations.
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Table V-2 presents uncontrolled and controlled emissions and limitations for
acrylonitrile manufacture, ‘

TABLE V-2

HYDROCARBON EMISSIONS AND LIMITATIONS FROM ACRYLONITRILE MANﬁFACTURE

Emissions® Based on . Limitations”
. i 274 tons/day 1bs/hr/kg/hr
Type of Operation & Control % Control 1bs/hr kg/hr Heated Jnheated

Absorber Off-Gases to Flare, Uncontrolled 0 . 2280 1034 3 [1.36] 8 |3.63
Absorber Off-Gases to Flare, Controlled 80 456 t207 - 3 1,36 8 (3.63
Absorber Off-Gases to Flare, Controlled 85 . 342 155 3 11.36 | 8 [3.63
Absorber 0ff-Gases to Flare, Controlled 90 228 103 3 [1.36 8 [3.63
Absorber Off-Gases to Flare, Controlled 95 114 52 3 [1.36 8 {3.63
Absorber Off-Gases to Flare, Controlled 99 23 10 3 ]1.36 8 13.63

*As methane

Potential Source Compliance and Emission Limitations: Hydrocarbon emission
limitations are not based ou process weight, and large processes such as acryloni-
trile manufacture require tight control to meet limitations. An acrylonitrile
process producing 274 tons/day requires 99.9% control to meet the 3 1lbs/hr limi-
tation, and 99.6% control to meet the 8 lbs/hr limitation. Existing incineration
control technology would be borderline to meet this high control efficiency
requirement.

The Enviromwent Reporter was used to update the emission limitations.

G. References:
References used in the preparation of this summary include the following:

1., Air Pollution Survey Production of Seven Petrochemicals (Final Report), MSA
Research Corp., EPA Contract No. EHSD 71-12, Modification J, Task I, July 23,
1971.

2. Hedley, W.H., Potential Pollutants from Petrochemical Processes, (Final Re-
port), Monsanto Research Corp., EPA Contract No. 68-02-0226, Task No. 9, De-
cember, 1973,

3. Pervier, J.W., Barley, R.C., Fileld, D.E., Friedman, B.M., Morris, R.B.,
Schartz, W.A., Survey Reports on Atmospheric Emissions from the Petrochemical
Industry, Vol. I, EPA Contract No. 68-02-0255, January, 1974.

4, Analysis of Final State Implementation Plans - Rules and Regulations, EPA,
Contract No. 68-02-0248, July, 1972, Mitre Corporation.

5. Organic Compound Emission Control Techniques and Emission Limitation Guide-
lines (Draft), EPA, Emission Standards and Engineering Division, June, 1974.

Other sources which were reviewed but not used directly to develop this sec-
tion include:

6. The Chehical Marketing Newspaper, Chemlcal Profiles, Schnell Publishing Co.,
Inc., New York.
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A. Source Category: V Chemical Process Industry

B. Sub Category: Ammonia (Methanator Plant)

C. Source Description:

Ammonia 1s produced by catalytic reaction of hydrogen and nitrogen at high
temperatures and pressures. A hydrocarbon feed stream (usually natural gas) is
desulfurized, mixed with steam, and catalytically reacted to form carbon monoxide
and hydrogen. Air is introduced into the secondary reactor to supply -oxygen and -
provide a nitrogen to hydrogen ratio of 1 to 3., The gases enter a two-stage
shift converter where the carbon monoxide reacts with water vapor to form carbon
dioxide and hydrogen. Unreacted CO is converted to CHy by a methanator,; and the
gas stream is scrubbed to remove carbon dioxide. The gases, mostly nitrogen and.
hydrogen in a ratio of 1 to 3, are compressed and passed to the converter where
they react to form ammonia. An average plant will produce 450 tons of ammonia
daily. d

The process for the manufacture of ammonia is pictured in the block dia-
gram shown in Figure V-2,
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Figure V=2: _ Awmonta Manufe.turing Process (Methanator Plant)

D. Emilssions Rates:

The only source of hydrocarbon emissions from ammonia plants using methanators
to convert carbon monoxide to methane is the purge gas which is used to prevent
the accumulation of inert compounds in the system. The controlled and uncontrolled
hydrocarbon emissions from this process are represented in Table v-3,(1)5.2-2
Various percentages of control were calculated as examples to show how much in
reduced emissions is obtained in discrete increments of additional control.
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TABLE V-3

HYDROCARBON EMISSIONS FROM AMMONIA MANUFACTURE USING A METHANATOR PLANT

Type of Operation Emissions* (Based on 450 tons/day)

and Control % Control { 1lbs/ton{kg/m ton|lbs/hr kg/hr'
Methanator, Uncontrolled 0 90 45 1690 765
Methanator with Incinerator 80 18 9 338 153.
Methanator with Incinerator 85 13.5 6.8 253 - 115
Methanator with Incinerator 90 9 4.5 169" 77
Methanator with Incinerator 95 4.5 2.8 84 38
Methanator with Incienrator 99 .9 45 17 8

*As Methane

E. Control Equipment:

Collection and i:.cineration of the waste gases from the methanator plant is
the chief means of control of hydrocarbon emissions.(2)? Efficiencies of 80 per-
cent and greater can normally be achieved by incineration. (2)9 Hydrocarbon emis~
sions from methanator ammonia plants with incinerators are presented in Table
v-3.

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No New Source Performance Standards
have been promulgated for ammonia manufacture using a methanator plant,

State Regulations for New and Existing Sources: Very few states
have adopted hydrocarbon regulations for specific process industries
such as ammonia manufacture using a methanator plant. Currently,
hydrocarbon emmission regulations are patterned after Los Angeles
Rule 66 and Appendix B type legislation. Organic solvent useage 1s
categorized by three basic types. These are, (1) heating of articles by
direct flame or baking with any organic solvent, (2) discharge into the
atmosphere of photochemically reactive solvents by devices that employ or
apply the solvent, (also includes air or heated drying of articles for the
first twelve hours after removal from #1 type device) and (3) discharge
into the atmosphere of non-photochemically reactive solvents. For the
purposes of Rule 66, reactive solvents are defined as solvents of more
than 20% by volume of the following:




1. A combination of hydrocarbons, alcohols, aldehydes,
esters, cthers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent

2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except cthylbenzene
8 per cent

3. A combination of ethylbenzene, ketones having branched

hydrocarbon structuleg trichloroethylene or tolune:
20 per cent

~ Rule 66 limits emissions of hydrocarbons according to the three process
typea. These limitatione are as fellows:

Process lbs/day & 1lbs/hour
1. heated process 15 3
2. unheated photochemically reactive 40 8
3. non-photochemically reactive 3000 450

Appendix B (Federal Register, Vol. 36, No, 158 - Saturday, August 14,
1971) limits the emission of photochemically reactive hydrocarbons to 15 1lbs/day
and 3 lbs/hr. Reactive solvents can be exempted from the regulation if the
" solvent is less than 20% of the total volume of a water based solvent.
Solvents which have shown to be virtually unreactive are, saturated

halogenated hydrocarbens, perchloroethylene, benzene, acetone and cj-cgn-
paraffins. '

For both Appendix B and Rule 66 type legislation, if 85% control has been
demonstrated the regulation has been met by the source even if the lbs/day
and lbs/hour values have been exceeded. Most states have regulations that
limit the emissions from handling and use of organic solvents, Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66,
Indiana and Louisiana have regulations patterned after Appendix B, Some
states such as North Carolina have an organic solvent regulation which is
patterned after both types of regulations.

Table V-4 presents uncontrolled and controlled emissions and limitations for
ammonia manufacturing using a methanator plant.




TABLE V=4
HYDROCARBON EMISSIONS AND LIMITATIONS FROM AMMONIA MANUFACTURE USING A METHANATOR PLANT

Fmisslons* (Rased on 450 tona/day) |Limitations® 1lbs/hr/kg/hr

Onerazigg ZfControl % Control 1bs/hr kg/hr Heated Unheated
Methanator, Uncontrolled 0 1690 765 3 11.36 1 8 |3.63
Methanator with Incinerator 80 338 153 3 [1.36 1 8 [3.63
Methanator with Incinerator 85 253 115 3 11.36 | 8 3.23
Methanator with Incinerator 90 169 77 3 ]1.36} 8 3.63
Methanator with Incinerator 95 84 38 3 11.36 1 8 3.63
Methanator with Incinerator 99 17 8 3 111,36 | 8 .63

*As Methane

Potential Point Source Compliance and Emission Limitations: Hydrocarbon
emission limitations are not based on process weight, and large processes such
as ammonia manufacture using a methanator plant require tight control to meet
limitations. The ammonia manufacture process using a methanator requires 99.8%
control to meet the 3 lbs/hr limitation and 99.5% control to meet the 8 1lbs/hr
limitation. Existing incinerator technology is borderline for a 450 ton/day
ammonia process to be in compliance with existing regulations.

The Enviromment Reportcy was used to update the emission limitations.
G. References:

Literature used to develop the discussion on methanator-using ammonia plants
is listed below:

(1) Compilation of Air Pollutant ‘Emission Factors (Second Edition), EPA Publica-
tion No. AP-42, April, 1973.

(2) Organic Compound Emission Control Techniques and Emission Limitation Guide-
lines (Draft), EPA, Emission Standards and Engineering Division, June, 1974.

(3) Analysis of Final State Implemenation Plans--Rules and Regulations, EPA,
Contract 68-02-0248, July, 1972, Mitre Corporation.

The following reference was also consulted but not directly used to develop
the content of this discussion:

(4) Environmental Control in the Inorganic Chemical Industry, Noyes Data Corpor-
ation, 1972, Park Ridge, N.J.
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A. Source Category: V. Chemical Process Industry

B. Sub Category: Ammonia (Regenerator & CO Absorber Plant)

C. Source Description:

Ammonia is produced by the catalytic reaction of hydrogen and
nitrogen at high temperatures and pressures. A hydrocarbon feed stream
(usually natural gas) is desulfurized, mixed with steam, and ' , :
catalytically reacted to form carbon monoxide and hydrogen. Air is introduced -
into the secondary reactor to supply oxygen and provide a nitrogen to hydrogen
ratio of 1 to 3. The gases enter a two-stage shift converter where the car-
bon monoxide reacts with water vapor to form carbon dioxide and hydrogen. The .
gas stream is scrubbed to yield a gas containing less than 1 percent carbon diox-
ide and then passed through a CO scrubber prior to entering the converter. In
the converter, the remaining nitrogen and hdyrogen gases, in a ratio of 1 to 3,
are compressed and reacted to form ammonia.

The ammonia manufacturing process is shown in Figure V-3. A typical plant
will produce 450 tons per day using this process: '
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D. Emission Rates:

The only source of hydrocarbon emissions from ammonia plants with CO absorbers
and regeneration systems is the purge gas used to prevent the accumulatation of
inert compounds in the system. The controlled and uncontrolled hydrocarbon emis—
sions from these plants are summarized in Table V-5, (1)5.2-2 various percent-
ages of control were calculated as examples to show how much in reduced emis-
sions is obtained in discrete increments of additional control.
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TABLE V-5

IYDROCARBON EMISSIONS FROM AMMONIA MANUFACTURE WITH REGENERATOR & CO PLANT

Emissions* Based on
450 tons/day

Type of ! % 1bs/ | kg/ 1bs/ |kg/

Operation & Control Control| on_ |m ton hr hr
CO Absorber & Regeneration Syst, Uncontrolled 0 90 45 1690 765
CO Absorber & Regeneration Syst with Incinerztion 80 18 9 338 153
CO Absorber & Regeneration Syst with Incineration 85 13.5| 6.8 253 115
"|CO Absorber & Regeneration Syst with Incineration 90 9 4,5 169 .. 77
CO Absorber & Regeneration Syst with Incineration 95 4,5) 2.8 84 38
CO Absorber & Regeneration Syst with Incineration 99 .9 W45 17 8

*As Methane

E. Control Equipment:

Collection and incineration of the purge gas from the plants with CO absorbers
and regoneration systems is the chief means of control of the hydrocarbon emissions
with efficiencies of 80% and greater.!2)? Hydrocarbon emissions from plants with

co absorgers and regeneration systems and such control equipment are shown in
Table V-5.

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No New Source Performance Standards

have been promulgated for ammonia manufacture using a regenerator and CO absorber
plant. '

State Regulations for New and Existing Sources: Very few states
have adopted hydrocarbon regulations for specific process industries
such as ammonia manufacture using a regenerator and CO absorber plant.
Currently, hydrocarbon emission regulations are patterned after Los Angeles
Rule 66 and Appendix B type legislation. Organic solvent useage is
categorized by three basic types. These are, (1) heating of articles by
direct flame or baking with any organic solvent, (2) discharge .into the
atmosphere of photochemically reactive solvents by devices that employ or
apply the solvent, (also includes air or heated drying of articles for the
first twelve hours after removal from #1 type device) and (3) discharge
into the atmosphere of non-photochemically reactive solvents. For the
purposes of Rule 66, reactive solvents are defined as solvents of more
than 20% by volume of the following:

1. A combination of hydrocarbons, alcohols, aldehydes,
esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent

2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethylbenzene:

8 per cent

3. A combination of ethylbenzene, ketones having branched
hydrocarbon structures, trichloroethylene or tolune:
20 per cent
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Rule 66 limits emissions of hydrocarbons according to the three process
types. These limitations are as follows:

Process 1lbs/day & 1bs/hour
1. heated process 15 3
2. unheated photochemically reactive - 40 8

3. non-photochemically reactive.

3000 450 . .

Appendix B (Federal Register, Vol. 36, No. 158 - Saturday, August 14,
1971) limits the emission of photochemically reacti
and 3 1lbs/hr. Reactive solvents can be exempted from the regulation if the
solvent is less than 20% of the total volume of a water based solvent.
Solvents which have shown to be virtually unreactive are, saturated

halogenated hydrocarbons, perchloroethylene, benzene, acetone and cj-Cgn—
paraffins.

For both Appendix B and Rule 66 type legislation, if 85% control has been
demonstrated the regulation has been met by the source even if the 1lbs/day
and 1bs/hour values have been exceeded. Most states have regulations that
limit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulatjons patterned after Los Angeles Rule 66,
Indiana and Louisiana have regulations patierned afcer Appendix B,
“states such as Novrth Carolina have an organic solvent re
patterned after both types of regulations.

Some
gulation which is

Table V-6 presents uncontrolled and controlled emfssions and limitations
for ammonia manufacture using a regenerator and CO absorber plant.

TABLE V-6

HYDROCARBON EMISSIONS AND LIMITATIONS FROM AMMONIA MANUFACTURE WITH REGENERATOR AND CO PLANT

ive hydrocarbons to 15 lbs/day

Imissiens *based en 450 tons/day

Limitatiens® lbs/hr/kg/hr
Tvoe of Operation and Control % Control Ibs/hr kp/hr Heated Unheated
€O absorber' regenevation 0 1690 765 3 1.36| 8 3.63
C;y:;;o:gzssLigétsiration 80 338 153 3 | 1.3} 3.63
Co abeorbert regencration 8 253 115 3 | 1.36]8 3.63

6t W ‘

€O aSsorber® reenerntton 90 169 7 3 | 1368 3.63
C;\:;;O‘:l‘);?“’:Z;::\;‘::itgn 95 84 a8 3 1.36| 8 3.63
c3’2§;o¥§23~‘iiéiﬁiiié?ﬁn 99 1 8 3 | 13603 3.63

*As Methane
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Potential Source Compliance and Emission Limitations: Hydrocarbon emission
limitations are not based on process weight, and large processes such as ammonia
manufacture using a regenerator and CO absorber plant require tight control to
meet limitations. The ammonia process with regenerator and CO absorber plant
producing 450 tons/day requires 99.87% control to meet the 3 lbs/hour limitation
and 99.5% control to meet the 8 lbs/hour limitation. Existing control technology
using incinerators is borderline to meet existing state regulations. . ‘

The Environment Reporter was used to update emission limitations.

