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This document constitutes a general reference on the sources 


of volatile organic emissions, applicable control techniques, 

\ 

and the impacts resulting from control application. It is 


required through Section 108(b) of the Clean Air Act, as amended, 


and is intended primarily to be used by State and local air 


pollution control engineers. 


CHARACTERIZATION OF VOLATILE ORGANIC EMISSIONS 

For purposes of this document, a volatile organic compound (VOC) 

is any organic compound that, when released to the atmosphere, 

can remain long enough to participate in photocnemical reactions. 


The predominant fraction of the VOC burden are compounds which .. 

evaporate rapidly at ambient temperatures. Almost all organics 


which can be considered VOC have vapor pressures greater than 

0.1 mm Hg at standard conditions (20°c, 760 m Hg). S o ~ e  volatile 
organics are toxic by themselves and nearly all react photochenically 


in the atmosphere to produce ozone and other oxidants. Oxidants 

have been associated with a variety o f  adverse health and welfare 


effects. Therefore, volatile organic emissions are an inportant 


concern in air pollution control. 

.The following table gives 1977 estimates of nationwide volatile 


crganic emissions for generalized source categories. 


Anthropogenic Sources of Volatile Organics 


Source 


Storage, Transportation, and 

Xarketing of Petroleum Products 


0rgani.c Chemical Manufacture -
~naustxial Surface Coating 

Non-Industrial Surface Coating 

Other Solvent Use 

Other Industrial Processes 

Xiscellaneous Sources 


Total from Stationary Sources 




Estimated Emissions 

Source Gg/yr ( lo3  ton/yr) 

Highway V'ehi-cles 

Off-Highway Vehicles 

Rail 

Aircraft 

Vessels 


Total Mobile Sources 

Total Nationwide Emissions 


As can be derived from the table, about 60 percent of volatile 

organic emissions are from stationary sources and 40 percent from 

mobile sources. Nationwide emissions have shown only a small 

decrease from the 1970 estimated level of 29,700 Gg/yr 

(32.7 x lo6 tons/yr). 


CONTROL TECHNIQUES 


The three methods commonly employed to reduce organic 

emissions are: 


1. Installation of add-on control equipment to recover or 


destroy off-gas pollutants. 


2. Substitution of less photochemically reactive materials. 

3 .  Incorporation of process and/or raw material changes to 

eliminate or reduce pollutant generation in the process. 

Of all add-on control techniques used for volatile organic 


emissions, five are widely used in a variety of applications. 

These five are: incineration, adsorption,, absorption, condensation, 

and flaring. 


INC INERATION 


Incineration is the technique most universally applicable to 

sources of volatile organics. Incinerators destroy pollutants ,.; 
through thermal or catalytic oxidation and control efficiencies 

may approach 100 percent. Pollutant streams not capable of sustking 

combustion may require additional fuel. Fuel costs can be at least 


partially offset by employing various methods of heat recovery. 
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PREFACE 


This is the second edition of the department of Health, 


Education, and Welfare document entitled "Control Techniques for 


Hydrocarbon and Organic Solven~ Emissions from Stationary Sources 

I. 
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National Air Pollution Control Administration. The second edition 


has been substantially modified from the original and has been retitled 


Control Techniques for volatile Organilc Emissions from Stationary 


Sources.t I  
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Incineration has been successfully applied to aluminum chip dryers, 

petroleum processing and marketing operations, animal blood dryers, 


automotive brakeshoe debonding ovens, citrus pulp dryers, coffee 


roasters, wire enameling ovens, foundry core ovens, meat smokehouses, 

paint-baking ovens, varnish cookers, paper printing and impregnating 

installations, pharmaceutical manufacturing plants, sewage disposal 


plants, chemical processing plants, and textile finishing plants. 


ADSORPTION 


Control of volatile organics by adsorption is ac.complished through 

use of a highly porous solid material called the adsorbent. Adsorption 


occurs primarily in two ways: (1) physical adsorption, in which 

L 

van der Waal's forces attract and hold gas molecules to the 


adsorbent surface, and (2) chemical adsorption, in which gas molecules 

are chemically bonded to the adsorbent. Additionally, within the 


capillaries of the porous solid, surface adsorption is supplemented 

by capillary condensation. The adsorbent is most commonly regenerated 


by stripping the organics into a stream of easily condensible gas such 

as steam. 


Activated carbon is a widely used adsorbent for volatile organics 

control. Carbon adsorption is usually more economical than incineration 


for the control of organics in concentrations below 100 ppm. Depending 


on the application, carbon adsorption efficiencies can be well in 


excess of 90 percent. In addition, this control technique offers 

recovery of adsorbed organics which can be recycled to the process 

or used as fuel. Recovery and reuse is gaining importance as 

the price of petrochemicals rises. 


Adsorption has been used successfully in organic chemical 

processing, varnish manufacture, synthetic rubber manufacture, 


production of selected rubber products, pharmaceutical processing, 

graphic arts operations, food production, dry cleaning, synthetic . . .  
fiber manufacture, and some surface coating operations. 


ABSORPTION 


Absorption is the process in which pollutants in an exhaust gas 

are se1ect:ively transferred to a liquid solvent. Absorption may 

be purely physical (organics simply dissolve in the absorbent) &r 

chemical (organics react with the absorbent or with reagents dissolved 




in the absorbent). The'generally low organics concentration of 


exhaust gases require long contact times and lsrge quantities of 


absorbent for adequate emissions control. Therefore, absorption is 


less desirable than adsorption or incineration, unless the absorSent 


is easily regenerated or can be used as a process make-up strean. 


Absorption has been used to control organic vapors and particulates 

in surface coating operations, waste handling and treatmeat placts, 


degreasing operations, asphalt batch plants, ceramic tile manufacturing 


plants, coffee roasters, chromium-plating units, petroleum 


coker units, fish meal systems, chemical plants, and varnish and 


resin cookers. 


For a two component vapor (where one component can be considered 


non-condensible), condensation occurs when the partial pressure 


of the condensible component equals vapor pressure. Condensers 

can operate in two ways: (1) at a given temperature, the condenser 

pressure is increased until one component condenses or (2) at a 


given pressure, the condenser temperature is reduced until one 


component condenses. Condensation is usually applied in combina~ion 


with other air pollution control devices. 


Condensers have been used successfully in bulk gasoline 

terminals, petroleum refining, petrochemical manufacturing, 

dry cleaning, degreasing, and tar dipping. 


FLARING 


Flares are external combustors that are usually employed as 

. . 

safety devices to incinerate waste gases from petroleum ref~nlcg azd 

petrochemical manufacturing. Flares are preferred when Lisposirr~ o f  

gas streams with sufficient heating value to sustain combusticn wi~hout 

. rsupplemental fuel. Gases containing organics are flared 11 :key 

have little recovery value or contain contaminants that m k e  r e c o v e r y  

unprofitable. 

Combustion of organics in a well. operated flare azy be 3ezrl;: 

complete. In typical i n s t a l l a t i o n s , h y d r o c a r b c n  rezoval efflcFsr,cLes 

of 99 percent have been obtained. 



SUBSTITUTION OF LESS PHOTOCHEMICALLY REACTIVE MATERIALS 


Another strategy to reduce ambient oxidant concentrations is to 

use materials that result in emissions of volatile organics with 

low photochemical reactivity. However, this strategy is no longer 


recommended because recent research indicates that nearly all 

volatile organics participate to some extent in photochemical 

reactions. Of the remaining organics that are only slightly or 

negligibly reactive, many are inherently toxic and some have been 

implicated in the destruction of the ozone layer. 


PROCESS AND/OR RAW MATERIAL CHANGES 


In certain manufacturing or processing operations, it may be 


possible to effect process or raw material changes that result in 

lower emission levels. For example, organic emissions from surface 

coating operations can be significantly reduced by replacing solvent- 

borne coatings with water-borne, .high solids, or powder coatings. 

There are many other examples of process and material changes. Most 
improve the efficiency of the operation, by improving yield or 

eliminating the need for add-on control equipment. 


CONTROL SYSTENS FOR INDUSTRIAL PROCESSES 


The following table summarizes emission control techniques for 

major stationary sources of volatile organics. 




--- X 

f'etl-ule~nn.and ~ l~cmica lProcess 
TnJtlstl-lcs ( c m  sources) 

I-' 

l'ctrolemn Refining 

CONTROL TECHNIQUES SUblblARY 

Emisslon Sources 

Cooling towers valves, flanges, p m p  and 
canpressor seais, pressure rel ief  devices 

Canpressor engines 

Wastewater drainage and t r e a m t  systems 

E l  ind cllanging 

k m t r o l l e d  bl- 

Vacuum je ts  ' I  

. 
.
l 
, 

l . l 

Air Blowing 

Cracking caralys t regenera tion 

Chemical treating 

Blending operations 

Coking 

Process heaters, diesel  engines, heater 
treaters 

, . '  
Miscellaneous prpccss l e d a  

Control  Technlqucs 

Proper equipmlt maintenance, speedy leak 
repair, good lmusekeeping p r o s a w ,  leak 
detect ion programs 

Properly adjusted carbure tion 

Minimize water contamination, enclose water 
collection and treatnmt systans 

hmp out and water flush pipeline before 
changing, use double block and bleed valves 

Vent to integrated vapor recovery sys tm 

Vent to blawdown systan, incineration 

Scrubbing, incinerat ion 

C a r h  -oxide waste-heat boiler, 
incinerat ion i n  p rFess  heater, tug11 
tanperahre operation of regenerator 

Steam s t r ip  spent ~ e t e n i n g  solution 
and lncmerate strlqped organws , use + acid 
regeneration for acld recovery operations 

Floating roofs on blending tanks, in-line 
blenders 

Vent quench stream to b l d o w n  or  vapor 
recovery systan 

Proper operat ion and ma intcnance 

See "Petroleirm and Cliemical l'rocess 
Industries" 



CONTROL TECHNIQUES SUMMARY (continued) 


d 


Industry Emlsslon Sources Control Techniques 


Organic Ch&cals Fud tive &ssions See Tetrolem and Chanical Process 
Industries" 


Incineration, scrubbing, adsorption, 

condensat ion 


Storage Tardrs Fixed roof tanks (low volatility liquids) Internal floating roofs, vapor recovery 
systens 


storage tanks (medium volatility liquids) Vapor recovery systems, increased internal 
tank pressure 


Storage tanka (high volatility liquids) Momally pressure tanks are used, no 
need for hrther control 


Petrolem Transportation and Ship and Barge Terminals 
Marketing Systans a) loading 
 Slow initial loading, fast bulk loading, and 


slaw final loading; vent vapor at sea; 
vapor recovery 


b) ballasting Qllick unloading; strip residual product 

f m  anpty tank; vapor recovery 

Tank truck, rail car, and senrice station Modified loading techniques, vapor recovery 

loading balance systm 


Vehicle refueling "Balance" vapor control, "vacuum assist" 

vapor control, hybrid systan 


-

Fugitive emissions, process vents See Organic Chenicals 
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CONTROL TECHNIQUES SLJMElARY (continued) 
. .  , 

Cont ro l  Techniques 

Paint : grinding and thinning operations Afterburners, condensers, and scrubbers 

Varnish: cooking and thinning Integral condensers, scrubbers, absorbers, 
a r b a n  adsorbers , a£ terburners ,.% .  

re fomla t ion  of solvents, sublmaticn 

Scrubber or  condenser followed by afterburner, 

Surface Coating Coating application, coating drying *Add-on controls : carbon adsorbers , 
incinerators, condensers, scrubbers. 

.Process an$ material change?.; electrostatic 
spray coatmg, elecftudeposltlm, electron 
beam curmg, u l t r a ~ o l e t  curing, and 
coating refomlat ion.  

r. Kubber a d  Rubber I'roducts Synthetic rubber: nawmer and solvent Inchera tors, condensers, and absorbers 
recovery, product drying I I 
Rubber p r h c  ts: caqmunding, extrusion, Refomla  ti?, .condensers, adsorbers, 
vulcanitat i6n absorbers, mclnerators I 

Reclaimed Rubber: reclaimtor,  Reclaimator: condensers, scrubbers 
devulcanizer : Devulcanizer: vcnturi scrubber followed 

by condenser 

F c m t o t{on : exlrac ting pro$&lres, Met scrubbers, carbon adsorbers , ozonators, 
f e ~ ~ t a t l o n ,solvent processmg and incinerators 
dry'ng I 

torsSpltl~esized drugs: d is t i l la t ion,  drying, Il~cinera 
filtration 

I Botanical Extract ions : solvent usage I Incinerators 



CONTROL TECHNIQUES SUMMARY (continued) 

I n d u s t r y  

Graphic Arts 

Stationary Fuel Canhsticn 

Metallurgical Coke Plants 

F@ , . Processing 
,.. _,.. ..-.-. .r. l . , .  l . . . , .  
.2 

Dry cleaning 
*PetrroL~mt Splvent-based 
Sys tan 

-.--.. 

Perchloroethylene-based 
systems - - -  
- - . -. - - . - - -- 

Emisslon Sources I Control  Techniques 

Solvent losses during drying I Incinerators, adsorbers, use lw solvent 
inks, use waterborne inks 

&king cycle 

Extemal wd internal canbustion devices 

Sealed charging, staged charging, aspiration 
by steam jet ,  wet scrubber 

F i l l  leaks in coke ovens 
I 

Inp- operating practice and equipnent 
&sxgm, good maintenance 

*Quenching 1 Use cl- water, use d r y  quench 

Petrochemical waste: b l a d a n ,  drainage, I Minimize waste generation, enclose 
process bottaim . I wastetlater systaos, good housekeeping 

Solid wabte , Incinerator 

Coffee roasting, alcoholic beverages, I Incinerator, carbon adsorption, .or 
flavors, fruit and vegetable proceesmg, spray contact condensers depending on the 
etc. I food produced 

Dryer, f i l t e r  m ~ l k  

Xr nu& treatment 

9 . 

Good housekeeping, carbon adsorber , 
use of regenerative f l l t e r s  and mck 
cookers , 

Good housekeeping, waste solvenf 
treatment, carbon adsorber , incinerator 
(last  tm techniques not yet applied by 
industry) 





1.0 INTRODUCTION 

* 

, In March 1970 the U.S. Environmental Protection Agency 
published Control Techniaues for Hvdrocarbon and Oreanic Solvent 


Emissions from Stationary Sources (AP-68) as one of a series of 

documents summarizing control techniques information for criteria 


air pollutants. Section 108 (b) of the Clean Air Act as amended in 

1977 instructs the Administrator to review and modify these con- 

trol techniques documents from time to time as appropriate: 


I! . . . the Adminisrrator shall, after-consul- 
tation with appropriate advisory committees 

and federal departments and agencies, issue 

to the States. and appropriate air pollution 

cotrt~ol agenckes in-formation on air pollution 

control techniques, which information shall in- 

clude data relating to the.'cost of installation 

and .operation, energy requirements, emission re 

duct-ion benefits, and environmental impact of 

the emission control technology. Such informa- 

tion shall include such data as are available 

on available technology and alternative methods 

of prevention and control of air pollution. 

Such information shall also include data on al- 

ternative fuels, processes, and operating 

methods which will result in eliaination or 

significant reduction of emissions." 


This document is the prescribed revision, incorporating new in- 


formation concerning control of hydrocarbons and other vapor @ 

phase organics which contribute to the formation of oxidants. 

...-.. 

This docment is intended primarily as a general refer- 
-. 
.encefor srate and local air pollution control engineers. 12 can 


- - be used to provide: 

(1) basic inforzacion on sources of oxidani precursors 

a d  control sf these sources. 
-

( 2  es:incces cf <:c~:roi costs, 2nd 

( 3 )  e s t ~ z a t ~ sof emission reductioiis achievable 

through control applicaticn. 




The cost curves presented i n  the text  are the r e s u l t  of 

averaging costs for  d i f fer ing  indus t r ia l  applications.  Therefore, 

costs derived from these curves are  rough estimates. Actual 
costs f o r  a pa r t i cu la r  ins t a l l a t ion  may vary. 

Because of the general nature of the  document, i t  should 

not be used as the basis  fo r  developing regulations or  enforcing 

them. Additional information fo r  spec i f ic  industr ies  may be 

available from EPA's Office of Air Quality Planning and Standards. 

The control techniques described i n  t h i s  document re- 

present a broad spectrum of information from many technical f i e l d s .  

The devices, methods, and principles have been developed and used 

over many years and are  constantly being revised and improved. 
They are  recommended as the techniques generally available t o  
control hydrocarbon and organic solvent emissions. 

The available control techniques vary i n  type, applica- 

t ion ,  effect iveness ,  and cost .  The bes t  technique f o r  control l ing 

organic emissions i s  t o  design equipment which completely o r  

e f f i c i e n t l y  u t i l i z e s  the processed mater ials .  Fai l ing t h i s ,  
control equipment can be used t o  reduce emissions. Operating 

pr inc ip les ,  design charac ter i s t ics ,  advantages, 'disadvantages, 

appl icat ions,  cos ts ,  and energy considerations f o r  control equip- 

ment and techniques are  described i n  Section 3.0. 

A number of indus t r i a l  processes a re  described 

individually i n  Section 4.0.  Emission characteris t i c s  f o r  each 

process a re  described. The control techniques t h a t  can be ap- 

p l i ed  to  remove the pol lutants  from each process a re  reviewed 

and compared. The proper choice of a method of control l ing 

emissions from a spec i f i c  source depends on some fac tors  other  
t 

than the source charac ter i s t ics .  No attempt i s  made here t o  



review all possible combinations of control techniques that may 

be required to completely eliminate a certain emission. 


The information included in this document is restricted 

to stationary sources. Information on control of volatile 

organic emissions from mobile sources is available from EPA's 

Office of Mobile Source Air Pollution Control in Washington, D. C. 


~aionwide emissions of volatile organics are presented 

in Section 2.0 together with discussions of photochemical oxidant 


. formation and trends in natima.1 air quality. The health -,' -effects associated with volari-le organics and secondary 

atmospheric reaction products - are considered in Air Quality . .-

Criteria for Ozone and Other Photochemical Oxidants which w i l l .  
be published by EPA in A p r i l ,  1978. 



2 . 0  CHARACTERISTICS OF VOLATILE ORGANIC EMISSIONS 
\\ 

2 . 1  Definitions 

The or ig ina l  AP-68 was t i t l e d  Control Techniques f o r  

Hydrocarbon and Organic Solvent Emissions from Stationary Sources. 

Hydrocarbons were defined as compounds containing only the elements 

hydrogen and carbon. "Organic solvents" was intended t o  include 

materials such as diluents and thinners which could contain 

oxygen, ni t rogen,  su l fu r ,  and halogens , i n  addition t o  carbon 
and hydrogen . 

There a r e  reasons fo r  replacing "Hydrocarbon and 

Organic Solvents" with "Volatile Organic Emissions" i n  the t i t l e .  
There has been some confusion i n  the  use of the term "hydro- 
carbons". In addition t o  being used i n  the most l i t e r a l  sense,  

the term "hydrocarbons" has been used t o  r e f e r  col lect ively t o  
a l l  organic chemicals . Some organics, which a re  photochemical 

oxidant precursors, a re  not hydrocarbons ( in  the s t r i c t e s t  def i -
n i t ion)  and a re  not always used as solvents.  Because of possible 

confusion and i n  an e f f o r t  t o  include a l l  organic emissions which 

might a f fec t  ambient a i r  qual i ty ,  the new document i s  t i t l e d  

Control Techniques f o r  Volatile. Organic Emissions from Stationary 
.. 

Sources. For purposes of t h i s  discussion, organic compounds 

include a l l  compounds of carbon except'carbonates, meta l l ic  
carbides,  carbon monoxide, carbon dioxide, and carbonic acid. 

A v o l a t i l e  organic compound (VOC) i s  any organic compound t h a t ,  

when released to  the atmosphere, can remain long enough to 

pa r t i c ipa te  in  photochemical reactions.  While there i s  no 

c lea r  l i n e  of demarcation between v o l a t i l e  and nonvolati le 

organics, the predominant f rac t ion  of the VOC burden a re  compounds 

which evaporate rapidly a t  ambient temperatures. Almost a l l  
organics which can be considered VOC have vapor pressures 
greater than 0.1 mm of Hg a t  standard conditions (20 '~  and 
760 mm Hg). 



- -  

A complete d i s c G s i o n  o f  t h e  nomenclature of  o rgan ic  .. 
compounds i s  beyond t h e  scope of  t h i s  work. Br ie f  mention of 

some of t h e  more common gener ic  nanes may be  b e n e f i c i a l ,  however. 
a Most common aromatic  compounds conta in  a benzene r i n g ,  a s i x  ca r -  
* .  

bon r i n g  wi th  t h e  equ iva len t  o f  t h r e e  double bonds i n  a resonant  
s t r u c t u r e .  I f  t h e  compound i s  not  aromatic ,  i t  i s  s a i d  t o  be 

a l i p h a t i c .  A l i p h a t i c  hydrocarbons inc lude  both s a t u r a t e d  and 
unsatura ted  compounds. Sa tu ra ted  compounds have a l l  s i n g l e  
bonds. Unsaturated compounds have one o r  more double o r  t r i p l e  
bonds. Halogenated compounds con ta in  c h l o r i n e ,  f l u o r i n e ,  bro-

mine, o r  iod ine .  Alcohols and phenols con ta in  a hydroxyl group 

(-OH). Ketones and aldehydes con ta in  a carbonyl group (',C = 0 ) .  

Acids conta in  a carboxyl ic  a c i d  group ( - c e o H ) .  E s t e r s  resemble 
carboxyl ic  a c i d s ,  having an o rgan ic  r a d i c a l ,  R ,  s u b s t i t u t e d  f o r  

*ohydrogen (-C ,OR) . The r e a d e r  may f i n d  more d e t a i l e d  i n f o m a t i o r .  
i n  a re fe rence  book.' 

-

Much resea rch  has been conducted concerning t h e  causes 
and e f f e c t s  of  photochenical  smog. I n v e s t i g a t i o n s  have revea led  
t h e  e x i s t e n c e  of a complex series of  chemical r e a c t i o n s  i n  t h e  

atmosphere which cause high levels o f  photochemical oxidant  

(mostly NO2 and ozone w i t h  smal le r  concent ra t ions  of  peroxy-
a c e t y l  n i t r a t e s  and othex peroxy compounds). The r e s u l t s  a r e  haze,  

damage t o  plant -.andanimal l i f e ,  damage t o  m a t e r i a l s  such zs  

rubber ,  and discomfort  and suspected  t o x i c  e f f e c t s  f o r  man. 
. -. 

Although sonie v o l a t i l e  organics  a r e  i n h e r e n t l y  t o x i c ,  o rgan ic  

emissions a r e  QOS t s i g n i f i c a n t  a s  a i r  p o l l u t a ~ t s  iz  t h e i r  r o l e  ... - . 

of photochemical oxidant  p r e c u r s o r s .  
-.. 

A very  s i q l e ,  mechanist ic  d e s c r i p t i o n  of  tie ciexLcal 

changes t ak ing  p lace  i n  the  atmosphere i s  shown i n  equarions 

1 through 4 .  

MO * 
Sunlight 

-i NO + 0 



In these chemical equations M i s  a th i rd  body (usually N , ,  0 2 ,  o r  

H20) s t ab i l i z ing  the molecule; R i s  an organic or inorganic r a d i c a l ;  
x = l , 2 ,  or 3 ;  and y = x-1. 

Reactions 1 thruugh 3 a re  very rapid and t h e i r  r a t e s  

a re  nearly equal. A t  steady s t a t e  conditions, ozone and NO a re  

formed and destroyed in  equal quant i t ies .  An equilibrium equation 

can be wri t ten re l a t ing  the  concentrations of 03 , NO, and N O 2  : 

This equation shows t h a t  any reaction which causes NO t o  be con-

verted to  N O 2  (equation 4) w i l l  cause high NO2 l eve ls  and high 

O 3  l eve l s .  

Hydroxyl and peroxy radica ls  a re  important atmospheric 

reactants  which convert NO to  N O 2 .  Hydroxyl rad ica ls  may reac t  with 
CO or an organic compound to  r e s u l t  i n  peroxy.radicals which, 

by react ing with NO,  cause high levels of Not and 03. Addition-

a l l y ,  some- organic compounds (nozably aldehydes) can photolyze 

i n  the  atmosphere t o  farm radica ls  which pa r t i c ipa te  i n  atmospheric 

reactions.  Some of the organic- rad ica ls  formed may reac t  with 

NOx t o  form nitrogenated organic pol lu tants ,  such as  PAN. 

The presence of highly react ive organic radica ls  can 
r e s u l t  i n  high oxidant leve ls  within a few nours. These materials 

may be carr ied downwind great  distances,  increasing oxidant levels  

downwind a t  a l a t e r  t i m e .  Recent research indicates  tha t  nearly 

a l l  v o l a t i l e  organics pa r t i c ipe te ,  a t  l e a s t  t o  some' ex tent ,  i n  

photochemical react ions.  



2.3  

Volati le organics o r  oxidant precursors are  emitted 

t o  the atmosphere from natura l  and man-made sources. Globally, 

natural  emissions appear t o  outweigh anthropogenic em5ssions. 

However, i t  i s  the high concentration of anthropogenic sources 

of vo la t i l e  organics together with N O ,  i n  urban areas which give  

r i s e  t o  the oxidant problem. And, transport  mechaaisrrs nay 

carry the oxidants formed in to  ru ra l  areas .  

It i s  conceivable tha t  natural  phenomena may contribute 

to  high oxidant leve ls .  It has been suggested that  terpenes emlc-

ted from heavily forested areas might ac t  as  precursors reacting 

with natural ly  occuring NOx and t ha t , s t r a tospher ic  ozone i n t r u -

sions might cuntribute to oxidant l eve l s .  Recent research re-

s u l t s  do not support these hypotheses, h ~ w e v e r . ~  
. . - ..- . - -. - -

I - -- - ' .  
Sampling and' Analytical Methods 

. , 

.. 

The open l i t e r a t u r e  contains much Lnfbrmation on 
sampling and analysis of  v o l a t i l e  organic emissions. The f o l -
lowing i s  a br ie f  review of the  subject ;  more detai led informa- 

t ion i s  avai lable .  - 2  ' 

The measurement method chosen must s a t i s f y  the in tent  

of the associated emission standard. No s ing le ,  p rac t i cz l  
measurement method currently ex i s t s  t h a t  can be generally nsed 

to  determine organic compound emissions i n  a l l  s i tua t lons .  

Source evaluation by emission measurement (col lect ing a d  

analyzing samples) can be applied wherever possible.  :!zterial 
balances can sometimes be used t o  indicate  the accuzacy of P e s e  

rneas~remencs. 

A measurerent strateg.1 m u s t  adckess s m p l l n g  iccarLcE, 

sample type,  col lect ion method, a ~ danalyt ical  n2thod.  TZle Iccz-

t ion  of the sampling point i n  the sampling p i m e  n u ;  5 e  t o x s l d e r e d .  



I f  no concentration gradient e x i s t s ,  t h i s  location i s  not c r i t i c a l .  

I f  there i s  such a gradient ,  more exacting methodologies must be 
used. They may involve traversing (03taining samples from the 
centroids of a number of equal areas within the cross-section) 

or the use of multiple probes or mul t ior i f ice  probes. 

Depending on the requirements of the emission standard, 

the  sample type may be e i the r  a grab (instantaneous) sample or 

an integrated sample. An integrated sample i s  collected a t  a 
r a t e  proportional to  the stack flow r a t e  for  a specif ied time 

period. Other measuremats may be necessary to  calculate  
emission r a t e s .  I f  the mass emission r a t e  i s  t o  be measured, 
simultaneous or near simultaneous measurements of stack flow 
r a t e  and v o l a t i l e  organics concentration are required. Unless 

the composition of the  stack gas mixture i s  known ( a i r ,  fior 
example) , i t s  molecular weight must be d e t e h n e d .  The condi- 

t ions under which the sample was taken and/or analyzed must be 

considered when converting reported values t o  standard condi- 

t ions . 
-

Several col lect ion methods a re  pa r t i cu la r ly  su i ted  t o  

v o l a t i l e  organic measurement. The col lect ion methods must be 

closely coordinated with the analy t ica l  methods. In  f a c t ,  

col lect ion methods and ana ly t i ca l  methods may best  be con-

sidered in tegra l  pa r t s  of the same operation. Adsorption methods 

may bemsed t o  co l l ec t  organics from a gas stream. Collected 

organics may be desorbed for  analysis w i t h  a solvent or  heat .  

Collection and desorption of the e n t i r e  range of organic com-
pounds can take place on several  types of supports. 

Another co l lec t ion  method i s  condensation of organics 

i n  a cold t r ap .  Grab samples can be col lected with e i t h e r  glass 
syringes o r  purge f l a sks .  Collapsible bags have been used t o  

- c o l l e c t  integrated gas samples f o r  several  years.  



1 

Another method of col lect ion i s  integrated d i rec t ly  with analy-

t i c a l  instruments. This technique minimizes the time between 

col lec t  ion and analysis.  The sample flows from the s tack through 

a sample conditioning ( interface)  system to  the detector .  The 

degree of complexity of  an interface system var ies .  Some simply 
t ransport  a portion of the stack gas from the stack t o  the  

analyzer. Others accomplish cooling or  heating, f i l t e r i n g ,  

drying, concentrating o r  d i lu t ing ,  and reacting the stack gas.  

Fugitive emissions sampling i s  usually con2ucted by 
enclosing the source. The enclosure i s  connected t o  a p u q ,  flow 

meter, and pressure measuring device. A grab sample i s  raken for 

-analysis. Some fugi t ive  emission sources such as open lagoons ,an&. 

AFI separators.  cannot prac t ica l ly  be enclosed. Fugitive etnli'ssi-ms 
..- ..from.these*smrhes a re  gemrally determined by material  balance, 

A portable'hydmcarbon. Saiffet may be..uSed t o  d&termine fugirlve. -
emission concenrrations -at a .  ce r t a in  distance fyon the sollrce. 

. '  . 

The analy t ica l  methods current ly  employed fo r  detec- 

t ing  hydrocarbon gases, e i t h e r  d i r e c t l y  or ind i rec t ly ,  are 

l imited t o  infrared spectroscopy, ionization spectroscopy, and 

mass spectrometry. Infrared analyzers may be used to  measure 

organics d i rec t ly .  They a l so  may be used to  measure carbon 
.>dioxide produced by oxidation of organics, which can the3 b e  

t ranslated inr6 an indi rec t  measurement of t o t a l  hydrocarbons. 
. .  . .  

Flame ionization detection i s  another method of 
organics analysis.  FID analyzers a re  almost universally cali- .-. 

brated i n  terns of a gas such as methane o r  hexane and t h e  out-

put read i n  ppm of carbon measured as methane or hexane. 

Gas chromatography i s  a method useful for  anslyzing 
gases for  spec i f ic  organic components or f o r  t o t a l  o r ~ a n L c-
content . A value for  t o t a l  nonmethane hydrocarbons can 5, 



2 . 4  

generated chromatographically by summing the individual concen-
t r a t ions  as they arc revealed by t h e i r  respective chromatogram 

peaks. Another approach is  t o  operate the chromatograph in  such 

a manner tha t  a l l  nonmethane hydrocarbons are  eluted simulta- 

neously from the column. One peak on the chromatogram then 
represents t o t  a1 nonme thane hydro carbons . 

Mass spectrometry i s  a useful ana ly t ica l  method when 

posi t ive ident i f ica t ion  of an organic component of a gas stream 

is  necessary. It may be used d i rec t ly  or  i n  conjunction with gas 

chromatography f o r  ease of in terpre ta t ion .  Components of the gas 

stream a re  categorized according t o  molecular weights. Another 

method of analysis i s  known as t o t a l  organic carbon analysis 

(TOC). Organic compounds map .be converted co COz and then ana-
lyzed with a flame funizatlon detector.  This method eliminates 

response differences due t o  different  types of organic molecules, 

but i t  is useful omly for  l i q u i d  samples. 

Emissions m d  Trends 

2.4.1 . Emissions Estimates 
- .  " - .. "  

An extensive list of volatile organf cs emissions f o r  
1977 i s  presented i n  T.able 2.4-1 and 2.4-2. These. emission 
f igures  were gathered by EPA from a number of documents and are 

presented i n  metric un i t s  and in English units. The numbers 
a re  considered representative of typica l  processes. Emissions 

from spec i f i c  i n s t a l l a t i o n s  may vary. More spec i f i c  inforna- 
t ion  on t h e i r  use may be found i n  the body of t h i s  repor t .  