G. References:

References used as sources of information for the discussion on ammonia plants
with CO absorber and regeneration systems include:

(1) Compilation of Air Pollutant Emission Factors (Second Edition). EPA Publication
No. AP-42. April, 1973. '

(2) Organic Compound Emission Control Techniques and Emission Limitation Guidelines
(Draft). EPA, Emission Standards and Engincering Division, June, 1574,

(3) Analysis of Final State Implementation Plans-Rules and Regulations. EPA,
Contract 68-02-0248, July, 1972, Mitre Corporation.

The following reference was also consulted but not directly used to develop-
the material discussed in this section:

(4) Jones, H.R. Environmental Control in the Inorganic Chemical Industry. Park
Ridge, New Jersey, Noyes Data Corporation, 1972.
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A. Source Category: V. Chemical Process Industry

B. Sub Category: Carbon Black .

C. Source Description:

Carbon black, frequently referred to as black, is ultrafine soot produced
by the reaction of a hydrocarbon fuel such as oil or gas, or both, with a limited
supply of air at temperatures of 2500 to 3000°F (1379 to 1650°C). Part of the
‘fuel is burned to CO,, CO, and water, thus generating heat for the éombustion of
fresh feed. The unburned carbon is collected as a black, fluffy particle. -

Three basic processes are used in the United States for producing this
material. These include:

1. Furnace Process, 91,5 percent of total U.S. production.
2. Channel Process, 0.l percent of total U.S. production,
3. Thermal Process, 8.4 percent of total U.S. production,

Regardless of the process used, three steps are fundamental to the production
of carbon blacks according to the following:

1. Production of black from feed stock.
2. Separation of black from the gas stream.
3. . Final conversion of the black to a marketable product.

In the channel process, natural gas is burned with a limited air supply in long,
low buildings. The flame from this burning impinges on long steel channel sec-

-tions that swing continuously over the flame. Carbon black is deposited on the

channels and scraped off into.collecting hoppers. The black is conveyed to

a processing area where grit is removed, lumps are broken into small particles,

and the product is pelletized for packaging. Figure V-4 shows the flow diagram

for the channel process.

CHANNEL
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Figure V-4: Flow Diagram of Channel Process

The furnace process may be either an oill or a gas process depending on the
primary fuel used to produce the carbon black. In either case, the fuel is in-
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. Jected into a reactor with a limited supply of combustion air. The furnace flue
gases carry the hot carbon to a water spray which reduces the temperature of the
gases to 500°F (260°C). Agglomeration and collection of the fine carbon black
particles 1s accompiished with an electrostatic precipitator, a cyclone and a
fabric filter system in series. Gases are discharged through the stack of the
final collector directly to the atmosphere and the black is carried to the
finishing area by conveyors and processed for packaging. Figure V-5 and V-6

show a flow diagram for the oil and gas furnace processes, respectively., They .

are essentially the same except for the different fuels and different furnace
designs.
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Figure V-5: Flow Diagram of Oil-Furnace Process!
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Figure V-6: Flow Diagram of Gas-Furnace Process!

In the thermal black process, natural gas is decomposed by heat in the ab-
sence of air or flame. Cracking units, coolers, carbon collectors, and packaging
devices are the main components of the thermal black plant. 1In this cyclic pro-
cess, methane (natural gas) is pyrolyzed or decomposed by passing it over a heated
brick checkerwork at a temperature of 30000F (1650°C). The decomposition
reaction produces a smoke of thermal carbon plus quantities of hydrogen.

The bricks cool, the carbon smoke is flushed out and carried into a series of cy-
clones, cooling towers, and fabric filter collectors by the spent gas from the
generator. The collected black is transported by screw conveyors to the processing
area. Figure V-7 shows a flow diagram of a thermal black process.
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A typical carbon black plant will produce 50,000 tons of product annually.

D, Emission Rates:

The discharge of gases directly from the burner house of the channel process, and
from the final collection device in the furnace process, releases large quantities of
hydrocarbons to the atmosphere. Because of the recycling of the spent gases in the
thermal process, therc are cessentizlly no emissions cf hydrocarbons to the atmos-
phere. Table V-7(1)5.3-1 presents controlled and uncontrolled hydrocarbon emis-
sions from carbon black manufacturing. Various percentages of control were cal-

culated as examples to show how much in reduced emissions is obtained in-'discrete
increments of additional control.

TABLE V-7

HYDROCARBON EMISSIONS FROM CARBON BLACK MANUFACTURING

Emissions* Based on
b4 50,000 tons/yr (13 tons/day) _
Type of Operation & Comtrol .. Control {lbs/ton.lkg/m ton [lbs/hr jkg/hr

Channel Process Uncontrolled 0 11,500 5,750 65,550 129,700
Channel Process with Incinerator 85 1,725 863 9,832 4,460
Channel Process with Incinerator 95 575 288 3,277 1,490
Channel Process with Incinerator 99 115 58 656 300
Furnace Process, 0il, Uncontrolled 0 400 200 2,280 | 1,030
Furnace Process, 0il, with Incincrator 85 60 - 30 342 155
Furnace Process, Oil, with Incinerator 95 20 10 114 52
Furnace Process, Oil, with Incinerator 99 4 2 22, 10.4
Furnace Process, Gas, Uncontrolled [¢] 1,800 800 |10,260 4,650
Furnace Process, Gas, with Incinerator 85 270 * 135 1,540 700
Furnace Yrocess, Gas, with Incinerator 95 90 45 513 230
Furnace Process, Gas, with Incinerator 99 18 9 103 47
Thermal : : . " _Negligible - ‘-

*As methane
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E. Control Equipment:

Gaseous emissions of hydrocarbons from carbon black processes are controlled
by flares, incinerators, and CO boilers.(l)%+3-! However, 80-100 percent of the
hydrocarbons could be controlled by collection and incineration of the waste -
gases, (3)9 Table V-7 presents controlled emission levels for the channel and
furnace processes. Many plants burn the off-gas to comply with CO regulations,
which also destroys the hydrocarbons.

.F. New Source Performance Standards and Regulation Limitations:

" 'New Source Performance Standards (NSPS): No "New Source Performance
Standards" have been promulgated for carbon black manufacture.

State Regulations for New and Existing Sources: Very few states have
adopted hydrocarbon regulations for specific process industries, such as
carbon black production. Currently, hydrocarbon emission regulations are
patterned after Los Angeles Rule 66 and Appendix B type legislation.
Organic solvent useage is categorized by three basic types. These are,

(1) heating of articles by direct flame or baking with any organic solvent,
(2) discharge into the atmosphere of photochemically reactive solvents by
devices that employ or apply the solvent, .(also includes air or heated

drying of articles for the first twelve hours after removal from #1 type
device) and (3) discharge into the atmosphere of non-photochemically

reactive solvents. For the purposes of Rule 66, reactive solvents are defined
3= solventc of more than 20% by volume of the following:

1. A combination of hydrocarbons, alcohols, aldehydes,
esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent

2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethylbenzene:

8 per cent ‘

3. A combination of ethylbenzene, ketones having branched
hydrocarbon structures, trichloroethylene or tolune:
20 per cent

Rule 66 limits emissions of hydrocarbons according to the three process
types. These limitations are as follows:

Process 1bs/day & 1lbs/hour
1. heated process 15 3
2. unheated photochemically reactive 40 8
3. non-~photochemically reactive. 3000 450

Appendix B (Federal Register, Vol. 36, No. 158 - Saturday, August 14,
1971) limits the emission of photochemically reactive hydrocarbons to 15 lbs/day
and 3 lbs/hr. Reactive solvents can be exempted from the regulation if the
solvent is less than 20% of the total volume of a water based solvent.
Solvents which have shown to be virtually unreactive are, saturated
halogenated hydrocarbons, perchloroethylene, benzene, acetone and cy-cgn-
paraffins.
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For both Appendix B and Rule 66 type legislation, if 857 control has been
demonstrated the regulation has been met by the source even if the lbs/day
and 1lbs/hour values have been exceeded. Most states have regulations ‘that
limit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B. Some
states such as North Carolina have an organic solvent regulation which is
patterned after both types of regulations.

Table V-8 presents uncontrolled and controlled emissions and 11m1tat10ns from
carbon black manufacture.

TABLE V-8

HYDROCARBON EMISSTONS AND LIMITATIONS FROM CARBON RLACK MANUFACTURING

Emis:ions* TNased on 50,000 torns/hr Limitatlons™

(13 tons/dny) l1ba/hr/kg/hy
Tyre of Overation & Control % _Control 1bs/hr kg/hr Heatcd  |Unheatnd
Channel Process Uncontronlled 0 65,550 29,700 3 1.4 8 3.6
Channel Procese with Inclnerator 85 9,832 4,460 3|14 | 8 3.6
Channel Precess with Inelaerater 95 3,217 1,490 2L 8 |2.%
Channe] Process with Tncinerator 99 656 300 3 1.6 8 [3.%
Furnace Process, Ofl, Uncontrolled 0 2,280 1,030 3 1.4 8 3.6
Furnace Procpss, 0il, with Incinerator 85 . 342 155 3 |1.4 8 13.6
.| Furnace Process, 011, with Tncinerator 95 114 52 3 1.4 8 13.6
Fummace Prccess, 011, with Incinerator 99 22,8 10.4 3 (1.4 8 3.6
Furnace Process, Gas, Uncontrolled 0 10,260 4,650 311,40 8 i2.e
Furnace Process, Cas, with Incinerator 85 1,540 700 3114 8 (3.6
Furnace Process, Gas, with Incinerator a5 513 230 3 (1.4 8 3.8
Furnace Irocess, Cas, with Incinerator 99 103 ! 47 311.4 8 ’3.6

Thermal - -

*As methane

Potential Source Compliance and Emission Limitations: Hydrocarbon emission
limitations are not based on process weight, and large processes such as carbon
black manufacturing require tight control to meet limitations. The "Thermal
Process" is the only carbon black manufacturing process that can meet existing
regulations. The "Channel Process' and the "Furnace Process' based on a 50,000
ton/year production are not amenable to existing control technology to reduce
emissions to within allowable limits.

The Environment Reporter was used to update the emission limitations.
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G.

(1)

(2)

(3)

(4)

(5

9

References:
The key sources of information used to develop this section are:

Compilation of Air Pollutant Emission Factors (Second Edition), EPA, April,
1973. :

Particulate Pollutant System Study, Vol. III--Handbook of Emission Proper-
ties, Midwest Research Institute, EPA Contract No. CPA 22-69-104, May 1,
1971. '

Organic Compound Emission Control Techniques and Emission Limitation Guide-
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Analysis of Final State Implementation Plans -~ Rules and Regulations, EPA,
Contract 68-02-0248, July, 1972, Mitre Corporation.
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Backprcund Infermaiion for Statiomary Source Caibugorics, Provided by EPA,
Joseph J. Sableski, Chief, Industrial Survey Section, Industrial Studies
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A. Source Category: V Chemical Process Industry

B. Sub Category: Charcoal

C. Source Description:

Charcoal is produced by pyrolysis, or destructive distillation of hardwood
in an enclosed retort. The wood is placed in the retort and heated externally
for about 20 hours at 500° to 700°F (260° to 370°C). The retort has air intakes
at the bottom, but their use is limited to the start-up period. UThe_entire
cycle takes 3 hours to 24 hours, the last four being an exothermic reaction.
Approximately four units of hardwood are required to produce one unit of char-
coal,

D. Emission Rates:

During pyrolysis of the hardwood, most of the gases, tars, oils, acids, and
water from the wood are driven off. The tars, oils, and acids are useful by-products,
but economics has made recovery unprofitable, so all these materials are dis-
charged to the atmosphere.

Table V-9 presents particulate and hydrocarbon emissions for plants with and
without a recovery plant, based on an assumed retort capacity of 5 tons. (yS.4-1
This is based on average national emissions. National emissions are calculated
using 64% capacity from Misscuri-type furnaces and 367 capacity from rctort
furuaces.

TABLE V=9
PARTICULATE AND HYDROCARBON EMISSIONS FROM CHARCOAL MANUFACTURING

Particulate Emissions Hydrocarbon Emissions*
Type of b4 1bs/ [ kg/ 1bs kg/ b4 1bs/ kg/ lbs/ | kg/
Operation & Control Control ton M ton hr kr Control | ton M ton hy hr
Pyrolysis Without Recovery Plant 0 489 245 101 | 45 -0 484 242 100 45
Pyrolysis With Recovery Plant
and Afterburner 99 4.9 2.4 1.0 0.5 99 4.8 2.4 1.0{ 0.5

*As Methane

E. Control Equipment:

Hydrocarbon emissions are controlled with an afterburner since unrecovered
by-products are combustible., Combustion of these gases for plant fuel controls
hydrocarbon emissions effectively. Either the burning of these gases as fuel,
or combustion in an afterburner, reduces the emissions to negligible quanti-
ties,(1)5.4=1 Flares can also be used to reduce the hydrocarbon emissions.
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F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No New Source Performance Standards
have been promulgated for charcoal manufacture.

State Regulations for New and Existing Sources: Very few states have
adopted hydrocarbon regulations for specific process industries such as
charcoal manufacture. Currently, hydrocarbon emission regulations are
patterned after Los Angeles Rule 66 and Appendix B type legislation.
Organic solvent useage is categorized by three basic types. These are,
(1) heating of articles by direct flame or baking with any organic solvent,
(2) discharge into the atmosphere of photochemically reactive solvents by
devices that employ or apply the solvent, (also includes air or heated
drying of articles for the first twelve hours after removal from #1 type
device) and (3) discharge into the atmosphere of non-photochemically
reactive solvents. For the purposes of Rule 66, reactive solvents are
defined as solvents of more than 20% by volume of the following:

1., A combination of hydrocarbons, alcohols, aldehydes,
esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent

2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethylbenzene:

8 per cent '

3. A combination of ethylbenzene, ketones having branched
hydrocarbon structures, trichloroethylene or tolune:
20 per cent .

Rule 66 limits emissions of hydrocarbons according to the three process
types. These limitations dare as follows:

Process 1bs/day & lbs/hour
1. heated process 15 3
2. unheated photochemically reactive 40 8
3. non—'photOchemically reactive : 3000 450

Appendix B (Federal Register, Vol. 36, No. 158 - Saturday, August 14,
1971) limits the emission of photochemically reactive hydrocarbons to 15 lbs/day
and 3 lbs/hr. Reactive solvents can be excmpted from the regulation if the
solvent is less than 20% of the total volume of a water bascd solvent.
Solvents which bhave shown to be virtually unreactive are, saturated

halogenated hydrocarbons, perchloroethylene, benzene, acetone and cy-cgn-
paraffins.,

For both Appendix B and Rule 66 type legislation, if 85% control has been
demonstrated the regulation has been met by the source even if the lbs/day
and 1bs/hour values have been exceeded. Most states have regulations that
limit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B, Some
states such as North Carolina have an organic solvent regulation which is
patterncd after both types of regulations.
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Particulate State Regulations for New and Existing Sources: Particulate emis-
slon regulations for varying process weight rates are expressed differently from
state to state. There are four regulations that are applicable to charcoal manu-
facture. The four types of regulations are based on:

1. concentration,

2. control efficiency,
3. gas volume, and
4

. process weight.,

Concentration Basis: Alaska, Delaware and Washington atre representa-
tive of states that express particulate emission limitations in terms
of grains/standard cubic foot and grains/dry standard cubic foot for
general processes. The limitations for these three states are:

Alaska - 0.05 grains/standard cubic foot

Delaware - 0.20 grains/standard cubic foot
Washington - 0.20 grains/dry standard cubic foot
Washington - 0.10 grains/dry standard cubic foot (new)

Control Efficiency Basis: Utah requires general process industries
to maintain 85% control efficiency over the uncontrolled emissions.

Gas Volume Basis: Texas expresses particulate limitations in terms of
pounds/hour for specific stack flow rates expressed in actual cubic feet
per minute. The Texas limitations for particulates are as follows:

1 - 10,000 acfm - 9,10 1lbs/hr
10,000 - 100,000 acfm - 38.00 1lbs/hr
105 -~ 10%  acfm - 158.6 1bs/hr

Process Weight Rate Basis for New Sources: The majority of states express
particulate process limitations in terms of pounds per hour as a function
of a specific process weight rate. For new sources with a process

weight of 500 1lbs/hr, the particulate emission limitations range from

the most restrictive, 0.89 lbs/hr (0.40 kg/hr) for Massachusetts, to

the least restrictive, 1.53 lbs/hr (0.70 kg/hr) for New Hampshire.

Process Weight Rate Basis for Existing Sources: The majority of states
express general process limitations for particulate emissions in 1lbs/hr
for a wide range of process weight rates. TFor a process weight rate

of 500 1lbs/hour, New York is representative of a most restrictive
limitation, 1.4 1lbs/hr (0.6 kg/hr) and New Jersey is representative of
a less restrictive limitation, 5.5 lbs/hr (2.5 kg/hr).

Process Weight Rate for Specific Sources: Pennsylvania has a particulate
emission regulation specifically for charcoal manufacture. The limitation
is determined by substitution into A=0.76E0+%2 yhere E=FxW. F is determined
from Pennsylvania's Tatle 1 and is 400 1lbs/ton of charcoal. W is the
process weight, which in this case was 500 1lbs/hour. This results with

an allowable emission of 5.3 lbs/hour.,
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Table V-10 presents controlled and uncontrolled hydrocarbon emissions and
limitations for charcoal manufacture,

TABLE V=10
PARTICULATE AND HYDROCARBON EMUSSTONS AND_LIMITATIONS FROM_CHARCOAL MANUFACTURE

Limitatiens  Jbsthe / kgrhe P N
General Pracesses .

Type of Particulate Emiseions | Hydrocarbon Zmissions Particulate ilvdrocarbon
Operation k4 (Based on 5-Ton Retort)|(Bascd on 5-Tun Retort) : UT 85% .
& Control Control 1bs/hr kg/hr 1bs/hr kg/hr MA NJ Penn. | Control| Heated Unheated

Pyrolysis Without} 101 45 100 45 9/.4]5.572.50 5.3/2.6 |12.576.3] 3 l1.a |8 |36
Recovery Plant

Pyrolysis With
Recovery Plant | 99 1.0 0.5 1.0 0.5  |.97.4]5.5/2.5 5.3/2.4 112 56,31 3 Ji4 |8 ] 3.6

and Afterburner

Potential Source Compliance and Emission Limitation: Charcoal manufacture
using a 5-ton retort would require gp afterburner to comply with even the least
restrictive limitations. .

The Enviroument Reportes was used to update emission regulations,
G. References: ,

Literature used in the aevelopment of the information in this section
on charcoal 1is listed below.

l. Compilation of Air Pollutant Emission Factors, Second Edition, EPA,
Pub., No. AP-42, April 1973,

2, 'Control Techniques for Hydrocarbon and Organic Solvent Emissions from
Stationary Sources," U,S., Department of Health, Education, and Welfare,
National Air Pollution Control Administration Publication No. AP~ 68,
March 1970,

3. Priorization of Air Pollution from Industrial Surface Coating Operations,
Monsanto Research Corporation, Contract No. 68-02-0320, February 1975.

References consulted but not directly used to develop this section include:

4., Particulate Pollutant System Study, Volume III - Handbook of Emission
Properties, Midwest Research Institute, EPA, Contract No. CPA 22-69-104,
May 1, 1971.

5. '"Control Techniques for Particulate Pollutants," EPA, Office of Air
Programs Publications No, AP-51, January 1969.
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A. Source Category: V Chemical Process Industry

B. Sub Category: Ethylene Dichloride

C. Source Description:

Two processes are used for the production of ethylene dichloride. One is
the direct chlorination of ethylene with chlorine; the other is an oxychlorina-
tion process in which ethylene, hydrogen chloride, and oxygen react to form the
‘same product. - o

In the direct chlorination process, ethylene dichloride is produced by
combining ethylene and chloride as described by the following reaction:

CzHu + C12 > CzHu{Clz

Chlorine and ethylene are fed into a reactor where the reaction takes place under
100-1200F (38-49°C) and 10-20 PSIG. Crude ethylene dichloride emerges from the
reactor in liquid form and 1is purified by passage through a series of condensers,

separators, and wash towers as shown in the process flow diagram in Figure
v-8. (1)EDC-2
A\'n.\:r
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Figure V-8: Direct Chlorination Flow Sheet
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In the oxychlorination process, ethylene, oxygen, and hydrochloric acid are
fed to a fixed or fluid. bed reactor where the following reaction takes place:

CoHy + 2HCL + %05 & CoHyCly, + H50

Crude ethylene dichloride is absorbed from the gas stream and the non-condensible
gases are vented to the atmosphere. The crude product is refined in a fin-

ishing system such as the one shown by the flow diagram in Figure V- 9( ) Ethyl—-
ene Dichloride Flow Diagram. : :

WATFR TO AT0OSPHERE

AVENCH e 2TER DECANTFR - ABSORBER : STRIPPER

VENT

GAS e} ————

REACTOR

STORAGE. el  PUKIFICATION

HCL  ETHYLEME  AIR

Ficure V-9: FEthylene DNDichloride Flow Dlaeram

g

Almost all production centers.around large plants using a balanced combina-
tion of these two processes. Such plants use the hydrogen chloride recovered when
ethylene dichloride is dehydrohalogenated as feed to the oxychlorination reactor.
The annual production of a typical plant is 208,000 tons.
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D. Emission Rates:

The quantity of hydrocarbons released to the atmosphere is considerably lower
for the direct chlorination process than for the .oxychlorination process. The
major source of emisslons from the direct chlorination processes is the gas vented
from the scrubbing column. This gas stream contains small amounts of ethylene,
ethylene dichloride, vinyl chloride, and impurities in the feed. The vent gas
from the oxychlorination process is also a key source of atmospheric emissions.

In both cases, emission rates may vary due to significant differences in product
recovery systems. Ethylene dichloride may also be released by storage tanks.
Controlled and uncontrolled hydrocarbon emissions from typical ethylene dichlor-
ide plants are presented in Table v-11, (1JEDC-3, (2) 2, (3) 9 - .

TABLE V~11
HYDROCARBON EMISSIONS FROM ETHYLENE DICHLORIDE MANUFACTURE

Hydrocarbon Emissions
(Bascd on 24 tons/hr)
1bs/ kg/ :
Type of % Ton of | M Ton of lbs/ kg/
Equipzent & Control Control Product ! Product hr hr
Direct Chlorination with 0 5-8 2.5-4 119-190 -
Incineration of Vent Cases 80 1-1.6 .5-.8 24-38 ig-gg
90 .5-.8 L34 12-19 6-9.5
99 .05-.08 .03-.04 1.2-1.9 .6-1
Oxychlorination with 0 .| 50-140 25-70 - 1190~3330 600~1670
Incineration of Vent Gases 80 10-28 5-14 240-660 119-330
g? 5;%4 : 2.5-7 119-333 60-167
3 L00-1.4 25,7 12-23 6-16.6
Storzge [ 1.2 N 8.0 14,3

E. Control Equipment:

No emission control for the ethylene dichloride industry has been demon-
strated; (2)  The producers of this chemical use various methods of product recov-
ery and the emissions from each process are different. Possible hydrocarbon emis-
sion control devices would include thermal or catalytic incineration, having con-
trol efficiencies approaching 100 percent. Table V-11 presents emission rates

that could be attained with incineration of vent gases.

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No "New Source Performance
Standards' have been promulgated for ethylene dichloride manufacture.

State Repulations for New and Existing Sources: Many states regulate
emissions from ethylene producing plants or other ethylene sources. Alabama,
Connccticut, Ohio, Pennsylvania, Puerto Rico, Texas, and Virginia are
representative of states that have specific regulations for waste gas
disposal. These regulations are gimilar to those specified in Appendix B
(Federal Register, August 14, 1971). Appendix B states that any waste gas
stream containing organic compounds from any ethyleune producing plant or
other ethylene emission source can be burned at 13009F for 0.3 seconds or
greater in a direct-flame afterburner or an equally effective device. This
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does not apply to emergency reliefs and vapor blowdown systems. The
emission of organic compounds from a vapor blowdown system or emergency
relief can be burned by a smokeless flare, or an equally effective control
device. This emission limitation will reduce organic compound emissions
approximately 987%.

" Potential Source Compliance and Emission Limitations: Hydrocarbon emission
limitations are not based on process weight, and large processes such as ethyl-
ene dichloride manufacture require tight control to meet limitations. The use

of afterburners for incineration will meet the limitations specified in Appen-
dix B, . :

The Environment Reporter was used to update emission limitations.

G. References:

The references used to develop the content of the discussion on dichloro-
ethylene are listed below:

(1) Pervier, V.W., Barley, R.C., Field, D.E., Friedman, B.M., Morris, R.B.,
and -Schwartz, W.A., Survey Reports on Atmospheric Emissions from the
Petrochemical Industry, Volume II, Air Products and Chemicals, Inc.,
EPA Contract No. 68-02-0255, April, 1974.

(2) Background Information for Stationary Source Categories, Provided by
BPA, Joscph J. Sableski, Chief, Indusirial Survey Section, Industrial
Studies Branch, November 3, 1972,

(3) Organic Compound Emission Control Techniques and Emission Limitation
Guidelines (Draft), EPA, Emission Standards and Engineering Division,
June, 1974,

(4) Analysis of Final State Implementation Plans -- Rules and Regulations,
EPA, Contract 68-02-0248, July, 1972, Mitre Corporation.

One reference was consulted but not used tovdevelop this section:

(1) Control Techniques for Hydrocarbon and Organic Solvent Emissions from
Stationary Sources, U.S. Department of Health, Education, and Welfare,
Natioanl Air Pollution Control Administration Publication No. AP-68,
March, 1970.
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A. Source Category: V Chemical Process Industry

B. Sub Category: Ethylene Oxide

C. Source Description:

Ethylene oxide is produced by direct oxidation of ethylene. The reaction is
carried out in the vapor phase using either air or high purity oxygen over a silver
catalyst at V536°F (280°C) and 15 atmospheres pressure as described by the following
equation: ' . . ST

Ry .

£=C+1/20, Ag Catalyst> H-TCo-C-H
H H : 0
Ethylene Ethylene Oxide

The air process is an important polluter while emissions from the oxygen process
are negligible. As shown in the flow diagram in Figure V-10, ethylene and air are
combined with recycle gas and fed to a large tubular catalytic reactor where the
conversion reaction takes place. This process includes four major parts:

. the oxidation reaction of ethylene,

. the tecovery from the veactor effluent of ethylenc oxide,
. purging of by-product gases from the recycle stream,

. purification of ethylene oxide.

SWOH

The oxidation reaction is the heart of the procéss. A typical ethylene oxide
plant produces 92,500 tons annually. '
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D. Emission Rates:

The purging of the by-product gases from the recycle stream and the purifica-
tion of ethylene oxide product cause hydrocarbon to be released to the atmosphere.
The uncontrolled and controlled hydrocarbon emissions are shown in Table V-13.(1)2

TABIE V-13

HYDROCARBON FMUSS1ONS FROM
ETHYLENE OXIDE MANUFACTURE BY ALR OXIDATION

llydrocarbon Emissions
*based on 92,500 tons product/yr )

(253.4 tons/day) : !
Type of Operation and Control 7 Control 1bs/ton kp/mt lbs/hr kp/hr

Air Oxidation of Ethylene, .
Uncontrolled 0 392 196 4140 1880

Air Oxidation of Ethylene, :
with Incineration 80 78.4 39,2 827 375

Alr Oxidation of Ethylene,
with Incineration 90 39.2 19.6 414 188

Alr Oxidation of Ethylenc, :
with Incineration 99 3,92 1.96 21 9.4

Air Oxidation of Ethylene, .
with Catalytic Converter 99 3.92 1.96 .21 9.4

E. Control Equipment:

Both incinerators and catalytic converters have been used to control emissions
from ethylene oxide manufacturing processes. Incinerator efficiency ranges from
80-100%(2)10 while catalytic converters can reduce hydrocarbon emissions by 99%.(1)

F. New Source Performance Standards and Regulations Limitations:

New Source Performance Standards (NSPS): No '"New Source Performance Standards"

have been promulgated for ethylene oxide manufacture.

State Regulations for New and Existing Sources: Many states regulate
emissions from ethylene producing plants or other ethylene sources. Alabama,
Connecticut, Ohio, Pennsylvania, Puerto Rico, Texas, and Virginia are
representative of states that have specific regulations for waste gas
disposal. These regulations are similar to those specified in Appendix B
(Federal Register, August 14, 1971). Appendix B states that any waste gas
stream containing organic compounds from any ethylene producing plant or
other ethylene emission source can be burned at 13000F for 0.3 seconds or
greater in a direct-flame afterburner or an equally effective device. This
does not apply to emergency reliefs and vapor blowdown systems. The
emission of organic compounds from a vapor blowdown system or emergency
relief can be burned by a smokeless flare, or an equally effective control
device. This emission limitation will reduce organic compound emissions
approximately 987%.
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‘Potential Source Compliance and Emission Limitations: Hydrocarbon emissions

are not based on process weight, and large processes such as ethylene oxide manu-
facture by air oxidation require tight control to meet limitations. The use of
afterburners for incineration will meet the limitations specified in Appendix B.

The Environment Reporter was used to update the emission limitations.

G. References:

Literature used to develop the material presented in this section is listed
below. . '

(1) Background Information for Stationary Source Categories. Provided by EPA,
Joseph J. Sableski, Chief, Industrial Survey Section, Industrial Studies
Branch, November 3, 1972. ‘

(2) Organic Compound Emission Sources Emission Control Techriques and Emission
Limitation Guidelines (Draft), EPA, Emission Standards and Engineering Divi-
sion, June, 1974.