2.4.2 Trends 

Nationwide v o l a t i l e  organic emissions estimates a re  

presented i n  Table 2.4-3 for  the years 19'20-1976. These 



TABLE SOURCES VOLATILE 


a

Source E s t i n a t e d  Emissions 

Gg/yr ( l o 3  +on /y r )  

PETROLEUM REFINERIES 
Refinery Fug i t ive  ( l e a k s )  
Miscellaaeous Sources 

a )  Process  Drains and Waste 
Water Separa to r s  

b) Vacuum Producing Systems 
c) Process Unit Turnaround 

STORAGE, TRANSPORTATION AND MARKETING 
OF PETROLEUM PRODUCTS 

O i l  and Gas Production F i e l d s  
Natura l  G a s  and Natura l  Gasoline 

Processing P l a n t s  
Gasoline and Crude OF1 Storage b 
Ship and Barge Trans fe r  of 

Gasoline and Crude O i l  
Bulk Gasoline ~ e r m i n a l s ~  
Gasoline Bulk p l a n t s d  
Serv ice  S t a t i o n  Loading (Stage I) 
Serv ice  S t a t i o n  Unloading (Stage 11) 

ORGANI c CHEMICAL MANUFACTURE^ 
Process Streams 
Storage and Handling 
Waste Disposal  
Fug i t ive  ( l eaks ]  

INDUSTRIAL PROCESSES 
P a i n t  Manufacture 24 (26)
Vegetable O i l  Processing IS (16)
Pharmaceutical Hanufacture 50 (55)
Rubber Products Manufacture 140 (150)
P l a s t i c  Products Manufacture no es t ima tes  a v a i l a b l e  
T e x t i l e  Polyners Manufacture no es t ima tes  avai'able 
Others  



TABLE 2.4-1 (Continued) 

a 
Source Estimated Emissions 

Gg/yr ( l o 3  eon/yr) 

INDUSTRIAL SURFACE COATING 
Large Appliances 
Magnet Wire 
Automobiles 
Can 
Metal Coi l s  
Paper 
Fabr ic  
Metal Furn i tu re  
Wood Furn i tu re  
F l a t  Wood Products 
Other Metal Products 
Others 

NON-INDUSTRIAL SURFACE COATING 500 (550) 
A r c h i t e c t u r a l  Coatings 320 (350) 
Auto Ref Fnishing 160 (175) 

OTHER SOLVENT USE 
Degreasing 
Dry Cleaning 
Graphic Arts 
Adhesives ... 
Cutback Asphalt Paving 
Other So l sen t  U s e  

-. 

...
OTHER MISCELLANEOUS SOURCES 

Fuel Combustion . -
Forest ,  A g r i c u l t u r a l ,  and Other - ..

Open Burning 
S o l i d  Waste Disposal  

TOTAL VOLATILE ORGANIC EmSSIONS 
FROM STATIONARY SOURCES 



TABLE 2 . 4 - 1  (Continued) 

Source Estimated ~ m i s s i o n s ~  
Gg/yr ( l o 3  ton/yr)  

MOBILE SOURCES 

Highway Vehicles 
O f f  -Righway Vehicles 
kiil 
A i r c r a f t  
Vessels 

TOTAL VOLATILE ORGANIC EKl$3IONS 

FROX MOBILE SOURCES 

. . -. 

TOTAL VOLATILE ORGANIC E-hlISSIONS 
-. .-, 

-- - - .. . - .  -.-. 
a
EPA Estimates f o r  1977 (Gg = l o 3  MT). .. . . 

b ~ a s o l i n eand Crude O i l  S torage - includes  a l l  s t o r a g e  I a c i l i t i e s  excepk 
those  at s e r v i c e  s t a t i o n s  and bulk p lan t s .  S to rage  tatsk m i s s i o n  t e s t s  
were i n  progress  as this document was p r i n t e d .  These emission e s t - h a t e s  
may change as more da ta  become a v a i l a b l e .  

%ulk Terminals - emissions from loading tank t r u c k s  and r a i l  ca r s .  

s u l k  P l a n t s  - emissions from s t o r a g e  and t r a n s f e r .  
e
Organic Chemical Manufacturing - see Table 2 for product s p e c i f i c  ercissions. 
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TABLE 2.4-2. CHEMICAL MANUFACTURING SOURCES OF 

VOLATILE ORGANIC EMISSIONS 


Source Estimated ~miss ions*  
Gg/yr ( l o 3  tonslyr) 

Process Streams 

Storage and Handling 

Waste Disposal 

Fugitive (leaks) 

b

Major Chemical Products 

Acry l o n i t r i l e  

Ethylene Oxide 

Ethylene Dichloride 

Dimethy 1 Terephthalate 

Vinyl Chloride 

Ethylene ' 

Propylene Oxide 

Ethy lbenzene 

Methy 1 Methacrylate 

Formaldehyde 

Methano 1 

Maleic Anhydride 

Terephthalic Acid 

Acetic Acid 



- - 

TABLE 2 .4-2 . (~ont'i&ed) 

b

Major Chemical Products Estimated Emissionsa 

Gg/yr (lo3 tons/yr) 

Cyclohexane 

Acetic Anhydride 

Vinyl Acetate 

Carbon Tetrachloride 

Butadiene 

Phenol 

Acetone 

Cy clohexanoll Cyclohexanone 
... 

Chloroprene 

Ethylene Glycol 

Acrylic Acid 

9
EPA estimates for 1 9 7 7 .  

b~~~ estimates. These numbers include only process stream emissions and 
in-process storage and handling emissions. Waste disposal,  fugi t ive ,  
and out-of -process storage and handling emissions are not included. 



estimates were made by EPA f o r  in terna l ly  consistent s e t s  of 

f igures based on current emission fac tors .  The trends indicated 

by these numbers should, therefore,  represent r ea l  trends and 

not differences i n  data handling o r  analysis .  

TABLE 2 .4-3 .  SUMMARY OF NATIONAL EMISSION ESTIMATES, 1970-197628 

National Volat i le  Organic* Emissions 

Year Ti31Yr (10' tons /year) 

%e term "hydrocarbon" i s  used i n  the reference c i t ed .  It i s  a 
misnomer. The numbers ac tua l ly  r e f l e c t  v o l a t i l e  organic emissions. 

Although the nationwide estimates of v o l a t i l e  organic 

emissions show only a small overa l l  decrease, there  a re  some 

spec i f i c  areas i n  which reduced v o l a t i l e  organic emissions have 

contributed t o  reduced oxidant leve ls  and improved air qual i ty .  

Air qual i ty  data col lected fro& 1965-1974 i n  the Los Angeles 

Basin area showed a considerable reduction i n  the  percentage 

of days the 1-hour primary hea l th  standard fo r  oxidant was 



v i o l a t e d .  Also,  t h e  average dura t ion  of v i o l a t i o n  o f  t h e  oxidant  

s t andard  was shor tened.  Inprovements i n  a i r  q u a l i t y  a r e  

a t t r i b u t e d  t o  fewer days of s t agnan t  meteorologica l  condizioas 

a s  wel l  a s  t o  reduced hydrocarbon e r i s s i o n s .  Table 2 . 4 - 5  i s  a 

q u a n t i t a t i v e  summary of  t h e  t r e n d  i n  oxidant  s t andard  v i o l a t i o n s  

i n  t h e  Los Angeles Basin. These d a t a  i n d i c a t e  t h a t  i n  a r e a s  

where s t r i n g e n t  v o l a t i l e  organic  c o n t r o l s  a r e  p r a c t i c e d ,  

v o l a t i l e  organics  emissions and oxidant  l e v e l s  may be reduced.  

More d e t a i l e d  information concerning oxidant t r e n d s  nay be  found 

i n  t h e  EPA document, A i r  Qua l i ty  C r i t e r i a  f o r  Ozone and O t h e r  . . . . . .31Photochemical Oxidants .  



TABLE 2.4- 5. VIOLATIONS OF NAAQS FOR OXIDANT FROM 1965 TO 1975 

IN LOS ANGELES AIR BASIN ' O '  
D .. 1965 and 1967 and 1969 and 1971 and 1973 and 

Ia d u  1966 1968 1970 1972 1974 


No. of days per gear 186 162 144 109 105 

exceedtag 160 mg/u3 
(8PPhd 

Ayg dally d t l f a t h ~ , ~  hr 5.1 4.8 4.6 3.8 4.3 

Avg No. of days per year 70 59 45 26 26 

exceeding 320 pa/*' 
(16 PPW 

1 
 . ,  
Avg dally' duration,' hr 3.1 , 3.1 2.8 2.1 2.9 

%e average daily duration is the average ntllaber of hourti per day above the oxidant W Q S .  

bTha average daily duraiiaa i r  tha average umber of hotlrs per day the oxidant leve l  was 
twfce the RMQS. 
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3 . 0  CONTROL TECHNOLOGIES AND EQUIPMENT 

The th r ee  methods employed commercially t o  control  

emissions of v o l a t i l e  organic compounds a re  as fol lows:  

1. i n s t a l l a t i o n  of control  equipment t o  

recover o r  destroy t h e  organic  vapors, 

2 s u b s t i t u t i o n  of l e s s  photochemically 

r eac t i ve  mate r ia l s  i n  t he  process,  and 

3 .  incorporation of process and mater ia l  

changes t h a t  reduce o r  e l iminate  vapor 

emissions. 

Five major techniques f o r  the  f i r s t  method a r e :  i nc ine ra t i on ,  

adsorpt ion,  absorpt ion,  condensation, and f l a r i n g  which a r e  

discussed i n  Section 3.1 through 3.5. Operating c h a r a c t e r i s t i c s  of 

each technology a r e  explained, and the  primary a r ea s  of app l ica t ion  

a r e  ind ica ted .  Where poss ib le ,  r epresen ta t ive  c a p i t a l  and 

annualized cos t s  a r e  provided, along with energy requirements 

and the  environmental impact of  each technology. 

Section 3.6 describes ehe other  two methods, suhs t i t u -  

t i o n  of  l e s s  r e a c t i v e  mate r ia l s  and incorporat ion of process 

changes t h a t  reduce emissions. 

3 . 1  In cine r a t  ion 

Inc inera t ion  i s  the  con t ro l  technology most univer-  

s a l l y  appl icable  t o  sources of  v o l a t i l e  organics.  Because of  

i t s  need f o r  supplemental f u e l ,  i nc ine ra t i on  i s  most use fu l  when 

the  hea t  developed during combustion can be recovered and used t o  

o f f s e t  o ther  p l an t  energy neeam, 



~ f t e r b u r n e r s, a l s o  c a l l e d  vapor i n c i n e r a t o r s ,  a r e  

devices  i n  which d i l u t e  concen t ra t ions  o f  organ.. i c  vapors a r e  

burned wi th  a d d i t i o n a l  f u e l .  In c o n t r a s t ,  f l a r e s  a r e  used f o r  

s a f e t y  reasons  t o  d i spose  o f  r i c h  waste  g a s e s ,  i.e.. t hose  

having s u f f i c i e n t  h e a t i n g  va lue  t o  burn wi thout  a d d i t i o n a l  f u e l .  

F l a r e s  a r e  d i scussed  i n  Sec t ion  3 .5 .  

Af te rburne r s  o x i d i z e  o r g a n i c  emissions e i t h e r  bv, 
d i rec t - f l ame  ( thermal)  i n c i n e r a t i o n  o r  by c a t a l y t i c  o x i d a t i o n .  

Under p rope r  c o n d i t i o n s ,  the f i r e b o x  o f  a  process  h e a t e r  o r  

b o i l e r  may a l s o  be used a s  an a f t e r b u r n e r .  

Equipment and Opera t ing  P r i n c i p l e s  

3.1.1.1 . Thermal ~ f t e r b u r n e r s  . 

. . - . . - .  
..- . . " . . I . -

. . 
For combusti.on o f  o r g a n i c  vapors and l i q u i d s ,  t h e  

concen t ra t ions  o f  vapor  and a i r  must be w i t h i n  t h e  l i m i t s  o f  

f lammabi l i ty .  termed t h e  upper and lower e x p l o s i v e  l i m i t s  (UEL 

and LEL) . These l i m i t s  d i f f e r  f o r  vaxious hydrocarbon c o q o m d s  . 
However, f o r  many v o l a t i l e  o r g a n i c s ,  t h e  UEI, i s  between 8 
10 volume pe rcen t  and t h e  LEL between 1 and 2 volume pe rcen t .  

* 
When concen t ra t ions  o f  combust ibles  a r e  l e s s  than  t h e  LEL, 

% supplemental  h e a t  i s  r e q u i r e d  t o  i n i t i a t e  cornbusrion. 

An e f f i c i e n t  thermal  a f t e r b u r n e r  des ign  must provbde 

f o r  1) an adequate  dwell o r  r e s idence  t i m e  f o r  com?letion o f  ihe 

combustion p r o c e s s ,  2 )  s u f f i c i e n t l y  h igh  r e n p e r a t u r e  Ln :he 

a f t e r b u r n e r  f o r  t h e  complete o x i d a t i o n  o f  t h e  corribusfibles, and 

3) adequate  v e l o c i r i e s  t o  i n s u r e  good mixing withour; q c e ~ c h i n g. - -

combustion. Most des igns  a l s o  provide  c o n t a c t  betxeen t i e  corn-

b u s r i b l e  gases  ad t h e  burner  flame. 



Burner type and arrangement af fee t  combustion ra tes  and 

residence time. The more thorough the contact of flame with the 
waste organics, the shorter  the t i m e  required for  complete com-
bustion. Burner placement depends not only on the burner type,  

but a lso on the design requirement f o r  intimate contact of the 
combustible gases with the burner flame. Maximum eff ic iency 

occurs when a l l  of the combustible matter passes through the 

burner. Multi jet  and mixing-plate burners provide the most 

e f fec t ive  flame contact. 

I f  combustion i s  inhibi ted by insuff ic ient  temperature, 

insuff ic ient  residence time, o r  poor mixing, then carbon 

monoxide, aldehydes, and other  products of incomplete combustion 
may r e s u l t .  Maintaining high turbulence o r  in jec t ing  steam pro- 

motes the intimate contact necessary f o r  complete combustion. 

In thermal afterburners,  the org'anic vapor stream i s  

delivered t o  the  refractory-l ined burner area by e i t h e r  the 

process exhaust system o r  by a blower. The combustible gases 

are  mixed thoroughly with the  burner flames i n  the upstream par t  

of the chamber and then pass through the remaining part  of the 

chamber where the  combustion process i-scompleted. The .overall  

residence time of the  gases'flowing through the  afterburner 

var ies  kith' the type of e f f luent  and-the method of incinerat ion.  

Residence time i s  on the order of 0.3 t o  0.6 seconds .at 540 t o  

820"C (1000-1500 OF). Table 3.-1-1 repar ts  recommended temperature 

ranges f o r  afterburners which .clean waste gases from various 

manufacturing operations. Afterburners a re  more e f f i c i e n t  a t  
higher temperatures. 

Natural gas, LPG, and d i s t i l l a t e  and res idual  fue l  o i l s  

are  used t o  fue l  afterbuxners. O i l  flames are  longer than gas 

flames and thus require longer fireboxes. The combustion of 



TABLE 3.1-1. RECOMMENDED AFTERBURNER OPER4TING 

TEMPERATURES 

Operat i o n  Recommended Temperacure 

Carpet l amina t ing  1200-1400°F (650-760°C) 

Core oven 1400°F (760 "C) 

Cloth ca rbon iza t ion  1800 OF (980 "C) 

Deep f a t  f r y e r s  1200 OF (650 "C) ? ~ 

General o p a c i t y  problems 1200-1400 "F (650-760 "C) 

O i l  .and grease smoke 

Pa5n.t bake ovens 
- .. - t .. . 

P i p e  wrapping 1400 OF ( 7 6 0 ' ~ )  

Rendering o p e r a t i o n s  1 200 OF (650°C) -
Smokehouse 1200°F (650 "C)  

Solvent  c o n t r o l  '1300-1500 O F  (700-820°C) 

Varnish cookers 1200°F (650 "C) 

Vinyl p l a s t i s o l  c u r i n g .  1200-1400 OF (650-760 "C)  



- - -  - 

fuel  o i l s  produces su l fur  oxides and par t icu la tes  which may 
cause corrosion and soot accumulation on afterburner internals  

and heat t ransfer  surfaces.  

Heat recovery from the hot cleaned gases of fers  a way 
t o  reduce the afterburner energy requirements a t  the expense of 
increased equipment costs.  The simplest application is  t o  use 

the hot cleaned gases exi t ing  the afterburner t o  preheat cooler 

process gases entering the  afterburner. This arrangement i s  
termed primary heat recovery. In designing heat recovery systems, 

consideration should be given t o  potent ia l  safety problems. Ex-

plosions or  f i r e s  may occur in  the heat exchanger from process 
upsets or  from accumulation of flammable l iquids  or dust i n  the 
exchanger. 

Secondary heat recovery uses exhaust from the primary 

heat exchanger t o  supply heat elsewhere in  the p lant .  Secondary 
heat recovery can ef fec t  major energy economies when used t o  

supply steam, hot water, or  process heat t o  f a c i l i t i e s  located 

near the  incinerator .  Optimum application -occurs when heat ut i-
l i z i n g  equipment is  operated on the same schedule as the aft&- 

burner. Figures 3.1-1 t o  3.1-5 i l l u s t r a t e  -afterburner configura- 
t ions  with and without primary and/or secondary heat exchange. 

3 .1:1.2 Catalyt ic  Afterburners 

A cata lys t  i s  a substance tha t  changes the r a t e  of a 
chemical reaction without being permanently a l te red .  When the 

preheated gas stream is  passed through a c a t a l y t i c  afterburner 

the ca ta lys t  bed i n i t i a t e s  and promotes oxidation. By using a 

ca ta lys t  the combustion reaction occurs at a s igni f icant ly  lower 

temperature than t h a t  of d i r e c t  flame combustion; however, care 

must be taken t o  assure t h a t  combustion i s  complete. Catalyt ic  
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Figure 3 . 1 - 4 .  Afterburners Configuration with 
Primary and Secondary Heat Re covery 
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afterburners o f fe r  the advantage of lower fue l  costs in  some 

applications ; however, the fuel  savings diminish as primary and 
secondary heat recovery are added t o  thermal afterburners.  

Construction materials costs may also be lower because of the 
reduced temperatures. 

Combustion ca ta lys ts  include platinum, platinum 
a l loys ,  copper chromite, copper oxide, chromium, manganese, 

n icke l ,  and cobalt .  These are  deposited in  th in  lagers on an 

i n e r t  substrate .  Available substrate  shapes include rods, 
honeycombs, and ribbons designed t o  provide catalyst  surface 
are  a .  

For a catalyst  t o  be e f fec t ive ,  "active s i t e s "  upon 

which the organic gas molecules can react must be accessible.  
The buildup of condensed polymerized material  o r  par t icu la tes  

prevents contact between act ive s i t e s  and the gases ("deactiva-
tion").  A ca ta lys t  can be "reactivated" by removing the coating; 

cleaning methods vary with the ca ta lys t .  Deactivation a lso  

occurs through reaction of the ca ta lys t  metal with phosphorous, 

bismuth, arsenic ,  antimony, mercury, lead, z inc o r  t i n .  Gas 

streams containing .these elements a re  best  t r ea ted  by thermal 
incineration. Sulfur and 'halogen's a re  also. "poisonous" t o  the 
ca ta lys t  , but t h e i r  e f f e c t s  a& reversible .  

Catalyst material  can be l o s t  from the  support by 
erosion and a t t r i t i o n  and by vaporization. a t  high temperatures. 

To protect  the ca ta lys t  from overheating, v o l a t i l e  organic 

concentrations are  usually l imited t o  25 percent of , the lower 

flammability l i m i t .  Most combustion ca ta lys ts  cannot be 

operated a t  temperatures grea ter  than 540-650°C (1000-1200°F). 



Boilers  Used as  Afterburners -- 

Fireboxes of b o i l e r s  and f i r e d  hea te rs  can be p o t e n t i a l  

a f te rburners  i f  the  temperature, turbulence,  and flame contact  

a r e  adequate t o  burn t he  combustible contaminants. If t he  waste 

v o l a t i l e  organics have appreciable hea t ing  va lue ,  t h e  f i rebox  

must be spec i a l l y  designed t o  take  advantage of  t h i s  heat  poten- 

t i a l ;  such u n i t s  a r e  known a s  waste heat  b o i l e r s .  If the  heat  

content of the  waste gas i s  low, common steam and hot water 

hea te rs  and b o i l e r s  a r e  used. ... 

Successful adapta t ion of b o i l e r s  f o r  use as a f t e r -  
- b u i k t s  i s  not  conrmon. ?he primary function of a b o i l e r  is t o  . ... . . 

supply' steam. o r '  hot .wate<.* .  use as, an .air po l lu t i on  control.  * ' 

- .  . unit may in texfexe wi th-  t h a t  funmian .  - .  
. . - .  .. - 

Sa t i s f ac to ry  use. o f  b o i l e r s  as af te rburners  i s  poss ib le  

only i f  t he  following condit ions e x i s t :  

1. t h e  b o i l e r  operates  when the  po l lu t i on  source  

i s  operated,  . . 

2. temperature; turbirlence ; ' . ad  residence time 

within the  f i rebox  a r e  s u f f i c i e n t  f o r  complete .. 
combustion, 

3 .  the  a i r  contaminants a r e  wholly combustible 

(orhenr ise ,  b o i l e r  e f f i c i ency  and steam 

generat ion may be reduced from depostta on the  

process hea t e r  i n t e r n a l s ) ,  and 

4 .  t he  products of combustion +re  compatible w i t h  

the  b o i l e r  const ruct ion ma te r i a l s .  



3.1.2 Control Efficiencies 

Properly designed and operated thermal af terburners 

usually achieve organic vapor removal e f f ic iencies  in  excess o f  

95 percent. Overall eff ic iency:  

increases with operating temperature 

increases with flame contact 

increases with residence time. ( for  times 

l e s s  than 1 second). 

The eff ic iency of c a t a l y t i c  afterburners depends on ca ta lys t  

type and surface area,  gas velocity through the ca ta lys t ,  oxygen 

concentration, operating temperature, and the  nature and con- 

centration of waste gas. Catalyst a c t i v i t y  begins t o  decrease 

as soon as the afterburner i s  operated. Catalyst l i f e  var ies  

from 1 t o  5 years. Compensation fo r  the  decline in  ca ta lys t  

eff ic iency can be made by overdesigning the  amount of ca ta lys t  
i n  the or ig ina l  charge, or  by ra is ing  the temperature of enter-  
ing gases. 

. . . .. . 
3.1.3 Applications " '  ' 

Incineration i s  applicable t o  almost a l l  v o l a t i l e  

organic emission sources including solvent operations and 
operations performed in  ovens, dryers,  and k i lns .  Successful 

combustion control devices hkve been applied t o  aluxninum chip 

dryers,  petroleum processing and marketing operations,  animal 

blood dryers,  automotive brakeshoe debonding ovens, c i t r u s  pulp 

dryers ,  coffee roas te r s ,  wire enameling ovens, foundry core 

ovens, meat smokehouses, paint -baking ovens, varnish cookers, 



paper p r i n t i n g  and impregnating i n s t a l l a t i o n s ,  phamaceut ica l  

manufacturing p l an t s ,  sewage disposal  p l a n t s ,  chemical processing 

p l a n t s ,  and t e x t i l e  f i n i sh ing  p l a n t s .  In many of  these  opera t ions ,  
the  a f te rburners  reduce t h e  amount of p a r t i c u l a t e  ma,, f t e r  as w e l l  

as the  organic vapors present  i n  t he  gas stream. 

A new appl ica t ion  of an old  p r inc ip l e  has been reported 
t o  provide e f f i c i e n t  v o l a ~ i l e  organic compound (VOC) des t ruc t ion  

a t  low fue l  cos t .  For  mady years g lass  furnaces have used  heat 

recovered from a ceramic hea t  s to rage  mass (br ick checker  work). 
I I .  

Now an a f te rburner  f o r  VOC cont ro l  has been combined with packed beds .. - 
o f  a  hea t  s torage medium t o  ~ u b s t a n t i a 1 . X ~  reduce f u e l  cos t .  E f f e c t i v e  

. . 
hea t  r ecove rycan  range t d  over '90% with only a p i l o t  flame being 
required f o r  t h e  burner. The r e su l t i ng* - f lue  gas w i l l  b e  re lar i&l-y  

cool and w i l l  have: used only 'a  small ammnt of oxygen from t h e  .. 
f l u e  gas. Thus, the cleaned f l u e  gas could be d i r e c t l y  
recycled i n t o  ovens with add i t i ona l  f u e l  savings being r ea l i z ed .  3 
Figure 3.1-6 i l l u s t r a t e s  the operat ion of such a system. 

It may be unwise t o  attempt con t ro l  of  organic va?ors 

containing halogens, s u l f u r ,  o r  n i t rogen  s o l e l y  by combustion. 
The combustion products of such mate r ia l s  a r e  usua l ly  l e s s  d e s i r -  
able because. of  t o x i c  and/or corros ive  properzies . A secondary 
con t ro l  system such as a scrubber may be required i n  s e r i e s  w l ~ h  
the  a f te rburner  t o  remove these contaminants. 

-. 

, - 
3.1 .4  Inc inera t  ion Costs 

Capi ta l  cos t s  f o r  c a t a l y t i c  and thermal afterbuzzers 
va ry  with : 

- t he  na ture  o f  contaminznts i n  t h e  xa s t e  gas 

the  concentrat ion of organFcs i n  the  gas 
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the  gas volume flow r a t e  

t he  f u e l  used f o r  a f te rburner  operat ion 

package o r  custom designs 

the  degree of hea t  recovery 

t h e  designed residence time. 

Curves r e l a t i n g  c a p i t a l  and annualized cos t s  t o  gas volumes 

t r e a t e d  a re  presented i n  Sections 3 . 1 . 4 . 1  and 3 .1 .4 .2 .  
.. -. .. . . . 

Inei-&cation of -.sane.. subs tames r equ i t e s  absorption 
. . I  - 

eqdpment .  - Capi ta l  . . _ .  and operat ing cos t s  f o r  i nc ine ra t i on  of o rgar .5~  - - - -  
r t r e e k s  containing halogens., . . -  . :sulfu;, o r  n i t rbgen  may be 3: t o  5 -  

times more than d i r e c t  . incinera t ion 'without -absorprion. . - 
. *  .'. 

Increased COSTS a re  due- to  t he  use of expensive contruct ion . . .  
mater ia l s  ne'deskary to.l-iandl0 t h e  corros ive  n a t u r e  of the. o f f  .-.. 
gases. These cos t s  are not  considered i n  t h i s  document. 

The parameters used t o  develop cos t s  a r e  sunmarlzed 

i n  Table 3.1-2. Addit ional  regarding a f te rburner  

cos t s  i s  provided i n  Reference 4 .  Addit ional  graphs covering 

3 .1 .4 .1  Capi ta l  Costs 

Capi ta l  cos t  es t imates  a r e .  intended t o  represent  t h e  

t o t a l  investment required t o  purchase =d i n s t a l l  a p a r t i c u l a r  

control  system. Afterburner c a p i t a l  cos t s  include costa of the  

bas i c  equipment, and a u x i l i a r y  equipment (F.  e .  , f ans ,  ?i?L.rg, 

hooding) , equipment i n s t a l l a t i o n ,  and i n t e r e s t  charges cri t he  

investment during const ruct ion.  Capi ta l  cos t s  f o r  catalytic and 

thermal a f te rburners  a r e  shown ia Figures 3 .1 -7  t o  3 . 1 - 9  as  a 

Pmction of the  contaminated gas flow r a t e .  The capLtaL cost  



TABLE 3.1-2. TECHKICAL ASSUMPTIONS USED I N  DEVELOPING COST 
ESTIMATES FOR CATALYTIC AND THERMAL AFTERBURNERS '' 

Thermal a f t e rburners  designed f o r  both o i l  and n a t u r a l  gas opera t ioc ;  
c a t a l y t i c  a f t e r b u r n e r s  designed f o r  n a t u r a l  gas and propane operat ion.  

C a t a l y t i c  a£ t e rburners  capable of 427OC (800°F) opera t ion  a t  low pol lu-  
t a n t  concentra t ions ,  6 5 0 ~ ~(1200'~) a t  h igher  concentra t ions .  

Equal weight percent hexane and benzene i n  air .  

Afterburner  opera tes  5840 hr lyear .  

Ca ta lys t  l i f e t i m e  of 3 years .  

8 1 6 ' ~  ( 1 5 0 0 ~ ~ )  opera t ion  i n  thermal a f t e r b u r n e r  wi th  a res idence time 
of 0.5 seconds. 

Primary hea t  recovery e f f i c i e n c y  of 35%, secondary hea t  recovery e f f i -  
ciency of 55%. 

Outdoor roof top  i n s t a l l a t i o n  r e q u i r i n g  s t r u c t u r a l  s t e e l .  ' 

9 .  G a s  i n l e t  temperature of 1 5 0 ' ~  (30Q0~) .  

10. Mate r ia l s  t o  be combus t ed  and combustion products a r e  non-corrosive . 

of afterburners with primary -heat recovery- i s  roughly 20 t o  25 

percent more than f o r  afterburners without primary heat recovery. 

Similarly,  afterburners .with primary and secondary .heat recovery 

cost 20 t o  25 percent more than afterburners with primary heat 
recovery only. Thermal afterburners have lower cap i t a l  costs 

than c a t a l y t i c  afterburners fo r  treatment o f  large gas flows and 

fo r  treatment of higher organics concentrations. 

Tne cap i t a l  costs i n  Figures 3.1-7 t o  3.1-9 are  repre- 

senta t ive  of i n s t a l l a t i o n s  easi ly---retrof i t ted with af terburners .  

New i n s t a l l a t i o n  costs should be s imilar .  D i f f i cu l t  r e t r o f i t s  

or  ins t a l l a t ions  requiring corrosion res i s t an t  materials may cost 

up to  two times the values depicted in  the -figures. 
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Figure  3 .1-7.  C a p i t a l  Costs f o r  Caya ly t i c  and T h e n a l  
Afterburners Without P r h a r y  Heat Recovery 
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Figure 3 . 1 - 8 .  Capital Costs for  Catalytic and Thermal 
Afterburners With Heat Recovery 



LEI.' CONCENTRATION A T  LOWER 
e x m m v e  uw . i 

VllET GAS T E F R A N R E  = 70'- 3 O O 0 f  

NOT?!: OPERAIION OF CATALYTIC AFTERBURNER 

AT 25s  LEL WAS NOT R ~ C O M M ~ N O E Q  

I I 

S 10 15 20 25 30 

FLOW lo3 mtrn 

02- 1885- 1 

Figure 3.1-9. Capital Costs f o r  Cata1y:ic 2;ld 
Thermal Afterburaers ULch P r h a r y  
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3.1.4.2 Annualized Costs 

Annualized costs include labor and maintenance cos t s ,  

u t i l i t i e s  and materials cos t s ,  and cap i t a l  re la ted  charges 

(depreciation, taxes,  i n t e r e s t ,  and insurance). Annualized 

costs for  ca ta ly t i c  and thermal afterburners are  shown in  

Figures 3.1-10 through 3.1-12 for  three heat recovery configura-

t ions .  Parameters used in  developing the costs estimates a re  

footnoted in  Table 3 . 1 - 3 .  

A s  i l l u s t r a t e d  in  Figures 3.1-10 through 3.1-12, heat 

recovery s igni f icant ly  reduces the annualized costs of a f t e r -

burners. Primary heat recovery reduces the annualized costs by 

reducing the afterburner fue l  requirements. Secondary heat 

recovery reduces the annualized costs by producing credi t s  for  

heat used elsewhere in  the  proeess. Both cost reductions must 

be balanced against increased capi ta l  charges associated with 

the heat exchange equipment. The annualized costs fo r  a f t e r -  

burners correspond t o  new ins ta l l a t ions  or  t o  ex i s t ing  i n s t a l l a -  

t ions  with minimum r e t r o f i t  costs.  

. 
Annualized 60st. components f o r  a c a t a l y t i c  afterburner + .  

w i t h  primary heat recovery are  reported in  Table 3.1-3. After-

burner ins  t a l l a t i o n s  without heat recovery have 'higher u t i l i t i e s  

costs and lower cap i t a l  charges. Ins ta l l a t ions  with both 

primary and secondary heat recovery have lower ' u t i l i t i e s  costs 

and higher capi ta l  -charges. Lower gas i n l e t  temperatures or  

lower organics concentrations r e su l t  i n  higher annualized costs 

(from increased fue l  requirements). Thermal afterburners have 

greater  u t i l i t i e s  cos ts ,  but avoid ca ta lys t  replacement costs .  

Fuel expenses f o r  thermal afterburners a re  typica l ly  a function 

of the heating value of organics i n  ehe gas stream, fue l  cos ts ,  

heat recovery and operating schedule. Catalyt ic  incineration 
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Figure 3 - 1 - 1 0 .  Annualized C o s t s  o f  AIterkrraers 
Without Heat Recover-J 
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. . Figure 3.1-11,: k a i i r a d  Costs of Afterburners 
With Primary Heat Recovery 
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TABLE 3.1-3.  mPICAL COMPONENTS OF ANNUALIZED COSTS 
FOR CATALYTIC AFTERBURNERSg 

Gas Stream C h a r a c t e r i s t i c s  

Flow 15,000 scfm (7  m 3 / d  
Concentrat ion 15% LEL 

I n l e t  Temperature 300°F (150°C) 

Component Cost 

D i r e c t  Operat ing Costs 

U t i l i t i e s  $ 2 0 , 0 0 0 ~  

D i r e c t  Labor 3 , 0 0 0 ~  

Maintenance 7,800' 

Annualized c a t a l y s t  19 ,  800d 
replacement 

C a p i t a l  Charges 

Total 

a ~ u e la t  $1.56/GJ ($1.65/106 Btu) . e l e c t r i c i t y  at  $ 9 . 1 7 / ~ 5  
($O.O33/kWh). 