(3) Stobaugh, R.B.. G.C. Ray, Ronald A. Spinke. "Ethylene Oxide: How, Where,
Whe---Futurzs." Hydrocarbon Irocessing.  October, 1970.

(4) Analyeis of Final State Implementation Plans, Rules, and Regulations, EPA,

Contract 68-02-0248, July, 1972, Mitre Corporation.

Two additional sources were consulted but not directly used to develop the

discussion on ethylene oxide. These were:

(5)

(6)

Control Techniques for Hydrocarbon and Organic Solvent Emissions from Sta--
tionary Sources. U.S. Department of Health, Education, and Welfare. Na-

;;onal Air Pollution Control Administration Publication No. AP-68. March,
70. '

"Oxides of Ethylene, Propylene Face:Trouble." ' Chemical and Engineering News.
May 21, 1973.
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D. Emission Rates:

In both methods formaldehyde is absorbed from the gas stream by a water
scrubber, and the inert materials and by-products are vented. The major source
of hydrocarbon emissions is the absorber vent and the fractionator vent. The
emission rates for the two formaldehyde-producing processes are shown with and
without control in Table y-15.(1)2,3

TABLE V-15

HYDROCARBON EMISSIONS FROM FORMALDEHYDE MANUFACTURE

Hydrocarbon Emissions
(hased on 3.9 .tons/hr)
Process and Control Fquipment % Control 1bs/ton kg /mt lbs/hr kg/hr

Iron Oxide Catalyst None - ' 0 50 25 195 88.5
Iron Oxide Catalyst Water Scrubber 65 (for formaldehyde and .

methanol only) 17.5 8.8 68.3 31,0
Silver Catalyst None 0 10 5 39 17.7
Silver Catalyst Incinerator - 95-99 o.1-o.sJ7 0.05-0.25 0.4-2,0 | 0.18-0.91

E. Control Equipment:

Hydrocarbon emissions from the iron oxide process depend on absorber designs.
A water scrubber is the only demonstrated technology and removes 95% of the form-
aldehyde in the iron oxide process vent.(1)3 Most of the methanol is removed but
none of the dimethylether is scrubbed. The composition of the absorber vent gascs
originating with the silver catalyst process also varies with absorber design.
Absorption with the silver catalyst is simpler because of lower gas volume, and
an incinerator is successful at combusting these gases with almost 100% effi-
clency. Controlled emission rates for both processes are shown in Table V-15.

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No New Source Performance Standards
have been promulgated for formaldehyde manufacture.

State Regulations for New and Existing Sources: Very few if any states have
adopted hydrocarbon regulations for specific process industries such as formaldehyde.
Cirrently, hydrocarbon emission regulations are patterned after Los Angeles
Rule 66 and Appendix B type legislation. Organic solvent useage is
categorized by three basic types. These are, (1) heating of articles by
direct flame or baking with any organic solvent, (2) discharge into the
atmosphere of photochemically reactive solvents by devices that employ or
apply the solvent, (also includes air or heated drying of articles for the
first twelve hours after rcmoval from #1 type device) and (3) discharge
into the atmosphere of non-photochemically reactive solvents. TFor the

purposes of Rule 66, reactive solvents are defined as ‘solvents of more
than 20% by volume of the following:
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A. Source Category: V Chemical Process Industry

B. Sub Category: Formaldehyde

C. Source Description:

All of the formaldehyde produced in the United States today comes from one
of two processes which use methanol as a raw material. One process uses an iron
oxide catalyst (237 of production) and a large excess of air to produce formal-
dehyde as described by the reaction:

' ' Iron Oxid»

CH30H + 1/2 09 Catalysc Cli20 + H0

The second method (77% of production) uses a combined oxidation-dehydration re-
action over a silver catalyst as shown below:

CH30H + 1/2 0, 28-CAALYSEL  cyog 4 py0
CH30H > CHy0 + Hp

Only about one-eighth as much air is used by the oxidation-dehydration method
which also produces hydrogen as a by-product.

Methanol vapors and air are combined in a 4:1 methanol:oxygen ratio and
heated to approximately 170°F (77°C). The methanol/air mixture is introduced
into a battery of catalytic converters where it passes through the catalyst and
is converted to formaldehyde. Converter effluent gases are quenched to avoid
decomposing the [ormaldehyde, Liquid obtained from the quenching primary ab-
sorber contains both formaldehyde and unreacted methanol. Some of this so-
called I-M Liquor is recirculated to the absorber and some is purified by the
fractionator to produce a formaldehyde solution that is 377 by weight. This is
the standard formaldehyde product. Figure V-11 shows the flow diagram for this
process. The average plant produces 33,950 tons per year of formaldehyde.
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1. A combination of hydrocarbons, alcohols, aldchydes,
esters, cthers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent

2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethylbenzene:

8 per cent

3. A combination of ethylbenzene, ketones having branched
hydrocarbon structures, trichloroethylene or tolune'
20 per. cent

Rule 66 limits emissions of hydrocarbons according toc the three process
types. These limitaticns are as follows

Process . ~ 1bs/day & lbs/hour
1. hecated process 15 3
2. unhcated photochemically reactive 40 8
3. non-photochemically reactive : . 3000 450

Appendix B (Federal Register, Vol. 36, No. 158 - Saturday, August 14,
1971) limits the emission of photochemically reactive hydrocarbons to 15 lbs/day
and 3 1lbs/hr. Reactive solvents can be exempted from the regulation if the
solvent is less than 20% of the total volume of a water based solvent.
Solvents which have shown to be virtually unreactive are, saturated
halogenated hydrocarbons, perchlercethylene, benzene, acetone zud c¢j-cgn-
paraffins.

For both Appendix B and Rule 66 type legislation, if 85%Z control has bLeen
demonstrated the regulation has been met by the source even if the 1lbs/day
and 1bs/hour values have been exceeded. Most states have regulations that
limit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have vegulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B. Some
states such as North Carolina have an organic solvent regulaLlon which is
patterncd after both types of reoulatlons.

Table V-16 presents uncontrolled and controlled emissions and limitations for
formaldehyde manufacture., '

TABLE V-16

HYDROCARBON EMISSIONS AND LIMITATTONS FROM FORMALDEUYDE MANUFACTURE

Hydrocarbon Emissions
(based on .
3.9 tons/hr) Limitations"1bs/hr/kg/hr
Process and Control Equipment % Control 1bs/hr kg/hr Heated Unheated
Iron Oxide Catalyst  None ] 195 ‘88,5 3 |14 8 3.6
Iron Oxice Catalyst Water Scrubber -65 (for formaldehyde 3 |14 8 3.6
and methanol only) 68.3 31.0
Silver Catalyst None 0 39 17.7 3 1.4 8 3.6
Silver Catalyst Incinerator ) 95-99 0.4=2.0 0.18-0.9) 3 |14 8 3.6
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Potential Source Compliance and Emission Limitations: Hydrocarbon emission
limitations are not based on process weight. Reactive hydrocarbon emissions from
formaldehyde manufacture are small considering the size of the process. However,
tight control must be maintained for a 33,950 ton/year process to maintain com-
pliance with state regulations. Formaldehyde manufacture using the iron catalyst
system must maintain 987 control to meet the 3 lbs/hr limitation and 96% control
to meet the 8 lbs/hour limitation. Formaldehyde manufacture using the silver
catalyst must maintain 917 control to meet the 3 1lb/hr limitation and 77% control
to meet the 8 lbs/hour limitation. Existing fume incinerator control technology
is adequate for formaldehyde manufacture to meet existing regulations. '

The Environment Reporter was used to update the emission limitations.

G. References:
References used to develop this section include:
(1) Background Information for Stationary Source Categories. Provided by EPA,

Joseph J. Sableski, Chief, Industrial Survey Section, Industrial Studies
Branch, November 3, 1972.

(2) Pervier, J.W., R.C. Barley, D.E. Field, B.M. Friedman, R.B. Morris,
W.A. Schwartz. Survey Reports on Atmospheric Emissions from the Petro-

ciiemical Industry, Velume IXI, Air Products and Chemicals, Inc., FEPA Con-
tract No. b8-U2-0255. April, 1974,

(3) Hedley, W.H., S.M. Mehta, C.M. Moscowitz, R.B. Reznik, G.A. Richardson,
D.L. Zandcrs. Potential Pollutants from Petrochemical Processes (Final Re-
port). Monsanto Research Corporation. EPA Contract No. 68-02-0226, Task
No. 9. December, 1973,

(4) Analysis of Final State Implementation Plans, Rules and Regulations, EPA Con-
tract 68-02-0248, July, 1972, Mitre Corporation.

Also consulted but not directly used in this section were:

(5) Control Techniques for Hydrocarbon and Organic Solvent Emissions from Sta-
tionary Sources. U,S. Department of Health, Education, and Welfare. Na-
tional Air Pollution Control Administration Publication No. AP-68. March,
1970.

(6) Organic Compound Emission Sources Emission Control Techniques and Emission
Limitation Guidelines (Draft), EPA, Emission Standards and Engineering Divi~-
sion, June, 1974.
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A. Source Category: V Chemical Process Industry

B. Sub Category: Paint

C. Source Description:

Paint is a pigmented liquid composition which is converted to an opaque solid
film after appllcatlon as a thin layer. Although the paint manufacturlnp process
is simple from a schematic viewpoint, it is a complex process, Paint manufacture

‘consists of a mixing and dispersing pigment in a vehicle that.will allow even -
application of the final product. Paint manufacture consists of six physical
operations which are carried out at or near room temperature. These operations
are:

1. mixing pigment with sufficient vehicle to make a paste of proper grind-
ing efficiency

. grinding the paste on a mill until aggregates are broken down

. letting down or diluting the ground paste with the remaining materials

. tinting to required color

. testing

. straining, filling, and packaging,

N

Figure V-12 shows the schematic for a paint manufacturing operation using a sand
mill for the grinding operation.

Figure V-12: Paint Manufacturiné Using Sand Mill for Grinding Operation

Paint manufacturing is still largely a batch process because of the large
number of raw materials and finished products required, many of which must be

custom formulated and processed. An average size paint manufacturing plant pro-
duces 3,340 tons of paint per year.

D. Emission Rates:

The two major sources of hydrocarbon emissions in paint manufacturing
are the (1) grinding operation, during which the batch is heated to vapor-
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ize some of the ingredients, and (2) the thinning operation, where solvent
vaporization occurs. Thinning of premixed paint pastes to the required consis-

tency, involves dilution with aliphatic or aromatic hydrocarbons, alcohols, ketones,

esters, and other highly volatile materials. The factors effecting emissions

from paint manufacture are types of solvents used, and the mixing temperature.
A recent estimate of hydrocarbon emissions from paint manufacture is 0.5% of the
weight of the paint emitted as hydrocarbon (1)%-20 emissions and 1~2% of the

solvent lost even under well controlled conditions. (2)5-10"1

Table V-17 shows the controlled and uncontrolled hydrocarbon emissions from

the paint manufacturing processes, (2)°.10-2

TABLE V-17

HYDROCARBON EMISSIONS FROM PAINT MANUFACTURING

Emi%s ions

Type of Operation " (based on 0.4 tonshr)
and Control % Control 1bs/ton kg /m ton 1bs/hr kg/hr
Mix tank, Grinding, Storage,
uncontrolled 0 30 ) 15 11.4 5.2
Mix tank, Grinding, Storage, )
with incinerator 80 6 3 2.3 1.0
Mix tank, Grinding, Storage,
with incinerator 90 3 1.5 1.1 .5

. Mix tank, Grinding, Storage,

‘ with dncinerator 99 .3 .15 1 .05

E. Control Equipment:

Methods of controlling hydrocarbon emissions range from changes in paint

formulation to use of extensive pollution control equipment. Some of these meth-

ods include:

1. reformulation of the paint to replace photochemically reactive solvents

with a less photochemically reactive solvent
2, production of water-base coatings

3. condensation and absorption by scrubbing with alkali or acid washes

4. scrubbing and adsorption by activated charcoal or other adsorbents

5. incineration
6. dispersal from high stacks.

Although many of these methods are quite effective, incineration has been accepted

as the one method for elimination of organic compounds and associated odors.
Catalytic oxidation has been employed as a pollution control technique at paint

"manufacturing plants, (3)37
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F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No New Source Performance Ntandarpds
have been promulgated for paint manufacture.

State Regulations for New and Existing Sources: Very few i1f any states
have adopted hydrocarbon regulations for specific process industries, such
as paint manufacture. Currently, hydrocarbon emission regulations
are patterned after Los Angeles Rule 66 and Appendix B type legislation.
Organic solvent.useage is categorized by three basic types. These. are,

(1) heating of articles by direct flame or baking with any organic solvent,
(2) discharge into the atmosphere of photochemically reactive solvents

by devices that employ or apply the solvent, (also includes air or heated
drying of articles for the first twelve hours after removal from #1 type
device) and (3) discharge into the atmosphere of non-photochemically reactive
solvents. For the purposes of Rule 66, reactive solvents are defined as
solvents of more than 20% by volume of the following:

. 1. A combination of hydrocarbons, alcohols, aldehydes,
esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent

2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except'ethylbenzene:
8 per cent

3. A combination of ethylbenzene, ketones having branched
hydrocarbon structures, trichloroethylene or tolune:
20 per cent c

Rule 66 limits emissions of hydrocarbons according to the three process
types., Thasze limitations are as follows:

Process 1lbs/day & lbs/hour
1. heated process : 15 3
2. unheated photochemically reactive 40 8
3. non-photochemically reactive : 3000 450

Appendix B (Federal Register, Vol. 36, No. 158 - Saturday, August 14,
1971) limits the emission of photochemically reactive hydrocarbons to 15 lbs/day
and 3 1lbs/hr. Reactive solvents can be exempted from the regulation if the
solvent is less than 20% of the total volume of a water based solvent.
Solvents which have shown to be virtually unreactive are, saturated

halogenated hydrocarbons, perchloroethylene, benzene, acctone and cy-Cgn-
paraffins.

For both Appendix B and Rule 66 type legislation, if 85Y% control has been
demonstrated the repulation has been met by the source.even if the 1lbs/day
and 1lbs/hour values have been exceeded. Most states have regulations that
limit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B.  Some
states such as North Corolina have an organic solvent regulation which is
patterncd after both types of regulations. ' '




Table V-18 presents uncontrolled and controlled emissions and limitations
from paint manufacture,

TABLE V-18

HYDROCARBON EMISSIONS AND LIMITATIONS FROM PAINT MANUFACTURING

- . ' ' miséio?s ,._ . o
Type of Operation (based on 0.4 tons/hr)|{Limitations“1bs/hr/kg/hr
and Control % Control 1bs/hr ke/hr
Mix tank, Grinding, Storage, X : .
uncontrolled 0 11.4 5.2 3 1.4 8 3.6.
Mix tank, Grinding, Storage, : )
with incincrator 80 2.3 1.0. 3 1.4 8 3.6
Mix tank, Grinding, Storage, .
with incinerator 90 1.1 .5 -3 1.4.] 8 3.6
Mix tank,.Grinéing, Storage,
with incinerator © 499 .11 05 | 3 1.4 8 3.6

Potential Source Compliance and Emissions Limitations: Hydrocarbon emission
linitations are not based on process weight. Paint manufacturing processes typically
are not very large on a product output basis compared to other industries and have
relatively low emissions., These two parameters allow paint processes to operate
without extensive control and still be in compliance with state regulations. For
a paint process producing 3340 tons/year, 74% control efficiency must be maintained
to meet the 3 1bs/hr limitation, and 30% control efficiency to meet the 8 lbs/hr
limitation. Existing incinerator control technology is adequate to control hydro-
carbon emissions from paint manufacture,

The Environment Reporter was used to update the emission limitations.
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G. References:

References that were used to develop the discussion on paint manufacturing
are listed below:

(1) Control Techniques for Hydrocarbon and Organic Solvent Emissions from sta-
tionary Sources. U.S. Department of Health, Education, and Welfare, National
Air Pollution Control Administration Publication No. AP-68. March, 1970.

(2) Compilation of Air Pollutant Emission Factors (Second Edition). EPA Publi-
cation No. AP-42., April, 1973.

(3) Background Information for Establishment of National Standards of Performance
for New Sources. Paint and Varnish Manufacturing. Walden Research Corpora-
tion. EPA Contract No. CPA 70-165, Task Order No. 4. October, 1971.

(4) Analysis of Final State Implementation Plans, Rules, 2nd Regulations, EPA
Contract 68-02-0248, July, 1972, Mitre Corporation.

(5) Background Information for Stationary Source Categories. Provided by EPA,
Joseph J. Sableski, Chief, Industrial Survey Section, Industrial Studies
Branch, November 3, 1972.

(6) Air DPolluticn Control Enginecring and Cost Study of the Point and Vornish

industry. Air Kesources, lnc. EPA Contract No. 68-02-0259. dJune, 1974.

One source was consulted but not directly used to develop the discussion on
paint manufacturing:

(7) Organic Compound Emission Sources Emission Control Techniques and Emission
‘Limitation Guidelines (Draft), EPA, Emission Standards and Engineering
‘ Division, June, 1974.
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A. Source Category: V. Chemiéal Process Tndustry’

B. Sub Catecory: Phthalic Anhydride

C. Source Description:

‘.

Phthalic anhydride is produced by the vapor phase oxidation of naphthalene
or o-xylene with excess air in fixed or fluid bed catalytic converters using
some form of vanadium pentoxide as a catalyst. Regardless of which chemical is
used as feedstock, the processes are similar as shown by the following reactions:

.
CHj
+30p, - o + 3H,0

-xylene Oxygen " Phthalic Anhydride Water
CO )
+4 50, /0+2H20'
co
Napthalene Oxygen Phthalic Anhydride Water

Figure V-13: Phthalic Anhydride Reactions

Figure V-13A 11lustrates the basic steps involved in the manufacturing process.
Air and a raw material, either o-xylene or napthalene, are fed to the reactor as
a heated vaporized mixture. After the oxidation process takes place, the process
vapors pass through gas coolers and condensers where the anhydride is separated
from the process air stream. The condensed pthalic anhydride is melted and puri-
fied by fractionation and then stored. The average phthalic arhydride plant pro-
duces approximately 20,700 tons of finished product yearly.
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D. Emission Rates:

The process off gas constitutes the greatest source of hydrocarbon emissions.
This gas consists of large volumes of air contaminated with small quantitles of
organic vapors as well as other contaminants. In addition to this source, there
are four minor sources of organic emissions which include:

. feed and product storage tanks.

. process refining vents,

. flaking and bagging operations,

. loss of heat transfer medium (Dowtherm A).

PRy,

The uncontrolled and controlled hydrocarbon emissions from phthalic anhydridé
manufacturing are shown in Table v-19.(1)2 .

TABLE V-19

HYDROCARBON EMISSIONS FROM PHTHALIC ANHYDRIDE MANUFACTURING

Type of Hydrocarbons (Based on 2.4 tons/hr)
Operation and Control % Control | Ilbs/ton | kg/MT |lbs/hr | kg/hr
Process O0ff-Gas, Unceontrolled 0 130 65 312 142
Process Off-Gas, Incinerator 99 ' 1.3 .65 3.1 1.9
Process 0Off-Gas, Scrubber 95 - 6 3 14.4 6.5

E. Control Equipment:

The process off-gas 1s scrubbed.with a water scrubber before
the gas is released to the atmosphere. Although scrubber efficiencies may aver-
age 95 percent, scrubbers do present several disadvantages:

1. The level of contaminant control needed would require a relatively
expensive multistage scrubber. .

2. Treatment and disposition of the scrubbing liquid may be costly.

3. Chemical recovery from a scrubbing solution would be a formidable
operation.

Because of these problems, many phthalic anhydride manufacturers have found it
more attractive to incinerate the off-gases using either direct flame or catalytic
units with resulting efficiencles approaching 99 percent. Controlled emissions
from phthalic anhydride plants are presented in Table V-19.
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F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standafds (NSPS): No "New Source Performance Standards"
have been promulgated for phthalic anhydride manufacture.

State Regulations for New and Existing Sources: Alabama, Puerto Rico
and Téxas are representative of states that require control of waste gas
disposal emissions to the atmosphere. These regulations are patterned after
Appendix B which requires that the waste gas stream be incinerated at 13000 F
for 0.3 seconds. Appendix B states that a direct—flame afterburner :
operating under the above conditions can achieve approximately 98% control.
The Texas regulation specifies certain compounds and certain classes
of compounds that must be burned in a direct-flame incinerator. These
specific carbon compounds are as follows:

Butadine
Isobutylene
Styrene

Isoprene
Propylene
a-Methyl-Styrene

The specific classes of carbon compounds are as follows:

Aldehydes” Acids

Alcohols’ Esters

Aromatics Ketones

Ethers Sulfides

Olefins . Branched chain hydrocarbons (cg and above)
Peroxides

Amines

Texas allows sources to petition the Executive Secretary for alternate
means of control. The Executive Secretary can also exempt specific waste
gas streams if the source can show that the waste gas stream will not make a
significant contribution of air contaminants in the atmosphere.

Potential Source Compliance and Emissions Limitations: Hydrocarbon emission
limitations are not based on process weight, and large processes such as phthalic
anhydride require tight control to meet limitations. Incineration of process off
gases from phthalic anhydride manufacture can meet existing state regulations.

The Environment Reporter was used to update the emission limitations
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G. References:

The following references were used to develop the discussion on phthalic an-
hydride manufacturing:

(1)

(2)

(3)

(4)

Background Information for Stationary Source Categories, Provided by

EPA, Joseph J, Sableski, Chief, Indistrial Survey Section, Industrial
Studies Branch, November 3, 1972,

Fawcett, R.L, "Air Pollution Potential of Phthalic Anhydride Manufac- -
ture," Journal of the Air Pollution Control Association,  20(7): .(July,
1970).

Hedley, W.H., Potential Pollutants from Petrochemical Processes, (Final
Report), Monsanto Research Corporation, EPA Contract No. 68-02-0226,

- Task No. 9, December, 1973.

Analysis of Flnal State Implementation Plans--Rules and Regulations,
EPA, Contract 68-0:-0248; July, 1972, Mitre Corporation.

The following rerference was consulted but not directly used in the develop-
ment of this section.

(5)

Control Techniques for Hydrocarbon and Organic Solvent Emissions from
Stationary Sources, U.S. Department of Health, Education, and Welfare,
National Air Pollution Control Administration Publication No. AP-68,
March, 1970. - ‘
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A. Source Category: V Chemical Process Industry

B. Sub Category: Polyethylene (High Density)

C. Source Description:

Three major processes are used to produce high density polyethylene.
These are based on the types of phases present in the polymerization reactor.

The processes are:

1. solution phase process,
2. slurry phase process, and
3. vapor phase process.

These processes are subdivided according to the physical state of the catalyst.

The two processes that are most widely used today are the Phillips Process and
the Ziegler Process. The net reaction for both of these processes is described as
follows:

nCHy=CH, + (~CH,CH,-)n, where 400 < n. < 4000.

Both processes utilize about 2000 pounds (907 kg) of ethylene feed and about

120 pounds of solvent to produce one ton of polyethylene. The Phillips process
uses a jacketed, agitated tank reactor where the polymerization takes place on a
chromium oxide/silica-alumina catalyst at 140°C (284CF) and 30 atmospheres pres-
sure. The Ziegler Process carries out the polymerization reaction in a stirred
tank reactor at 75°C (167°F) and five atmospheres pressure on a titanium tetra-
chloride/triiscbutyl aluminum catalyst. Both rcactions cccur in the liquid phase.
Polymer chain length is controlled by the addition of small amounts of hydrogen or
other telogens. After suitable residence time in the reactor, unreacted monomer,
solvent, waxes, and light gases are separated from the product. The polymer is
then stripped of all solvent, dried, and stored. Figure V-14 summarizes the high
density polyethylene manufacturing process. (2 A typical high density polyethylene
plant will produce 250 tons of product per day.(z)10
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Figure V-14: High Density Polyethylene Manufacture

D.‘ Emission Rates:

The solvent recovery, polymer stripping, and product conveying operations are
the key sources of hydrocarbon emissions from plants manufacturing high density
polyethylene. These emissions are listed in Table V-21(1)Table HP-VI

TABLE V=21

HYDROCARBON EMISSIONS FROM MANUFACTURE OF HIGH DENSITY POLYETHYLENE

Hydrocarbon Emissions
% (based on 91,250 tons product/yr)
Type of Operation and Control | Control [ Ib/ton [keg/MT | 1b/hr [ kg/hr
| Solvent Recovery, uncontrolled 0 4., 2 42.0 { 19.0
Solvent Recovery, incinerator 99 0.04 0.02 0.4 .
Polymer Stripping, uncontrolled 0 18.0 9.0 187.0. | 90,0
Polymer Stripping, incinerator 99 0.18 0.09 1.9 .9

E. Control Equipment:

Various control devices are used at high density polyethylene plants to control
hydrocarbon emissions, including cyclones, bag filters, incinerators, and flares.
The first two devices are used to control particulate emissions from the conveying
system while the latter two are used to reduce the hydrocarbons emitted by the
solvent recovery and polymer stripping operations. The controlled hydrocarbon
emissions from high density polyethylene manufacture are presented in Table V-21,

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No 'New Source Performance Standards"
"have been promulgated for high density polyethylene manufacture,

State Regulations for New and Existing Sources: Currently, hydrocarbon
emission regulations are patterned after Los Angeles Rule 66 and Appendix B
type legislation. Organic solvent useage is categorized by three basic
types. These are, (1) heating of articles by direct flame or baking with
any organic solvent, (2) discharge into the atmosphere of photochemically
reactive solvents by devices that employ or apply the solvent, (also includes
air or heated drying of articles for the first twelve hours after removal
from #1 type device) and (3) discharge into the atmosphere of non-photochemically
reactive solvents. For the purposes of Rule 66, reactive solvents are defined
as solvents of more than 20% by volume of the following:

, V=44
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1. A combination of hydrocarbons, alcohols, aldchydes,
esters, cthers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent

2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethylbenzene:

8 per cent

3. A combination of ethylbenzene, ketones having brﬂnchcd
hydrocarbon stxuctuxgs trichloroethylene or tolune:
20 per cent

‘Rule 66 limits emissions of hydrocarbons according to the three process
types. Thzse limitations are as follows:

Process lbs/day & 1lbs/hour
1. heated process ' - 15 3
2. unheated photochemically reactive 40 8
3. non—phoLoehemlcally reactive : 3000 450

Appendlx B (Federal Register, Vol. 36, No. 158 - Saturday, August 14,
1971) limits the cmission of photochemically reactive hydrocarbons to 15 lbs/day
and 3 1bs/hr. Reactive solvents can be exempted from the regulation if the
solvent is lcss than 20%Z of the total volume of a water based solvent.
Solvents which have shown to be virtually unreactive are, saturated

halogenated hydrocarbons, perchloroethylene, benzcne, acetone and cj-cgn-
paraffins.,

For both Appendix B and Rule 66 type legislation, if 85% control has been
demonstrated the regulation has been met by the source even if the lbs/day
and lbs/hour values have been exceeded. Most states have regulationg that
limit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B. Some
states such as North Carolina have an organic solvent regulation which is
patternced aftex both types of regulations. :

Table V-22 presents uncontrolled and controlled emissions and limitations
from high density polyethylene manufacture, :

TABLE V-22

HYDROCARBON EMISSIONS AND LIMITATIONS
FROM MANUFACTURE OF HIGH DENSITY POLYETHYLENE

Hydrocarbon Emissions Limitations"

% (based on 91,250 tons product/yr) [ 1b/hr / kg/hr
Type of Operation and Control | Control 1b/hr kg/hr Heated | Unheated
Solvent Recovery, uncontrolled 0 42.0 " 19.0 3 (1.4 18 (3.6
Solvent Recovery, incinerator 99 0.4 .2 3/1.4 18 [3.6
Polymer Stripping, uncontrolled 0 187.0 - 90.0 3 |1.4 {8 |3.6
Polymer Stripping, incinerator 99 1.9 .9 3 }l1.4 18 {3.6
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Potential Source Compliance and Emission Limitations: Hydrocarbon emission
limitations are not based on process weight, and large processes such as high
density polyethylene manufacture require tight control to meet limitations. The
solvent recovery unit requires 937% control efficiency to meet the 3 lbs/hr limit
and 817 efficiency to meet the 8 lbs/hr limit. The polymer stripping unit
requires 987 control efficiency to meet the 3 1bs/hr limit and 96% control ef-
ficiency to meet the 8 1b/hr limit. Incinerators have proved effective in re-
ducing these types of hydrocarbon emissions by 99%. Existing control technology
is adequate for a 91,250 ton/year high density polyethylene to meet State re- ‘
gulations.

The Environment Reporter was used to update the emission limitationms.

G. References:
The following references were used to develop the material in this section:

(1) Pervier, J. S., R. C. Barley, D. E. Field, B. M. Friedman, R. B. Morris,
W. A. Schwartz. Survey Reports on Atmospheric Emissions from the Petrochemi-

cal Industry, volume II., Air Products and Chemicals, Inc. EPA Contract No.
68-02-0255. April, 1974.

(2) Organic Compound Emission Sources, Emission Control Techniques, and Emission

Limitation Guidelines (Draft), EPA, Emission Standards and Engineering Divi-
sion, June, 1974.

(3) Hedley, W. H. Potential Pollutants from Petrochemical Processes (final re-
port). Monsanto Research Corp. EPA Contract No. 68-02-0226, Task No. 9,
December, 1973.

(4) Analysis of Final State Implementation Plans - Rules and Regulations, EPA,
Contract 68-02-0248, July, 1972, Mitre Corporation.
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A, Source Category: V¥ Chemical Process Industry

B, Sub Category: Low Density Polyethylene

C. . Source Description:

The characterizing variable in the production of low density polyethylene
is pressure, which normally ranges from 10,000 to 30,000 PSIG (42.67 kg/m?), and
can reach levels as high as 45,000 PSIG (64 01 kg/m? ) The net reaction of the
ethylene polymerization on a catalytic surface is shown below:

H H H H H H
I I . | | : I |
High Pressure.
= > : ‘- - - Hi,- - - -
Ny ? ? Catalyst ° Ry ? ? (Czlu)(n—Z) ? ? R2»
H H (Free Radical Sources) H H i =

Where n = 400-2,000.