CMaintenance as percent  o f  c a p i t a l  c o s t :  4%. 
d ~ h r e e - y e a r  c a t a l y s t  l i f e  . 
e
C a p i t a l  charges ine lude  a s  a percent  o f  c a p i t a l  c o s t :  

d e p r e c i a t i o n ,  13% t a x e s ,  insurance and a d m i n i s t r a t i v e  over-  
head,  4%. 



can r e s u l t  i n  savings  o f  about 40-60% i n  f u e l  c o s t s  as con-

pared  t o  thermal  a f t e r b u r n e r s .  

' 
3 . 1 . 5  I n c i n e r a t i o n  Energy Requirements 

The energy requirement f o r  a t y p i c a l  a f t e r b u r n e r  

system i n c l u d e s  supplemental f u e l  and e l e c t r i c i t y .  The f u e l  

may be e i t h e r  n a t u r a l  o r  produced f u e l  g a s ,  LPG, d i s t i l l a = e  

f u e l  o i l ,  o r  r e s i d u a l  f u e l  o i l  and i s  burned t o  h e a t  t h e  ? r e -  

cess  gas t o  t h e  proper  combustion temperature.  A t e q e r a t u r e  
( 1 1 0 0 - 1 2 5 0 ~ ~ )o f  5 9 0 - 6 8 0 ~ ~  i s  necessa ry  t o  combust 9Q percen t  

o f  t h e  o rgan ics  i n  t h e  waste  s t ream. l D  E l e c t r i c i t y  i s  necessa ry  

f o r  powering a  fan  which conveys process  gas  t o  t h e  a f t e r b u r n e r .  

F igures  3.1-13 through 3.1-15 show energy r equ i renen t s  f o r  

a f t e r b u r n e r s  us ing  t h r e e  d i f f e r e n t  h e a t  recovery conf igura t ions  

a t  vary ing  o r g a n i c  vapor  c o n c e n t r a t i o n s .  C a t a l y t i c  and Eon- 

c a t a l y t i c  o p e r a t i o n s  a r e  inc luded.  The bases  f o r  t h e  d z t a  a r e  

l i s t e d  i n  Table 3.1-3.  

I n  g e n e r a l ,  a f t e r b u r n e r  supplemental  f u e l  r o q u i r e z e n t s  

depend on t h e  o r g a n i c  con ten t  o f  t h e  process  gas s t r e z n ,  waste  

s t r eam tempera tu re ,  i n c i n e r a t i o n  temperature r e q u i r e d ,  and ty?e  

o f  h e a t  recovery employed. 

A g r e a t  dea l  o f  t h e  s e n s i b l e  h e a t  i n  t h e  i n c i n e r a t o r  

exhaust  s t ream can be recovered.  This  h e a t  caa be used r o  ?re-

hea t  t h e  process  g a s ,  t hus  reducing  t h e  m o m t  o f  f u e l  ilo be 

burned. This i s  c a l l e d  primary h e a t  recovery .  The s u p p l e x e n t ~ l  

'3uel requirement can be reduced t o  ze ro  under ? rope r  cond i r i cns  

of  p rehea t ing .  This  can be accomplished with nodera te  coEc9n-

t r a t i o n s  o f  o rgan ic  conpounds i n  t h e  s t r e a n  ( > 2 5 Z  LZL) . Secon-

ciary hea t  recovery Is t h e  use o f  a p o r t i c n  of ?he waste  hcs t  

elsewhere Ln t h e  p r o c e s s ,  t he reby  saving  cn o t h e r  utL1L:ies. 
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It i s  even poss ible  with secondary heat  recovery t o  r e a l i z e  

a ne t  gain i n  energy. The economic savings from the  recovered 

energy may o f f s e t  the  higher c a p i t a l  cos t s  assoc ia ted  with the  

heat  recovery opt ion.  

Ca ta ly t ic  a f te rburners  requ i re  l e s s  energy than 

thermal a f te rburners .  Supplemental f u e l  requirements a r e  

diminished, .as c l e a r l y  shown i n  t he  example i n  Figures 3.1-13 

through 3.1-15. 1n t h i s  example t h e  gases were heated t o  1400°F 

(760°C) with no c a t a l y s t  and only 600°F (316°C) with c a t a l y s t  ...'. 
present  t o  promote o x i d a r b n .  . , 

, . 

E l e c t r i c i t y  usual ly  re$resents only a small por t ion 

of the  t o t a l  energy consumed i n  operat ing an a f te rburner .  This 
.power i s  needed t o  convey e i t h e r  o r  both the  combustion a,ir 

and the  process gas t o  the  combustion chamber.',If t he  pressure  

of both streams i s  .adequate, ,no e l e c t r i c i t y  i s  ne i e s sa ry ,  but 
- --I----._ _  . .. 

t h i s  means add i t iona l  energy i s  spent elsewhere . in  the  process.  

.,.,' . 
3.1.6 Environmental Impact of ~nc inera t ibn : . .  ' 

,-
, _...-,.--.- -a t  . 4  ..a- . .-

Possible  a ~ e r b i . ~ e n v i r o n . m e n t ~  e f f e c t s  must be con-
, ( .. ... 

s idered  i n  ~ h o d s i h g  theg i a r  b;r c a t a l y t i c  i nc ine ra t i on  as a means ., 
of con t ro l l ing  v o l a t i l e  organic vapor en i ss ions .  The bene f i t s  

of incineratxon must be weighed agains t  t h e  adverse e f f e d t  of 

implementing t h i s  con t ro l  method. 

The process, scream, f u e l  gas,- o r  . fuel  o i l  t o  be 
\ . I 

combus t e d  i n  an i nc ine ra to r  may contain s.ui'fur compounds. 

Oxidation of these  compounds w i l l  produce varying anot?ts of 

s u l f u r  oxides which- a r e  then re leased  t o  t he  atnosphere .. For 

an a f te rburner  *combustlng a 15%LEL gas s t r e a n  contaLnLng no 

appreciabie s u l f u r  compounds with No. 2 f u e l ,  o i l ,  SO emissions 
a r e  approximately 50 ppm. l ' l 2  



In addition,  nitrogen-containing compounds may be 

oxidized to  N O x ,  increasing pollution emissions. Due t o  the 

abundance of nitrogen in  a i r ,  no nitrogen compounds need be 

found in the fue l  or  VOC stream t o  produce NOx emissions. N O x  

emissions w i l l  r esu l t  from a l l  combustion processes. The 

estimated NOx concentration fo r  eff luent  from natura l  gas- 
1 3 
f i r e d ,  non-catalytic afterburners i s  40 to  50  ppm. 

Incineration of any halogen- containing compound w i l l  

cause acid formation, which i s  undesirable. A scrubber follow- 

ing the incinerator  may be required t o  prevent acid gas dis-  

charge. 

In c a t a l y t i c  incinerat ion,  the regeneration or replace-

ment of the ca ta lys t  can present a secondary pollution problem. 

When the ca ta lys t  needs t o  be completely replaced, the  used 

ca ta lys t  i s  t r ea ted  as so l id  waste, and an acceptable means 

f o r  disposal must be found. If  the catalyst  can be reused, 

the suggested cleaning o r  react ivat ion process, usually supplied 

by the manufacturer, requires provisions for  proper disposal of 

any waste material .  . . 

3 . 2  Adsorption 

Adsorption i s  the process by which components of a 

gas .are retained on the surface of granular so l ids .  The sol ids  

adsorbent p a r t i c l e s  a re  highly porous and h a w  a very large 

surface-to-volume r a t i o .  Gas molecules penetrate.pores of : 
the material  and contact the large surface area available fo r  

adsorption. Organic vapors retained on the  adsorbent are  sub-

sequently desorbed. Both the vapors and the  adsorbent are  

recovered an'd may be reused. . -

4 



Complete package adsorpt ion  systems a r e  a v a i l a b l e  from 

of manufacturers.  The economic f e a s i b i l i t y  of organic  

vapor emission con t ro l  by adsorpt ion  depends on t he  value  of 

so lven t  recovered from t h e  adsorbent  and t he  c o s t  o f  renoving 

adsorbed organics from the  adsorbent  bed. 

3 . 2 . 1  . Equipment and Operating P r inc ip l e s  

Adsorption occurs p r imar i ly  through two mechanisms: 

I )  physica l  adsorp t ion ,  i n  which van der  Waals' fo rces  a t t r a c t  

and hold  gas molecules t o  t h e  adsorbent  su r f ace ,  and 2) chemi-

c a l  adsorpt ion ,  i n  which gas molecules a r e  chemical ly bonded t o  

t h e  adsorbent .  'On a smooth su r f ace ,  van der  Waals' adsorpt ion  
. .  piodbces a l a y e r  of  gas molecules not  more than s eve ra l  no lecu les  

, . t h i ck .  wi th in  t he  cap.i.iiaries' bf a porous s o l i d ,  hcwever , t h i s  
.. .sur face  adsorpt ion  i s  supplemented by c a p i l l a r y  condensation. - .  . 

The combinat i o n - o f  capil-Lary condensation and moLecular a t t r a c -

tcon s u b s t a n t i a l l y  inc reases  ' fhe t o t a l  amount of vapors adsorbed. 

Chemical adsorp t ion ,  o r  'chemisorption, produces an adsorSed gas 

l aye r  only one molecule t h i c k .  Both chemisorption and physica l  

adsorpt ion  a r e  exothe&ic processes ; t h e  hea t  r e l e a sed  from 
.adsorpt ion  i s  on t h e  o rder  of 10 kcal/g-mole. 

.. .-. ..I.. 

~ d s o r j t i o n  of a vapor occurs i n  two s t a g e s .  I l i t i a l l y ,  
ad so rp t i on - i s  r ap id  and removes e s g e n t i a l l y  a l l  o f  t h e  p o l l u t a n t  

from the  gas stream. Afrer  some per iod of  usage, t he  adsorbent  
w i l l  begin t o  remove vapors wi th  l e s s  than 100 percen t  e f f i c i e n c y .  

Eventaal ly ,  t h e  adsorbent w i l l  becone s a t u r a t e d  ~ 5 t h  t h e  po l lu -  

t a n t  vapors and t h e  i n l e t  organic  concen t ra t ion  wlll equal 

t h e  o u t l e t  concentra t ion .  The p o i r , ~  a t  wnich removal e f f l t i e n c y  
f i r s t  diminishes t o  l e s s  than 100 percent  i s  c a l l e d  t ke  "Lreak-

poinz" .  Economic and/or  design consideratLons u s c a l l y  r e q a i r e  



t h e  adsorbent t o  be regenerated or replaced soon a f t e r  the brezk- 
?tint i s  reached. 

I f  the gas or vapors t o  be adsorbed consist  of severs1 

compounds, the adsorption of the various components i s  not uni- 
form. Generally, components a re  adsorbed i n  an approximate 

inverse relat ionship t o  t h e i r  r e l a t i v e  v o l a t i l i t i e s .  I n i t i a l l y  

the vapors are  equally adsorbed. As the.7amount of the higher- 

boi l ing consti tuent retained in  ;the bed %nc~eases ,  the more 

v o l a t i l e  component desorbs. The displscement of the lower- 

boi l ing component by the higher- 'boil ing component is  repeated 
for  each of the vapors i n  the mixture. The adsorption cycle 

should be ended when the breakpoint f o r  adsorption of the most --- . 
v o l a t i l e  component i s  reached. 

- I  

~ f t &  completion of :the -adsorption -cycTe;- the .used 

adsorbent may be e i the r -  regenerated or replaced. Regenerative 
, -- -.-- , -- . .. h.. -

systems react5vate the adsorbent.while;recovering the desorbed 
vapors fo r  reijse or  disposal . ' : ~ o n r e ~ e b e r a t i v e- . .  systems! usually 

re turn  the usid adsorbenv to!  tge  vendor f o r  regeneration..  
1 -. I .; I .  I 

- 7.> 1 :j :,;-. 
I . . 

Adsorbers can have! f ixed,  mov.Lng, . o r  f lvidized beds, I-.  ....,: :..... .., -.,.- - .-,.- . . 
which can be s e t  v e r t i c a l l y  ok horizodtal ly .  A typica l  two-unit 

f ixed-bed adsorber system i s  *ham i n  .Figure-3.2-1. One 'adsorber 

cleanses the vapor-1adenT.stregn-whilethe  o t h @ r . i s  undergoing 
% - ,  

regeneration. The adsorbent i s  most commonly regenerated by 

s t r ipping  the organic vapors i n t o  a stream-bE an-eas i ly  conden- 
&' 

s i b l e  gas such as steam. The steam and pol lutant  vapors a re  then 

.. .-..routed to  a condenser, a f t e r  which they can be separated by gra-

v i t y  decantation or  by d i s t i l l a t i o n .  - - A l t e r n a t d y ,  the steam and 

organic vapors may be d i rec t ly  incinerated.  While steam str ipping 

i s  f a i r l y  common, i t  does require  the use of expensive corrosion- 

r e s i s t a n t  construction material's:! 





- - 

Although two-unit adsorber systems -have been proven e f f i -

c i e n t ,  a three-unit  adsorber system may be desirable .  The t h i r d  

uni t  would allow a freshly regenerated bed to cool a f t e r r s t eam 

s t r ipping .  A cool bed would prevent the :decomposition and/or par- 

t i a l  oxidation tha t  nay occur when organic vapors contact a hot 

f reshly-  regenerated bed. - - , 

-- .. . ' I  , , 

The simplest equipment fo r  a f ixechbed: adsorbes: is a 

v e r t i c a l  cy l indr ica l  vessel  f i t t e d  with-pe%fo~qted screens --that 

support the adsorbent. Another type of-fixed-bed'arrangement i s  

i n  the shape of a cone. The cone shape allows more surface area 

for  gas contact and accommodates higher gas 'flow r a t e s  a t  lower 
, -I__.1pressure drops than a f l a t  bed. , 

- .  
, . r .-

. ' a . l ' . .  . 
- . .  - -

Noving -bed adsorbers actual9f. tlio:je xhe. adsorbefit inro  

and out of the  - adsorptf on zone. ' .'%e&use"bf -the -continmmp*regen- 

erapion capabi l i ty  of a )moving bed;'-& .rndre efEic%ent ut2I'ization 

of the .  adsorbent i s  possible-;than with 'isCLt:idnar)i bed ,sgste?is .. 
~ i s a d v a n t a ~ e s' include +ear on -fioving pares ;.:att~iEi-on .of --the 

adsorbent, and lower steam urilizatrion :&fi;ciency -causedi.by."*r: 

I + * :shor ter  beds. - - !s; y - ; : : I: j L  ; 5 j  :,-: - -- - ( ' -

. - - - . - *  T:,-;i; - - :j - !  - - . : I : *  - - .  
+* <. , - - * * c  - ,  2 . 

- : f : i  - 1 -The 'fiuidfzed-bed ddsorben suntza%Lnght,riumber of shallow 

f lu id ized  beds of act ivated adsorbent. . .The a i r l so lven t  vapjoxs. -
flow upward through the beds and f lu id ize  the  so l ids .  Solvent-

f ree - a i r  i s '  discharged- into '-the atmosphem through dust co l lec tors  

a t  the top' of t h e  adsbitber'viiseli ;- Becausk:=gexxerated adsorbent 

car^ be metered in to  the'3adsorbe-r ,,& very - ~ Q i ~ ~ T o a d F n g 'bf s o l v m  

on-adsorbent .can be maintained. The..n t e + r t ~ ~ q u i x e m e n t s. , .. for- . 

regeneration a re  reduced by the high ,spl,ve.nt,,loading.. .., _, . -

m i  t- i". 2 , ,  . 
The preferent ia l  adsorption cha rac te r i s t i c s  and physical 

i 



I <' 

propert ies  of indus t r i a l  adsorbents determine the ap7lica- 

t ions fo:r each type. Soda lime alone or combined with act ivatec 

carbon has been used t o  chemisorb vapors such as ethanoLc ac id ,  

a c e t o n i t r i l e ,  a c r y l o n i t r i l e ,  a l l y 1  chloride,  and vinyl propyl 

d i su l f ide .  Some physical  adsorbents a?e impregnated w i t h  

chemically-reactive coqpounds t h a t  react  with vapor molecules 

a f t e r  physical adsorption has occurred. Pollutant vapors removed 

by impregnated adsorbents include ethylene, organic acids , mer-

captans, o le f ins  , phosgene, and thiophenol . Chemisorptlon has 

had only l imited use i n  organic vapor control .  

Physical adsorbents can remove organic solvents ,  
impurit ies,...and water vapor from gas streams, but each has a 

pa r t i cu la r  a f f i n i t y  f o r  e i t h e r  po la r  or nonpolar compounds. Pohaz. 

adsorbents such as  s i l i c a  get  and act ivated alumina a re  poor . 
adsorbents f o x  - the contqol of. ort:anic emissions because of 

thL-ir s t rong a f f i n i t y  f o r  water. Activated carbon i s  the n o s t.. 
widely used nonpolar adsdrberz-t , se lec t ive ly  adsorbing orga3ic 

vapors from gases even in  the presence of water. A l i s t  of 

vapors t h a t  can be adsorbed by ac t iva ted  carbon i s  presented i n  

Table 3.2-1. Molecular sieves a.re a l so  classed as physical 

adsorbents . Like s i l i c a  ge l  and. alumina, t h e i r  strong a f f i n i t y  
f o r  water g rea t ly  l imi ts  t h e i r  use f a r  control of orgacic vapol: 
emissions. 

. . 

Alternat ive regeneration arrangements a re  desirable 

i n  ce r t a in  corltrol appl icat ions.  If  the adsorbed solvent has 
no value, i f  t ,he solvent i s  soluble  i n  water,  or i f  t he  solvent 

has only s n a l l  amounts of halogen, ni t rogen,  or sulfrrr compouds, 

then a i r  or int2rt gas may be considered fox use as regenerznt 

instead of low pressure steam. High-boiling solvents 3ay require  

the use of superheated steam for  e f f i c i e n t  clesor?tLon. Alr,erna-
t i v e  resorb sysl~ems include :l 4  



TAELE 3 . 2 - 1 .  REPRESENTATIVE GASES AND VAPORS SELECTIVELY 

ADSORBED BY ACTIVATED CARBON -. 
1. acetaldehyde 
2 .  acetone 
3. benzene 
4 .  isobutane 
5. normal butane 
6 .  normal butene 
7 .  butyne .. 
8. carbon dioxide  
9 .  carbon d i s u l f  ide . 

10. carbon t e t r a c h l o r i d e  
11. carbonyl s u l f i d e  
12. chloroform 
13. cumene 

28.  
29.  
3r.l. 
31. 
2 .  

I 33, 
34. 
35. 

1 -

3 6 .  
37.- . 
38. 
39. 
40. 

hea tane  
normal hexane 
hex-1 . 

hydrogen cyanide 
hydrogen s u l f i d e  
i s o p e n t a n e .  
i soprene (methyl bu t ad iene  1,3) 
isovalerXc a c i d  
s i m d a t e d ,  kemsene  :(Cl rH3 0) 
methane 
methyl e t h y l  ketone:' 
methyl a e r c a p t a n  

14. c yclohexane 
15. cyclohexanone 
16. cyclopentadiene 
17. d ichloroethane 
18. d ich lo roe thy lene  . 
19 .  dimethyl formamide 

-20. e thane 
21. e thano l  
22. e t h y l  a c e t a t e  
23. e t h y l  c h l o r i d e .  
24.  e t h y l  mercaptan 
25. e thy lene  
25. e thy lene  oxide  
27. f reon  12 

. , I  

mineral  s p i r i t s  
41. neopentane 

- 4 2 ,  normal pent- -
43. . p-erchlaroetbylene 

I - 4 
I . .. 45. 

. . ....' 46. 
I ..A 47.  

- . 48. 
.49.  

- " ' 50. 
51. 
52. 

. " 53. 

1 ' propane ' - . - -

prppylehk .. . ' -
propyl mercaptan . 
pyr id ine*  
t e t r a h y d r ~ f u r a n  
t q t r a h y d t o ~ h i a m i r l e  
' to luene  . 

f r i c h l a r o e t h y l e n  e 
v i n y l  ch lo rJde  
meta-xylem 



1. Heated a i r  or  i n e r t  gas regeneration of the 

primary bed followed by a second adsorption 
with steam regeneration of the second bed 

2 .  Heated a i r  or  i n e r t  gas regeneration followed 
by solvent condensation a t  lowered temperature 
with recycle of non-condensibles through adsor- 

bent bed 

3 .  Regeneration by pressure reduction. 

Concentrations of organics greater  than 25 percent 
of the lower explosive l i m i t  a re  undesirable because the heat 

released by adsorption may r a i s e  the temperature of the  carbon 

a bed high enough t o  cause carbon combustion. For safe  and 
.. . 

e f f i c i e n t  operation, the i n l e t  gas temperature i s  l imited t o  
" 

- .  
l & s  than 100'F (40°C) and the organics concentration to  less '  

than 25 percent af the lower explosive l i m i t . .  

Pyocesses tha t  can be controlled by adsorption include 
dry cleaning; degreas.ing; paint spraying ; tank dipping ; solvent 
extract ing;  metal f o i l  coating; fabr ic  impregnation; and manu- 

facturing of p l a s t i c s ,  chem5-cals, pharmaceuticals, rubber, l ino-  

leum, and transparent wrapping.. In the rnanufactxre of painrs 

and varnishes, fouling af the adsorbent w i t h  paint sol ids  can 
occur. Scrubbing with water t o  remove the paint so l ids  and 

candensibles from the adsorbent i s  required. 

3 . 2 . 3  Adsorption Costs 

Purchase costs fo r  adsorption systems vary wFth: 

the nature of contaminants in the waste gas 



the 

the 

the 

the 

the 

concentrations of organics i n  the gas 

adsorbent 

regeneration technique' 

type of adsorber 

gas volume flow r a t e .  ' 

1 . 
' - 

Cost curves r e l a t i n g  cap i t a l  and,annualized costs t o , g a s  volumes 

t rea ted  a re  presented i n  Sections 3.2.3.1 and 3.2.3.2.15 A l l  
. , . , 

.> . 
costs  a re  indexed t o  June 1976. 

i 

The parameters assumed i n  speciflying the  adsorber , 
design are  summarized in  Table 3.2-2.  Additional information 

- -  . . - . . . . - - - - .. . . . - . . - . . . . . . . . . . . . . . , . . _ .. . . _ _  ...-.... _ . -.?..i.I::5:1;::::: . .:-:: . : =  - .; ' .' : 

regarding carbon adsorption system costs  can be found i n  ~ e f e r e n c e  
1 .. - . . - ,  ,. .. , 4 -  ,, - . . ,  . . . k t  . . .- .. . . . I  

4 .  . : . II . 

: , '  -, . . 
3.2.3.1 Capital -costs 

Adsorption cap i t a l  costs  include costs  of the basic 

equipment, auxi l iary equipment, equipment i n s t a l l a t i o n ,  and 

i n t e r e s t  charges on investment during construction. The c a p i t a l  

costs  f o r  a fixed-bed adsorber system with-recovery of desorbed 

vapors a re  shown i n  Figure 3.2-2. - .  
... .. , . - 

Costs fo r  moving and f lu id ized  bed adsorbers a re  
s l i g h t l y  lower than those f o r  fixed-bed systems. The cost  

advantages a r i s e  from a reduction i n  the physical s i z e  
of f luidized bed adsorbers. Adsorbent a t t r i t i o n  losses and 

the subsequent need fo r  adsorber e f f luent  f i l t r a t i o n  are  draw- 
backs t o  t h i s  design. 

Organic vapors selected f o r  cost presentations in  
t h i s  sect ion can be considered eas i ly  adsorbed and desorbed on 



TABLE 3 . 2 - 2 .  TECHNICAL ASSUMPTIONS USED I N  DEVELOPING COST 
ESTIMATES FOR REGENERATIVE CARBON ADSORPTION S Y S T M S  XITH 

, RECOVERY OF DESORBED VAPORS ' ' '' 

1. Equal percentages of benzene and hexane by weight i n  a i r  
. ' " .  , 

2 .  Activated carbon wi th  u s e f u l  l i f e  of 5 years  

3. Dual fixed-bed adsorber  opera tes  a t  40°C ( 1 0 0 ° ~ )  

4.  I n l e t  gas a t  77OC (170°F) 

* . ,  b. . 
5 .  No & e r - s o l u b l e  compounds contained i n  the  a i r  streama 

- . 
6. No p a r t i c u l a t e s  contained i n  t h e  e n t e r i n g  a i r  s t ream ' 

1 

7 .  Steam regenerat ion and s o l v e n t  recovery by condenser/decanter , . .  

8. ~ d s o r b e i  opera tes  5846  hr /+  . -

.,I ; !;!I . ' !~j - . . s - lI < ,  ,... a v - - - - * - .  -
h s t o rgan ic  +.compounds hove,.suffi c i e a t  water  solubility t o  contaminare 
the water from steam desorpt ion.  This waste water may have to be t r e a t e d--. before  d ischarge .  The wastewater t rea tment  c o s t s  should be considered 
where app l i cab le .  They were unavai lable  f o r  chis r e p o r t .  

- -- - - - . 





ac t iva t ed  carbon. System cost  f o r  o ther  organics w i l l  be 

dependent ,on adsorpt ion c h a r a c t e r i s t i c s  of the  vapors t o  be 

control ' led.  When organics  a r e  desorbed from the  carbon bed by 

steam s t r i p p i n g ,  d i s t i l l a t i o n  and water-treatment e q ~ F p s e n tare 
I 

requ i red  t o  recover  t he  organics .  An a l t e r n a t i v e  t o  recovery 

i s  the  add i t ion  of an i nc ine ra to r  f o r  combustion of t he  desorjed 

e f f l u e n t  during s t  r ipping.  Capi ta l  cos t s  f o r  adsorpt ion- lncin-  

e r a t i o n  systems wi th  no heat  recovery a r e  approximately 29-30 

percent  higher them adsorption recovery systems handling cox-

parable  flows. ' ' 

The c a p i t a l  cos t s  provided i n  Figure ,  3 . 2 - 2  a re  

represen ta t ive  df new i n s t a l l a t i o n s  o r  easy r e t r o f i t s .  Dif fi-

c u l t  r e t r o f i t s  may cost  twice these  repor ted values.  

3  . . 2 . 3 . 2  Annuali.zed Costs . . 
8 , 

~ n n u a l i - z e dcos t s  include labor  and maintenance c o s t s ,  

u t i l i t i e s  and mate r ia l s  costs-; c a p i t a l . r e l a t e d  charges,  and 

c r e d i t s  f o r  chemical (solvent)  recovery. The annualized 

adsorpt ion costs  presented i n  Figure 3 . 2 - 3  include recovery 

c r e d i t s  a t  f u e l  v a l u e ' $ 1 . 5 6 / ~ ~  ($1.,65/106 Btcr) and a t  market 

v ~ . l u e  (benzene @ $ .  2 0 / l i t e r  ($. 75/gal) ,  hexane @ $ .,12/1Lzer 

($ .  47/gal)  - Other cos t ing  asscplptions a r e  summarized i n  t he  . - -
fao tno tes  i n  TaSle 3 . 2 - 3 .  When recovered organics a r e  c red i ted  

at  t h e i r  market values ,  the'  adsorption operat ion shows a c a p i t a l  

r e .  Reuse of t h e  recdvered organics ,  however, i s  not usual ly  

p r a c t i c a l  when more thand'one solvent  I s  recovered. ?zsd.xt  
, , 

separa t ion  may be too- 'cos t ly  t o  warrant the  o rgu l i c  com?o~cnds' 

reuse i n  t h e  process.  
. . ... 

I f  i t  i s  not  economically des i rab le  t o  r e z o v e r  z5e 

organic  vapors,  t h e  desor5ed vapors can be inc iners ted .  



... . .. . . 
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PROCESS G A S  TEMPERTURE - 170 .~  

Figure 3 - 2 . 3 .  Annualized Adsorption Costs 



TABLE 3 . 2 - 3 .  TYPICAL COf'lPONENTS OF A W A L I Z E D  COSTS 
FOR CARBON ADSORPTION SYSTEXS ' 

Conf igu ra t ion  1. Dual f ixed-bed  a d s c r b e r  
o p e r a t i n g  a t  100°F (38°C) 

2 .  So lven t  r ecove ry  w i t h  
condenser  and decacze r  

Gas Stream C h a r a c t e r i s t i c s  

Flow 

Concent ra t ion  

P roces s  Gas Temperature 170°F (77°C) 
= 

Component Annual Cost . -

Direct Opera t ing  Cos ts  

U t i l i t i e s  $ 48,  700a 

D i r e c t  Labor 3,000" 
. . -. 

Maintenance 15,400' 

Carbon Replacement ,-. 11;500d 

C a p i t a l  Charges 8 0 ,  850e 

Recovery ( C r e d i t s )  (297,000) ' 
T o t a l  N e t  Annual ized Cos ts  ( C r e d i t s )  (137,500) '  

a
Cooling w a t e r  a t  $. 045/lOO0 g a l  ($0.  O ? 2 / m 3 ) ,  s t eam a t  
$2/1000 l b  ( $ 0 . 5 3 / n V ,  e l e c t r i c i t y  a t  $.033/kwh ($9 .  i7 /G2) .  

b ~ a b o ra t  $8 .25 /h r .  

CMaintenance a s  '4% o f  t h e  c a p i t a l  c o s t .  

d ~ a r b o na t  $ 0 . 7 1 / l b  ($1.58/kg.  ) w i t h  20% o f  car5on r e p l e n t s h e d  , 

each y e a r .  

eC a p i t a l  charges  i n c l u d e  as p e r c e r t  of c a p i t a l  c s s t :  la?rsc'a-
t i o n ,  2 ; t a x e s ,  i n s u r a n c e ,  and overhead ,  4%; i i l f a r z s t ,  5,: 

f Benzene c r e d i ~ e d  a t  $ .75/g;l, h e x m e  t $ . 4 7 / g a l .  

%et  c o s t s  c a l c u l a t e d  as c a p i t a l  charges  i d i r e c c  2 c o s x - -
recovery  c r e d i t s  . 



Annualized costs for  the adsorption-incineration system are 

comperable t o  those fo r  the adsorption-recovery system except 
tha t  no credi t  i s  allowed f o r  organics recovery. Allowances for  

chemical recovery a t  fue l  or  market values give a s igni f icant  
advantage t o  the recovery system. Processes employing adsorptioz~ 

with incineration cannot be j u s t i f i e d  on economic grounds under 
any circumstances tha t  allow normal incinerator  operations. 

Annualized cost components fo r  a carbon adsorption 

system are  reported i n  Table 3 . 2 - 3 .  Steam requirements are  
s ign i f i can t ly  la rger  f o r  organics t h a t  a re  d i f f i c u l t  t o  desorb 
from the  adsorbent. Cooling water requirements a re  dependent 

on the temperature of the incoming gas stream, and on the con-

densation temperature of the organic vapors. Power costs  f o r  

moving and f luidized bed adsorbsrs a r e  . . smaller than those fo r  .. 

fixed-bed adsarbers. Adsorbent replacement requirements w i l l  

vary with the system's appl icat ions,  with an average f ive  year 

bed l i f e  assumed f o r  carbon. 

3 . 2 . 3 . 3  Comparison t o  Incineration 

Carbon adsorpiion i s  - usually Gore -economical than 

incinerat ion f o r  the control of organics in  .-concentrations below 

100 ppm. Carbon adsorption i s -app l i cab le  t o  sources which do 
not contain pa r t i cu la tes ,  water-soluble compounds, or compounds 

which are  not d i f f i c u l t  t o  adsorb o r  desorb. Incinerat ion with 

primary heat recovery i s  more .economical a t  .high organics 

concentrations unless the recovered solvent i s  valuable and can 

be credi ted a t  market va lue .20  

3 . 2 . 4  Adsorption Qera;y Reqcirement 

The energy required f o r  an adsorption system includes 

a supply of steam or  a i r  f o r  regeneration and e l e c t r i c i t y  t o  



pump coo l ing  wa te r  and t o  power a process  gas blower.  Figure 

3 . 2 - 4  i l l u s t r a t e s  energy requirements  a s  a func t ion  o f  t h e  flax . r a t e  of  gas t r e a t e d  f o r  a t y p i c a l  dual  f ixed-bed  adsorber  

o p e r a t i n g  a t  100°F ( 3 8 " ~ ) . ~ '  Table 3.2-3 con ta ins  process  

c h a r a c t e r i s t i c s  f o r  t h i s  example. 

Adsorber energy requirements  a r e  dependent on flow 

r a t e ,  e x i t  t empera ture  o f  t h e  gas from t h e  p r o c e s s ,  t h e  n a t u r e  o f  

t h e  chemical be ing  adsorbed (ease  o f  deso rp t ion )  , t h e  concent ra-

t i o n  o f  o r g a n i c  vapors  i n  t h e  process  g a s ,  and downstream pro-  

c e s s i n g  such a s  so lven t  recovery o r  thermal  i n c i n e r a t i o n .  

When steam i s  used t o  desorb t h e  o r g a n i c  va?ors from 

t h e  adso rp t ion  bed ,  t h e  m a j o r i t y  o f  t h e  t o t a l  energy r e q u i r e d  

i s  f o r  t h e  product ion  of t h i s  st.eam. The amount o f  s t e m  I -
' 

needed i s  approxiniately 3 l b  i tda tn l lb  ( 3  kg/kg) o r g a n i c  vapor ,. 

adsorbed.  2 2  Steam r e g e n e r a t i o n  h a s  t h e  advantage o f  Leaving t h e  

bed we t ;  t h u s ,  some coo l ing  o f  t h e  gas can be  accomplished. 

The a l t e r n a t i v e  t o  steam regenera t ion  i s  non-condensible gas 

r e g e n e r a t i o n .  Energy requirements  f o r  t h i s  system a r e  f o r  

h e a t i n g  and t sanspo rt i n g  t h e  non-condensible g a s ,  u s u a l l y  a i r .  

Waste gases  e x i s t i n g  t h e  process  a r e  u s u a l l y  h o t t e r  

t han  the optimum adsorp t ion  tempera ture .  Energy i n  t h e  f c r n  0 5  

a coo l ing  water  system i s  needed t o  coo l  t h i s  waste  gas s r r e a n .  

In t h e  example i n  Figure 3.2-4 coo l ing  wa te r  requirements  were 

approximately 3 g a l l o n s  p e r  hour/SCFM (400 l i t e r s  p e r  hour/Nn3 

p e r  minuce) . 

A blower i s  used t o  overcome t h e  p r e s s u r e  drop encorn-

t e r e d  by t h e  gas movlng through t h e  a d s o q t i o n  bed. "he 07217 

requirement f o r  t h e  blower i s  e l e c t r i c a l  power. The anom: o f  

e l e c t r i c i c y  c o n s u ~ e d  depends uFon t h e  type  and c o n f i g c r e t l m  cf 

t h e  packlng.  



GAS FLOW TO ADSORBER. 103 SCFM 

Figure 3.2-4. Energy Requirement for Adsorption-Solvent 

Recovery System 
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If  a  non-condensible gas i s  used f o r  regeneratLon, the  . 
organics can be removed by inc ine ra t ion ,  condensation, o r  secondzryY 

adsorption.  U t i l i t y  requirements fo r  an e n t i r e  adsorber systen 

a r e  dependent on which technique i s  used as f i n a l  ZreatEent. 

Enviromental  Impact of Adsorption 

There w i l l  be same secondary po l lu t ion  f ron  aE adsorp- 

t i on  system, including both a i r  and water po l lu t ion .  Loss of o r -

ganic solvent  with wastewater, oxidation product emissions with 

inc inera t ion ,  and s o l i d  waste disposal  a r e  poss ib le  r e s u l t s  de-

pending upon the  type of adsorpt ion sy.sten u t i l i z e d .  
-. .. ...- . 

C 

I f  a steam desorption cycle  i s  used and the  recoverable 

organic solvents a r e  soluble  i n  water ,  then some form of water 

treatment o r  separat ion process - i s  required t o  minimize the  or-

ganic concentration of the  wastewater. Table 3 . 2 - 3  l i s t s  r ~ e  
process c h a r a c t e r i s t i c s  f o r  an adsorber system removing hexane 

and benzene vapors a t  25% of t he  LEL from a process gas s t r ean .  

Some of the  organic mater ia l  w i l l  be soluble  i n  the  water and w i l l  

remain i n  the  waste stream. The steam condensate would contain 

Thisapproximately s i x  percent benzene and one percent h e ~ s n e . ~ ~  

stream would*'bec.&ne a p l & t  emission unless a s e~onds r t+cont ro l  

method were applied.  

Inc inera t ion  can be used t o  destroy the  e x i t  stream 

from the  adsorber whether steam or  hot a i r  i s  used t o  desorb the  

vapors. The t y p e  and amount of emission a r e  very dependext on the  

na ture  of the  e x l t  stream as noted i.2 SectLon 3 . 1 . 6 .  

Some process streams conrsaLn pa r t i cu l a t e s  which w L l l  

p l u g  the  void spaces i n  the  adsorbent bed and render L: Lnezz2c -

t i v e  nuc5 sooner than nornal .  This  proSlem i s  soived 5 : - r  



precleaning the gas feed stream. However, an ef fec t ive  means 

for  disposing of the par t icu la tes  must then be found. The 

disposal of spent adsorbent i s  also an environmental concern, 
but t h i s  may be necessary only once in  three t o  f ive years. 

3 . 3  Absorption 

Absorption is  the process i n  which cer ta in  consti tuents 
of a gas stream are  se lec t ive ly  t ransferred to  a l iquid  solvent .  

Absorption may be purely physical ,  i n  which the so lu te  simply 

dissolves i n  the absorbent, or chemical, i n  which the so lu te  

chemically reac ts  with the absorbent or  with reagents dissolved 

i n  the absorbent. 

The generally low cancentrat ion&- of exhausted organics 
require long contact times and large quant i t ies  of absorbent for  

adequate emissions control .  Absorption i s ,  therefore,  l e s s  de- 

s i r ab le  than adsorption o r  incinerat ion,  unless the absorbent i s  

eas i ly  regenerated o r  the solut ion can be used as a process make- 

up stream. Absorption may be best  su i ted  fo r  use i n  conjunction 

with other control methods such as  incinerat ion o r  adsorption 

to  achieve the prescribed degree of emissions removal. 

.. . 
3.3.1 Equipment and Operating Principals  .-. 

The des i rab i l i ty  of an absorption process fo r  use as 
an emission control method depends on the ease with which organic 

vapors are  removed by a readi ly avai lable  absorbent. In  general ,  

ebsorption i s  most e f f i c i e n t  under the following condition^:'^ 

1. the organic vapors a re  qui te  soluble i n  the  

absorbent 



the absorbent i s  r e l a t ive ly  nonvolatile 

the absorbent i s  noncorrosive 

the absorbent i s  inexpensive and 

readi ly available 

the absorbent has luw viscosi ty  

the solvent i s  nontoxic, nonflarmnable, 

chemically s t ab le ,  and has a low freezing 

point .  
. . .-

he organi=;TaCen absorbent stream may be s t r ipped of organic .. 

compounds and recycled. Some absorbent w i l l  be l o s t  with the 

stripped otganics and must be replaced. Alternately,  the spenf "' 

absorbent stream may be used as  a product or intermediate com-

pound i n  chemical manufacture. 

The  r a t e  of mass t ransfer  between the gas and the 

absorbent i s  largely determined by the amount of surface area 

available for  absorption. Other fac tors  governing the absorption 

r a t e ,  such as  the so lub i l i ty  of the gas i n  the absorbent and the 

degree of chemical react ion,  a re  cha rac te r i s t i c  of the ccns t i t -  

uents involved and a re  independent of the equipment used. 

Gas .absorption equipment must be designed to provide 

adequate contact between the gas a d  the absorbent l iquid  t o  

perinit interphase diffusion of the organic vapors. Contact Is 

provided by several  types of equipnient: p l a t e  towers, packed 

towers, spray towers, and ventar l  s c r ~ b b e r s .  P l a t e  t o w e r s  e r q l o y  

ste?wise contact. Several plates  or  t rays are arranged so  that 

C5e gas i s  dispersed through a layer of l iquid  on each ~ l s r e ,ss  



shown i n  Figure 3 . 3 - 1 . 2 6  Each p la te  can be modeled as a separate 

s tage;  the number of required p la tes  i s  determined by he d i f f icu lzy  

of the mass t ransfer  operation and the desired degree of absorption. 

Packed towers a re  f i l l e d  with a packing material  having 

a large surface-to-volume r a t i o .  The packing i s  wetted by the 

absorbent t o  provide a large l iquid  fi lm surface area f o r  con-

tinuous contacting of the gases (Figure 3.3-2)  . 2 7 Usually, the 

flow through p la te  and packed towers i s  countercurrent. Liquid 

i s  introduced a t  the top and t r i ck les  down through the  packing 

o r  across the p la te s .  Gas i s  introduced a t  the bottom and passes 

upward. This r e s u l t s  i n  the highest possible t ransfer  eff ic iency.  

AS the organic concentration i n  the gas stream decreases and the 

gas r i s e s  through the tower, there i s  constantly fresher  absor- 

bent avai lable  fo r  contact.  This produces (maximum average) driv-

ing force f o r  the absorption process throughout the e n t i r e  column. 

Spray towers dispense the l iquid  absorbent i n  a spray 

and pass the gas through the spray (Figure 3 . 3 - 3 )  . Venturi 

scrubbers contact the gas and the absorbent i n  the throat  of a 

venturi  nozzle (Figure 3 . 3 - 4 ) .  The gas-liquid mixture then 
. "  

enters  an entrainment separator,  where centr i fugal  force sepa- 

r a t e s  the l iquid  droplets from the gas.  

Packed and spray towers- introduce lower pressure losses 

than t ray  towers. Spray towers have the advantage of providing 

pa r t i cu la te  removal without plugging; however, they provide the 

l e a s t  e f fec t ive  mass t ransfer  capabi l i ty .  Their use has been re-

s t r i c t e d  t o  applications requiring only l imited removal of highly 

soluble gases. 

Venturi scrubbers a re  highly e f f i c i e n t  for  par t icu la te  

removal. They are  preferred when removing a highly soluble gas 
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from a  d i r t y  gas stream. A major disadvantage of ven tu r i  u n i t s  

i s  the  high pressure drop assoc ia ted  with t h e i r  operat ing velo- 

c i t i e s .  Consequently, t h e  power requirements f o r  the  operat ion 

of  ven tur i  scrubbers a r e  l a rge .  

Since spray towers and ven tu r i  absorbers have only 

l imi ted  app l ica t ion  f o r  gas absorpt ion,  t he  choice o f  equipment 

i s  usual ly  between a  packed tower and a  p l a t e  tower. Conditions 

f o r  which one con t rac tor  type i s  pre fe r red  over the o the r  a r e  

repor ted i n  Table 3 . 3 - 1 .  

.. . 
TABLE 3 . 3 - 1. COMPARISON OF PACKED AND PLATE TObiRS 

. - .- ,--
...1. Packed towers a r e  l e s s  expensive than p l a t e  towers when 

. mater ia l s  of const ruct fbn musr'be corros ion r e s i s t a n t .  

2 .  Packed towers have smaller  pressure  drops than p l a t e  - -
. towers designed f o r  the  same throughput. 

3 .  Packed towers a r e  p re fe r red  f o r  foamy l i q u i d s .  

4 .  Packed towers usua l ly  have a smaller  l i q u i d  holdup t k r ,  
p l a t e  towers. 

5 .  P l a t e  towers a r e  p re fe r red  when the  l i q u i d  conta ins  
suspended s o l i d s  s ince  p l a t e  towers a r e  more e a s i l y  
cleaned. -

6. Pla t e  towers a r e  p re fe r red  for l a r g e r  i n s t a l l a t i o n s  be- 
cause they minimize channeling and reduce tower he igh t .  

7. P l a t e  towers a r e  more s u i t a b l e  when the  process involves 
appreciable temperature v a r i a t i o n ,  s i nce  expansions and 
con t rac t ions  due t o  temperature changes may crush the  
tower packing. 

8 .  ? l a t e  tawers a r e  p re fe r red  when heat  must be reaoved, 
because cooling c o i l s  a r e  nore e a s i l y  i n s t a l l e d .  

9 .  Packed towers a r e  ? r e f e r r ed  i n  sLzes up t o  2 fee t  k n  
d l a e t e s  if other  condit ions a r e  near ly  equal .  



3 . 3 . 2  Applications 

Although absorption has been used primarily t o  control 

inorganic rather  than organic vapors, it has been used t o  control 

organic vapors and par t icu la te  matter in  surface coating opera- 

t i o n s ,  waste handling and treatment p lan t s ,  degreasing opera- 

t i o n s ,  asphalt batch p lants ,  ceramic t i l e  manufacture p lan t s ,  

coffee roas te r s ,  chromium-plating u n i t s ,  petroleum coker u n i t s ,  

f i s h  meal systems, smoke generators, and varnish and res in  

cookers. The organic vapors removed are  usually alcohols, 

ketones, amines, glycols, aldehydes, phenols, organic ac ids ,  

and cer tain l i g h t  hydrocarbons. Commonly used absorbents for  

organic vapors a re  water, mineral o i l ,  nonvolati le hydrocarbon 

o i l s ,  and aqueous solutions of oxidizing agents,  sodium carbon- 

a t e ,  or  sodium hydroxide. 

3 . 3 . 3  Absorption Costs 

Absorption costs  vary widely and depend on the follow- 

ing fac to r s :  

t h e  type of absorber 
I_. - . . * . 

0 .  the kind of contacting me.dia. -(a. g-. , the use of 
ceramic b e r l  saddles i n  a packed bed absorber) 

the nature and amounts of organic vapors i n  
the gas 

the absorbent used 

the application of regeneration techniques 

the value of recovered organics o r  of the  
absorbent-dissolved organics solut ion 







3 . 3 . 3 . 2  Annualized Costs 

Annualized costs for a cross-flow packed scrubber a r e  

presented in Figure 3.3-6.31 Utilities include power cos~s :or 

the recirculating pump and fan. Process water costs are small 


in this case since recirculation is assumed. Treatment costs, 

although not included in Figure 3.3-6, should be taken icro 


consideration when evaluating absorption system costs. ?!ainte-


nance costs appear to average five percent of the capital i~vest-

rcent. Relatively low capital investments for absorption system 

he17 minimize capital charges. _ .... -

- .  

, 3.‘3.4 Absorp,tion Energy Requirement 
...* 

> .  . . ~ .  

The energy required f &  absorbers will vary g e a r l y .  
depending upon the particular configuration used. The ene2g:f. 
. .- .. 

required in a typical absorber system is for pump's, coolLng biater 


system, blowers, and a source of heat if absorbent regeneratiba. 

is desired. Variables involved in energy consumption by an ab- 

sorber system are the concentration of organic vapors in the gas, 


the amount of absorbent, the gas flow rate, and the type of re- 

generation. The energy required for a typical cross-flow packed 

scrubber operation as a function of gas flow rate is shown in 


a 2Figure 3 . 3 - 7 .  

A source of power, either electricity or steam, is 

needed for s charge pump to kee? fresh absorbent in contsct with 
the gas. If a stri?per (regenerator) is part of the systen,, 

circulating puinps are necessary to keep the eRtire systey cperzr- 

ing in steady state. 


Electricity is also needed to power a cooling '?ator 

system necessary for removi~lg heat frcn the absorbent znd ::?e 

effluent gas stream. 




CROSS-FLOW 


Figure 3.3-6. Annualized Costs for a Cross-flow 

Packed Scrubber 
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In order to overcome pressure drop through the. 

absorber configuration,a fan or blower is required for the 

process gas stream. Pressure drop varies widely with the t)Te 

of absorber equipment used. The pressure drop through a packed 

or spray tower is not significant compared with the pressure 

drop encountered in a Venturi scrubber. The energy requirements 

for operation of a Venturi scrubber are relatively large. 3 3 

Environmental Impact of Absorption 


Adverse environmental effects resulting from the 

operation of an absorber include improper disposal of the 


organic-laden liquid effluent-; undesired emissions from the 

incineration of the regenerated waste gas, loss of absorbent to 

the atmosphere, and increased water usage. 


The liquid effluent from an absorber can frequently 

be used elsewhere in the process. When this is not possible, 

the non-regenerated absorbent effluent should be treated to pro-

vide good water quality. Such treatment may include a physical 

separation process (decanting or distilling) or -a chemical treat-

ing operation. 


Regeneration eons'ists of hcating.~the liquid effluent 

stream to reduce the solubility of the absorbed organics and 


separate them from the absorbent. These concentrated organics 

can then be oxidized in an afterburner. Emissions of SO,, NO,,
. .. 
and other incomplete oxidation products may be a result, depend- 

i ~ g 
on the nature of the regenerated gas stream. 


The control of one type of volatile organic emission 

can result in the emission of another at an even greater rate 




when l iquid  absorption i s  employed. For example, vapors of 

trichloroethylene can be subs tant ia l ly  reduced i n  an a i r  s t rean  

by absorption i n  a lean mineral o i l ;  however, a t  ambient tenper-

ature  the a i r  stream leaving the absorber might contain 120 ppm 

mineral o i l  . 

An add-on water scrubbing system w i l l  usually mean only 

a minimal increase i n  the throughput to  the exis t ing  water t r e a t -

ment f a c i l i t i e s  i n  a plant .  

Condensation 

.. 
. . . _  . .on dens at ion is;&llyapplied i n  combination ~ 5 t h  - -' 

o t h e ~a i r  p o l l u t i ~ n -  control. systems; Condensers -located up- . 
- .

-Stream of afterburners ; carbon beds, or absorbers can reduCe .. 

the t o t a l  load entering the more expensive control 'equipnen.t. .. . . 

When used alone as Fn gasoline vapor control in  bulk t emina l s ,  

re f r igera t ion  i s  the usual means of achieving the low t e q e r a -  

tures  necessary for  condensat2on. This i s  the best  application 

fo r  the pr inciple  of condensation. 

3 . 4 . 1  Equi~ment and Operating Principles 

In a two-conponent .vapor (where one component can be 

considered non-condensible), condensation occurs when the ~ a r t i a l  

pressure of the condensible component equals the component's 

vapor pressure. There are  two ways t o  obtain condensation. 

F i r s t ,  a t  a given temperature, the system pressure nay be 

increased u n t i l  the p a r t i a l  pressure of the condensible ccnpo- 

nent equals its vapor pressure. Alternately,  a t  a fixed s ressx r? ,  

the temperature of the gaseous mixture =lay be reduced ur,tL1 t he  

vapor pressure of the condensible coxqonent equals 5:s parzLaL 

pressure.  As the terperature i s  fur ther  reduced, c o ~ c e ~ s 2 c l o n  



continues such tha t  the p a r t i a l  pressure i s  always equal t o  the 

vapor pressure.  While condensation by increasing pressure i s  
possible ,  in  prac t ice ,  condensation i s  achieved mainly through 

removal of heat from the vapor. Some components i n  multicom- 

ponent condensation may dissolve i n  the condensate even though 
the i r  boi l ing points a re  below the e x i t  temperature of the 

condenser. 

Condensers employ several  methods f o r  cooling the 
vapor. In surface condensers, the coolant does not contact the 

vapors or condensate; condensation occurs on a wall separating 

the coolant and the vapor. In contact condensers, the coolant, 

vapors., and condensate are  intimately mixed. 

Most surface condensers a re  common shell-and-tube heat 
exchangers. The coolant usually flows through the tubes and the 

vapor condenses on the outside tube surface.  The condensed vapor 

forms a fi lm on t h e  cool tube and drains away t o  storage or 
disposal.  Air-cooled condensers a re  usually constructed with 

extended surface f i n s ;  the vapor condenses inside the finned 

tubes. 

Contact condensers usually cool the vapor by spraying 

an ambient temperature or s l i g h t l y  chi l led  liquid d i r e c t l y  i n t o  
the gas stream. Contact condensers a l so  a c t  as scrubbers i n  

removing vapors which normally might not be condensed. The 

condensed vapor and water mixture i s  then usually t rea ted  and 

discarded as waste. Equipment used for  contact condensation 

includes simple spray towers, high ve loc i ty  j e t s ,  and barometric 
condensers. 



.. 
 Contact condensers a r e ,  i n  genera l ,  l e s s  ex?ens ive  , 
more f l e x i b l e  and more e f f i c i e n t  i n  removing organic  vapors than 

su r face  condensers. On t h e  o t h e r  hand, su r face  condensers nay 

recover marketable condensate and minimize waste d i sposa l  

problems. Often condensate from contact  condensers cannot be  

reused and may requ i re  s i g n i f i c a n t  wastewater t reatment  p r i o r  

t o  d i sposa l .  Surface condensers must be equipped with more 

a u x i l i a r y  equipment and have g r e a t e r  maintenance requirements . 

3 .4 .2  Applicat ions 

Condensation processes with s i g n i f i c a n t  r e f r i g e r a t i o n  
< -requirements a r e  'being used f o r  the  recovery of gaso l ine  vapors' 

a t  bulk gaso1,in.e te rminals .  I n  some i n s t a l l a t i o n s ,  gaso l ine- .*. 
vapdrs a r e  compressed and the,n... r e f r i g e r a t e d  t o  ob t a in  

cohdensation.. Other i n s t a l l a t i o n s  omit compression and simply-' -. 
. .- . . .-.

r e f r i g e r a t e  the vapors t o  temperatures a p p r o a c h i ~ g  -73°C (-lOOo.5). 

Removal e f f i c i e n c i e s  depend on t h e  hydrocarbon concen t ra t ion  df 

t h e  i n l e t  vapors,  but  a r e  .g rea te r  than -96% f o r  t h e  rernoval of 

s a tu r a t ed  hydrocarbons. S imi la r  syste-IS have been ?ro?osed 

f o r  marine petroleum te rmina l s .  

,... . . . . 
,. 

Condensers have been used succe s s fu l l y  (usua i ly  w i t h .  

add i t i ona l  con t ro l  equip men^) i n  c o n t r o i l i n g ~ ~ o r g a ~ i c  en i s s i ons  

. from petroleum r e f i n i n g  and petrochenhcal  manufacturing, dry-

c lean ing ,  degreas ing,  and t a r  dipping.  Even when used a s  t he  

primary control .equipment ,  condensers a r e  u sua l l y  followed by 

a secondary a i r  p o l i u t i o n  con t ro l  system (such a s  an ~ f ~ e r 3 ~ r a e r )  

which t r e a t s  the  non-condonsLble gases and achieves a kLgh degree 

of o v e r a l l  e f f i c i ency .  Condensation i s  sonetLnes ? r a c z i c a l  in 
- . -the  su r face  coa t ing  indus t ry  when l a r g e  concentratLons of re lz t lveL> 

nonflarrs.xab!.e ma t e r i a l s  a r e  p r e sen t .  



3.4.3 Condensation Costs 

The costs for shell-and-tube surface condensers depend 
on the following: 

the nature and concentrations of the vapors in 
the waste gas 

- the mean tsmparature difference between gas 
and coolant 

the nature of the coolant 

the desired degrae of condensate subcooling 

the presence of non-condessible gases in the 
waste gas 

the buildup of particulate matter on heat exchange 
surfaces. 

In general, capital costs for surface condensers are greater than 
the corresponding costs for contact condensers. Preliminary cost 
estimates can be made after the necessary heat exchange area is 
determined from the factors listed above. . - 

costs 'for contact condensers :uscdflfor organic emissions 
control also depend' on.'the fa*fors given above. In addition, the 
cost for treatment of the organics-coolant effluent must be in- 

cluded. 

Condensers have been most widely applied as prelimi- 

nary or auxiliary equipment for other control devices (e.g., as 
part of the regeneration step in carbon absorbers). One 

important application as primary control equipment is at 
bulk gasoline terminals as vapor recovery units. Annualized 

and capital costs for refrigeration vapor recovery units have 
been developed by the EPA in a draft document on the control of 
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Figure  3 . 4 - 1 .  C a p i t a l  C o s t s  f o r  X e f r L g e r a r L o n  -.or 
Recovery UnLts 



hydrocarbons from tank truck loading terminals. 3 s  These costs 


are shown in Figures 3.4-1 and 3.4-2 as a function of the 


hydrocarbon vapor flow rate. A11 costs are indexed to June 1976. 


FLOW. act-

Figure 3.4-2. Annualized costa for refrigeration 

vapor recovery units. 


Capital cost estimates are intended to represent the 


total investment required to purchase and install a refrigera- 

tion unit. New installations arc'assumed, but retrofitting at 

existing installations is expected to be only slightly higher. 




-- 

C 

An example of annualized cost components for a 


refrigeration vapor recovery unit is shown in Table 3 . 4 - 1 .  
.. . 

TABLE 3.4-1. COMPONENTS OF ANNUALIZED COSTS FOR 

A REFRIGERATION VAPOR RECOVERY UNIT '" 

Gas Stream C h a r a c t e r i s t i c s  

Flow 
Concentrat ion 
1 n l e t  Temperature 

Di rec t  Operating Costs 

U t i l i t i e s  
Mai ntenanc e 

C a p i t a l  Charges 
. .. 

Gasoline Recovery (Cred i t )  

' Net Annualized Costs - . .  

bMaintenance a s  3% of t h e  c a p i t a l  c o s t s .  

Calcula ted  @ 10% f o r  1 5  y e a r s  p l u s  4% f o r  t a x e s ,  

420 scfm ( 1 2  m3/min) 
20% (by  vol.) hydrocarbons 
60°F (l6OC) 

insurance,  and a d n i r i s t r a -  
t i o n .  

d ~ a s o l i n evalued a t  $ .4O/gal ($.10/2) F.O.B. t e rmina l  be fo re  tax.  
e

Computed a s  opera t ing c o s t s  + c a p i t a l  charges  - g a s o l i n e  recovery c r e d i t s  

Utilities costs will vary de~ending on the inlet concentratioz 


of the hydrocarbon vapors. Gasoline credits help offset about 


35-75% of the annualized expenses. At higher flow races, gaso- 

-Line credits appear to offset operating exyenses and capital 


charges, resulting in a net savings by recovering the vapors. 


In general, condensation sysrems are uneccncz~cal as 


che sole means of emission control unless the gas cori%izs hLgi  

.concentrationsof valuable organic vapors wnich can be recovered 

from the gas strean. 




3 . 4 . 4  Condensation Energy Requirements 

The amount and type of energy required f o r  a condenser 

w i l l  depend primarily on the type of condensation system employed. 

The different configurations and t h e i r  energy requirements vary 

great ly  from one system to another. In general, condensation 

systems consis t  of a cooling system and a means f o r  transporting 

the d i f ferent  streams. . . 

A contact condenser requires energy in  the form of 

cold l iquid supply, in jec t ion  pumps, and a blower t o  move the 
gas through the condensation zone. The condensate and coolant 
are usually not recovered due t o  the prohibi t ive cos ts ;  but a 

surface condenser can e a s i l y  recover marketable condensate with- 

out cost ly  separation processes. A surface condenser requires 
energy for  a cooling water system or a forced convection a i r  

cooler. 

Figure 3 . 4 - 3  i s  a p lo t  of the energy requirements as 
a function of vapor flow r a t e  far a ' r e f r i g e r a t i o n  condenser sys- . . 
tem used f o r  the recovery of gasoline vapors-at a bulk terminal. 3 3  

Character is t ics  and bases far th&e s y s t ~ . . m e .f m d  i n  Table 

3 . 4 - 1 .  E l e c t r i c i t y  i s  used t o  power t b . r e f r l g e r a t i o n  u n i t  -
which provides the  cooling i n  th i s  example. A r e f r ige ra to r  

can be used alone or  i n  conjunction w i t h  a compressor t o  

f a c i l i t a t e  condensation. The type of equipment chosen f o r  a 

re f r igera t ion  un i t  depends on the concentration of organic 

vapors i n  the gas stream, the physical  properties of the vapors, 

and the flow r a t e  of the gas stream. 

I f  the organic vapors are recovered, some energy 

c red i t  can p a r t i a l l y  o f f s e t  the energy required t o  e f fec t  the 
condensation. This is especial ly  t rue  i f  the condensate can 

be used as  f u e l  or  i f  the energy required t o  produce the organic 
.._..compound is  very high. 

90 
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Figure  3 . 4 - 3 .  Energy Required f o r  a Bef rLge ra tLcn  can dense^ 
(Gasoline Vapor Rscoveri  Sysren ec a 3uLX 
Termixal) 




Condensation is rarely used as the sole means for con- 


trolling organic vapors. The total energy requirement for a sys- 

tem involving condensation must allow for the energy associated 


with a secondary air pollution control system, such as an after- 


burner. 


3.4.5 Environmental Impact of Condensers 


A condenser will create few secondary environmental 

problems when the condensation process is considered by itself. 


Problems that do arise include disposal of non-condensibles in 


surface condensers and refrigeration systems, and the need for 

proper treatment of the liquid effluent in contact condenser 


systems. Condensation is rarely used alone as a control method; 


therefore, it is imperathe that all associated equipment produce 


effluent streams of sound environmental quality. 


The non-condensible gas effluent from surface con- 


densers is either vented to the atmosphere or further processed 


<e.g., via incineration), depending on the effluent composition. 


The coolant never contacts the vapors or condensate in a surface 

condenser; therefore, the recovered organic compounds are usually 

reusable. The condensate might not be saved if more than one 

compound is condensed and separation is. cost.1~. Proper treatment 


of the condensate is then imperative before final disposal. This 


also applies for the recovery of volatile organic emissions by 

refrigeration. 


In contact condensation, the condensate is contaminated 

with the coolant liquid. The usual procedure is treatment of 


the waste stream and disposal. The amount of organic material 


entrained in the existing wastewater will depend on the extent of 


treatment. 




- - 

3 .5  F l a r ing  

Flares  a r e  most commonly used as s a f e t y  devices t o  
i nc ine ra t e  waste gases from petroleum r e f i n i n g  and petrocheni-

c a l  manufacturing operat ions .  Flares  are p re f e r r ed  when dispos -
ing of  gas streams with s u f f i c i e n t  heat value t o  a t t a i n  t he  
combustion temperature without the use of  supplemental fue1. 
Flares  a r e  a l s o  p re f e r r ed  when disposing of gases with l i t t l e  

recovery value,  o r  f o r  gases containing contaminants t h a t  niake 
recovery unprof i table .  

.- .  

3 . 5 . 1  Equipment and Oper a t i n g  Pr inc ip les  - .  

. . . . I  . ..3.5 .1 .1  Operating Charac te r i s t i cs  
. .- "... . -

Cmplkte  ccmb~&tion'& organic gases and vapors ch? be . . -
achieved i f  1) the  gas 'has s u f f i c i e n t  heat  value t o  a t t a l n  the 

minimum temperature necessary for combustion, 2)  adequate con-

bu-stion a i r  i s  suppl ied,  and 3) the  gas and a i r  a r e  adequately 

mixed. An i n s u f f i c i e n t  a i r  supply produces a smokey fl m e .  WiCh-

i n  the  reducing atmosphere o f  the  smoke, hydrocarbons c m  crack 

t o  elemental  hydrogen and carbon o r  can r e a c t  t o  f ~ r npoiymers. 
Side r e a c t i o n s  become more pronounced a s  the molecular welght 

and unsaturar ion of ?he . i n l e t  gas increase .  Ole f lns ,  ~ l o l e f i n s ,  

and aromatics c h a r a c t e r i s t i c a l l y  burn wi th  smokey, sooty flzmes 

a s  cornpared:witkr..paraffins and naphcfienes. A smokeless flame can 

be obtainecYwhen'an adequate amount of combustion a i r  i s  mixed 

with rhe gas so t h a t  i t  combusts completely and r a p i d l y  before 
any s i d e  r eac t i ons  can occur. 

Combustion of organics i n  a well-operated flare aey b e  

near ly  complete. I n  t y p i c a l  i n s t a l l a t i o n s  hybrocar3on rsmva' 

e f f i c i e n c i e s  o f  99% have been obtained.  Not a l l  of  t 5e  ky<ro-

car5ons a r e  completely oxidLzed t o  car5on dioxide a d  Tcerer. ... 
A s  no& as 1 0 %  of the  combustion products m a y  be carkon z ~ z o x l i e . ' "  

9 3  



Firing of the f l a r e  can produce temperatures which 

favor the formation of nitrogen oxides. Other air contaminants 
emitted from f l a r e s  vary with the composition of gases burned. 

Sulfur dioxide i s  produced from the combustion of su l fur  com-

pounds such as hydrogen sulf ide.  Burning hydrogen su l f ide  can 
create  enough sulfur  dioxide t o  cause crop damage or  local  

nuisance i n  some instances. However, for  emergency conditions, 

discharge of a stream containing hydrogen su l f ide  to  an elevated 

f l a r e  may be safer  than venting or  incinerat ion a t  a low elevation. 

Materials t h a t  cause hea l th  hazards or nuisances should 

not be combusted i n  f l a r e s .  Compounds such asamercaptans or  

chlorinated hydrocarbons require  spec ia l  combustion devices with 

chemical treatment of the  gas o r  the  combustion products. 

Types of Flares 

There a re ,  i n  general, three types of f l a r e s  fo r  the 

disposal of waste gases : elevated f l a r e s ,  ground-level f l a r e s ,  

and burning p i t s  . 
A .  - .. 

.Burning p i t s  a re  reserved f o r  extremely large gas flows 

caused by catastrophic emergencies i n  which the capacity of the 

primary smokeless f l a r e s  i s  exceeded. Ordinarily,  the main gas 

header t o  the  f l a r e  system has a water s e a l  bypass t o  a burning 
p i t .  Excessive pressure i n  the  header blows the water sea l  and 

vents the vapors and gases t o  the burning p i t  fo r  combustion. 