R; and Rp represent chain-terminations resulting from the introduction of telogens,
which are specifically chosen to accomplish this end., Although it is not shown

in the reaction products above, low density polyethylene structures are usually
characterized by branched chains.

The polymerization reaction vakes place in the iiquid phase in either an auto-
clave or a tubular type reactor. When the autoclave is used, the temperature is
held at 240°C (464°F) and the pressure ranges from 1,600 to 2,520 atmospheres (1.6
x 107 to 2.5 x 107 kg/m7) Residence time in the reactor is 20 seconds at 1,600
atmospheres (1.6 x 107 kg/m?). The tubular reactor calls for a temperature of 250°C
(482°F) under 1,560 atmospheres (1.6 x 107 kg/m?) pressure and a residence time of
30 seconds. Both reactors consume approximately 2,000 pounds (907 kg) ethylene per
ton of low density polyethylene produced. An average plant will produce 182,500
tons of low density polyethylene per year. After the reaction is complete, the mon-
omer-polymer mix is flasked and unreacted monomer, solvent, and waxes are separated
from the product, which is then extruded and pelletized for handling. The low den-
sity polyethylene manufacturing process flow diagram is shown in Figure y-15. (1
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iigure V-15: Low Density Polyethylene Manufacture

D. Emission Rates:

There are three main sources of hydrocarbon emissions in the production of
low density polyethylene. These are the compressor purge gas, the materials
handling operation, and the gas separation and recovery operation. There are
also some sources of fugitive emissions as well. The hydrocarbon emissions for
low density polyethylene manufacture are summarized in Table v-23(1),(2)10 ~

TABLE V=23

HYDROCARBON EMISSIONS FROM MANUFACTURE OF LOW DENSITY POLYETHYLENE

Type of 4 Hvdrocarbon Fmissions (Based on 182,500 tons/yr)

Cperation and Control Control | lts/ton | ke/MT | lbs/hr kg/hr
Compressor Purge, Uncontrolled 0 2 1 42 - 19
Compressor Purge, Tncinerator 99 0.02 0.01 0.42 .20
Gas Separation/Recovery,

Uricontrolled 0 .20 10 416 189
Gas Separation/Recovery,
Incinerator 99 . | 0.20 0.10 4,16 : 1.89
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E. Control Equipment:

The emission control devices used in the manufacture of low density poly-
ethylene include cyclones, bag filters, incinerators, and flares. Cyclones
and filters are used to reduce particulate emissions from product handling opera-
tions while incinerators and flares reduce hydrocarbon emissions from system purge
gases and recovery operations. The controlled and uncontrolled hydrocarbon emis-
sions from low density polyethylene manufacture are shown in Table V-23.

'F; New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No '"New Source Performance Standards"
have been prounulgated for low density polyethylene manufacture.

State Regulations for New and Existing Sources: Alabama, Puerto Rico
and Texas are representative of states that require control of waste
gas disposal emissions to'the atmosphere. These regulations are patterned
after Appendix B which requires that the waste stream be incinerated at
1300° F for 0.3 seconds. Appendix B states that a direct flame after-
burner operating under the above conditions can achieve approximately
98% control. The Texas regulation specifies certain compounds and certain
classes of compounds that must be burned in a direct~flame incinerator.
These specific carbon compounds are as follows:

Butadine-
Isobutylene
Styrene

Isoprene
Propylene
a-Methyl-Styrene

The specific classes of carbon compounds are as follows:

Aldehydes Esters

Alcohols Ketones

Aromatics Sulfides . :

Ethers Branched chain hydrocarbons (cg and above)
Olefins

Peroxides

Amines

Acids

Texas allows sources to petition the Executive Secretary for alternate
means of control. The Executive Secretary can also exempt specific waste
gas streams if the source can show that the waste gas stream will not make
a significant contribution of air contaminants in the atmosphere.

Potential Source Compliance and Emission Limitations: Hydrocarbon
emission limitations are not based on process weight but large processes
such as low density polyethylene can be controlled to meet existing
regulations by application and proper use of direct flame afterburners.
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The Environment Reporter was used to update emission limitations.

G. References:

The following references were used to develop the discussion on low density
polyethylene. ' ‘ ' '

(1) Pervier, J.W., Barley, R.C., Field, D.E., Friedman, B.M., Morris, R.B.,
and Schwartz, Survey Reports on Atmospheric Emissions from the Petro-
chemical Industry, Volume II, Air Products and Chemicals, Inc.? EPA
Contract No. 68-02-0255, April, 1974.

(2) Organic Commound Fmission Sources Emission Control Techniques and
Emission Limitation Guidelines (Draft), EPA, Emission Standards and
Engineering Division, June, 1974.

(3) Hedley, W.H., Potential Pollutants from Petrochemical Processes,

(Final Report), Monsanto Research Corp., EPA Contract No. 68-02-0226,
Task No. 9, December, 1973.

(4) Analysis cf Final State Implementation Plans--Rules and Regnlations,
EPA Contract 68-02-0248, July, 1972, Mitre Corporation.
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A. Source Category: V  Chemical Process Industry

B. Sub Category: Polystyrene

C. Source Description:

Several techniques are used for the polymerization of styrene, In
order of decreasing importance they are:

1. solution polymerization
2. suspension polymerization
3. emulsion polymerization

The solution and suspension techniques are the most commonly used.

There are two techniques for the manufacture of the polystyrene and they
consume approximately 2,000 pounds of styrene per ton of polystyrene produced. The

reaction is: p— —_—
PR CHZ CH . n

- nCH2= CH Heat N
\ Catalyst 7

N g
N .
. \/\l

Polystyrene

Styrene

The suspension reaction is carried out batchwise in a stirred, nitrogen—purged;
steam/water jackcted reactor, Styrene and pexoride are added Lo a walex SiuLLy oW
tricalcium phosphate and dodecyl—benzene sulfonate, The temperature is raised to
194°F (90°C) and to 239°F (115°C). six and one-half hours later. The polymer is
produced in the form of small beads and is separated from the suspension after

cooling, The beads are then washed, dried, and extruded,

In the solution technique, styrene and solvent (such as ethylbenzene) are fed
into a series of tubular agitated polymerization reactors. The mixture enters the
first reactor at about 250°F (121°C) and leaves the last one at about 340°F (171°C).
The solvent containing polymer is then pumped into a devolatilizer for removal of
unreacted monomer and solvent which are recycled to feed. The polymer is extruded,
cooled, cut, and conveyed to storage. ‘

1
Figure V-16 schematically illustrates the polystyrene manufacturing process. )
Using these processes, an average plant will produce 47,500 tons of polystyrene

annually. .
Feed Poly- '
Prepara- Phome] ieTiza= |Joem ;:;{:;r o fivtrusion|ompm P:it::
Solvent tion tion
Minersl 01l
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Rubher
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Pigure V-161 Polystyrene Manufacture
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D. Fmission Rates:

The feed preparation operation, the reactor vent, and the solvent recovery
operation are three major sources of hydrocarbon emissions from the polystyrene

manufacturing process. The hydrocarbon emissions from these sources are summarized
in Table V-25.(1)

TABLE V-25

HYDROCARBON EMISSIONS FROM POLYSTYRENE MANUFACTURE A

Hydrocarbon Emissions
~ (based on 5.4 tons/hr)

Type of Operation and Conttol % Control lbs/ton kg/mt lbs/hr kg/hr
Feed Preparation, Uncontrolled 0 1.3 .7 7.0 3.2
Feed Preparation, Incinerator 99 .013 .007 .070 .032
Reactor Vent, Uncontrolled 0 6.7 3.4 36.2 16.4
Reactor Vent, Incinerator 99 : .06 .034 .36 .16
Solvent Recovery, Uncontrolled { 0 3.7 1.9 19.9 9.0.
Solvent Recovery, Incinerator 99. .037 .019 .2 .090 ]

E. Control Equipment:

Control in the polystyrene industry is not extensive because reactive hydro-
carbon emissions are not substantial. The utilization of existing technology such
as flares and incinerators could significantly reduce the hydrocarbon emissions
associated with the production of polystyrene. Table V-25 shows the reduced hydro-
carbon emissions that could be attained by use of an incinerator or other combustion
device. »

F. New Source Perfcrmance Standards and Emission Limitations:

New Source Performance Standards (NSPS): No New Source Performance Standards
have been promulgated for polystyrene manufacture.

State Repulations for New and Existing Sources: Currently, hydrocarbon
emission regulations are patterned after Los Angeles Rule 66 and Appendix B-
type legislation. Organic solvent useage is categorized by three basic
types. .These are, (1) heating of articles by direct flame or baking with
any organic solvent, (2) discharge into thc atmosphere of photochemically
reactive solvents by devices that employ or apply the solvent, (also includes
air or hcated drying of articles for the first twelve hours after removal
from #1 type device) and (3) discharge into the atmosphere of non-photochemically
reactive solvents. For the purposes of Rule 66, reactive solvents are
defined as solvents of more than 20% by volume of the following:

1. A combination of hydrocarbons, alcohols, aldehydes,
esters, cthers or ketones having an olefinic or cyclo~
olefinic type of unsaturation: 5 per cent

2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethylbenzene:

8 per cent
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3. A combination of ethylbenzene, ketones having branched

hydrocarbon structures, trichloroethylene or tolune:
20 per cent

Rule 66 limits emissions of hydrocarbons according to the three process
types. These limitaticns are as follows:

Process 1bs/day & lbs/hour
1. heated process 15 ' 3
2. unheated photochemically reactive 40 8
3. non-photochenmically reactive : 3000 " 450

Appendix B (Federal Register, Vol. 36, No. 158 - Saturday, August 14,
1971) limits the emission of photochemically reactive hydrocarbons to 15 lbs/day
and 3 1lbs/br. Reactive solvents can be exempted from the regulation if the
solvent is less than 20% of the total volume of a water based solvent.
Solvents which have shown to be virtually unreactive are, saturated

halogenated hydrocarbons, perchloroethylene, benzene, acetone and cy-cgn—
paraffins.

For both Appendix B and Rule 66 type legislation, if 85% control has been
demonstrated the regulation has been met by the source even if the lbs/day
and 1lbs/hour values have been exceeded. Most states have regulations that
limit the emissions from handling and use of organic solvents. Alabama,
Conucciicut and Cliic huve wegulatdons patterned after Los Angeles Rule 606.
Indiana and lLouisiana have regulations patterned after Appendix B,
states such as North Carolina have an organic solvent r

patterncd aftexr both types of regulations.

Some
egulation which is

Table V-26 presents uncontrolled and controlled emissions and limitations for
polystyrene manufacture,
TABLE V-26

HYDROCARDON EMISSTONS AND LIMITATTIONS FROM
POLYSTYRENE MANUFACTURI

Hydrocarbon Emissions
(based on .

i . 5.4 tons/hr)  lLimitations31bs/hr/kp/hr
Type of Operation and Control % Control lbs/hr ka/hr Heated Unheated
Feed Preparation, Uncontrolled ) 0 7.0 3.2 3 1.4 8 3.63
Fecd Preparation, Incinerator 99 .070 .032 3 1.4 8 |3.63
Reactor Vent, Uncontrolled 0 36.2 16.4° 3 1.4 8 3.63
Reactor Vent, Incinerator 99 .36 .16 3 1.4 8 3.63
Solvent Recovery, Uncontrolled 0 19.9 9.0 3 1.4 8 3.63
Solvent Recovery, Incinerator 99 .2 .090 3 (1.4 8 [3.63

Point Source Compliance and Emissions Limitations: lydrocarbon emission
limitations arc not based on process weight. Polystyrene manufacture is a
relatively small process with an intermediate level of emissions. Table
V-26A presents the percent control required to comply with the 3 1bs/hour and
8 1lus/hour limitation.




(1)

(2)

(3)

TABLE V-26A
CONTROL REQUIRED FOR POLYSTYRENE MANUFACTURE

Process % Control Required For

Description 3 1lbs/hr 8 lbs/hr
Feed Preparation 57% 0%
Reactor Vent 927 . 67%
Solvent Recovery |- 857% 607%

Existing incinerator technology is adequate in controlling polystyrene hydro-
carbon emissions to within state regulations.

The Environment Reporter was used to ﬁpdate the emission limitations.

References:

The following references were used to develop the material in this section:

Pervier, J.W., R.C. Barley, D.E. Field, B.M. Friedman, R.B. Morris, W.A. Schwartz,
Survey Reports on Atmospheric Emissions from the Petrochemical Industry, Vol-

ume IV. Products and Chemicals, Inc. EPA Contract No. 68-02-0255. April,

1974.

Hedley, W.H. Potential Pollutants from Petrochemical Processes (Final Re-
port). Monsanto Research Corporation, EPA Contract No. 68-02-0226, Task
No. 9. December, 1973.

Analysis of Final State Implementation Plans, Rules, and Regulations. EPA
Contract 68-02-0248, July, 1972, Mitre Corporation.
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A, Source Category: V Chemical Process Industry

B. Sub Category: Printing Ink

C. Source Description:

There are four major classes of printing ink:

1. letterpress,

2. lithographic,

3. flexographic, and
4, rotogravure,

The first two are referred to as oil or paste inks, and the last two are
referred to as solvent inks. These inks vary in physical appearance, composition,
method of application, and drying mechanism., Although flexographic and roto-
gravure inks have many elements in common with paste inks, they differ because of
their very low viscosity and dry by evaporation of highly volatile solvents.

There are three steps in the manufacture of printing inks:

1. cooking the vehicle and adding the dyes,

2. grinding the pigment into the vehicle using a
roller mill, and ' '

3. replacing water in the wat pigment pulp by an
ink vehicle (commonly known as the flushing
process).

The ink "varnish" or vehicle is cooked in large kettles at 200° to 600°F
(930 to 3159C) for 8 to 12 hours, similar to the way varnish is made. The
pigment and vehicle are mixed in dough mixers or large agitated tanks. Grinding
is accomplished in three or five roller mills.

D. Emission Rates:

Vehicle preparation by heating is the largest source of hydrocarbon emissions
from ink manufacturing. At 350°F (1759C) the resins, drying oils, petroleum oils
and solvents decompose, and the decomposition products are emitted from the cooking
vessel. The emissions continue throughout the cooking process, reaching a maximum
just after the maximum temperature has been reached.

The quantity, composition, and rate of emissions from ink manufacturing depend
upon the cooking temperature and time, the ingredients, the method of introducing
additives, the degree of stirring, and the extent of air or inert glass blowing.

The hydrocarbons emitted by printing ink manufacturing processes are presented
in Table V-27,(1)5-1t4=2

E. Control Equipment:

liydrocarbon emissions from vehicle cooking are reduced by 90% with the use of
scrubbers or condensers followed by afterburners,(1)5:1%-1 The controlled hydro-
carbon emissions from printing ink manufacture are presented in Table V-27.