Smokeless combustian can be obtained i n  an elevated 
f l a r e  by the in jec t ion  of an i n e r t  gas i n t o  the  combustion zone 

t o  provide turbulence and i n j e c t  a i r .  The most commonly used 
a i r - in jec t ing  macerial fo r  an elevated f l a r e  i s  steam. Three 
aa in  types of steam-injected elevated f l a r e s  a re  i n  use. These 



types vary i n  t he  manner i n  which t he  s t e m  i s  i n j ec t ed  into t h e  

combust ion area .  

In the  f i r s t  type ,  steam i s  i n j e c t e d  by severa l  srali 

j e t s  placed cor.cencrically around the  f l a r e  t i p .  The jets are  

i n s t a l l e d  a t  an angle and cause the  steam t o  discharge i n  a 
. 

converging pa t t e rn  i m e d i a t e l y  above t h e  f l a r e  t i p .  

A second type has a f l a r e  t i p  with no obstructLcn t o  

flow. The f l a r e  t i p  i s  the  same diameter as  t h e  s tack .  The 

steam i s  i n j ec t ed  by a s i ng l e  nozzle located concentrLcally 

within t he  burner t i p .  In t h i s  t y p e  of  f l a r e ,  the  s t ean  i s  

premixed with the gas before i gn i t i on  and discharge.  

A t h i r d  type i s  equipped w i t h  a f l a r e  tLp t h a t  pro- 

motes turbulence by causing t h e  gases t o  flow through seve ra l  

t angen t i a l  openings. A steam r i n g  a t  t he  top of t h e  szack h a s  . 

numerous equally ,spaced holes ' for  i n j e c t i n g  s t e a n  i n t o  the 

gas stream. 

Most modern r e f ine ry  and petrochenical .  p lan t  flares 

have a ' t i p  with th ree  loca t ions  f o r  s t e a s  i n j ec t i on .  T5e  s t e a n  

r a t e s  t o  the  t h r ee  d i f f e r en t  loca t ions  ar t he  f l a r e  t i ?  a r e  con-... 
t r o l l e d  by t h r ee  d i f f e r en t  regu la tor  valves.  

Steam in j ec t i on  provides the  f o l l o w i ~ g  benefits: 

1. energy ava i lab le  a t  r e l a t i v e l y  low cost  . . 

can be used t o  i n j e c t  a i r  and provide 

turbulence within the  flame 

2 .  steam and/or water reac t  w i t h  the  gas t z ~fo= 

oxygenated cornpounds t h a t  bum read i ly  a t  

relarLvely low t e q e r a r u r e s  



3 .  steam retards  polymerization by reducing the 
p a r t i a l  pressure of the fue l .  

The inject ion of steam in to  a f l a r e  can be controlled 

e i t h e r  manually or automatically. In some i n s t a l l a t i o n s ,  the 
steam i s  supplied a t  maximum r a t e s ,  anC manual t h r o t t l i n g  of 

the steam i s  required fo r  a par t icu lar  gas flow r a t e .  For the 

best  combustion with minimum steam consumption, instrumentation 
should be provided which automatically controls the steam r a t e  

based on the gas flow r a t e .  

Ground-level f l a r e s  a re  usually enclosed and a re  used 
primarily where noise or l i g h t  would be objectionable. A 

ground-level f l a r e  i s  usually designed fo r  da i ly  process needs 
with the high flows during major emergencies routed to  an 

accompanying elevated f la re .  Ground-level f l a r e s  a re  of four 

pr incipal  types: horizontal  venturi ,  water in jec t ion ,  multi- 
j e t ,  and v e r t i c a l  venturi.  

A horizontal  venturi  f l a r e  system u t i l i z e s  groups of 
standard venturi  burners. In  t h i s  type of burner, the  gas pres- 

sure inspi res  combustion a i r  f o r  smokeless operation. 

A water-injection f laxe consis ts  of a s ingle  burner 

with a water spray r i n g  around rhe burqer nozzle. A i r  i s  drawn 
i n  as a r e s u l t  of the  spray act ion and t h e  water vapm provides 

fo r  the smokeless combustion of gases. Water i s  not a s  e f fec t ive  

as  steam for  control l ing smoke with high gas-flow r a t e s ,  unsatu-

ra ted  mater ials ,  or  wet gases. 

A mul t i j e t  ground f l a r e  uses two s e t s  of burners, one 

for  normal gas re lease  r a t e s  and both f o r  higher f l a r i n g  r a t e s .  

A v e r t i c a l ,  venturi  ground f l a r e  a l so  uses commercial-
type venturi  burners. This type of f l a r e  i s  su i tab le  fo r  r e l a -  

t ive ly  small flows of gas a t  a constant r a t e .  

95 



Applications and Costs 

F la res  a re  usua l ly  unsu i tab le  f o r  the  t r e a t a e n t  of 

d i l u t e  gas streams because t he  cos t s  of  supplemental fue l  needed 

t o  a t t a i n  the  minimum combust ion temperature a r e  p r o h i b i t i v e .  
Unlike a f t e rbu rne r s ,  f l a r e s  have no heat recovery c a p a b t l i t  y 
t h a t  could produce c r e d i t s  f o r  hea t  generated from combustion. 
F la res  a r e  a l s o  general ly  l e s s  e f f e c t i v e  than o ther  devices i n  

con t ro l l i ng  organic vapors. While nearly a l l  of t he  hydrocarbo- 

po l lu t an t s  a r e  combusted, considerable q u a n t i t i e s  of carbon mon- 
oxide may be produced. 

Elevated f l a r e  equipment cos t s  vary considerably 

because of  t h e  disporpor t ionate  cos t s  fox a u x i l i a r y  and con t ro l  

equipment and the  r e l a t i v e l y  low cos t s  o f  t he  f l a r e  s tack  and 

burner .  A s  a r e s u l t ,  equipment cos t s  a r e  r a r e l y  dependent on 

t h e  gas flow rate. Typical i n s t a l l e d  cos t s  range from $30,000 

t o  about $100,000. Figure 3.5-1 represents  es t imates  of i n s t a l l e d  
cost  f o r  a t yp i ca l  e leva ted  f l a r e  i n  t h e  petrochemical i ndus t ry .  3 3  

Low l e v e l  f l a r e s  a r e  approximately t en  times more e q e n s i v e  f o r  

s imi l a r  capacity ranges. b o 

Operating cos t s  a r e  determined c h i e f l y  by f u e l  cos ts  
and by steam required f o r  ssokeless  f l a r i n g .  On t he  bas i s  of 
40 cents  per  10 mi l l ion  Btu 's  of  f u e l ,  t y p i c a l  r e f i n e r y  e leva ted  

f l a r e  s tack  operat ing cos t s  (2-foot diameter stack) a re  a b o a  

$2000 per year .  The cost  of  operat ing la rge  e leva ted  flares 
can b e  considerably g r e a t e r  than t h i s  number. 

Figures 3.5-2 and 3.5-3 represent  es t imates  of c a p i t a l  

and annualized cos t s  f o r  an enclosed ground-level f l s r e  hadling 
small volumes of gasol ine  vapors from tank trick loadL,.- - g  s p e r a -

t i ons  a t  gasoline bulk t e n i n a l s .  4 2  Capital coscs f ~ re n c l o s e <  
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Figure 3 . 5 - 2 .  C a p i t a l  Cos t s  f o r  an Enclosed Ground-level 
F l a r e  (Vapors from Tank Truck i o a c i a g  
Operations a t  a Bulk TernLxa l )  

99 




I I 1 Ii I 

0 200 400 800 800 1000 

GAS FLOW TO FLARE, SCFM 

Figure 3.5-3. Annualized Costs for an Enclosed Ground- 

level Flare (Vapors from Tank Truck Loading 

Operations at a Bulk Terminal) 
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f l a r e s  a r e  g r ea t e r  than e leva ted  f l a r e s  f o r  comparable flow 

r a t e s ;  however, enclosed f l a r e s  a f ford  b e t t e r  emission con t ro l  

and g r e a t e r  s a f e ty  f o r  t h e  app l ica t ion  mentioned. 

Annuclized cos t s  a r e  minimized i n  t h i s  example s ince  

hydrocarbon concentrat ions a r e  s u f f i c i e n t  t o  support combustion 

without supplemental f u e l .  A p i l o t  i s  required t o  ensure i g n i -

t i o n .  Yaintenance cos t s  average about two percent  of c a p i t a l  

cos t s .  Power cos t s  a r e  assoc ia ted  with a blower t h a t  suppl ies  

combustion a i r  t o  the burners and a purging system t h z t  prevents 

the  f l a r e  from s t a r t i n g  when explosive mixtures a r e  p resen t .  

3 . 5 . 3  Energy Requirement f o r  F la res  
. ...-. 

Smoliel&ss operlr ion"6f a f l a r e  usua l ly  requ i res  a 

supply o f  s t e a k ' o r  a i r  Because'.trery few organic compounds burn . 

s m k e l e s s l y  without steam ot a i r  i n j e c t i o n .  The purpose of 
energy input  t o  a f l a r e  i s  t o  main2ain e f f i c i e n t  opera t ion ,  s ince  

f l a r e s  usua l ly  do no t  need any add i t iona l  f u e l  to supporc the  

combustion of t h e  waste stxeam. Other poss ib le  energy requirement: 

rsay be power f o r  a vapor  purging system which prevents explosive 
r 

mixtures i n  flare s tacks  -and f u e l  f o r  a gas p i l o t .  Additional 
fue l  w i l l  be required i f  d i l u t e  gas streams a r e  to  be f l a r e d ;  

however, gas streams with low heat ing value a r e  b e t r e r  s u l t e d  

t o  d i sposa l  by d i r e c t  i nc ine ra t i on ,  4 3 

A forced d r a f t  f l a r e  i s  used f o r  spec i a l  pur?oses, and 

i t s  energy requirenent  includes e l e c t r i c i t y  f o r  a blower t o  

9rovi.de t he  f l a r e  t i p  w i t h  combustion a i r .  A ground l e v e l  f l a r e  -

n o m a l l y  uses a n a t u r a i  d r a f t  a i r  supply, and s t e m  i s  seldcm 

necessary f o r  smokeless operat ion.  4 4 

\ 

F i g u r e  3 . 5 - 4  d isplays  r h e  energy reqxirenent  f o r  a 
T -low capac i ty ,  enclosed,  ground-level f l a r e .  inciuded i n  rhe 
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Figure 3.5-4. Energy Requirements f o r  a Low Capacity, 
Enclosed, Ground-level Flare 
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energy consumption for  t h i s  example i s  a combustion a i r  blower 

and a. vapor purging system. 4 5  

f 

Since f l a r e s  are  used f o r  emergency operation and as 
safety devices, i t  i s  d i f f i c u l t  t o  predict  energy requirements 
fo r  one s ingle  f l a r e ,  especial ly  one with a large capacity. 

Smooth and e f f i c i e n t  operation of the process i s  the best  
guarantee of minimizing energy consumption of a f l a r e  system. 

Environmental Impact of Flar ing 

The operation of a f l a r e  a f fec t s  the envirbmenr i n  
the following areas:  chemical and oxidation emissions, par t icu-  

l a t e  ernissions,,~ themal  and v i s i b l e  radia t ion ,  and nolse.  

Elevated f l a r e s  are  primarily intended for plant emergexies . . 
and are  inherently not as  e f f ix ien t  i n  the above areas as new, . . -
enclosed, ground-level f l a r e s .  

- _ .  
Chemical emissions are  the d i rec t  r e s u l t  of incomplete 

combustion of the v o l a t i l e  organics contained i n  the waste gas 

stream. Carbon monoxFde and p a r t i a l l y  oxidized hydrocarbons such 
as aldehydes a re  known t o  be products of elevated f l a r e s .  Because 

of lower design ve loc i t i e s ,  emission o-f unburned hydrocarbons i s  
much lower in  an enclosed, ground-level f l a r e . 4 6  

Sulfur compounds, nitrogen compounds, and other unde- 
s i r ab le  chemicals a re  a l so  completely oxidized and emizted t o  the 

atmosphere. In  par t icu lar ,  hydrogen sulf ide streams a re  often . .. 
routed to  f l a res  and burned. SOx ernissions from ref inery f l a r e s  
average 27 lb/103 bbl ref inery feed ('77 kg/103m3).4 7  

-. 


XOx enissicns from f l a r e s  are  a l so  cornon due t3 

d i r e c t  contact of nitrogen with oxygen a t  the flame t e T e r a t z r e  



- - 

Eut NOx emissions from elevated f l a r e s  using steam t o  i n j e c t  
a i r  are  lower than fo r  gas-fired burners due t o  the  lower flame 

temperature. A typica l  emission r a t e  f o r  a f l a r e  system i n  a 
petroleum ref inery i s  19 1b NOx/103 bbl ref inery feed (54 kg NO,/ 

103m3 ref inery feed}.'+' 

A i r  must be well mixed with the gas a t  the point of 

combustion i n  a f l a r e  or  soot w i l l  escape from the f l a r e .  A 

smokeless flame is a t ta ined  when an adequate amount of a i r  i s  

kept well mixed a t  the point of combustion. This is usually 
accomplished by in jec t ing  steam t o  provide the  needed turbu- 
lence . 

Other undesirable emissions include"thenna1 and 

v i s i b l e  radiat ion.  Steam in jec t ion  can reduce thermal radiat ion 
by lowering the  flame temperature'." .~lirpinoaLtycannot be com-
ple te ly  reduced, but enclosing a..growd level  f l a r e  i s  desir-
able ,  especial ly  it5 @6;'Qtiiat;edareas.  

Low frequency cornbustion noise rand high frequency j e t  .......I,... 

noise -in f l a r e s  io*l-&vironma&al probl& fbr elevated f l a r e s  

* a -7 * .
i n  populated a r h ~ , ~& -, . %-

j&tnoise i s  not a problem with ground-

level  f l a r e s ,  and the & d u s t i o nnoise i s  reduced s igni f icant ly .  
A . 

In many instances, the emission of chemically react ive 
organic: vapors may be completely avoided. Campounds af low 
photochemical r eac t iv i ty  can gometimes be subst i tuted f o r  highly- 

react ive compounds c*rently i n  use. While the t o t a l  organic 
eciss ions would not  decrease and could increase,  the subs t i tu-  
t ion  of nonreactive o r  less reactive organic compounds could 

reduce urban photochemical oxidant formation. Few v o l a t i l e  
organic compoundrsl a re  of such low photochemical r e a c t i v i t y  tha t  

they can be ignored i n  oxidant control programs. 



.I 

The most e f f i c i e n t  technique fo r  controll ing org=ic 

emissions i s  t o  design processes which produce l i t t l e  or  no 
f .  pollution. Improved operating and maintenance procedures can 
F 

sometimes subs tant ia l ly  reduce o r  eliminate organic enLssl 7ons. 
New process technologies can reduce organic ersissions by 

avoiding ine f f i c i en t  or  poorly controlled operations. 

SubstitutFon of Less Photochemically Reactive Meterials 

Most a i r  pollution control s t r a t eg ies  applicable to  
s ta t ionary sources of v o l a t i l e  organic compounds (VOC) are  pat -
terned a f t e r  Rule 66 of the Los Angeles County A i r  Pollution Con- 

.. 

t r d l  ~ i s t r i c t  (presently Regulation 442 of the Southern C~lifornFa... 
.Air. Pollution Control D i s t r i c t ) .  Rule 66 and s imilar  regulations . .." " " I  ' 

indbrporate. two basic + t i a t eg ies  to..reduce ambient oxidant- cuncen- 

t r a t ions :  selective subs t i tu t ion  of l e s s  phatochemically reaceive .. 
materials ,  and posit ive reduction schemes f o r  the des m x t i o n  o r  -
recovery of organic vapors. 

O f  the small number of VOC which have only negl igible  

photochemical r eac t iv i ty ,  several  a re  suspected of poslng threa ts  

to  human heal th .  Only those compounds l i s t e d  i n  Table 3.6-1 have 

been reconmended fo r  exclusion from oxidant control under S ta te  

Ireplemeniation Plan regulations.  MetAylene chlor ide,  benzene, 
benzaldehyde, a c e t o n i t r i l e ,  chloroform, carbon tetrachlori.de, 

ethylene dichloride,  and ethylene dibromide a re  also only 

s l i g h t l y  photochemically react ive.  However, a l l  except 3enzaL-.. 
dehyde are  ~ o s s i b l e  carcinogens, teratogens,  o r  mutagex. 
Benzaldehyde forns a strong eye i r r i t a n t  when i r r ad iz ted .  It 
is  not appro-~ ia te t o  encourage o r  suppor t  increased u t l l l z a t l o n  

of  these compounds. 



TABLE 3.6-1- NOUTOXIC VOLATILE ORGANIC COKPOLTNDS 
OF NEGLIGIBLE PHOTOCHEMICAL REACTIVITY 

Me thane . . 

Ethane 
1-1-1 Trichloroethane (Methyl Chloroform) 

- Trichloro-trifluoroethane (Freon 113) 

The v o l a t i l e  qrganic compomds l i s t e d  i n  Table 3.6-2 
y i e l d  significant --oxidant only during multiday stagnations.  

Perchloroethylane, the pr inc ipa l  solvent emplayed in  the  dry 

cleaning industry is also of low reac t iv i ty .  It was not  included 

i n  Table 3.6-2 because of i t s  ,sxzspected adverse heal th e f fec t s .  

Acetan*, -.- - ,- Methyl Acetate.... I.. .. 
._.. Methyl Ethyl: Ketone, Phemyl b t a t e  ...: . . 
, .- n e t h d "  - . .-- Ethyl M n o s  . . .... 

-. : '1spPro&ol 
/ 

, ~c~cet~leaa 
& .  

- - Methyl Benzoate .. N ,N;di;laethyl Formamtde 
. . 

-. . ,. 

M m t  v o l a t i l e  organic compounds are s ign i f i can t ly  

more reac t ive  than the VOC l i s t e d  i n  Table 3.6-2. 

3.6.2 Proces.~ Operation and Material Chanaes 

Process operation and material  changes a re  the  most 

diverse options avai lable  for control of organic emissions. Iil 

general ,  there  are three types of possible changes: 1 )  material  



s u b s t i t u t i o n s ,  i n  which a l t e r n a t e  mate r ia l s  are used in t h e  p r o -

cess o r  products o f  t h e  process a r e  reformulated;  2 )  process 

changes, i n  which ce r t a in  operat ions of t he  process a r e  m o d i f i e d ,  
4 

and 3 )  housekeeping and maintenance procedure changes. Each 

type of change i s  bes t  i l l u s t r a t e d  by examples. 

Material  s u b s t i t u t i o n s  a r e  intended t o  reduce v o l a t i l e  

organic emissions by replacing mate r ia l s  used i n  t h e  process with 

l e s s  v o l a t i l e  o r  nonreactive compounds. For example, organic  

emissions from surface  coat ing operat ions can be s i g n i f i c a n t l y  

reduced by replacing conventional o r ~ a n i c  solvent-borne coatings 

with water-borne, high s o l i d s ,  o r  powr:P,r coat ings .  Water-borne 

coatings can be appl ied wi th  most of t h e  same methods used f o r  

organic solvent-borne 
.-. 

coatings...- .. Water-borne spray coat ing sol.-. * .-

ve6t .  conti&s 20 t o  307, organic solvent  ; t hus ,  v o l a t i l e  orgar&.. 

emissions cannot be completely el iminated.  .. 

Process changes reduce organic  vapor emissions by using 
raw mate r ia l s  more e f f e c t i v e l y .  For example, organic emissions 

from sur face  coat ing can be reduced by adopting more e f f i c i e n t  

coat ing app l ica t ion  methods o r  by changing curing techniques. 

E l e c t r o s t a t i c  spray coa t iag ,  e l ec t ron  beam curing, znd u l t r a -

v i o l e t  curing reduce emissions by l im i t i ng  solvent  contact  with 

a i r .  Most uses of  e lec t ron  beam and u l t r a v i o l e t  curing a r e  

s t i l l  i n  t he  developmental s tage .  5 2  

Improved maintenance procedures and "good housekeeping" 

reduce v o l a t i l e  organic emissions by preventing leaks  arid -. 
s p i l l a g e  and by improving produce y i e ld .  For e x a q l e ,  enissions 

from process hea te rs  and steam b o i l e r s  can be minimized by maLn-

t a i n i n g  t h e  f u e l - t o - a i r  r a t i o  a t  t he  optimum l e v e l .  V a p r  leaks  -

from pumps and valves can be reduced by increasi l lg r0utLr.e 

maintenance and inspect  ions . Conscientious preventive 



maintmance can minimize fugitive emissions f rom process and 
auxiliary equipment. 
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4.0 CONTROL SYSTEMS FOR INDUSTRIAL PROCESSES 


This section describes volatile organic emissions and 


control technology for 18 industrial operations. Processing 


methods and equipment are described in enough detail to indicate 


how emissions are produced. Emission quantities and compositions 

- are described. Currently applied control rechnology and other 

applicable control methods are discussed. The efficiency of 


current and potential control methods is addressed. General dis- 


cussions of energy requirements, costs, and environmental impacts 

of control methods are covered in Section 3.0. Information for 


specific processes, when available, is presented in this section. 


The 18 operations described in this section are not 

the only sources of volatile organic emissians. They are the 


sources for which information is available. Some are described 


more completely than others. The extent of coverage depends on 


the availability of information for each operation. 


The first section, 4.1,describes emission sources 

common to the petroleum and chemical processing industries. The 


following 18 sections, 4.2. through 4.19, are separate discussions 

of each class of industrial operations. References are given at 


the end. of each section. 
 . I 



Emission Sources Common to the Petroleum and Chemical 


Process Industries 


Petroleum and Chemical Process Industries (PCPI) in-

clude oil and gas production, gas processing, oil refining, and 


organic chemicals processing. There are several sources of vola- 

tile organic emissions found in all areas of the PCPI. Typical 

examples are lisi-ed in Table 4.1-1. Most emissions are the re- 

sult of accidents, poor planning, inadequate maintenance, or 


simply normal leakages. 


TABLE 4 . l-1.  EMISSION SOURCES COMMON TO THE 
PETROLEUM AND CHFNICAL PROCESS INDUSTRIES.. 

.. . . 
Pump and ~o&ressor Seals  

Wastewater Weatmest .-- , . Pressure Relief DevLces .. . 
Cooling Towers Drains, sumps, Hot Wells -
Compressor Engines B l h d  Changing -
Stationary Fuel Combustion SampIfig 
Valves Unc~ntrolled Blowdown 
Flanges and Other Connecting Devices . . 

a
Discussed i n  Section 4 . 5  
. . 

...b ~ i s c u s s e din Section 4.15. 

Refineries and Organic Cheaical Plants 


Volatile organic emission rates vary greatly among 

refineries and chemical plants. These variations are cacsed by 

differences in feedstocks, products, processing complexity, and 

applications of control measures. In general, any hydrocar5on 

found in a process stream can be emitted frm one or more of t5e 

common sources. The two largest sources are storage and fugit5ve 

leaks. 




Oil and Gas Production/Gas Processing 


Emissions from oil and gas production usually contain 


saturated, lower molecular weight hydrocarbons. Fugiti-~e losses 


account for most of the hydrocarbon emissions. One study esti- 

mated t:hat 89% of the hydrocarbon emissions at an oil production 


facility were due to leaks.' Gas losses of 0.22% of the gas pro- 


duced are attributed to wellsite leaks.' Natural gas production 


has an especially high fugitive emission potential because of 


high pressures, the corrosiveness of hydrogen sulfide and water, 

and the gaseous nature of the products. Since most installations 

are in remote locations maintenance is sometimes infrequent. Na-


tural gas processing plants are essentially miniature refineries, 


but they have a lower fugitive'emission potential because they 

employ simpler process schemes and lower processing temperatures. 


Two other common sources that have slightly more sig- 


nificance for oil and gas production than for oil or chemical 


processing are internal combustion engines and flares. Natural 


gas production requires numerous compression steps. Many of the 

field compressors use internal combustion engines. Also, uncon- 


trolled blowdown and flaring of-gases is practiced more in oil 


production than in the other operations. Excess gas prod-aced 

with th.9 oil is often unneeded onsite'and uneconomical to trans- 


port. It is usually disposed of by venting or flaring. 


Each of the thirteen emission sources listed in Table 


4.1-1 is described separately in the following Sections 4.1.1 


through 4.1.13. Emission characteristics; control technology; 


and cost, energy, and environmental impacts of controls are de- 


scribed. References are given in Section 4.1.14. 




4 .1 .1  Storage Tanks 

* Various types of tanks a r e  used f o r  the  s torage sf F r o -

ducts and feedstocks i n  every a rea  of the  PCPI. Enissiocs from 

s torage tanks a r e  discussed i n  Section 4 . 5 .  

4.1.2 Wastewater Treatment 

Wastewater treatment facilities e x i s t  i n  a l l  Fhases of 

o i l ,  gas,  and chemical production and processing. They a r e  65s-

cussed i n  Section 4.15. 

4 . 1 . 3  Cooling Towers 

Petroleum r e f i n e r i e s ,  chemical p l a n t s ,  and gas process- 

ing p l an t s  use l a rge  q u a n t i t i e s  of water f o r  cooling.  Before the  

water can be reused,  the  hea t  (abosrbed i n  hea t  exchangers) must '  
be removed. This i s  usual ly  accomplished by allowing the  water t o  
cascade through a cooliag tower, where i t  i s  contacted counter- 

cur ren t ly  with a stream of a i r .  Evaporation removes s ens ib l e  heac 

from the  water ,  and warm, wet a i r  leaves the  top of the  tower. The 

cooled wate r  c o l l e c t s  i n  an open basin  a t  t he  bottom, from whtch 

it i s  r ec i r cu l a t ed  through the  process water system. 

4 .1 .3 .1  Emission Charac te r i s t i cs  

During processing,  v o l a t i l e  organics may leak i n t o  the  
cooling water system. These organics may then be s t r i ~ p e d  by aLr  

i n  the  cooling tower and emitted a t  the  top of the  cower and f r o n  

the  basin .  Emissions can include any organic processea w l ~ h l r  



the plant. Hydrocarbon emissions from cooling towers in petro- 

leum refineries have been estimated to be 700 mg/m3 of cooling 

water (6 lb/106 gal water). It is emphasized that these emis- 


sions vary widely. 


Control Technology 


Cooling tower emissions can be best controlled at the 

point where they enter the cooling water, at the leaking heat ex- 

changers. Hence, systems for detection of contamination in wa- 

ter, proper exchanger maintenance, speedy repair of leaks, and 

good housekeeping programs, in general, are necessary to minimize 

the emissions occurring at the cooling tower. 


Cost, Energy, and Environmental Impacts of Controls 


Maintenance and good housekeeping are already performed 

in many plants. Costs are the cost of labor for inspection and 

the cost of materials for repairs or maintenance. Credits are 

received for product recovery and improved process operations. 

Increased plant safety is an additional benefit. 


Minimal energy is expended for inspection or maintenance. 

A n  indirect energy credit is received in the form of recovered or- 
ganic products. The net result is a positive energy impact. 


Costs for monitoring equipment to detect organic con- 

tamination in water range between $3500 and $10,000.' Energy re- 

quirements should be minimal. 


No secondary environmental impact will be produced by 

the above control methods. 




4.1.4 Compressor Engines 


Many older refineries, organic chemical plants, gas 

t 

processing plants, and gas producing fields use internal combus- 


tion engines fired with natural gas or low molecular weight re- 

finery gas to run high-pressure compressors. The largest ncmbers 


are found in gas production/processing operations. 


Internal combustion engines are less reliable and harder 

to maintain than those driven by steam or electricity.' Futcre 


use of internal combusti~n engines will probably decline becaiise 

of problems with the cost and availability of natural gas as well 


as environmental regulations. 

.- . -

.4...2...4.1 Emission Characteristics - . 
* .- . 

.'.. 

Internal combustion engines have inherently high vola- 


tile organic emissions. Volatile organic emissions from internal 


combustion engines fired with refinery fuel gas are approxinately 


220 mg/m3 fuel (1.4 ibs/103 scf &el). Further discussion is 


found in Section 4.13 on combustion sources. , f 

4.1.4.2 Control Technology 


The major means of controlling emissions from this 

source is carburetion adjustments similar to those applied to 


automobile inginis for mission control. Further discuss ion of 
 . . 
,.combustion source controls is given in Section 4.13. 

- -

4.1.4.3 Cost, Energy and Environnenrnl Im~act of Contrqls ... - ,. . 

- .  

Proper car~uretion adjustment will aaxloize 5 e l  corn-

bustion efficiency. Maintenance costs nay be more rkaa corr.pensatec 
by savings in fuel consumption. Further discussion o f  energ:r, c o s r s  



and environmental impact for  combustion source controls i s  p r o -  

vided i n  Section 4.13. 

Stationary Fuel Combus t ion  

Heat i s  produced for  use i n  many phases of the YCPI by 

combustion of fue l .  Process heaters and steam boi le rs  can be f0ur.d 

i n  chemical p lants ,  gas processing p lan t s ,  and r e f i n e r i e s .  They 

a re  discussed i n  Section 4 . 2  (Pe t ro lem Refineries).  Heater- 

t r e a t e r s  a re  used to  aid i n  oil-water separations i n  f i e l d  produc-  

t i on  operations and are  described i n  Sec:tion 4 . 3 .  

Pipeline Valves 

Large numbers of pipel ine valves a re  associate6 with 
every type of equipment used i n  t h e  PCPI. Although many types 
e x i s t ,  they perform one of three functions:  

On/off flow control and t h r o t t l i n g ,  

f lowrate control (control valves) ,  or  
flow di rec t ion  control (check valves).  

... - 
Almost a l l  check valves are':&closed &thin the process piping, 

but theix t o p  access conneetiow t o  working . - par t s  may be sources 

of fugi t ive  emissions. A l l  other valves consis t  of in te rna l  par t s  
connected t o  an external actuator by means of a stem. A packing 
i s  used t o  prevent process f l u i d  from escaping from the valve. 

Onloff and t h r o t t l i n g  valves are  actuated by the operation of 

a handwheel or crank. Control valves a r e  automatically operated, 
of ten by a i r  pressure. 



4.1 .6 .1  Enission Characterist ics 

Under the influence o f  hea t ,  pressure,  v ibra t ion ,  f r i c -
? 

t i on ,  and corrosion, leaks can devel-op i n  the packing surrounding 

the stem. Liquid leaks drop to  the ground or  nearest  surface and. 

vaporize a t  a r a t e  dependenr upon v o l a t i l i t y  and ambienr condi-

t ions .  The average leak r a t e  from valves i s  0.07 kg/day-valve 

(0.15 lb/day-valve). The fac tor  expressed i n  terms of ref inery 

throughput i s  0.08 kg/103 l i t e r s  ref inery feed (28 lb/10'  b b l  re-

finery feed) . ' The valves tes ted  had very diverse r a t c s  o f  1cJ:n;e. 

4.1.6.2 Control Technology ,. 

. . 
Emissions or ig ina t ing  from product leaks at valves c m  

be controlled only by regular  inspection and prompt maLntenance .. .... 
of valve packing boxes. Because of i t s  dependence on the nature 

o f . t h e  products handled, the degree o f  maintenance, and the charac- 

t e r i s t i c s  of t h e  oquLpment, the leve l  of emission reduction achiev- 

able by such programs i s  d i f f i c u l t  t o  e s t i m ~ t e .  

4 . l . 6 . 3  Cost, Energy, and Environmental Impact of Controls 

Inspection and maintenance of valve packing boxes a re  

routinel-y performed by many indus t r ies .  A discussLon o f  mainte-

nance and good housekeeping i s  provided i n  Section 4 . 1 . 3 . 3 .  

. .. 
,-"-No secondary environmental impact w i l l  be produced by 

these control methods. 

4 . l . 7  F.langes and Other Connecting Devices 

Process piping can be joFned to process vessels 2nd 

equipment or t o  other lengzhs of piping i n  as many as 1 7  d i f f e r -

ent ways.' "*here a re ,  however, three pr iac lpa l  t y c e s  cf S o h t s  



found in petroleum and chemical operations: 

threaded fittings, 
flanges, and 
welds. 

Threaded fittings arc connecting devices into which 
threaded lengths of pipe are screwed. They are most commonly 
used for pipes of 5 cm (2 inch) diameter or smaller. Threaded 
joints are more common in field production operations than in 
processing plants. 

Flanges are removable connections consisting of cir- 
cular discs (faces) attached to the outer circumference of pipe 
ends. A gasket forms the seal between the pipe ends and is held 
in place by bolts connecting the two flange faces. Flanges are 

the most common connecting devices used in refineries and chemi- 
cal plants. 

Welds are employed to connect pieces of pipe when dis- 
assembly will not-be needed. Welding produces a seal almost as 
strong as the pipe itself and is desirable wherever practical. 

4.1.7.1 Emission Characteristics 

. - 
The influences of heat, pressure, vibration, friction, 

and corrosion can cause leakage in connectors. Of the three kinds 
of connectors described, threaded fittings that have been fre- 
quently assembled and disassembled are most prone to leaks. Welds 

are virtually leakproof because they are rigid connections less 
susceptible to the effects of vibration, etc., that disturb the 
original seal. Flanges can leak if the gasket material is damaged 

or the flange is not aligned properly or because of seal deforma- 
tion due to thermal stresses on the piping system. However, in a 



study of oil refineries in California, flanges were found to 5e .zi 

negligible source of emissions. . 

f 4.1.7.2 Control Technology 

Emissions from product leaks at flanges and threaded 

fittings can be controlled by regular inspection and prompt main- 

t enance . 

4.1.7.3 Cost, Energy, and Environmental Impact of Controls 

Inspection and maintenance. of flanges and threaded- - 
fittings are --routinely .performed by many industries. A discus- .... - 

- sion of maintenance and- .good. housekeeping is provided in Section 
. . .- ... ... - *. . . " .  

4.1.3.3. . . -  . . -. . . . - .- .. .- - - 
. - 

. . . - .. -. . . '  
Ho secondary enviromenral impacts will. be produced by ..- 

these controls. 

4.1.8 Pump and Compressor Seals 

Pumps and compressors can leak at the point of contact 
between the moving shaft and the stationary casing. If volatile, 
the leaked product will evaporate to the atmosphere. E x a p l e s  

of nonleaking pumps are completely enclosed or "canned" g q s  

in which there are no seals, diaphragm pumps in which a Ciexi- 

ble diaphragm prevents the product from contacting the working 

parts of the pump, and pumps with magneto-magnet drivers and 

no seals. 

The most conmon types of pumps used in the PC?: are 

centrifugal and reci2rocating pumps. The seals r.omall:r ilsed on 
;hein are mechanical or packed. Packed seals co~sist of a ''. - - 3 r o 1 ~ s  



packing between the shaft and casing wall. Mechanicel seais con- 


sist of two plates situated perpendicular to the shaft and fclrced 

tightly together. One plate is attached to the shaft and one is 


attached to the casing. Packed seals can be used on reciprocating 


or rotating shafts; mechanical seals are for rotzting shafts o n i y .  

4.1.8.1 Emission Characteristics 


A study of Los Angeles County refineries found centri- 


fugal pumps with packed seais lost 2.2 kg of hydrocarbonslday-sea1 


(4.8 lbslday-seal), centrifugal pumps with mechanical seals l o s ~  

1.4 kg/dey-seal (3.2 lbs of hydrocarbonslday-seal), reciprocating 


pumps with packed seals lost 2.3 kg hydrocarbons/day-seal (5.4 

lbs of hydrocarbons/day-seal), and compressors lost 4.1 kg/day-

seal (8.5 lbs of hydrocarbonslday-seal). On an overall refinery 

basis, these hydrocarbon emissions amount to 50 g/m3 (17 lbIl000 


bbl) refinery feed for pumps and 14 glm' (5 lbI1000 bbl) refinery 


feed for compressor^.^ Pump seals are one of the principal sources 


of emissions in oil production operations. They contributed 68% 


of the hydrocarbons emitted from one California oilfield. l o  

4.1.8.2 Contrql Technology 


.. . 

Both packed and mecbn$cal.geals inherently leak but 

,. 

emissions from centrifugal pumps ,can be reduced 33% by re~lacing 

packed seals with mechanical seals, Emissions from dual mechani- 


cal seals can be eliminated by using a circulating, inert fluid 

between the two seals at a pressure higher than that on the pro- 


cess fluid side of the pump; thus, any leakage is of inert fluid 


into the process stream. According to several oil producers, the 


highest temperatures in which mechanical seals can be used ranges 


from 210-330'~ (410-608'~). Emissions from reciprocating pumps 


can be controlled by installation of dual paeked seals with pro- 

visions to vent the volatile vapors that: leak past the first seal 


into a vapor recovery system. 
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As mentioned previously, diaphragm, canned, and nagnet-

t drive pumps are not subject to leaks. In a few circumstances, 


installation of one of these pump types can be a cost-effective 


r means of eliminating emissions. 

Emissions from any kind of pump or compressor seal cac 

be minimized by frequent inspection and correcrive maintenance. 


Cost, Energy, and Environmental Inpact of Controls 


- .. 
According Po a recent estimate, the cost f ~ rinstall-


ing a mecl-ianical seal on an existing pump, including a cooler, *.izz-

bor , and mate-rials , is--abouc..$2000-2500.' The cost will be l o v e r  

ip a cooler .is not required.. . Current. trends indicate cha t  aechani-
cal seals are becoming more economical as a reslrlt of a hoge .... 5n- ... 

crease in sales volume and greater standardization of sizes. 1 2  


Total costs for a plant are hard to predict, since the number of 


pumps for which a changeover is indicated will vary from plant to 

plant. Some of the capital cost will be compens+ted by a cosr 

benefit from product recovery. 


No cost information for dual seals is available from 


the sources consulted. A price comparison of the different ty?es 


of pumps is difficult. The suitability of a pump will vary a c c ~ r d -

ing to the specific application. 


No secondary environmental impact will be produced by 

these controls. 


4.1.9 Pressure Relief Devices 


The build-up of dangerously high pressures F n  rJrocess 

units and storage vessels is avoided by use of Fressure r s l i e f  



devices. These include pressure relief valves (liquid), safety 

vzlves (gas), and safety hatches (gas). The main difference 

between liquid and gas service valves is that liquid valves open 


in proportion to the amount of excess pressure applied, while 


safety valves pop fully open whenever the set pressure is exceeded. 


The valves discharge to a blowdown system, a vapor recovery system, 

or the atmosphere. 


Ercission Characteristics 


Fugitive emissions from pressure relief devices 


occur when a valve not vented to an enclosed system seats im- 


properly due to damage, wear, or corrosion of the seat or gasket. 


Therefore, emissions are very dependent on the frequency and qual- 


ity of maintenaace. Surveys indicate hydrocarbon leaks from re- 


lief valves on refinery process vessels average 1.3 kglday-valve 


(2.9 lblday-valve). Leaks from relief valves on pressure storage 

tanks average 0.3 kg/day-valve (0.6 lblday-valve). The storage 

tanks had a higher incidence of leaks than the process vessels. 

The average total quantity of volatile organics leaked from refin- 


ery relief valves was 1.1 kglday-valve (2.4 lblday-valve).' 

Control Technoloq 


Emissians from pressure relief devices can be controlled 

by manifolding to a vapor control device or a blowdown system. l 4  


For valves where it is not desirable, because of convenience or 

safety aspects, to discharge into a closed system, flanged blanks 


called rupture discs can be installed before the valve. Rupture 

discs prevent the pressure relief valve from leaking and protect 

the valve seat from corrosive environments. l 5  Care must be taken 

in the selection and use of rupture discs because they can affect 

the operation of the relief device they are supposed to protect. 

Monitorhg and proper maintenance are also important control 


techniques. 

12.'~ 




4.1.9,3 Cost, Energy, and Environmental Impact of Controls 


Blowdown systems are discussed in Section 4.1.13. In-

stallation costs will depend on the length of piping required to 

connect the system. 


According to estimates by one oil producer, cost of 


ruprure disks in 1975 in a refinery was $1000-1500 per installa-

tion.'& Total costs for a plant: will vary depending on the rm-.--- .---
ber of installations. Some portion of the capital cost will be ... . . 
compensated by. a'rost beriaFLr f~!dsprod&t recovery. 

. -
. . . ..-'. * - .  

..-. . - -.. . . . , 

- .  . ...- .. -
The udly secondary ckvironmental impact will be asso-

ciated with a b'lowdown system, as discussed in Sectior, 4 .1 .13 .  , 

Flaring products cantaining sulfur may p r ~ d u c eSO, enissions. 
Flaring also has the.porefitSal tb produce CO and NO, enissions. 


4.1.10 Wastewater Drainage System 


A refinery or chemical plat wastewater systen treats 

water from a number of sources. Aqueous waste streams include 

cooling water, process water and steam condensates, storm rzn- 


- - off, blowdown .water..,. sanitarywastes, and ship ballast water. 
These streams.are usually segregated into separate flow channels. 

Organics can enter these aqueous streams through leaks in pro-

cess units, spills, sampling, blind changing, and turnarounds. 


4.l.lO.1 Emission Characteristics 


Every elerrrent of the drainage system that handles or-

ganics-contaminaced wastewater is a fugitive emissions source. 




Organics can evaporate from the large surface areas present in 


the drainage ditches, oily water sumps, oil-water separators, and 


open basins. Manholes on the sewer boxes also allow organics to 


escape. Every organic processed by the plant is a potentiei scarce 

of fugitive emissions from the wastewater drainage system. 


4.1.10.2 Control Technology 


Emissions from wastewater drainage systems can be re- 

duced through minimizing the contamination of water with organics 


and by enclosing some of the wastewater collection and treatment 

systems. Proper inspection and maintenance is necessary to mini-

mize organics contamination of the water. Manhole covers can be 

installed on all sewer and junction boxes. In some cases it may 

be practical to vent enclosed systems to vapor recovary units. 

Whenever systems are enclosed, care would have to be taken to 

avoid risk of explosion. 


4.1.10.3 Cost, Energy, and Environmental Impact of Controls 


Costs for enclosing a-wastewater system will be site 

specific. R6trofitting.i~-older 
.. plants might require extensive 

modifications. In so& cases, all edsrlng facilities may have 

to be replaced. 


The buildup of explosive concentrations in a covered 


system must be avoided. It may be necessary to vent to a blow- 

down system, as discussed in Section 4.1.13. Vapor recovery 


units, if used, will provide a cost benefit from product recov- 


ery. Flaring of material containing sulfur may produce SO, 


emissions. Flaring also has the potential. to produce CO and NO, 


emissions. 




Oily wastewater treatment is discussed further i n  Sec-

tion.4.2.3. 


Blind Changing 


Process plant operations sometimes require thac a pipe- 


line be used for more than one product. To prevent leakage and 


contamination of a particular product, other product-connecting 


or product-feeding lines are customarily "blinded off." Blinding 


a line involves inserting a flat solid plate between two flanges-,- 


of a pipe connection. Spillage of ~roduct can occur when the 


blind is inserted or withdrawn. 


.. - , -
4.1.11.1 Emission Characteristics - .  -. 

The magnitude of emissions from product.spillage dcring 

blind changing function of the spilled product 's vepor pres- 
sure, of ground surface, dis tame the nearest drain, and 
anount liquid spilled. survey of refineries in Los 


~ountyl' determined that in 1958 hydrocarbon emissions from blind 

changing varied greatly. A two-month log of emissions there indi- 

cated an average emission rate of 1.0 g/m3 ( 0 . 2 9  lb/lo3 b b l )  of 
feed..' ' 

4.1.11.2 Control TechnoLogy 


The most prevalent form of control is the double 3 lock  

and bleed valve, This re9laces the blind and does not allow ?ro-


duct spillzge. Any bleed valve effluent is sent to oiip westewater 

treatnent. This technology is currently in use in many U.S .  r e -

fLneries and cheaical plants. 




Frequently, double block and bleed valves are  not s u i t -

ab le  subseitutes for  b l inds .  I f  blinds must be used, emissions 

from changing of the blinds can be minimized by pumping out the 

pipel ine and then flushing the l i n e  with water before breaking 

the flange. Spillage can also be minimized by the use of special  

"l ine" blinds i n  place of the common "slip" bl ind.  The survey of 

Los Angeles County re f ine r i e s  indicated tha t  sp i l lage  from l i n e  
blinds was 40% of the sp i l lage  for  s l i p  b l inds .  In  addi t ion,  com-

binations of l i n e  blinds i n  conjunction with gate valves allow 

changing of l i n e  blinds while the pipel ine i s  under pressure.  1 9  

4.1.11.3 Cost, Energy and Environmental Impact of Controls 

Cost information for  double block and bleed valves 

or  "l ine" blinds i s  unavailable i n  the consulted l i t e r a t u r e .  No 

energy i s  required fo r  e i the r  control  technique. Oily wastewater 

treatment i s  discussed i n  Section 4.2.3.  Product recovery from 

separators and/or vapor recovery u n i t s  provides a cost  c red i t  

and an ind i rec t  energy c red i t .  

Many plants  already pump out and f lush  pipelines before 
changing blinds.  Cost a re  the cost  of labor and the cap i t a l  cost  

f o r  pumps and associated col lect ion equipment. Energy i s  requir-  

ed fo r  pump operation. A t  l e a s t  a poqt$on of the costs  and energy 
, 

requirement i s  compensated G - c r e d i t s  from recovered products. 
/ 

This control  technique may a lso  be j u s t i f i a b l e  i n  terms of plant  
/ 

safe ty .  

Water used t o  f lush  pipelines may be heavily contaminated 

with organics. It must be sent t o  the plant wastewater system be- 
fo re  disposal (see Sections 4.1.10 and 4 . 2 . 3 ) .  Large volumes.of 
water may overload a p l a n t ' s  system and r e s u l t  i n  pol lut ion of 
plant  e f f luent  water. 



Samp1ing 

The operation of process uni t s  i s  constantly checked bp 
I routine analysis of feedstocks and products. Samples a re  usually 

collected by opening a small valve on a sample l i n e  and col lec t -  
ing a ce r t a in  volume of the l iqu id .  In  la rge  chenical plants  and 

r e f ine r i e s  there are hundreds of sampling points throughout the 
i n s t a l l a t i o n .  

4.1.12.1 Emission Characterist ics 

One of the grea tes t  emission sources during sampling 

i s  l i n e  fluskings or purgings. Since the sample tap i s  used .fie-

qumt ly ,  it i s  generally located conveniently a t  grouad level .  
C ..- _ .  

This of ten necess i ta tes 'use  of a long sampling l i n e .  To a b t a i < - . . - -
.-

.-. 

a sample repr&&tative bf current operations,  the  operator must' 
f lush 'out  the volume of the  sample l i n e  before f i l l i n g  h i s  sample . . 
container. Liquid l i n e  *f lushinis  are' of ten col lected i n  an open 
bucket; gas purges a re  vented t o  the atmosphere. There i s  ample 
t i m e  for  evaporation of the v o l a t i l e  components from the l iquid  

materi.al before i t  i s  dumped. - .  . 

,- ... -. 
In plants  manufacturing hazardous chemicals, closed 

loop sampling i s  employed. I n - t h i s  method, sample taps a re  placed 

across a pump or other source of pressure drop. This allows the 

flushing stream t o  re turn  t o  the process. 

Studies i n  o i l  r e f ine r i e s  have found that hydrocarbon 
emissions from excessive purging of sampling lines can zxount to 

140-280 g/a3 (50-100 lbs/103 bbl) of refinery feed," but generallj-
average 6 . 6  g/m3 ( 2 . 3  1bs/103 b b l )  of re f inery  feed.:' 



4.1.12.2 Control Technology 


One means for controlling the emissions generated by 

purging sampling lines is the installation of drains and flushi~ig 

facilities at each sample point. Conscious efforts to a m i d  ex-

cessive sampling in addition to flushing sample purges into the 


drain have a significant impact on the emissions from sampling 


operations. Closed loop sampling is a technique that could be 


applied to all aspects of the PCPI, as it i s  in hazardous chemL- 
cals manufacture. 


4.1.12.3 Cost, Energy, and ~nvironmental' Impact of Controls 


Costs for the installa'fion of drains and flushing facil- 


ities will be site specific. Gost information for closed-loop 

sampling is unavailable from the sources consulted. Energy re- 


quirements will be minimal. For either system, costs and energy 

are at least partially compensated by credits from product recovery. 


Recovery is better from closed-loop sampling than from wastewater 


treatment of sampling line purges. 


1f.wastewater is adequately treated, there will be no 


environmental impact from these controls. 


4.1.13 Uncontrolled Blowdown Svstems 


A blowdown system is a set of relief devices, piping, 

and/or vessels used to discharge or collect gaseous and liquid 


material released during process upsets or turnarounds. In un-


controlled blowdown systems, gases and vapors are vented unburned 


into the atmosphere. Uncontrolled venting is more common in oil 


and gas production operations because of the lack of need for ex- 


cess gas at oil wells, or because of the remoteness of the pro- 

duction site. One estimate states that 20% of the vented produc- 

tion gas is vented without burni~g.'~ 
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4.1.13.1 Emission Characteristics 


Emissions from uncontrolled refinery blowdown systens 


have been estimated to be as much as 1.66 kg/m3 (550 15 hydro- 

carbon/103 bbl) feed.23 ~ecause blowdown systems receive mater- 


ial from all processing units within the plant, any volatile hy- 


drocarbons found in the process streams could be emitted from the 


blowdown system. Those from production and gas processing opera- 

tions are primarily lower molecular weight, saturated hydrocarbons 


4.1.13.2 Control Technology 


Blowdown emissions can be effectively controlled by 

venting into an-integrated vapor-liquid recovery system. All 


units and equipment subject to shutdown, upsets, emergency vent- 


ing, and purging are manifolded into a multi-pressure collection 

sys tem for flaring or reprocessing. Discharges into the col1.e~- 

tion system are segregated according to their operating pre~s~res. 


A series of flash drums and condensers arranged in descendhg 

pressures separates the blowdown into vapor pressure cuts. Such 

an extensive system might be impractical for some facilities such 


as offshore production locations where space is very linlted. 


Emissions from controlled blowdown systems have been es~haced to 


be 2.0 g/m3 of refinery capacity (0.8lb/10 bb1) . 

4.1.13.3 Cost, Energy, and Environmental Impact of Contr3ls 


Condensers and flares are discussed in Sections 3.4 and 

3 . 5 .  Vapor recovery may also be based on adsorjtion or sbsor~tion, 

as discussed in Sections 3.2 and 3.3. Energy requirenerts and 

costs will be site specific. Smokeless flares will require extra 

energy for the production of steam (about 1.3 l?J/kg or 560 3tu/13 

of orga~ic flared). 2 5 



Controls for a blowdown system are already employed 


in several refineries. For these applications they may be justi- 

fiable for the cost credit and indirect energy credit from pro- 

duct recovery or for plant safety. This may not be true for other 


industries in the PCP1 or small refineries with less product to 
recover. 


' Flaring of any material containing sulfur may produce 
emissions of SOx. Flaring also has the potential to produce CO 

and NO, emissions. 
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. . 
Petroleum Refining 

The petroleum ref in ing  industry converts crude o i l  in to  

more than 2500 ref ined products including l iquefied petroleum 

gas,  gasoline,  kerosene, aviation f u e l ,  d i e se l  f u e l ,  fue l  o i l s ,  
lubricat ing o i l s ,  and feedstocks f o r  the  petrochemical industry.  

Petroleum refinery a c t i v i t i e s  s t a r t  with crude storage a t  the 
ref inery,  include a l l  petroleum handling and ref in ing  operations,  

and terminate with storage of the refined products a t  the re-

finery . 

The petroleum ref in ing  industry employs a wide 

variety of processes fo r  the conver,sion of crude o i l  t o  

finished petroleum products. The processing flow scheme i s  

largely determined by the composition of the  crude o i l  feed- 

stock and .the chosen s l a t e  of petroleum products. The ex-

ample ref inery flow scheme presented i n  Figure 4.2-1 shows 

the general arrangement used by U.S. r e f ine r i e s  fo r  major 
ref inery processes. Few, i f  any, r e f ine r i e s  employ a l l  these 

processes . 

In general, ref inery processes and operations can be . ... 
divided i n t o  f ive  categories : separation processes, conversion 
processes, t r ea t ing  processes, product handling, and auxi l iary 

f a c i l i t i e s .  The processes comprising each of these categories 
are  presented i n  the following sect ions.  

Petroleum Separation Processes 

The f i r s t  phase i n  petroleum ref ining operations Ls 

the separation of crude o i l  i n t o  i t s  major consti tuents usin3 

atmospheric d i s t i l l a t i o n ,  vacwm d k t i l l a t i c n ,  and l i g h t  esds 

recovery. Crude o i l  consists of a  mixture of hydrocarbon con-

pounds including pa ra f f in ic ,  naphrhenic, and aromat<c hydrocarjcns 





plus small amounts of impurities including sulfur, nitrogen, 


oxygen, and metals. Refinery separation processes use dis- 

h 

tillation, stripping, and absorption to separate these crude 

* oil constituents into common boiling point fractions. 


Petroleum Conversion Processes 


Product demand and economic considerations require 


that less valuable components of crude oil be converted to more 


valuable products using cracking, refodng and alkylation pro- 


cesses. To meet the demands for high occane gasoline, jet fuel, 

and diesel fuel, low value residual and fuel oil components are 


often converted to gasoline and lighter fractions. 


Petroleum Treating Processes 


Fetrolieum trea.ting processes convert .olefins and diole- 
fins to saturated'hydrocarbons, separate fractions for further 

processing, and remove .obj-ectionable elements. Treating also 


includes gasollhe treating processes such as caustic washing, 

acid treating, copper sweetening, hydrogen treatlng, etc. Objec-


tional elements removed fYdm petroleum liquids include sulfur, 


nitrogen, oxygen, halides, and metals. Separation includes aro-

matics extraction, deasphalting, dewaxing, =d deoiling. 


.. .Feedstock and Product Handlinq 

.. . 

The refinery feedstock and product handling opela~~ons 

consist .of storage, blending, loading, and unloading acfivities.., 


All feedsrocks entering the refinery and all products leaving 


the refinery are subject to t he  refinery handling o p e r a ~ l o n s .  



A~clxiliary F a c i l i t i e s  

Auxi l iary  f a c i l i t i e s  inc lude  a  wide assortment of 

processes and equipment which a r e  no t  d i r e c t l y  involved i n  the 

r e f i n i n g  of crude o i l ,  but  which perform funct ions  v i t a l  t o  the 

opera t ion  of the r e f i n e r y .  These inc lude  b o i l e r s ,  wastewater 

t r ea tment ,  hydrogen p l a n t s ,  s u l f u r  recovery u n i t s ,  and cooling 

towers.  Products from a u x i l i a r y  f a c i l i t i e s  (c lean wa te r ,  steam, 

process h e a t ,  e t c . )  a r e  requ i red  by t'he major i ty  of r e f i n e r y  

process u n i t s .  
2 7 -

Emission Sources 
.-

Sources of hydrocarbon emFssions found i n  pe t ro -  

leum r e f i n e r i e s  a r e  l i s t e d  i n  Table 4.2-1. Included i n  
t h i s  t a b l e  a r e  sources common t o  t he  petroleum and chemi- 

c a l  i ndus t ry .  These a r e  d iscussed i n  Sect ion  4 .1 .  Con-

t r o l  methods and c o s t ,  energy, and environmental impact of 

con t ro l  a r e  presented  i n  the  fol lowing Sect ion  4 . 2 . 1  through 

4 .2 .13 .  

4.2.1. Pressure  Relief Systems 

Pressure  r e l i e f  systems a r e  common t o  many opera t ions  

i n  t he  petroleum and chemical indus t r : i e s ,  and a r e  presented  

a s  a common source of emissions i n  Sect ion  4 . 1 . 9 .  

4 . 2 . 2  Blowdown Systems 

Blowdown systems a r e  found i n  many phases of t he  

petroleum and chemical i n d u s t r i e s ,  and a r e  descr ibed i n  Sect ion  

4.1.13.  



TABLE 4.2-1. HYDROCARBON EMISSION SOURCES FOUND 

IN PETROLEUM REFINERIES 


Pressure Relief systemsa 

lowdown systemsa 

Oil-Water Effluent Systems 

Pumps and compressorsa 

Pipeline Valves and ~ l a n ~ e s ~  


Vacuum Jets 

Air Blowing 

Cracking Catalyst Regene rat ion 
.. 
Boilers and Process Heaters 


Chemical Treating 

Compressor ~ n ~ i n e s ~  

Miscellaneous Catalyst Regeneration 

Blending 

Coking . " 

Cooling ~ o w e r s ~  
Compressor Engines 

Drains, Sumps, Hot wellsa 


Blind changinga 

samplinga

-. 
Storageb 


.. 
-

Section 4.1 


b ~ e e  Section 4.5 




4 . 2 . 3  Oil-Water Effluent Systems 

Oil-water e f f luent  systems found i n  r e f ine r i e s  include 
drainage systems and primary wastewater treatment f a c i l i t i e s .  

This sectior, deals only with the primary treatment of o i l y  

wastewaters; drainage systems a re  discussed i n  Section 4 . 1 .  
Oil-water separation equipment includes API separators,  corru-

gated p la te  interceptors ,  f locculat ion un i t s ,  and dissolved 
a i r  f l o t a t i o n  (DAF) un i t s .  

The API separator i s  one of the major uni t s  employed 
f o r  separation of o i l  from ref inery wastewater. I t  i s  simply a 

gravi ty s e t t l i n g  device i n  which o i l  i s  skimmed from the l iquid  
surface and suspended so l ids  a re  removed from the bottom. 
Separation eff ic iency can vary from 50 t o  100% depending on the 
physical charac ter i s t ics  of the o i l .  Corrugated p l a t e  i n t e r -  

ceptors (CPI) operate on the  pr inc ip le  tha t  the  controll ing 

parameter f o r  oil-water separation i s  the  surface area per un i t  
flow. CPI equipment provides surface area f o r  oil-water contact 

with p a r a l l e l  p l a t e s  of corrugated mater ial .  The CPI design gen- 
e r a l l y  provides b e t t e r  separation capabi l i ty  i n  a smaller space 
than the API separator.  ' 

Flocculation i s  a technique i n  which o i l  and organic 
p a r t i c l e s  i n  wastewater are agglomerated by f locculat ing agents 

i n  order t o  improve s e t t l i n g  cha rac te r i s t i c s .  Two common 

f locculants a re  alum and polyelectrolgtes . Palyelectrolytes 
a r e  polar ,  synthet ic ,  water soluble organic polymers of high 

molecular weight. 2 While f locculat ion gives excel lent  removal 
of o i l  and the added advantage of removal of other pa r t i cu la tes ,  

i t  a l so  involves higher cap i t a l  and operating costs  than the CPI 
un i t  or API  u n i t .  3 



A i r  f lo t a t ion  i s  a waste treatment process i n  which 
a i r  i s  dissolved in to  the water t o  a id  i n  oil-water separation. 

In some un i t s ,  a i r  i s  induced i n t o  the waste by surface agi ta -  

t ion or t ransfer  from vessel to  vessel  through venturis .  In 

others, a i r  under pressure (approximately 0.28 MPa o r  40 psig) 

i s  dissolved i n  the wastewater. When the pressure i s  re leased,  
mill ions of f i n e  a i r  bubbles l e s s  than 100 pm (0.004 i n . )  i n  
diameter a t tach themselves t o  the o i l ,  causing it  t o  r i s e  to  

the surface for  removal. 

4.2.3.1 Emission Characterist ics 

.... .~ - .  
Emissions from oil-water e f f luent  systems p r l a a r i l y '  

r e s u l t  from the evaporation of vo la t i l e s  from l iquid  s ~ r f a c e s  
... 

- . opgn-.to the atmosphere. 1. such: surf aces exist i n  uncovered .AS1 .. 

separators,  corrugated p la te  in terceptors ,  and DAF units'."' 
-...Those separators with a fixed roof and vapor space are a l s o  

subject to  leaks a t  sampling and maintenance hatches 2nd vents. 
. . 

..Floating roof-equippe-d separators can a lso  leak aromd 
hatches and vents,  as well as around the roof s e a l ,  but t K e  
lack of a vapor space eliminates much of the emission po ten t i a l .  

s tudies  of r e f ine r i e s  i n  Los Angeles County Fr.dicat+ 

tha t  hydrocarbon emissions from s m p s ,  drains ,  and API s e p r a -
tors  range fro; 30 g/m3 i o  600 g/m3 capacity (10-200 15/1C00 

-. .. bbl capaci ty) ,  w i t h  an average emission r a t e  of 2700 kg/tay 

( 3  tons/day) . ' A 1972  estimate s e t  average nationxide e ~ i s s i o n s  
of hydrocarbons from ref inery  wastewater systens a t  0 .3  kg/m3 

ref inery feed (105 lb/lOOO bb l ) .=  These emisslons can ccn ta in  . ..' 

any v o l a t l l e  hydrocarSon processed i n  the refinery. 
. ..- . _  



4 . 2 . 3 . 2  Control Techno1o.g~ 

The primary methods of control.ling emissions from o i l -

wacer eff luent  systems are  minimization of the quantity of oil 

leaked to the systems and enclosure of a l l  system components. 

The benefi ts  of the f i r s t  method are  obvious. Enclosure of sys-

tem components can be accomplished by using f loa t ing  roofs .  
Another method i s  to  vent fixed-roof un i t s  t o  blowdown or vapor 

recovery systems. Another technique tha t  has received l imited 

application i s  f loa t ing  an insulat ing material  such as f i b e r -

glass foam slabs on the surface of the o i l .  

Hydrocarbon emissions. from APT separators can be re-

duced to  3 g/m3 capacity (0.01 lblbbl)  by use of f loa t ing  roofs 

on API separators.  6 A r educ t im i n  emissions t o  approximately 

7 kg/m3 ( 2 3 . 3  l b /bb l ,  2 ~ 0 1 % )has been achieved by the insula- 

t ion  technique. ' Floating roofs are  recommended over fixed 

roofs because they do not have 'a vapor space i n  which explosive 

mixtures can form. 

Costs f o r  ins t a l1 ing . f loa t ing  roofs, including labor 

and mater ia ls ,  usually a re  mord than compensated by the cost  

benef i t  from product recovery. However, i n  some cases an ex i s t -  

ing separator cannot be covered ef fec t ive ly  and a new f a c i l i t y  

would have to  be b u i l t  t o  accommodate the f loa t ing  roof .  Table 

4 . 2 - 2  l i s t s  c a p i t a l  and annual costs f o r  the i n s t a l l a t i o n  of 

f loa t ing  roofs on API separators i n  three d i f fe ren t  s i z e  re-  

f i n e r i e s .  



Capi ta l  Annual . 
Refinery S ize  costs ($1 c o s t s  (s/Y~)" 

1,590 m 3 / s  day ( 10,000 b b l / s  day) 27,800 -6,670 
9,840 m3/s day ( 61,900 b b l / s  day) 82,800 -65,830 

31,800 m 3 / s  day (200,000 bbl/s day) 167,300 -240,710 

aCosts a r e  based on severa l  assunpt lons .  See o r i g i n a l  r e fe rence  
f o r  bases of e s t imates .  

b ~ e g a t i v e  s i gns  i nd i ca t e  t h a t  savings from t h e  recovered p roduc t  . - - -
exceed the  annual c o s t .  

z .  

. ... 
Ins . t a l3a t ion  o f  . ' f txed -xoofs was es t imated t o  c o s t  .about . 

$135 .00/m2 ($L2 .5 / f t2 )  , inc lud ing  labor and m a t e r i a l s .  The capi--

t a l  c o s t  i s  about $62,800 f o r  a t y p i c a l  16000 m3/day (100,000 
bbl/day) refiner^.^ This  estimate does not inc lude  the cos t  of 
a vapor recovery system. General discuss ions  o f  c o s t s  f o r  vapor 

recovery and blowdown systems are provided i n  Sect ion  3.0 2nd 

4 .1 .13.  As wi th  f l o a t i n g  r o o f s ,  a c o s t  c r e d i t  i s  produced by 
product  recovery.  Spec i f i c  information i s  no t  a v a i l a b l e  i n  the 

consul ted  l i t e r a t u r e .  

There i s  no energy r equ i r ed  f o r  t he  use  of  f l o a t k g  
roo f s .  Fixed r o o f s ,  however, r e q u i r e  energy f o r  t h e  opera t ion  

of a s soc i a t ed  vapor recovery o r  blowdown systems. General dLs-

cussions of these  energy requirements a r e  presented  i n  Secr ions  

3 . 0  and 4 .1 .13.  For both types of r o o f s ,  an i n d i r e c t  energy 
c r e d i t  w i l l  be provided by recovery product .  

The use  of f l o a t i n g  roofs  produces no seccndar7 ez-

vironmental impact. U s e  of f lxed  roofs  may r e s u l t  Ln  SO, e x i s -
F -s ions  i f  acy organic ma t e r i a l s  coata in ing s u l f u r  a r e  r i a r e d  Lx  



an associated blowdown system. Flaring also may produce CO and 


NOx emissions. 


4.2.4 Pumps and Compressors 


Pumps and compressors are used extensively in the oil 

and chemical industries. They are discussed in Section 4.1.8. 


Pipeline Valves and Flanges 


Valves and flanges are found in large quantities ig 

all phases of the oil and chemical industries. A discussion of 

their emissions and control is found in Section 4.1.7. 


4.2.6 Vacuum Jets 


Steam ejectors (jets) are widely used to produce vacuums 

in refinery equipment. A steam nozzle discharges a jet of high 

velocity steam across a suction chamber that is connected to the 

piece of equipment in which the vacuum is to be maintained. The 

existing steam and any entrained vapors are condensed by direct 


water quench in a barometric condenser or by a surface condenser. 