TABLE V=27

HYDROCARBON EMISSIONS FROM PRINTING INK MANUFACTURE

Hydrocarbon Emissions
% (based on 924 tons/yr)
Type of Operation and Control Control] 1b/ton [ ke/MT J1b/br | ke/hr
- |General Vehicle Cooking, uncontrolled 0 120 60 12.0 5.4
General Vehicle Cooking with Scrubber and After- 90 S 12 5.4 | 1.2 | = .54
burner ' ‘ ‘
011 Vehicle Cooking, uncontrolled 0 " 40 20 4.0 1.8
0il Vehicle Cooking with Scrubber and Afterburner 90 4 1.8 4 .18
Oleoresinous Vehicle Cooking, uncontrolled 0 150 75 15.0 6.8
Oleorcsinous Vehicle Cooking with Scrubber and 90 15 6.8 | 1.5 .68
Afterburner
Cooking of Alkyds, uncontrolled 0 160 80 16.0 7.3
Cooking of Alkyds with Scrubber and Afterburner 90 16 7.3 | 1.6 .73

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No New Source Performance Standards
have been promulgated for printing ink manufacture.

~ State Regulations for New and Existing Sources: Currently, hydrocarbon
emission regulations are patterned after Los Angelecs Rule 66 and Appendix B
‘type legislation. Organic solvent useage is categorized by three basic

types. These are, (1) heating of articles by direct flame or baking with

any organic solvent, (2) discharge into the atmosphere of photochemically
reactive solvents by devices that employ or apply the solvent, (also includes

air or heated drying of articles for the first twelve hours after removal

from #1 type device) and (3) discharge into the atmosphere of non-photochemically
reactive solvents. For the purposes of Rule 66, reactive solvents are

defined as solvents of more than 20% by volume of the following:

- 1. A combination of hydrocarbons, alcohols, aldehydes,
esters, ethers or ketones having an olefinic.or cyclo-
olefinic type of unsaturation: 5 per cent

2. A combination of aromatic compounds with eight or more .
carbon atoms to the molecule except ethylbenzene:
8 per cent

3. A combination of ethylbenzene, ketones having branched
‘hydrocarbon st1uctu1es,trlchloroethylene or tolune:
20 per cent

<
-Rule 66 limits emissions of hydrocarbons according to the three process
types. These limitaticng are as follows:
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Process 1bs/day & 1bs/hour

1. heated process : 15 3
2. unheated photochemically reactive 40 8
3. mnon-plhotochemically reactive : 3000 450

Appendix B (Federal Register, Vol. 36, No. 158 - Saturday, August 14,
1971) limits the cmission of photochemically rcactive hydrocarbons to 15 lbs/day
and 3 1lbs/hr. Reactive solvents can be exempted from the regulation if the
solvent is less than 207% of the total volume of a water based solvent.
Solvents which have shown to be virtually unreactive are, saturated
halogenated hydrocarbons, perchloroethylene, benzene, acetone and cy-cgn-~
paraffins.

For both Appendix B and Rule 66 type legislation, if 857 control has been
demonstrated the regulation has been met by the source even if the 1lbs/day
and lbs/hour values have been exceeded. Most states have regulations that
limit the cmissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B. Some
states such as North Carolina have an organic solvent regulation which is
pattrerncd aftexr both types of regulations. '

Table V-28 presents the uncontrolled and controlled hydrocarbon emissions and
limitations from printing ink manufacture,

TABLE  V-28

HYDROCARBON EMISSTONS AND LIMITATIONS FROM PRINTING INK MANUFACTURE

Hydrocarbon Emissions
% (bascd on 926 tons/vr)! Limitations" 1b/hr / kg/br
Tvpe of Operation and Ceatrol Control 1b/hr k/hr Heated jnheated
General Vehicle Cooking, uncontrolled [} 12,0 5.4 3 1.4 8 3.6
General Vehicle Cooking with Scrubber and Afterburner 90 1.2 .54 3 1.4 8 3.6
01! Vehtcle Cooking, uncontrelled 0 4.0 1.8 3 1.4 8 3.6
0i1 Vehicle Cooking with Scrubber and Afterburner 90 Wb .18 3 1.4 8 3.6
Olcoresinous Vehlele Cookling, uncontrolled 0 15.0 6.8 3 1.4 8 3.6
Olcoresinnus Vehicle Cooking with Scrubber and Afterburner 90 1.5 .68 k] 1.4 8 3.6
Cookiug of Alkyds, uncontreiled 0 16.0 7.3 3 1.4 8 3.6
f?uktng of Alkyds with Scrubber and Afterburner 99 1.6 .73 3 1.4 8 3.6

Potential Source Compliance and Emission Limitations: Hydrocarbon emissgion
limitations are not based on process weight., Printing ink manufacture controlled
by 90% with a scrubber and afterburner as presented in Table V-28 can meet these
limitations.
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The Environment Reporter was used to update emission limitations.

. G. References:

Literature used to develop the information presedted in this section on
printing ink is listed below:

. 1, Compilation of Air Pollutant Emission Factors (Second Edition), EPA
: Publication No. AP-42, April 1973.

2. Background Information for Stationary Source Categories, Provided by
EPA, Joseph J. Sableski, Chief, Industrial Survey Section, Industrial
Studies Branch, November 3, 1972,

Literature reviewed but not used specifically to develop this section
included the following:

3., Danielson, J. A., Air Pollution Engineering Manual (Second Edition), AP-40
Research Triangle Park, North Carolina, EPA, May 1973.

4, Analysis of Final State Implementation Plans -~ Rules and Regulations,
EPA, Contract 68-02-0248, July 1972, Mitre Corporation.

V-58




A. Source Category: V  Chemical Process Industry

B. Sub Category: Synthetic Fibers (Nylon)

C. Source Description:

Nylon is a "true" synthetic fiber, produced from the addition and other
polymerization reactions that form long, chain-like molecules.

The actual spinning process is conc_lucted in one of four ways:

l. melt spiﬂning, in which molten polymer is pumped through spinneret jets,
solidifying as it strikes the cool air;

2. dry spinning, in which the polymer is dissolved in an organic
solvent, and the resulting solution is forced through spinnerets;

3. wet spinning, in which the solution is coagulated as it
emerges from the spinneret; and

4, core spinning, the newest method, in which a continuous filament yarn
together with short-length "hard" fibers is introduced onto a spinning
frame so as to form a composite yarn. ‘

P. Emission Rates:

The major source of hydrocarbon emissions from the nylon manufacturing pro-
cess is drying of the finished fiber. These uncontrolled and controlled emissions
are shown in Table,V+29,(1)5519"1 : : ‘ : :

TABLE V-29

HYDROCARBON EMISSIONS FROM NYLON MANUFACTURE

‘Hydrocarbon Emissions
. . (based on 134,500 tons/yr)
Type of Operation and Control % Control lbs/ton | kg/mt 1bs/hr kg/hr
Fiber Drying, Uncontrolled 0 7 3.5 108 49
Fiber Drying, Carbon Adsorber* 95 0.35 0.18 5.4 2.4

E. Control Equipment:

Hydrocarbon emissions from the manufacture of nylon are not normally con~
trolled, but emissions can be reduced by 80-95%Z by adsorption on activated carbon.

Table V-29 shows thc controlled and uncontrolled hydrocarbon emissions from nylon
manufacture.
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F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No New Source Performance Standards
have been promulgated for synthetic fibers manufacture.

State Repulations for New and Ixisting Sources: Currently, hydrocarbon.
emission regulations are patterned after Los Angclcs'Rule 66 and Appc?dix B
type legislation., Organic solvent useage is catcgor;zed by three.b351? 1
‘types. These are, (1) heating of articles by direct flame or.baklng wiil
any organic solvent, (2) discharge into the atmosphere of phoLochem;ca -y_d .
reactive solvents by devices that employ or apply the solvent, (also includes
alr or heated drying of articles for the first twelve hours after rewoval 1
from {1 type device) and (3) discharge into the atmosphere of non-photochemically
reactive solvents. For the purposes of Rule 66, reactive solvents are
defined as solvents of more than 20% by volume of the following:

1. A combination of hydrocarbons, alcohols, aldehydes,
esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent

2. A combination of aromatic compounds with eight or more

' carbon atoms to the molecule except ethylbenzene:
8 per cent
3. A combination of ethylbenzene, ketones having branched

hydrocarbon structures, trichlorxoethylene or tolune:
20 per cent :

Rule 66 limits emissions of hydrocarbons according to the three process
types. These limitatione are as follows:

Process lbs/day & 1bs/hour
1. heated process 15 3
2. unheated photochemically reactive 40 8
3. non-photochemically reactive : 3000 450

Appendix B (Federal Register, Vol. 36, No. 158 - Saturday, August 14,
1971) limits the emission of photochemically reactive hydrocarbons to 15 1lbs/day
and 3 1bs/hr. Reactive solvents can be exempted from the regulation if the
solvent is less than 20% of the total volume of a water based solvent.
Solvents which have shown to be virtually unreactive are, saturated

halogenated hydrocarbons, perchloroethylene, benzene, acetone and c)-cgn-
paraffins, ' )

For Loth Appendix B and Rule 66 type legislation, if 85% control has been
demonstrated the regulation has been met by the source even if the 1lbs/day
and 1bs/hour values have been exceeded, Most states have regulations that
limit the emissions from handling and use of organi¢ solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B. Some
States such as North Carolina have an organic solvent regulation which is
patterned after both types of regulations. '
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Table V-30 presents uncontrolled and controlled emissions and limitations from
nylon manufacture,

TABLE V-30

HYDROCARBON EMISSIONS AND LIMITATIONS FROM NYLON MANUFACTURE

Hyirocarbon Emissions ]
(based on 134,500 tons/yr) |Limitations3lbs/hr/kg/hr
Type of Operaticn and Control % Control los/br ky/br lleated’ Unheated
Tiber Drying, Uncontrolled 0 108 49 3 J1.36] 8 | 3.63
Fiber Drying, Carbon Adsorber 95 5.4 2.4‘ 3 1.36 8 3.63

Potential Source Compliance and Emission Limitations: Hydrocarbon emission
limitations are not based on process weight, and large processes such as nylon
manufacture require tight contrel to meet the limitations. A nylon manufacturing
process producing 134,500 tons/year requires 97% control to meet the 3 lbs/hr
limitation, and 93% control to meet the 8 lbs/hour limitation. Existing carbon
adsorption control techneliogy is borderline to accomplish these high countrol
efficienciess but a direct flame afterburner could meet existing regulations.

The Environment Reporter was used to update the emission limitations.

G. References:

The following references werc used to develop the preceding discussion on
nylon manufacture: ‘

(1) Compilation of Air Pollutant Emission Factors (Second Edition).
lication No. AP-42. April, 1973.

EPA. Pub-

(2) Hedley, W.H. Potential Pollutants from Petrochemical Processes (Final Report).
Monsanto Research Corporation. EPA Contract No. .68-02-0226, Task No. 9.
December, 1973.

(3) Analysis of Final State Implementation Plans, Rules and Regulations, EPA,
Contract 68-02-0248, July, 1972, Mitre Corporation.

Another reference consulted but not directly used to develop this discussion
included: ’

(4) "Man-made Fibers:
May 31, 1971.-

On the Road to Recovery." Chemical Engineering News.
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A. Source Category: V Chemical Process Industry

B. Sub Category: Varnish

C. Source Description:

Varnish is a clear coating produced by chemical reactions at elevated
temperatures. Originally, all varnishes were made from naturally occurring
material and were defined as a homogeneous solution of drying oils and resins
in organic solvents. As new resins were developed, the varnishes were clas-
sified on the basis of the resins used. A general definition of varnish is an
unpigmented coating consisting of resins, oils, thinners, and dryers, and drys
by evaporation of the solvents and by oxidation and polymerization of the re-
maining constituents.

There are two basic types of varnishes, spirit varnishes and oleoresinous
varnishes. Spirit varuishes are formed by dissolving a resin in a solvent and
drying by evaporation of the solvent. Oleoresinous varnishes are solutions »f
both oils and resins which dry by solvent evaporation and by reaction of the non-
volatile liquid portion with oxygen in the air to form a solid film.

The varnish manufacturing process includes the following steps:

1. cooking 4. filtering 7. testing
2, thinning : 5. storing 8. wpackagiup
3. mixing ‘ 6. .aging

The cooking process is the most important step in any varnish-making opera-
tlon, for it is during this step that the following processes occur:

depolymerization of resins and oils,

bodying of natural and synthetic oils,

melting of materials,

esterification of resins, anhydrides or oils with polyhydric alcohols,
isomerization of oils,

preparation of alkyl resins,

purification of the resins.

.

~N o LN
N

Varnish is cooked in open or enclosed gas-fired kettles for periods of
4 to 16 hours at temperatures of 200 to 650°F (93 to 340°C) depending upon the
particular batch being processed. The average plant produces 280 tons of varnish
per year. Figure V-17 shows a typical varnish cooking room.

D. Emission Rates:

The cooking and thinning operations are the major sources of emissions in

the varnish manufacturing process. The average batch starts to release vapors at
about 350°F (177°C) and reaches its maximum rate of release at approximately the
same time the maximum cooking temperature is reached. Obviously, the open kettle
allows the vaporized material to be emitted to the atmosphere more than the closed
kettle operations. The addition of solvents and thinners during the cooking pro-
cess also results in the emission of hydrocarbons to the atmosphere, especially

if the thinning process is carried out in open tanks. In general, the vapors re-
leased by the cooking and thiuning operatioans include:
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Figure V-17: -Typical Varnish Cooking Room

1, low-melting temperature constituents of natural gums,
synthetic acids, and rosins,

2. thermal decowposition and exidation products volatilized
during bodying of oils, and

3. volatile thinners.

The uncontrolled and controlled hydrocarbon emissions for varnish manufacturing -

are shown in Table V-31.(2)5.10-2

TABLE V-31

HYDROCARBON EMISSIONS FROM VARNISH MANUFACTURING

Hydrocarbon Emissions
(based on 280 tons/yr)

Type of Operation and Control . % Control 1bs/ton kg/mt 1bs/hr kg/hr
Mixing and Cooking, uncontrolled 0 _ 370 185 11.8 5.35
Mixing and Cooking, with incinerator 99 3.7 1.85 A2 .05

E. Control Equipment:

¢
The varnish industry controls emissions because of economic reasons. Equipment
used by the industry to reduce process emissions include scrubbers, absorbers, ad-
sorbers, and afterburners. Sublimation and solvent reformulation are also practiced.
Incineration of organic gases is one certain method for elimination of organic com-
pounds and theilr associated odors. Catalytic oxidation has also been used with some
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success In controlling hydrocarbon emissions from varnish-making operations.
Table V-31 shows the controlled and uncontrolled hydrocarbon emissions for
varnish-making plants.

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No '"New Source Performance
Standards" have been promulgated for varnish manufacture.