Any noncondensibles frmn this operation are vented either to the 

atmosphere or a closed collectifm system. 


The largest unit operated under a vacuum is the vacuum 

distillation column. Topped crude withdrawn from the bottom of 

the atmospheric distillation column is the feed to the vacuum 

tower. It is composed of high boiling point hydrocarbons which 

decompose and to foul equipment when distilled at 

atmospheric pressures. In order to separate topped crude into 

components, it must be distilled at very low pressure and in a 

steam atmosphere. Vacuum columns generally process between 20 




and 40% of the total crude capacity of the refinery depending on 

type of crude. 


-
4.2.6.1 Emission Characteristics 


Vacuum distillation columns process significantly 

greater quantities of hydrocarbons than any other vacuum opera- 

tion in a refinery. As a result,vacuum jets on vacuum columns 

are considered the .only potentially significant souce of hydro-

carbon emissions from refinery vacuum equipment. The charge to 

the vacuum tower has been amspherically distilled at high tem- 

peratures and contains little.-or RO material lighter than pentape, , . 
depending on the type of ..crude .being pmcessed. Since the conden- 
. . 
sation step takes place at relatively low temperatures and at'a 

slight vacu~;"~verything 
heavier than butane should condense and 


....
exit with the water. Thus, any nuncondensibles in the vacuum.sys- 

t e a - are ~roduced only by the 1&11 degree of cracking which may. 
take place in the unit's process heater. 


Vacuum units using barometric condensers also produce 

evaporative emissions of hydrocarbons from the oily condensate. 

This occurs at the hot well, tlie'sump to which the oily condensate 

is discharged. 


. ... .. - .+ 

. . I,., 
The refinery survey in Los Angeles ~ount~'" 
estimated 


-hydWcarbon emissions from vacuum jets to be too small to neces- 

sitate sampling. A recent revision of refinery emission factors 

reports an emission factor of 140 g/m3 of vacuum column feed 

(50 lb/1000 bbl of vacuum colww feed)." 


4.2.6.2 Control Technology 


Control technology applicable to the noncondensible 

emissions vented from vacuum ejectors Fncludes venting into 




biowdown systems or fue l  gas systems and incineration i n  furnaces, 

waste heat bo i l e r s ,  or  incinerators .  Vapor recovery uni t s  r e -
cover condensible hydrocarbon vapors and re turn  them t o  process  

streams. Incineration i s  accomplished by c a t a l y t i c  or direct 
flame combustion. 

Oily condensate emissions can be eliminated by use of 

mechanical vacuum pumps or surface condensers which discharge t o  

a closed drainage system. Neither of these a l t e rna te  vacuum s y s -

tems, however, a re  e f fec t ive  a t  reducing non-condensibles e m i s -

sions.  

Both noncondensibles and o i l y  condensate can be mini- 
mized by the i n s t a l l a t i o n  of a lean-oi l  absorption un i t  between 

the vacuum tower and the  f i r s t  etage vacuum j e r .  l 2  The r i ch  o i l  
e f f luen t  i s  used as charge stock and i s  not regenerated. 

The maximum degree of control a t ta inable  for  the hydro- 
carbon vapors from vacuum j e t s  equipped with barometric conden- 

1 3 
se r s  i s  e f fec t ive ly  100%. 

4 . 2 . 6 . 3  Cost, Energy, and Environmental Impact of Controls-
- .  

The cost  f o r  controls w i l l  vary widely depending on 
the quantity of vapor produced and the  maximum summer water tem-

perature.  A water quench with higher temperature water w i l l  re-
s u l t  i n  r icher  vapors. According t o  API, costs for  i n s t a l l a t i o n  
of a lean-oi l  absorption u n i t  a re  only j u s t i f i a b l e  for  t r ea t ing  

streams containing la rge  quant i t ies  of non-condensibles." 

General discussions of incinerat ion and vapor recovery 
a re  presented i n  Section 3 .0 .  Costs f o r  one i n s t a l l a t i o n ,  in-  
cluding a compressor, piping t o  the nearest  f i rebox,  and a su i tab le  



- - 

burner, amounted to approximately $50,000. Costs for a condensate 


receiver for a surface condenser were not included. The system 


was designed to handle 1 Mg/hr (2,200 lbslhr) of non-condensibles 

from a vacuum distillation column treating 6,200 m3/sday (39,000 


bblsJ~day).'~The energy requirement for a compressor will be 


more than compensated by the energy gained from the incineration 


of recovered vapors.16 


Incineration of any material containing sulfur may pro- 


duce SO, emissions. Incineration also has the potential to pro- 

duce CO and NOx emissions. 


4.2.7 Air Blowing 


There are currently two refinery processes in which 
. - .  
air is blown through petroleum products. These are brightening 


(moisture removal) of gas oil p,roducts (diesel fuels, furnace -
oil) and air oxidation of asphalt. Gas oil brightening is a 

physical stripping of moisture from the petroleum liquid; asphalt 


blowing is a high temperature oxidati.on process. Bath produce an 

exhaust air containing hydrocarbons and aerosols. 


A& blowing of oils is accomplished in standard 

packed towers or vessels. The air is blown countercurrent to 

the oil and,strfps the moisture from it. Operating temperatures 


are usuaLly low to minimize hydrocarbon vaporization and to pre- 

vent product oxidation or degradation. The exhaust air stream 


contains primarily the lighter hydrocarbon components of the gas 

oil. 


Asphalt blowing processes oxidize residual oils (as- 

phalts containing poiycyclic aromatics) in order to increase 


their melting temperature and hardness. Both batch and continuous 




processes are employed. Fresh feed and recycle are heated to 


approximately 260'~ (500'~) and charged to a vertical vessel. 

Pressurized, preheated air (200-310'~ or 390-590'~) is charged 

into the bottom of the vessel through a sparger. The reaction 

is exothermic, and quench steam is sometimes required for tem- 

perature control. In some cases, ferric chloride or phosphorus 

pentoxide is used as a catalyst to increase reaction rate and 

impart special characteristics to the asphalt. 


4.2.7.1 Emission Characteristics 


The quantity of hydrocarbon emissions from asphalt- 

blowing units should be relatively small since the asphalt is 

distilled at high temperatures before reaching the air-blowing 

process. Available data indicate that uncontrolled emissions 

amount to 30 g/kg of alphalt (60 lb/ton), which represents 2-47. 

of the asphalt charged." The production of asphalt in this 

manner is limited; therefore, the total emission for the U.S. 

is considered minor. The operating conditions are favorable for 

the production o'f /xtremely undesirable polynuclear aromatics. 

4.2.7.2 Control Technology 


Emissions from air blowing can be reduced by vapor 

scrubbing, incineration, or a combination of both. These are 

most often found on asphalt-blowlng units. Air-blown brighten- 


ing units have been replaced in many refineries with packed 

vessels containing solid absorbente." These have no potential 

for hydrocarbon emissions other than fugitive emissions. 


Vapor scrubbers condense steam, aerosols, and essen- 

tially all of the hydrocarbon vapors. A disadvantage in water 

scrubbing is the high volume ratio of water-to-exhaust gas 




required to remove the hydrocarbons. Values as high as 13.4 


dm3/~m3(100 g'B1/1000 scf) have been reported. ' 

When an adequate water supply is not available or when 

condensate handling may result in hydrocarbon emissions, incinera- 

tion of the vapors by direct flame contact may be used. Incinera-

tion may be accomplished in process heaters, boilers or fume 

burners. Flame temperatures in these devices should be maintained 

in the range of 680-840 C (1250-1550 F).*' 


Hydrocarbon emisslims from a controlled asphalt-blowing 

unit are negligible. ' _.. .. -

I , 
. - * . - .-. 

4.2.7.3 Cost, Ener~y,,+nd Environmental Impact of Contro-1s- 

.. 

.. -
A-.general discussion of vapor scrubbing is presented, 

'fn-Section3.0. Speckf&c energy and cost information is un- . ,  

available. 


According to a 1973 API estimate, costs for installa- 

tion of an incineration system, includkng a vapor compressor, - ,  
piping to an existing firebox, and a suitable burner, amount to 

approximately $20,000. This system will handle emissions from 

asphalt production of 16 m3 (100 bbls)/l2 hour day. Energy re- 


. quired for compressor operation will. at least in part be compen- 
- . -satedby energy."gained from incineration of recovered fuel. 

A secondary environmental impact may be produced by 

vapor scrubbing. Additional contamination of wastewater streams- .. 
will increase the chances of volatile organic emissions from the 

wastewater treatment system (see Sections 4.1.10 and 4.2.3). Con-

taminants may be discharged with the plant water effluent stream 


if the treatment system does not have sufficienr capacic to
*,y 

handle the large volumes of scrubbing water. 




Incineration of organic material  containing su l fur  nep 

produce SO, emission. Incineration may a l so  produce CO and NO, 
emissions, 

4 . 2 . 8  Cracking Catalyst Regeneration 

Catalyt ic  cracking uses heat ,  pressure,  and a ca ta lys t  

to  convert heavy o i l s  i n t o  l i g h t e r  products. Product d is t r ibu-  

t ions favor the more valuable gasoline and d i s t i l l a t e  blending 

components. A l l  of the c a t a l y t i c  cracking processes currently 

i n  use can be c l a s s i f i ed  as e i the r  f luidized bed or  moving bed  

u n i t s .  

Fluidized bed c a t a l y t i c  cracking (FCC) uses a ca ta lys t  
i n  the form of very f i n e  p a r t i c l e s  which behave as a f l u i d  when 

a gas i s  blown through them. Fresh feed i s  preheated i n  a pro- 

cess heater and introduced i n t o  the bottom of a v e r t i c l e  t ransfer  

l i n e  ( r i s e r )  with hot regenerated ca ta lys t .  Most of the cracking 

react ions take place i n  the r i s e r  as the ca ta lys t  and o i l  mixture 
flow upward i n t o  the reactor .  The hydrocarbon vapors a re  sep- 

arated from the  ca ta lys t  p a r t i c l e s  by cyclones i n  the reac tor .  

The react ion products a r e  sent' t o  a f rac t ionator  f o r  separation. 

The spent ca ta lys t  f a l l s  t o  the bottom of the reac tor ,  
i s  steam str ipped t o  remove absorbed hydrocarbons as  i t  e x i t s  

the reac tor  bottam and i s  then conveyed t o  a regenerator. In 

the regenerator,  coke deposited on the ca ta lys t  as a r e s u l t  of 

the cracking react ions i s  burned off  i.n a controlled combustion 

process with preheated a i r .  The ca ta lys t  i s  mixed with f r e sh  
hydrocarbon feed and recycled. 

In the  moving bed c a t a l y t i c  cracking (TCC) process 

ca ta lys t  beads (5.0 mm, 0.2 i n . )  flow by gravi ty in to  the top 



.... 

of the reactor  where they contact a mixed phase hydrocarbon feed. 
. .  Cracking reactions take place as  the ca ta lys t  and hydrocarbons 

move concurrently downward through the reactor  to  a zone where 
- the ca ta lys t  i s  separated from the vapors. The gaseous reaction 

products flow out of the reactor  t o  the fract ionat ion section. 

The ca ta lys t  i s  steam str ipped to  remove any absorbed hydrocarbow 
and f a l l s  in to  the regenerator where coke i s  burned from the 

ca ta lys t  with a i r .  The regenerated ca ta lys t  i s  separated from 
the f lue  gases, mixed with f resh  hydrocarbon feed, and recycled. 

4 .2.8.1 Emission Character is t ics  

The combustion r a t e  i n  ca ta lys t  regenerators i s  con-
t r o l l e d  by l imit ing the a i r  to  the regenerator.  This causes 

p a r t i a l  oxidation, leaving CO and some unburned hydrocarbons .. 
i n  the regenerator f lue  gas. 

. , 
Regenerator f lue  gas contafns from 100-1500 ppm of 

hydrocarbon^^^ depending on cha rac te r i s t i c s  of the charge and 

the type of ca ra ly t i c  cracker. Hydrocarbon emissions from FCC 
regenerators average 630 g/m3 fresh ca t  cracker feed (220 Ib.s/ 
1000 bbl) and hy&rrocarbm emissions from- TCC regenerators average 

a 250 g/m3 f resh  cat' cracker feed (87 lbs7.1000 bbl) .2 3  I n  1968, 
the estimated hydrocarbon emissions from FCC regeneraLars were 

130 Gg/yr (143,000 tons/yr) and from TCC regenerators were 9 . 1  
Gg/yr (10,000 t ~ n s / y r ) . ~ ~  

4.2.8.2 Control, Technology 

There are  three major control  measures applicabie t o  
the reduction of hydrocarbon emissions i n  the f lue  gas of cata-

l y s t  regenerators.  The f i r s t  of these i s  incineration h a 

carbon monoxide waste-heat bo i l e r .  By incinerat ing regenerator 



flue gas in CO boilers, the hydrocarbon emissions are reduced and 


valuable thermal energy is recovered from the flue gas. Recent 


oil company figures indicate that CO boilers lower hydrocarbon 

emissions in the regenerator off gas to values ranging from 0 to 
57 g/m3 (0-20 lbs/1000 bbl) of feed.'5 


TCC regenerators produce significantly less .flue gas 

than FCC regenerators and may not justify using a CO boiler. 

A second control measure applicable to the flue gas from TCC 

catalyst regenerators is incineration in a process heater box 

or smokeless flares. Hydrocarbon emissions in regenerator flue 

gas are reduced to negligible quantities by incineration in 

heater fire boxes and smokeless flares. 


The newest method of control is high temperature opera- 

tion of the regenerator itself. Newer designs operate at 760°c+ 

(1400'~) with a slight excess of air, converting 98+X of the CO 
to CO, and completely oxidizing all hydrocarbons. * , However, 
high temperature operation is not a widely available option for 

existing units. Existing regenerators often cannot withstand the 

high temperatures necessary to burn off the coke unless they have 

been originally designed to do so. 


4.2.8.3 Cost, Energy, and Environmental Impact of Controls 


Controls for volatile organic emissions from catalyst 

regeneration are the same as those used for control of CO emis- 

sions. If CO emissions are controlled, no extra energy or costs 

will be required for volatile organics control. 


CO boilers have been installed in many refineries as 

energy recovery devices. A typical CO boiler will recover ap- 

proximately 396 MJ/m3 (60 M Btu/bbl) of FCC fresh feed. e In 



-- - - -  

a l l  but small r e f i n e r i e s ,  costs  of CO boi le rs  a re  more than 

compensated by the f u e l  savings from heat recovery. A compari-

son of capi ta l  and annual costs  for  i n s t a l l a t i o n  of a CO boi ler  
* i s  presented i n  Table 4 . 2 - 3 .  

Flares can be used i n  small r e f ine r i e s  where CO bo i l e r s  

a re  uneconomical. Although there would be no cost benefi t  from 
energy recovery, as i n  a CO b o i l e r ,  costs  to  construct an elevated 

f l a r e  a re  considerably l e s s .  General discussions of energy require- 

ments and costs for  f l a r e s  a re  presented i n  Section 3.5 

High temperature regeneration has a l so  been developed 

by the industry as  a method f o r  energy recovery. A t  a higher 

temperature, a greater  portion of coke deposits a re  burned o f f ' . '  
the catalyf t i  This provides. extra  s e n s i b l e  heat t h a t  can. be . .-. . 

. . 
recovered by waste heat;'.boilers. It ,also improves the opeeraring , 

eff ic iency -of the c a t a l y t i c  cracking u n i t ,  resu l t ing  i n  
. . 

an in -
d i r e c t  energy credi t  from increased y ie ld .  The t o t a l  energy 

c red i t  frorh the-operat ion of a typica l  high temperature regenera- 
t o r  i s  about 395 MJ/m3 (5.9.8 MBtu/bbl) of FCC f resh feed.30 In-

creased metallurgy costs f o r  a high temperature ca ta lys t  regenera- 

tor (for  materials t h a t  can withstand the higher temperature) a re  

a t  l e a s t  p a r t i a l l y  balanced by the cost  benefi t  from increased 
yield." Elimination of the need to  construct a CO boi le r  is an 

ind i rec t  cost  benefi t .  

.. 

The control methods a l l  involve oxidation (conbustion) 

of o ~ g a n i c  materials.  Any material  containing su l fu r  may resulr . . 

i n  emissions of SOx.  Combustion may a lso  produce NOx emissions. 
. . 

4 . 2 . 9  Boilers and Process Heaters 

Most r e f ine r i e s  u t i l i z e  steam boi le rs  t o  supply the5r 

process and u t i l i t y  steam requirements. Equipment r e q u i r i ~ g  
C 
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large amounts of process steam includes light ends strippers, 


vacuum steam ejectors, process heat exchangers, and reactors. 

The steam demand for a typical gasoline refinery is approxinately 

114 kg/m3 (40 lb/bbl) of refinery feed. This steam demand re- 

quires a boiler size of 0.35 G J / ~ ~  
(53 MBtu/bbl) of refinery 

feed. 


Process heaters are used extensively in refining 

operations to heat and thermally crack feed streams prior to 

separation and treating processes. They are the largest com- 

bustion source of hydrocarbon emissions in refineries. The 

total process heater demand. for a modern refinery is approxi- 


(270 MBtu/bbl) of refinery feed. 3 2 However,
mately 1.79 G J / ~ ~  


the process heater demand for older,.less efficient refineries 

may reach 4 ~J/rn' (600 MBtulbbl) of refinery feed.33 

4.2.9.1 Emission Characteristics 


Refinery boilers and heaters are fired with the most 

available fuel, usually purchased natural gas and refinery fuel 


gas. Sometimes, however, residual fuel oil is used. A refinery 

survey in California reported the emissions listed in Table 

4.2-4.3 The heating values of the fuels are included.35 In 

addition, refinery carbon monoxide boilers are partially fired 

with catalystr regenerator flue gas as a means of controlling 


carbon monoxide and recovering the heating value of carbon mono- 
...-. 
xide. The hydrocarbon emissions from burning catalyst regenera- 

tor-flue gas are not significantly different from those of burn-

ing refinery fuel gas. 




TABLE 4.2-4. HYDROCARBON EMISSIONS FROM REFINERY BOILERS 

AND HEATERs~~ 


Fue 1 
Hydrocarbon
Emissions 

Heating
Value 

Refinery fuel gas 480 m g / ~ m ~  
(0.03 lb/103 scf) 

39.1 MJ/Nm3 
(1050 Btulscf) 

Distillate fuel oil 0.4 kg/m3 
(140 lb/103 bbl) 

39 G J / ~ ~  
(5.9x106 Btu/bbl) 

Residual fuel oil 0.4 kg/m3 
(140 lb/lo3 bbl) 

42 G J / ~ ~
(6.3x106 Btulbbl) 

Because of the increasing cost of gas and fuel, re-

fineries in the future may elect to fire process heaters with 

unrefined vacuum residual, which is a lower grade of fuel. Va-

cuum residual may produce slightly greater hydrocarbon, SO,, and 

NO, emissions than refined fuel oils. 


4.2.9.2 Control Technology 


Hydrocarbon emissions from process heaters and steam 

boilers can be minimized by adjusting the fuel to air ratio for 

optimum fuel combustion. To insure that optimum combustion 

conditians are maintained, some refineries have installed oxygen 

analyzers and smoke alarms on heater and boiler stacks.37 Ade-


quate residence time, high temperatures, and turbulence are essen- 

tial for complete combustion. 


Cost, Energy, and Environmental Impact of Controls 


Costs for oxygen analyzers and smoke alarms are unavail- 

able from the sources consulted. Optimum combustion conditions 




will yield maximum fuel efficiencies. Costs for monitoring 

equipment will at least in part be compensated by the cost bene- 


e 

..
 fit from savings in fuel. 


No s.econdary environmental impact will be produced by 

these controls. 


4.2.10 , Chemical Treating 

Chemical treating processes convert olefins and diole- ' 

fins to saturated hydrocarbons and remove objectionable elements 

. from petroleum products and feedstocks.. Objectionable elements .. 

,. nitrogen, oxygen, halides ,removed include sulfur (mercaptans) .-. - ..and'metals. The processes can be classified as sweetening, * .  .. . 
?cidlcaustic treating. and solvent treating. The process ie- . 
lerted for a'gFven application depends' on the material to be 

treated and the specifications to be met. . , 

-

I '  .._ Sweetening 
.. -. . . .  . 

Chemical -sweetening is used to remove mercaptans from 

such hydrocarbons as napht~as, gasoltnes , distillates, kero-
sene, and ckude oil. Two'kindh of sweetening are used, extrac-

. tive sweetening and oxidative sweetetiihg. In extractive sweet- 
ening processes,.aqueous NaOH or KOH solutions extract the sul-
.-
fur by forming sulfides. . The solutions can be regenerated by 
steam blowing (reconversion to hydroxides and mercaptans) or by 

steam-air blowing (conversion to hydroxides and disulfides). 

Sometimes spent treating solutions are disposed of rather than 

regenerated. Disposal is often preceeded by inert-gas s t r i ? p h g  

of the solution for trace hydrocarbon removal. 


.. .. . . ., 



Oxidative sweetening converts mercaptans to disulfidss 


which remain in the hydrocarbon stock. There are a variety of 

catalytic processes for oxidative sweetening. Catalysts include 

copper chloride, sodium sulfide/lead oxide, sodium hydroxide, 

and various organic inhibitors. Air is used as the oxid.izing 

agent, and air blowing is used to regenerate many of the catalyst 

solutions. 


Acid/Caus tic Treating 


Hydrocarbon streams are treated with acid to remove 

aromatics, attack olefins, remove sulfur, and dissolve resinous 

or asphaltic substances and nitrogenous bases. The two most 


common treating agents are sulfuric acid and acetic anhydride. 

The hydrocarbon is contacted with the acid and mixed thoroughly 

to form an emulsion. The emulsion is then allowed to settle 

and break into two phases by coalescence, sometimes aided by 

electrostatic precipitation. Air blowing may be employed EOK 

agitation. 


The use of sulfuric acid results in a hydrocarbon1 

acid sludge. The sludge is removed by clay filtration.. The 

sludge is' often incinerated and the resultant SO2 is used to 
produce more sulfuric acid. Another method of acid recovery 

is the hydrolysis-concentration process. Hot gases from the 

combustion of oil or gas are bubbled through the sludge, vola- 

tilizing much of the hydrocarbon diluent and concentrating the 

acid. The acid is then cooled for reuse or sale. The off 


gases pass through a mist eliminator and are discharged to the 

atmosphere. 




Caustic i s  a lso used to  remove organic acids and as a 

neut ra l izer  following acid treatment. The t rea t ing  process  i n -

. volves emulsification and separation, as i n  acid t rea t ing .  Treat-
ment i s  of ten followed by a water wash. When used i n  a sweeten-

ing agent, caust ic  can be regenerated as previously described. 

Solvent Treating 

Solvent t r ea t ing  processes a re  applied primarily t o  

the extract ion of undesirable components from lubricat ing o i l s .  
They a re  a l so  used t o  separate petroleum f rac t ions  and t o  
remove impurities from gas o i l s .  Undesirable components 

removed include unstable, ac id ic ,  or organometallic compounds . 
P -

- of nitrogen -and su l fur .  

Solvent and o i l  a re  contacted in  a countercurrent 

continuous ext rac tor .  The r a f f i n a t e  and ext rac t  streams a re  

steam-stripped t o  produce ref ined o i l  and finished ext rac t  

streams. The solvent i s  separated from the o i l  and water by 

s e t t l i n g  or s t r ipping and returned t o  the  contactor. 

Emission Characterist ics 

There are  varied sources of hydrocarbon emissions 
from chemical t r ea t ing  processes. Hydrocarbon emissions a r e  
generated whenever sweetening processes a re  accompanied by 

a i r  blowing for  oxidation and regeneration. The s t r ipping of 
hydrocarbons from spent caust ic  with an i n e r t  gas i s  a po tec t i a l  
emissions source. I f  the acid concentration process i s  used 
i n  conjunction with acid t rea t ing ,  both SO2 and hydrocar5ons 

can be emitted with the exhaust gases. Solvent t rea t lng  
emissions a re  i n  the form of evaporative losses t h a t  occur 

when the d i s t i l l a t e  product i s  i n  contact with the anosphere .  



-- - 

4.2.10.2 Control Technology 


Control of emissions from the air blowing regeneration 

of spent chemical sweetening solutions can be accomplished by 

steam stripping the spent sweetening solution to recover 

hydrocarbons prior to the air blowing step. The gaseous 

effluent from air blowing can then be incinerated to remove 

residual hydrocarbons. 


Emissions from the inert gas stripping of spent 

caustic can be prevented by venting the gases to a flare or 

furnace firebox. 


Hydrocarbons escaping from acid recovery operations 

can be eliminated by using acid regeneration. Regeneration 


involves sludge incineration to product SO2 followed by stan- 
dard H2S04 production. If +he acid concentration process is 

used, the off gases from the demister can be vented to caustic 


scrubbers for SO2 and odorant removal, followed by incineration 
in a firebox or flare. 


4 . 2 . 1 0 . 3  Cost, Energy, and Environmental Impact of Controls 

General discussions of energy and cost requirements for 

incineration, absorption (steam 'stripping), and flaring are 

presented in Sections 3.1, 3.3,"-md 3.5. No specific energy or 

cost information is available. Bnergy and cost information for 

acid regeneration is also unavailable from the sources consulted. 


Combustion of organks containing sulfur may produce 

SOx emissions. Steam stripping produces wastewater which must 
be handled in the wastewater treatment system (see Sections 4.1.10 

and 4 . 2 . 3 ) .  



Miscellaneous Catalyst Regeneration 

Unlike cracking catalysts which are regenerated con- 
tinuously, other refinery catalysts are only regenerated periodi- 

cally. A steam and air mixture is introduced to the catalyst 
bed, causing cambustion of the coke deposits. Hydrodesulfuriza- 
tion, hydrocracking, reforming, and ismerization units all re-
quire peribdic catalyst regeneration. 3 8 

4.2.11.1 Emission Characteristics 

, - - .- . 
The combustion 03 deposited impurities may produce 

emissions similar to FCC catalyst regeneration, mainly CO and . -
unoxidized hydm'carbons .., --The-~~issioas.from catalyst regenera- , 

tion .arenot -a.igntfitant.tikcau& -ofthe infrequent occurro&e 
. .-

of regeneration operations. ,.. . . ...- - - ,  

.. 
4.2.11.2 Control Technology . . 

The principal contra1 measure for hydrocarbons iz 
catalyst regeneration flue gas is incineration in a heater fire- 
box or a smoke plume burner. These devices reduce hydrocarbon 

- emissions to negligible quantities. Use of these control pro-
cesses is not widespread, however, because of the lack of sig- 

... n i f  icance of this emissions source. 

_ -- , 

4.2 .11 .3  Cost ,  ~ n i r ~ ~ ,and Environmental Imvact of Controls 

General discussions of energr and cost requirenents 
for incineration methods axe provided In Section 3.1. 

Incineratior, of organics containing sulfur may produce 
SOx emissions. Incineration also has the potential to produce 
CO and NOx emissions. 



4.2.12 Blending Operations 

Refinery blending operations involve the mixing of 

various components t o  achieve a product of desired characteris-

t i c s .  The most common blending operation i n  petroleum ref ining 

i s  the f i n a l  s tep  i n  gasoline manufacturing. Gasoline compo- 
nents such as c a t a l y t i c  gasoline,  reformate, a lkyla te ,  isomer-

a t e ,  butane, lead,  and dye a rc  mixed i n  proportions required 
to  meet gasoline-marketing spec i f ica t ions .  

There are  two methods of blending, batch and in - l ine .  

Batch blending i s  accomplished i n  a blending tank (or tanks) 

in to  which each component i s  added individual ly.  Mixing i s  
continued u n t i l  a homogeneous.-mixture of the desired properties 

i s  produced. The f i n a l  blend-.is routed t o  storage tanks t o  

await t r ans fe r  out of the ref inery or pumped d i rec t ly  t o  t rans-  
portat ion f a c i l i t i e s .  

Agitation i n  the blending tank i s  accomplished e i the r  

by an external  c i rcula t ion  loop (or 'loops) or  by in te rna l  
propel lers  powered by external  motors. The propeller shaf t s  

a re  sealed i n  the same ways as ro ta t ing  pump sha f t s .  A special-

case i s  the blending of butane i n t o  gasoline,  wherein l iquid  
butane is  sometimes charged through a sparger ring in  the bottom 

of the blending tank. 

In- l i n e  blending can be e i t h e r  p a r t i a l  or continuous. 

P a r t i a l  in- l ine  blending involves simultaneous combination of 

stock components i n  a mixing manifold. Final additions and ad- 

jus tments a re  made downstream or i n  a a torage tank. 

Continuous in - l ine  blending involves continuous and 

simultaneous blending of a l l  stock components and addi t ives  i n  



a mixing manifold. Each component stream i s  controlled auto- 

matically by a feedback control loop; the e n t i r e  control systcm 
i s  often under computer guidance. There i s  no blending tank, 

. and storage capacity i s  often minimized by d i rec t  discharge of 
blended products to  t ransportat ion f a c i l i t i e s  or pipel ine.  

4 .2.12.1 Emission Character is t ics  

Agitation i n  batch blending operations increases the 
evaporation of l i g h t e r  components. Thus,  fugi t ive  losses from 

batch blending tanks a re  generally greater  than tho& from 
s imi lar  quiescent storage tanks. 

-. 

Emissions from in- l ine  blending are l imited t o  f u g i t i v e  
leaks,. from valves and flanges. 

4.2.12.2 Control Technology 

Control technology f o r  batch blending operations 

includes f loa t ing  roofs on blending tanks and replacement of 

batch operations by in- l ine  blenders. Further discussion of 

storage tank emission prevention i s  presented in Section 4.5. 
. , 

The introduction of in- l ine  blending f a c i l i t i e s  w i l l  

reduce emiss'Lons. Prevenriun of hydrocarbon leaks from in - l ine  

blending systems can be reduced by proper inspection and main- 

tenance of valve stem s e a l s ,  f lange gaskets, and pump sea l s .  

4.2.12.3 Cost, Energy, and Environmental Impact of Conrrols 

In- l ine blending f a c i l i t i e s  a re  not  usually economical 
f o r  small r e f ine r i e s ;  larger  r e f ine r i e s  usually already have in-
l i n e  blending. SpecFfic energy cost  and infomat ion  is unavailable. 



Storage tanks are discussed i n  Section 4 . 5 .  Valves, 

f langes,  and pump sea ls  a re  discussed i n  Sections 4 . 1 . 6 ,  4 .1 .7 ,  

and 4.1.8.  

No secondary environmental impact w i l l  be caused by 

these control methods. 

Coking i s  a thermal cracking process which i s  used 
t o  convert low value residual  f u e l  o i l  t o  higher value gas o i l  
and petroleum coke. Vacuum residuals  and thermal t a r s  are  

cracked a t  high temperature and atmospheric pressure. Products 

a re  petroleum coke, gas o i l s  and l i g h t e r  petroleum stocks.  De-

layed coking i s  the most widely used coking process today. 

In  the delayed coking process heated charge stock i s  
fed i n t o  the bottom sect ion of a f rac t ionator  where l i g h t  ends 

a re  stripped krom the feed. The remaining feed i s  combined 

with recycle £rum the  coke drum and i s  rapidly heated i n  the  

coking heater  t o  a temperature of 480-590°C (900-1100°F). Steam 

in jec t ion  i s  used t o  control heater v e l o c i t i e s .  The vapor-liquid 

from the  heater  i s  converted t o  coke i n  a coke drum which provides 

the proper residence time, p resswe ,  and temperature f o r  coking. 

Vapors from the top of the drum re tu rn  t o  the  fract ionator  where 

the  thexmal cracking products a re  recovered. When the onstream 

coke drum has been f i l l e d  t o  the proper capacity with coke, it i a  
taken of £stream and quenched/purged with steam. The drum i s  

opened when the tenperatme reaches the desired l e v e l ,  and the  

coke i s  cut with high-pressure water. 



0 

4.2.13.1 Emission Characteristics 


- When the coke drum is opened large quantities of steam 
and hydrocarbons may be released to the atmosphere. Nore steam 


may be produced by vaporization of the cutting water and by re- 

lease of pockets of trapped steamlhydrocarbon vapors from cutting 

operations. The hydrocarbons may include polynuclear aromatics 

and other hazardous compounds, as conditions within the coker are 

favorable for their production. 


4.2.13.2 Control Technology 

.-

Hydrqcarbon emissipqi from coking operations can be . ..-. 
milrimized by venting the quenching stream to a vapor recovery .. .. 
or blowdown system. Once the drum cools to 100'~ (212'~) , the -

. * .  

steam purge can be replaced by a ware; flood: Allowing further. 
cooling to approximately ambient temperature wilL minimize steam 

and hydrocarbon vaporization and escape when the drum is opened. 


4.2.13.3 Cost, Energy, and Environmental Impact of Controls 


The various methods of vapor recovery are discussed in . ! 

Section 3.0. Blowdown systems are discussed in Section 4.1.13. .. 
No specific. in5ormation is available. 


... 