. State Regulations for New and Existing Sources: Currently, hydrocarbon
emission regulations are patterned after Los Angeles Rule 66 and Appendix B
type legislation. Organic solvent useage is categorized by three basic
types. These are, (1) heating of articles by direct flame or baking with
any organic solvent, (2) discharge into the atmosphere of photochemically
reactive solvents by devices that employ or apply the solvent, (also includes
air or heated drying of articles for the first twelve hours after removal
from #1 type device) and (3) discharge into the atmosphere of non-photochemically
reactive solvents. For the nurposes of Rule 66, reactive solvents are
defined as solvents of more than 207 by volume of the following:

1. A cowbination of hydrocarbons, alcoliols, aldchydes,
esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent

2. A combination of aromatic compounds with eight or more
carben atoms te the molecule oxcept cthylbenzene:

8 per cent
3. A combination of ethylben7ene ketones having branched

hydrocarbon stlucLu1es trichloroethylene or tolune:
20 per cent

Rule 66 limits emissions of hydrocarbons according to the three process

types., Thase limitaticne are as follows:
Process 1bs/day & 1lbs/hour
1. heated process 15 3
2, unheated photochemically reactive 40 8
3. non-photochemically reactive : 3000 450

Appendix B (Federal Register, Vol. 36, No. 158 - Saturday, August 14,
1971) limits the emission of photochemically reactive hydrocarbons to 15 lbs/day
and 3 1lbs/hr. Reactive solvents can be exempted from the regulation if the
solvent is less than 20% of the total volume of a water based solvent.
Solvents which have shown to be virtually unrcactive are, saturated

halogenated hydrocarbons, perchloroethylene, benzene, acetone and cy-Cgn-—
paraffins.

For both Appendix B and Rule 66 type legislation, if 85% control has bceen
demonstrated the regulation has been met by the source even if the 1bs s/day
and 1lbs/hour values have been exceeded., Most states have regulations that
limit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B.  Some
states such as North Carolina have an organic solvent regulation which is
patterned after both types of regulations.
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Table V=32 presents uncontrolled and controlled emissions and limitations
for wvarnish manufacture,

TABLE V-32

HYDROCARBON EMISSIONS AND LIMITATIONS FROM VARNISH MANUFACTURING

Hydrocarbon Emissions _
_Type of Operation o (based on 280 tons/hr) Limitations"“1bs/hr/kg/hr
and Control ' % Control 1bs/hx kp/hr _heated | unheated .

Mixing and Cooking,
Uncontrolled 0 11.8 5.35 3 1.36 8 3.63

. Mixing and Cooking,
with Incinerator 99 12 .05 3 1,36 8 3.63

Potential Source Compliance and Emission Limitations: Hydrocarbon emission
limitations are not Lased on process weight, and small processes such as varnish
manufacture, while relatively heavy emitters in general, are fairly small processes.
The typical 280 ton/year varnish manufacturing operation need only maintain 75%
control to maintain compliance with the 3 1bs/hr limitation. Existing technology
is adequate for varnish manufacture to meet existing emission limitations for a
280 ton/yecor operction.

The Environment Reporter was used to update the emission limitations.

G. References:
The following references were used to develop the material in this section:

(1) Compilation of Air Pollutant Emission Factors (Second Edition). EPA, Publica-
tion No. AP-42. April, 1973.

(2) Control Techniques for Hydrocarbon and Organic Solvent Emissions from Station-

ary Sources. U.S. Department of Health, Education, and Welfare. National
Air Pollution Control Administration Publication No. AP-68. March, 1970.

(3) Background Information for ‘Establishment of National Standards of Performance
for New Sources. Paint and Varnish Manufacturing, Walden Research Corporation.
EPA Contract No. EPA 70-165, Task Order No. 4. October, 1971.

(4) Analysis of Final State Implementation Plans, Rules and Regulations. EPA
Contract 68-02-0248. July, 1972, Mitre Corporation.

Also consulted but not directly used to develop the foregoing discussion on
varnish-making processes was:

(5) Air Pollution Control Engineerihg,and Cost Study of the Paint and Varnish
Industry. Air Resources, Inc. EPA Contract No. 68-02-0259. June, 1974
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A, Source Catepory: V  Chemical Process Industry

B. Sub Category: Synthetic Resins (Phenolic)

C. Source Description:

Phenolic resins find application as molding materials, as laminates, and as
binders in plywood manufacture. Phenolic resins are produced by a condensation
reaction between phenol and formaldehyde in an acid medium. The use of a molar
ratio of slightly less than 1:1 results in linear polymers that can be cross-
linked by the action of hexamethylene tetramime. The condensation reaction takes
place in a steam-jacketed, stainless steel, or clad kettle. After about 12 hours,
the reaction is arrested by neutralization of the alkaline catalyst with sulfuric
acid. The reaction is shown below:

OH OH OH
§ H‘ i . )
4 +  Sc=o0 BXu owp o N—cmy CHa
| H 3 |
\ s N\ \ S
_ CH> CH>
Phenol Formaldehyde Phenolic resin

Approximately 1800 pounds of phenol and 1500 pounds of 40 percent formalde-
hyde are used per ton of product made. Alternate reactants include meta-cresol,
rescrcinol, and xylenols. Yields are 90 percent or better, with the. average
plant producing six tons per hour.

D, FEmission Rates:

The production unit or clad kettle is the primary source of atmospheric pol-
lutants from phenolic resin manufacture. During the polymerization reaction,
pollutants escape through the condenser, vacuum line, sample ports, and vents.
When the reactions become too exothermic, a mixture of the hydrocarbons used in
the production of the resins is vented through the safety blow-offs. Table V-33
presents uncontrolled and controlled hydrocarbon emissions from synthetic resins
manufacture. o ' ' ' '

TABLE V-33

HYDROCARBON FMISSIONS FROM PHENOLIC RESTN MANUFACTURE

Type of ltydrocarbon_Fmissions (Based on 52,560 tons/yr)
Operation and Control #f Control 1lbs/ron kg /MT )bs/hr ka/hr
Production Unit, Uncontrolled 0 7.5 3.8 45 20.41
Production Unit, With Flare 99 .075 .038 45 .20

E. Control Iquipment:

Hydrocarbon emissicns from the production unit are best controlled by use of
an incinerator or a flare, with efficlencles approaching 99 percent. The con-
trolled and uncontrolled emissions from this source are shown in Table V-33.
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F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No "New Source Performance Standards'
have been promulgated for synthetic resins manufacture.

State Regulations for New and Existing Sources: Currently, hydrocarbon
emission regulations are patterned after Los Angeles Rule 66 and Appendix B
type legislation. Organic solvent useage is categorized by three.basic
types. These are, (1) heating of articles by direct flame or baking with
any organic solvent, (2) discharge into the atmosphere of photochemically
reactive solvents by devices that employ or apply the solvent, (also includes
air or heated drying of articles for the first twelve hours after removal
from fi1 type device) and (3) discharge into the atmosphere of non-photochemically
reactive colvents. For the purposes of Rule 66, reactive solvents are
defined as solvents of more than 20% by volume of the following:

- 1. A combination of hydrocarbons, alcohols, aldehydes,
esters, ethers or ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent

2. A combination of arpmatic compounds with eight or more
carbon atoms to the molecule except ethylbenzene:
8 per cent

3. A combination of ethylbenzene, ketones having branched
hydrocarbon structures, trichloroethylene or tolune:
20 per cent Co

Rule 66 limits emissions of hydrocarbons according to the three process
types. Thzase limitationc are as follows:

Process 1bs/day & 1lbs/hour
1. heated process 15 3
2. unheated photochenically reactive 40 8
3. non-;p110t0c11emically reactive ¢ 3000 450

Appendix B (Federal Register, Vol. 36, No. 158 - Saturday, August 14,
1971) limits the emission of photochemically reactive hydrocarbons to 15 lbs/day
and 3 1bs/hr. Reactive solvents can be exempted from the regulation if the
solvent is less than 20% of the total volume of a water based solvent.
Solvents which have shown to be virtually unreactive are, saturated
halogenated hydrocarbons, perchloroethylene, benzene, acetone and cy—-Cgn~’
paraffins.

For both Appendix B and Rule 66 type legislation, if 85% control has been
demonstrated the regulation has been met by the source even if ‘the 1bs/day
and 1lbs/hour values have been exceeded. Most states have regulations that
limit the ewissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B. Some
states such as North Carolina have an organic solvent regulation which is
patterned after both types of regulations. '
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Table V-34 presents controlled and uncontrolled emissions and limitations for
phenolic resin manufacture.

TABLE V-34

HYDROCARRON EMISSIONS AND LIMITATIONS FROM PHENOLIC RESIN

Hydrocarbon Emissions

Type of ' (Based on 52,560 tons/yr) limitations" 1bs/hr/ke/hr
Operation and Control % Control lbs/hr kp/hr . Heated Unheated
Production Unit, Uncontrolled 0 45 20.4 3 ['1.36] .8 |[3.63

Production Unit, with Flare 99 4S5 .20

3 1.36 8 |[3.63

Potential Source Compliance and Emission Limitations: Hydrocarbon emission
limitations are not based on process weight. Phenolic resin manufacture typically
has relatively large process weights and a relatively limited emission. For
phenolic resin manufacture to be in compliance with the 3 lbs/hr and 8 1lbs/hr
limitation, flare control efficiencies of 937% and 82% respectively, must be
maintained. Existing control technology is adequate for phenolic resin
manufacture to be in compliance with state regulations.

The Environment Reporter was used to update emission limitations.

G. References:

The literature used to develob the discussion on phenolic resins is listed be-
low:

(1) Hedley, W.H., Potential Pollutants from Petrochemical Processes, (Final
'Report), Monsanto Research Corporation, EPA Contract No. 68-02-0226, Task
No. 9, December, 1973. '

(2) Hahn, A.V.G., The Petrochemical Industry, McGraw-1ill Book Company, Inc.,
New York, 1970.

(3) YHopper, T.G., Impact of New Source Performance Standards on 1985 National
Fmissions from Stationary Sources, Volume 1I, (Final Report), The Research
Corporation of New England, EPA Contract No. 68-02-1382, Task No. 3, Octo-
ber, 1975.

(4) Analysis of Final State Implementation Plans--Rules and Regulations, EPA,
Contract 68-02-0248, July, 1972, Mitre Corporation.

Two additional sources were consulted but not directly used to develop the ma-
terial presented in this section.

(5) Fallwell, W.F. "Phenolic, Urea Resins Demand Losing Steam," Chemical and
Fngineering News, August 13, 1973.

(6) '"Acrylonitrile-Butadiene-Styrene (ABS) and Styrene-Acrylonitrile (SAN)
are Utilizing about 80 Percent of Their Capacity,'" Chemical and Engineer-
ing News, September 22, 1969.
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A. Source Category:

VI Food and Agricultural Industry

B. Sub Category: Beer Processing

C. Source Description:

The manufacture of beer from grain is a multiple-step process.
time the grain is harvested until the beer manufacturing process is complete
the following events take place at the brewery:

1.

melting of barley (softening of barley by
soaking in water followed by kiln drying),
addition of corn, grit, rice,

conversion of starch to maltose by
enzymatic processes,

separation of wort (liquid to be fermented)
from grain,

hopping (addition of cones of the hop
plant) and boiling of wort,

cooling of wort,

addition of yeast,

fermentation,

removal of settled yeast,

filtration,

carbovaiion,

aging, and

packaging. (2)6+571

This process is graphically detailed below:
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Figure VI-l: Beer Processing
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Most of the beer manufacturing process takes place with the raw or processed
materials in liquid form, :

D. FEmission Rate:

The manufacture of beer causes carbon dioxide, hydrogen, oxygen, and water
vapor to be discharged into the atmosphere. The hydrocarbon emission rate may
be approximated by assuming that 1 percent by weight of spent grain is emitted
as hydrocarbon. Assuming the grain loses 20 percent of its weight during the
manufacturing process, for every pound of spent grain, 1.25 pounds of raw grain
are required. Therefore, each 1.25 pounds of input discharges 0.0l pounds of

hydrocarbons. Based on the above, hydrocarbon emissions from beer processing
are detailed below:

TABLE VI-1

HYDROCARBON EMISSTONS fROM BEER PROCESSING

Hydrocarbon Fmissions(?)
% (16.1 tons/hour)
Type of Operation and Control Control 1b/ton kg/ton 1b/hr | kg/hr
Beer Processing, Uncontrolled ] 2.63 1.32 42.3 19,2
Beer Processing, Incineration 99 0.0263 0.0132 42 0 .19

E. Control Equipment:

The major hydrocarbon emission is ethyl alcohol and is controlled by incin-
eration or absorption.

There is a limited quantity of ethyl alcohol from a typical processing

plant, Incineration is accomplished by introducing ethyl alcohol fumes into a
boiler air supply or by passing the fumes through an afterburnelr.(z)”l'183

F. New Source Performance Standards and Regulation Limitations:

New Source Performance Standards (NSPS): No new source performance standards
have been promulgated for the beer processing industry.

State Regulations for New and Existing Sources: Currently, hydrocarbon
emission regulations ave patterned after Los Angcles.Rule 66 and Appe?dix B
type legislation. Organic solvent useage is categorized by three.b351?_
types.. These are, (1) heating of articles by direct flame or baking with
any organic solvent, (2) discharge into the atmosphere of photochemically
reactive solvents by devices that employ or apply the solvent, (also includes
air or heated drying of articles for the first twelve hours after removal
from #1 type device) and (3) discharge into the atmosphere of non-photochemically
reactive solvents. For the purposes of Rule 66, reactive solvents are
defined as solvents of more than 20% by volume of the following:
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1. A combination of hydrocarbons, alcohols, aldchydes,
esters, cthers or Ketones having an olefinic or cyclo-
olefinic type of unsaturation: 5 per cent

2. A combination of aromatic compounds with eight or more
carbon atoms to the molecule except ethylbenzene:

8 per cent
3. A combination of cthylbcn7ene, ketones hav:ng branched

hydrocarbon structures, trichloroethylene or tolune:
20 per cent : : ' '

Rule 66 limits emissions of hydrocarbons according to the three process
ione

types. Thase limitations are as fellows:
Process 1bs/day & 1lbs/hour
1. heated process 15 3
2. unheated photochemically reactive 40 8
3. non-photochemically reactive : © 3000 . 450

- Appendix B (Federal Register, Vol. 36, No. 158 - Saturday, August 14,
1971) limits the cemission of photochemically reactive hydrocarbons to 15 lbs/day
and 3 1lbs/hr. Reactive solvents can be exempted from the regulation if the
solvent is less than 207 of the total volume of a water based solvent.
Solvents which have shown to be virtually unreactive are, saturated
hatlogenated hydrocarbons; perchlorocthylenc, benzene, acetone and cy-chn-—
pavaffins. 4 '

For both Appendix B and Rule 606 type legislation, if 85% control has been
demonstrated the regulation. has been met by the source even if the 1lbs/day
and 1bs/hour valuecs have been exceeded. Most states have regulations that
limit the emissions from handling and use of organic solvents. Alabama,
Connecticut and Ohio have regulations patterned after Los Angeles Rule 66.
Indiana and Louisiana have regulations patterned after Appendix B, Some
states such as North Carolina have an organic solvent repulation which is
patterned after both types of regulations.

Iable VI-2 presents uncontrolled and controlled emissions and limitations
for beer processing.

TABLE VI-2

HYDROCARBON EMISSIONS FROM BEEFR PROCESSING

Hydrocarbon Emissions Hydrocarbon Limitations
% (based on 16.1 tons /hour) Ibs/hv kg /hae
Type of Operation and Control Control Ihs7hy ke /he Heated Unheated
Beer Processing, Uncontrolled 0 42,3 19.2 3/1.4 8/3.6
BPeer Processing, Incineration 97 42 .19 3/1.4 8/3.6
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Potential Source Compliance and Emission Limitations: Hydrocarbon emission
limitations are not based on process weight, but large processes such as beer
processing can be controlled with incineration to meet emission limitations as
described in Section D. For be