Flafing of organics containing sulfur in a blowdown 

system may produce SOx emissions. Flaring also may produce CO 

and NO, emissions. 
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Oil and Gas Production 


Both oil wells and gas wells may produce appreciable 


quantities of oil, gas, and water or brine. In fact, about one 

sixth of the marketed natural gas is produced along with crude 


0 1 .  Wells are classifie2 as oil wells or gas wells according 


to the ratio of oil to gas produced. For example, Texas law de-


fines an oil well as "...any well which produces one (1) bar re l  

or more of crude petroleum oil to each one hundred thousand 


(100,0.00) cubic feet of natuml gas."' 


Although off shore and onshore. production are alike in 


many ways, there are distinct differences. Offshore production 


operations have the added complications of space limitations, 


greater capital expenditures, limited modes of access to facili- 


ties, and the generally hostile. environment surrounding the fixed 


or floating platforms on which the work must be done. Because of 


adverse conditions and the possibility of catastrophic failure, 


offshore platform are usually equipped with sophisticated safety 


devices and manned by crews well trained for emergency situations. 


In offshore production a centralized processing platform may serve 

several wells in the same area (as with 0nshor.e production) or 


the entire production may be sh5pped ashore by barge or pipeline 

for processing. 


Oil Production 

. . 

The production and processing of oil for transport to 

petroleum refineries involves recovery of well fluids, processing 


for free gas separation, water separation, and storage. The 


three methods of bringing the oil to the surface are natural flow, 


gas lifting (injection of gas into the flowing column), and me- 


chanical lifting (using subsurface pumps of either a plunger or 




centr i fugal  type) . .  The o i l  from several  wellheads i s  brought 

together by a pi2e gathering system in to  a cen t ra l  col lect ion 
manifold. If the wells a re  not a t  equal pressures or  a re  pro- 

* ducing heavy crudes, then the gathering system must provide f o r  

pressure reduction or heating, respectively.  

Processing the well  stream requires separation of crude 

o i l ,  gas and water. O i l  and gas separations are  normally c l a s s i -  
f i ed  i n t o  e i t h e r  one, two or  three pressure s tages.  The number 

of stages depends on the  pressure of the incoming gas /o i l  mixture; 
the higher the pressure,  the greater  the number of s tages.  Hori-

zontal  separators a re  usually used f o r  high pressure,  high gas-to- 

o i l  r a t i o s ;  while v e r t i c a l  separators a re  used f o r  lower pressure 
.. . separation, A separator can be e i t h e r  two-phase ( o i l  and gas ) -o r  

three-phase ( o i l ,  gas and water) . For three-phase.s separation, a 
lower sect ion of the -two-phase separators i s  &dified for three-

phase operations. Recovered gas may require  sweetening and/or 
pur i f ica t ion  a t  a gas t rea t ing  p lant .  In remote areas ,  gas may 
be re in jec ted;  i f  volumes a re  small or noncommercial, i t  may be 
f la red .  It can a lso  be used fo r  lease f u e l .  

Separation of crude o i l  and f r e e  water (usually waste 
brine) i s  accomplished by gravi ty separation using e i the r  a three-

phase separator ,  f r e e  water 'knockout, wash tank or  s e t t l i n g  tank.. 
Remaining water f o m s  an emdsion which must be broken down i n  a ... 

dehydratiun p lant .  The four methods used i n  dehydrating emul- 
sions are  heating, chemical t r ea t ing ,  e l e c t r i c a l  coalescing, and 

extended gravi ty s e t t l i n g .  Residence times a re  usually on the df-
der of 22) minute^.^ The recovered water may be t reated and used 
fo r  repressuring, or i t  may be returned to  an abandoned formatfon 

for  disposal.  Additional water treatment may be needed i f  i t  i s  

disposed above ground. 



Crude o i l  i n  the production f i e l d  i s  most commonly 

stored i n  both bolted and welded s t e e l  tanks, usually v e r t i c a l  

with a fixed roof .  Floating roofs a re  seldom used i n  the produc- 

t ion  f i e l d . "  In addition the na tura l  gas l iquids  processed from 

the separated gas stream can be stored i n  high pressure horizontal  

cylinders or  spheres and under pressure i n  caverns i n  the  e a r t h ' s  

c rus t .  I f  the pressure i s  reduced, the chi l led  l iquids  may be 

stored i n  l i g h t e r ,  insulated vessels  above ground or  i n  frozen 

ear th  p i t s .  

Gas Production 

There are  two types of gas f i e l d s .  One i s  the "dry" 
gas f i e l d  i n  which no hydrocarbons heavier than methane and ethane 

are  produced and the only precessing required i s  dehydration and 

acid-gas removal. The other type i s  the "wet" o r  "condensate" 
f i e l d  where a r e l a t ive ly  heavy hydrocarbon condensate i s  usually 

produced with the gas. Besides acid-gas removal and dehydration, 
separation of these heavier hydrocarbons i s  a necessary s tep i n  

achieving acceptable na tura l  gas specification^.^ 

There a re  over twenty methods avai lable  f o r  the r e -  

moval of acid gas consti tuents such as  carbon dioxide and hydrogen 
sulf ide.  Two of the more commonly used methods a re  absorption 
with aqueous solutions of ethanolamines o r  a l k a l i  carbonates, 

and dry bed adsorption with molecular sieves.  I n  the solution 
system, the m i n e  o r  carbonate solution flow countercurrent 

t o  the sour na tura l  gas i n  a packed o r  t r ay  tower. Eff luents  

a re  sweet gas which i s  sent t o  a dehydration un i t  and H2S r i c h  

absorbent which i s  regenerated by heating, pressure reduction or  

i n e r t  gas s t r ipping.  Molecular sieves can be used f o r  the  

removal of a l l  polar contaminants present i n  the gas ,  including 

su l fur - and oxygen-bearing compounds and water vapor. 
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Dehydration is accomplished by either adsorption with 
c a dry desiccant (activated almina, silica gel or molecular sieves) 

or absorption with a glycol solution (diethylene glycol or tri- 
- ethylene glycol). Both systems provide for adsorbent/absorbent 

regeneration and represent proven gas dehydration technologies. 
This operation would complete the processing of gas produced from 

a dry field. However for gas produced from a condensate field, 
4 

a third step is required to remove the heavy hydrocarbons. 

Several processes are currently used for the removal 
of heavy hydrocarbons from natural gas. These'processes 
usrrally involve various combinations of absorption, refrigera- 

.- tion, compression, adsorption, factionation, cryogenic separan .. 
. I  ...._ - . . 

. -
tian, and turbo-expansion.. . Separation-may occur between methane 

' .-and"ethane b;.'ethane at13 pibp&e. The.heavier hydmcarbons are 
. . 

recovered 4s produet streams. e 
.. . 

4.3.1. Emission Chzracteristics 

Hydrocarbon emissions from the production and on-site 

processing of crude oil and natural gas can occur from a number 
of sources. For the most part, these emissions consist chiefly 
of the lighter saturated .hydrocarbons and the major contrlbu- 
tors are process equipment and storage vessels (see Section 4.4, 
Storage Tanks) . . Table 4.3-1 is a hydrocarbon emission summary . . 
for crude oil and' natural gas productLon. 

Oil Production 

.. . - . . 
The evaporative losses in production of crude oil -

result in the emission of low molecular weight saturated hy-

drocarbons. Emission estimates for venting and flaring based 
on 1972 data are 1.42 b3/yr (50 billion ft3/yr) or 6.2 Gg/day 

(6,800tons/day).' 



TABLE 4.3-I. HYDROCARBON EMISSIONS FROM OIL AND GAS PRODUCTION ' ' 
-911 

Continuous or 
Source Intermittent Disposition Comments 

Oil and Gas Separation Intermittent Vented or Flared During upsets, or in remote, low 
product ion areas 

Oil, Condensate Storage Interpittent Atmosphere Leaks and ruptures 

Natural Gas Separation Intermittent Atmosphere Leaks and ruptures in plant and 
linee; kept to a minimum by pre- 
ventive maintenance 

F 
4 

. + Natural Gas Liquids 
Recovery 

Intermittent Market (LPG, LNG) Occur in absorber and absorber 
refrigeration 

I 

Intermittent Atmosphere Occurs during glycol regenerator 
overloading; can be recovered in 

Gas Dehydration > t inlet liquid scrubber 

Continuous Waste Pit Free liquids, H20, and hydrocar- 
bons from inlet scrubber 

Heaters and Boilers Continuous . Atmosphere Combus tion Exhaust 

Compressors and Pumps Continuous Atmosphere Leaks from mechanical seals and 
packing glands 

Effluent Sumps Continuous Atmosphere Evaporation 



Major sources of these hydrocarbon emissions include 


evaporation from brine pits and tanks, improper flaring, and 


leaks. Typical hydrocarbon emission factors for these opera- 

tions and others are given in Table 4.3-2. 


For every volume of oil extracted, an additional two 


to three volumes of waste brine are produced. Waste brine may 


contain some residual oil and usually has a concentration of dis-

solved solids seven times that of seawater. The nost comon 

method of disposal is reinjection, although approximately 28% is- - .  . -
dumped in rivers, unlined pits, non-potable water sites, and ap- 


, . ptaved disposal sites. 'All discharges into marine waters must be . ,-. 
approved by state and federal authorities, Some treated effluent: 


is used for livestock and irrigation. The open disposal methods 


allow free evaporation of hydrocarbons. Waste water separators 

may be used, but they also produce hydrocarbon enissions. For 


offshore production, the water is either cleaned before discharge 


into the sea or pumped into tankers or pipelines for treatment on- 

shore.'* 

Leaks can represent another significant source of hydro-

carbon emissions and are discussed in Section 4.1. 
 - .- .  . ,  

.Natural Gas Production 


Natural gas is composed of methane with decreasing 

amounts of ethane, propane, and heavier hydrocarbons. Removal 


of these heavier components is a necessary step in producing 

natural gas for pipeline sales. Hydrocarbon emissions f r o n  na-

tural gas processing are mainly fugitive ia nature and result from 


leaks in pumps, valves, compressors, and other machlner~. These 


losses have been estimated at 3.0 g/normal m3 (190 l b / i 0 6  sta~dard 

ft3) of natural gas processed or approximately 6.29 Gg/aay ( 6 . 9 2 0  



TABLE 4.3-2. TYPICAL HYDROCARBQN EMISSION FACTORS 
FOR CRUDE OZL PRODUCTION^ 'O * ' 

kg/lo6 m 3  f ue l  

Heater -Treater  0.128 

kg/103 m3 crude clb/103 b b l  crude) 

eater Treater - Combustion (0.325) (0.114) 
missionsa 

Steam In jec t ion  - Steam 
Generator Combustion 
J3missionsb 

50X B r i n e  with 011 

Water Flooding - M e s e l  Engine 326 
ExhaustC 

Vapor Recovery System Mg* Neg . 
Wastewater Separators 22.6 (7.9) 

Pumps 211 (73.8) 

Compressors 10.9 (3.8) 

Re1 i e  f Valves 22.6 (7- 9) 

Pipe l ine  Valves 33.1 

Dieeel Sump f o r  Water Flooding 20.3 

Miscellaneous Flar ing and Fi res  2-17 

Storage Tanks 11.1 

aBased on heat requlrcment on 1M G I ~ '  (15,000 Btul'bbl) na tu ra l  gas f i r ed .  

b ~ u r n i n g  produced oil. 

Includes emissions calculated from aldehyde emission fac tors .  C 



short tons/day) in 1973.'' Hydrocarbon emissions can occur at 

any point in the system which is open to the atmosphere. Typi-

0 

cal hydrocarbon emission factors for natural gas production are 

4 given in Table 4.3-3. These emissions are about: 89% methane. 


They contain no significant mounts of Hz. 


TABLE 4 . 3 - 3 .  rnP1cAL HYDROCARBON EMISSION FACTORS FOR 
NATURAL GAS PRODUCTION' 


*. 

Gas Well Compressor 0.64. (0.04) 

, . I - Acid Gas Removal Unit . 0.10,- (0.006) 
- Glycol Dehydration 0.03 (0.002) 
Refrigerated Absorption 0.32 (0.02) .. , . -
Flare .. . - '  0.13 (0.008) 

-

4.3.2 Control Technolo= 

There are three sources of hydrocarbon emissions in 
the production of crude oi.1 and natural gas: combustion of a 
fuel, evaporation of a volatile liquid hydrocarbon, and miscel- 
laneous process leaks. Control techniques for emissions from 
'evaporation and leaks are described is Sections 4.1 and 4.5. 
Techniques for whe control of emissions from combusrion are 
described below an'd in Sections 4.1 and 4 . 1 3 .  

__-..-.. 

Combustion sources include process heaters, diesel 
engines, and heater treaters. Proper application, installazlon, 
operation, and maintenance of combustion equipment represents 
the most practical means of lowering combustion emissions. 
Hydrocarbon emissions resulting from combustion exhaust can 
also be significantly reduced by substitution of clean burning 

, natural gas for aistLllate or diesel oil as fuel. In the case 



of heater treaters, other possib1.e alternatives to acoomplish 

oil-water separation without combastion are chemical destabiliza- 

tion, electrical coalescence, and gravitational settling. It is 

noted, however, that these alternatives are not always applicable. 


4.3.3 Cost, Energy, and Environmental Impact of Controls 


Cost, energy, and environmental impact of controls for 

oil and gas ~roduction are given in Sections 4.1, 4.5, and L .13 .  
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4.4 Organic Chemicals 

The organic chemical processing industr ies  (OCPI) 

convert hydrocarbons obtained mainly from petroleum, coal ,  and 

na tura l  gas in to  synthetic intermediates and products. During 
1974 nearly 64 Tg (1.4 x 10" lb)  of chemicals with a value of 

approximately 7 b i l l i o n  dol la rs  were produced i n  the United 

States . '  Table 4.4-1 i s  a l i s t  of the synthet ic  organic chemicals 
with the highest  production volume i n  1976. The primary raw 
mater ials  f o r  t h i s  industry a re  ethylene, propylene, butylenes, 

benzene, toluene, xylene, na tura l  gas, and natural  gas l iquids .  

Organic pol lutants  may be emitted t o  the atmosphere 

from organic chemical processing i n  various ways. Vented gases 
from various processing operations may contain organic compounds. 

Vents a re  required f o r  removal of by-products or  i n e r t s  and f o r  

pressure control  during plant  upsets. Other sources of hydro- 
carbons include evaporation from storage tanks, loading and 

unloading f a c i l i t i e s  , sampling, sp i l lage ,  processing equipment 
leakage, barometric condensers, cooling towers, equipment blow- -
down, and miscellaneous sources. 

The v o l a t i l e  organics ' in  vent streams can be controlled 

by conventional methods of . control l ing organic atmospheric 

pol lutants  from stat ionary sources, i.e.,combustion, condensation, 
adsorption, absorption, and process modifications. These controls 

can be used t o  achieve as  much as 90 t o  100 percent removal 
eff ic iency.  In =st cases,  study i s  required t o  determine the 

economically feas ib le  reduction f o r  spec i f i c  processes. 

Descriptions of the production of several  organic 

chemicals a re  inclu&d i n  the following Sections 4.4.1 - 4.4.8. 



.I TABLE 4.4-1.  THE MOST SIGNIFICANT SYNTHETIC ORGANIC 
CHEMICALS BY PRODUCTION VOLUPE I N  19762 

Product ion 
Chemical Tg (10' lb) 

Ethylene Dich1ori.de 
Urea 
Styrene 
Methan01 
E thylbenzene 
Vinyl Chloride 
Formaldehyde (37% by weight) 
Terephthalic Acid 
Hydrochloric Acid 
Ethylene Oxide 
Ethylene Glycol 
Butadiene (1,3-)  
p-Xy lene 
Cunrene 
Acetic Acid 
Pheno1 
Cyclohexane 
Ace tone 
Propy lene Oxide 
Isopropy 1 Alcohol 



The organic chemicals chosen have been the subject of industry 

surveys and repor ts .  They are  only a few of many s igni f icant  

chemical processes, however. Their inclusion indicates only 

t ha t  hydrocarbon emissions and controls have been studied and 

characterized fo r  these processes. Most emissions data from the 

referenced reports  a re  several  years old. It i s  believed tha t  

current emissions a re  lower, due t o  increased usage of controls 

and improved processing methods. There i s  addi t ional  work i n  

progress directed a t  b e t t e r  characterization of organic cherniczl 

emissions and t h e i r  control.  

The following descriptions concentrate on the major 

process emissions. Fugitive,  storage,  loading and unloading 
emissions a r e  discussed i n  Sections 4.1, 4 .5 ,  and 4 .6 ,  respec-

t ive ly .  Flow sheets included show only the major process streams 
and no auxi l ia ry  equipment. 

Costs, energy requirements, and environmental impacts 

of the major control technologies f o r  v o l a t i l e  organic chemicals 

a re  included i n  Section 3 of t h i s  repor t .  Costs and energy re-  

quirements developed fo r  spec i f i c  organic chemical production 

processes a re  included i n  the following discussions when they 

were available.  In  addition,  comments on possible environnental 

problems encountered with the  use of control devices a re  made. 
The data a re  very spec i f i c ,  however, and a re  not meant to  be 

applied t o  other indus t r ies ,  A l l  cost  estimates and energy re-  
quirements a re  based on assumptions; the references c i t e d  should 
be consulted fo r  the bases of the estimates.  

Acrylonitrile by Propylene Anuwxidation 

Acryloni t r i le  is  produced i n  the U.S. by the  Sohio 

f l u i d  bed c a t a l y t i c  process. Figure 4.4-1 i s  a s implif ied flow 

sheet o f ' t h e  process. Air, ammonia, and propylene a r e  fed t o  a 



LIGHT ENDS TO FLARE r--
FEED MAIN 

WATER VENT CRU"' l-l I--
I 4 ACRYLO 

PROPYLENE 

AUUONIA 

AIR 

ACETONITRILE 

WAaTEWATER I SORBENT 

ACET0N)TR)LE
CATALYTIC QUENCMI?RI 
REACTOR NEUTRALIZER ABSORBER STRIPPER 

+ 
WATER RESlOUC 

Figure 4.4-1. Flow diagram for the Sohio process 
for acrylonitrile production. 




reactor  a t  140-310 kPa (5-30 psig) and 420-530'~ (780-980'~) t o  

£ o m  ac ry lon i t r i l e  by amoxidation. The chemical react ion may 
be represented by the equation shown below. 

No recycle i s  required,  as the reaction i s  v i r t u a l l y  complete. 
The reactor  e f f luen t  i s  sent  t o  a water quench tower i n  which 

acid i s  added t o  neut ra l ize  the remaining ammonia. Reaction 
products a re  recovered i n  a water absorber-stripper system. 
Acryloni t r i le  i s  then separated from by-products i n  a se r i e s  of 

d i s t i l l a t i o n s  . The f i r s t  f ract ionat ion of crude acryloni t r i l e  

usually removes HCN as an overhead stream. The a c r y l o n i t r i l e  i s  

then dried and pur i f ied  t o  99+% i n  fur ther  d i s t i l l a t i o n  s teps.  

The wet a c e t o n i t r i l e  i s  subjected t o  ext rac t ive  d i s t i l l a t i o n  
using water as the extract ive solvent.  

By-product streams may be processed t o  recover high 
pur i ty  HCN and a c e t o n i t r i l e  f o r  sa le s .  The by-product streams 

which a r e  not so ld  a r e  incinerated.  The amounts incinerated are  

determined by market demand; excess by-product is  incinerated.  

Currently, two a c r y l o n i t r i l e  producers market o r  have plans t o  

market a c e t o n i t r i l e .  A l l  of the producess market HCN. F i f t h  

percent of the  HCN is so ld ;  for ty  percent i s  incinerated.  

Aqueous wastes from the quench tower and from the 

ext rac t ive  d i s t i l l a t i o n  of a c e t o n i t r i l e  a re  sent t o  a se t t l cng  
pond p r io r  t o  disposal by deep well  in jec t ion .  

There have recent ly been two ca ta lys t s  i n  use:  

Catalyst 21 and Catalyst 41. Although the y ie lds  a re  about the  

same f o r  the two ca ta lys t  systems, Catalyst 41 provides fo r  
b e t t e r  u t i l i z a t i o n  of a m n i a  and requires l e s s  oxygen. A l l  



acrylonitrile producers have switched to Catalyst 41 or' are 


in the process of switching. 


4.4.1.1 Emission Characteristics 


Hydrocarbon and organic chemical emissions may be 


encountered at the absorber vent, at the fractionation column 

vents, at the settling pond, at the incinerator stack, and at 

storage tank vents. The estimated total volatile organic 

emissions from acrylonitrile plants in the U.S. are presented 

in Table 4.4-2. 


TABLE 4.4-2. ESTIMATED VOLATILE ORGAN1 C 
EMISSIONS FROM ACRnONITRILE PRODUCTION4 


Emissions . ..-

Catalyst system kg/kg acrylonirrile Mglyr (10 lbs /yr) a 


Catalyst 21 

Catalyst 41 


aAssuming 499. Gglyr (1. 1x10' lblyr) production 


The primary gaseous air emission occurs at the absorber vent. 

Incinerators have been installed on this vent stream in at least 


.two plants. Table 4.4-3 contains a typical absorber vent gas 

composition for a 90 Gglyr (200x10' Ibs/yr) acrylonitrile plant. 


Table 4.4-4is a list of emission factors for absorber vent 

emissions. 


The fractionation column vent stream contains scme 

nitriles. These gases are usually incinerated. The vent stream 

flow rate is small. 




TABLE 4 . 4 - 3 .  TYPICAL ABSORBER VENT GAS COMPOSITION FOR A 
90 Gg/yr (200x10 lb lyr )  ACRYLONITRILE PLANT 

USING CATALYST 415 

Average Flow Rate 
Component kg Ihr  ( lb /hr )  

Carbon dioxide 

Carbon monoxide 

Ammonia 

Propylene 

Propane 

Hydrocyanic acid 

Acryloni t r i le  

Acetoni t r i le  

Nitrogen and argon 

Oxygen 
Water 

NO, 

TABLE 4.4-4. EMISSION FACTORS FOR ABSORBER VENT GAS FROM 
ACKYLDNITRILE PRODUCTION USING CATALYST 41' 

Component Emission factora 
(g/kg, lb/1000 lb)  

Nitrogen 

Oxyga 
Carbon dioxide 

Carbon monoxide 

CS -Hydrocarbons 
Acrylo-nitrile 

Acetoni t r i le  

Hydrogen cyanide 

a~miss ion  fac tors  based on ac tua l  f i e l d  sampling 



Storage losses are another source of hydrocarbon and 


organic chemical emissions. Acrylonitrile and acetonitrile have 

vapor pressures in the range of 21-35 kPa (3-5 psi) at ambient 


temperature. The storage tanks may be vented to the atmosphere, 


but in some cases recovery systems are employed for safety 

reasons. The propylene is stored in sealed pressure storage 


tanks equipped with relief valves that discharge to a flare. 


Noncondensibles and some HCN from HCN tanks are also vented 

to a flare. Section 4.5 describes emissions from storage tanks. 


Results of field sampling indicate negligibie volatile 

organic emissions from incinerator stacks in acrylonitrile 


plants. 


Liquid wastes are held in a settling pond before they. 

are disposed of in injection wells. Organic chemicals in the 


wastes are emitted to the atmosphere. 


Control Technology 


The absorber vent gas emissions may be controlled 

with a combustion device such as a CO boiler, thermal incinera- 

tor, catalytic incinerator, or flare. Catalytic incinerators 


and combined liquid-gaseous incinerators are in operation. 


Organic emissions in fractionation column vent gases 

may also be controlled by combustion. Flaring is the generally 

accepted procedure in this case because the volume is small.' 

Indications are that this control method is practiced wLdely 

in the industry. It is estimated that more than 90 percent of 

the combustibles are burned by flaring. 7 



Emissions from the  s e t t l i n g  pond are reduced by 

covering the surface with a high molecular weight o i l .  

For control technology fo r  storage tank emissions 

see Section 4.5.  

4.4.1.3 Cost, Energy, and Environmental Impact of Controls 

Although discuss ions of energy requirements, environ-

mental impacts, and cost  data f o r  the combustion devices men-
tioned a re  located i n  Section 3 ,  energy and cost  data f o r  t h i s  

spec i f i c  process a re  included i n  Table 4.4-5. The data were de-

veloped fo r  a typica l  ac ry lon i t r i l e  plant  producing 90 Gg/yr 
(200 x lo6  lb/yr) in 1973. Energy requirements and costs  for  

adding lube o i l  t o  a pond a r e  probably minimal. 

Combustion of n i t r i l e s  and HCN by f l a r i n g  may r e s u l t  

i n  emissions of NO,. I f  supplemental f u e l  contains su l fur  com-
pounds, SO2 emissions may a lso  r e s u l t .  The lube o i l  layer used 
as  a control method fo r  hydrocarbon emissions from the storage 
pond contributes some v o l a t i l e  organic emissions. The net  r e s u l t  

i s  a decrease i n  the  t o t a l  organic emissions from the pond and a 
change i n  the composition of emissions. 

4.4.2 Formaldehyde from Methanol with Si lver  Catalyst 

Formaldehyde i s  manufactured by two processes. One 
employs a s i l v e r  ca ta lys t  and the other a mixed metal oxide 
ca ta lys t .  The mixed ca ta lys t  process i s  discussed i n  the next 

sect ion.  The overa l l  react ion f o r  making formaldehyde from 
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methanol with a s i l v e r  ca ta lys t  i s  shown i n  the following 

chemical equation. 

Figure 4.4-2 i s  a simplified flow diagram of the  s i l v e r  ca ta lys t  

process. 

The feedstocks a re  prepared before they a re  in t ro-

duced i n t o  the reactors .  A i r  i s  washed with caus t ic  t o  remove 

C02 and su l fu r  compounds and heated t o  about 80°C (180°F). Fresh 
and recycle methanol a r e  combined, vaporized, and superheated t o  

about 70-80°C (160-180°F). The t rea ted  a i r  and vaporized 
methanol a re  combined and sent t o  a ba t te ry  of c a t a l y t i c  reac- 

t o r s .  Some plants  use a feed vs.  e f f luen t  heat  exchanger as  

the next s tep .  Otherwise, e f f luent  gases go d i rec t ly  t o  the  

prixcary absorber, a packed tower. The sorbent i s  an aqueous 
solut ion of formaldehyde and methanol, pa r t  of which i s  recycled. 

The other  portion goes t o  an intermediate storage f a c i l i t y .  

Noncondensibles and uncondensed vapors a r e  sent  t o  a secondary 

absorber using d i s t i l l e d  water a s  a sorbent. The resu l t ing  

so lu t ion  of formaldehyde and methanol i s  used as  makeup f o r  the 

primary absorber. Noncondensibles and associated vapors (metha-

no l ,  formaldehyde, methyl formate, methylal, CO) from the 

secondary absorber a re  vented overhead. The methanol and for-  

maldehyde solut ion resul t ing  from the  primary absorber i s  
fract ionated t o  y ie ld  99+% methanol and a 37% (weight) solut ion 

of formaldehyde containing l e s s  than 1%methanol. The formal- 

dehyde product may undergo addi t ional  treatment t o  remove 

formic ac id  and t o  prevent polymerization during s torage.  





-- 

4 .4 .2 .1  Emission Characterist ics 

Volati le organic emissions from s i l v e r  process formalde-
hyde plants  a re  estimated t o  be 0 .OO4 k.g/kg (0 .OO4 l b / lb )  of 37% 

formaldehyde. For an annual production r a t e  of 2 .68  Tg (3x10~ lb)  

t h i s  amotrnts t o  11 Gglyr (24x106 l b l y r ) .  l o  The main source of 
v o l a t i l e  organic emissions i s  the  absorber vent.  Another 

iden t i f i ed  source i s  the e j ec to r  exhaust from the fract ionat ion 

column. A typica l  absorber vent gas i s  presented in  Table 4.4-6. 
Storage emissions a re  reported t o  be low. 1 1  

TABLE 4.4-6. TYPICAL ABSORBER VENT GAS COMPOSITION FOR 
A 45 Gg/YR (100 MM ~ b / ~ r ) ~SILVER CATALYST 

PROCESS FORMALDEHYDE PLANT' 

Composition Flowrate 
Component mole % kg/hr ( lb /hr )  

Formaldehyde 

Me than01 

Hydrogen 
Carbon dioxide 

Carbon monoxide 

Oxygen 

Nitrogen 

Water 

TOTAL 

a37% Formaldehyde solut ion 

4.4.2.2 Control Technology 

The use of a m i s t  eliminator on the  secondary absorber 

e f f luent  i s  standard prac t ice  i n  the  industry.  The majority of 

U .S . plants  do not employ addi t ional  controls .  Combus t i o n  

devices (thermal incinerators  and boi le rs )  a r e  used by a few 
producers. Combustion ef f ic iencies  a r e  eatimated a t  99+%? '" 
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Several other devices are avai lable  fo r  control l ing 

absorber vent losses .  Plume burners a re  applicable,  but they 

control only 90% of CO and v o l a t i l e  organics. Water scrubbers 

share the disadvantage of low control  e f f ic iency,  and they have 

the additional problem of causing a potent ia l  water pollution 

problem. Catalyt ic  incinerators  are a l so  applicable although 

they have not been demonstrated. They are  estimated to  have 

ef f ic iencies  s imi lar  t o  thermal incinerators ."  

In plants  operating fract ionat ion columns a t  reduced 

pressures,  a vent stream is  emitted through a steam vacuum 

e jec to r  o r  pump. Water scrubbing i s  practiced by a t  l e a s t  one * 

plant  to  control hydrocarbon emissions from t h i s  source. Removal 

eff ic iency is  i n  the range of 79-97 percent. ' '  Another p lant  
reportedly recycles the vent gases to  the f rac t ionat ion  column, 

and a small purge stream i s  probably required. A condenser i s  
used as  a control device i n  one p lant .  

Cost, Energy, and Environmental Impact of C o n t r ~ l s  

General cos t ,  energy, and environmental impact informa- 

t ion  i s  located i n  Section 3 fo r  inc inera tors ,  bo i l e r s ,  condensers, 

absorbers, and f l a r e s .  In  addition to  t h i s  general data some s p e -

c i f i c  cost and energy data fo r  control techniques a re  presented in 
Table 4.4-7 fo r  a 45 Gg/yr (100 x 106 l b / y r )  fomaldehyde plant em-

ploying a s i l v e r  ca ta lys t  i n  1973. 

Combustion control methods involve the potent ia l  f o r  

NOx and CO formation and release t o  the atmosphere. A d d i t i o n a l l y ,  
i f  supplemental fue l  contains su l fu r ,  SO2 emissions w i l l  aLso re-

s u l t .  Water scrubbers, as menrioned above, are  a po ten t i a l  socrce 

of wastewater p o l l u t i m .  



TABLE 4.4-7, ENERGY AND COST DATA FOR CONTROL OF VOLATILE ORGANIC 
EMISSIONS FROM METHANOL PRODUCTION USING A SILVER CATALYST a ,b ,  i s  

Energy Requirements ~ n n u a l i z e d ~  
Waste Stream Control  Technique Fuel E l e c t r i c i t y  Coet ( 1973) 

Absorber ven t  Water scrubber  
C 

gas  3 
1 . 0 2  m /s 
(2170 scfm) 

Thermal i n c i n e r a t o r  1.32 T ~ / y r  0.11 TJ/yr 
(1250x10~ ~ t u / y r )  (30,000 M h l y r )  $10,100/ y r  

C a t a l y t i c  i n c i n e r a t o r  1.06 TJ/Z~ 0.11 TJ/yr 
(1000x10 ~ t u / y r )  (30,000 kWh/yr) $14,10O/yr 

Plume burner 

Steam b o i l e r  -34.3 T ~ / y r  0.36 T.J/yr 
( - 3 2 , 5 0 0 ~ 1 0 ~B t u l y r )  (loo,OoO kwh/yr) -$ 3,1001yr 

Frac t iona to r  To ta l  r e c y c l e  
vent gas  3 d0 . 4 2 2  m / a  Water scrubber  
(894 scfm) 

a

Estimates a r e  fcr a t y p i c a l  45 Gg/yr (100 NEI lb/yr) ?].ant. 

b1973 d o l l a r s .  
C c r :  1973Casts a r e  based on s e v e r a l  assumptions. See or3~ln:iPreference. Costs Z T P  h f i ~ e l ?  

ctol lars  and c o n d i t i ~ n s .  Current c o s t 3  ma.? b e  s t g n i f i c a n t l y  higher.  
dL?oes not i n c l u d e  wa te r  t rea txwnt  requirements.  



4 .4 .3  Formaldehyde from Methanol wi th  Mixed Ca t a ly s t  
+ 

, The r eac t i on  f o r  making formaldehyde from methanol 

us ing t h e  mixed metal  oxide c a t a l y s t  i s  shown i n  the  fol lowing 
chemical equat ion.  

Methanol i s  mixed wi th  a i r  and recycled  vent  gas and 

heated  t o  105-177°C (220-350°F). The r e ac t i on  t akes  p lace  i n  

t h e  presence of a mixed oxide c a t a l y s t  a t  temperatures between 

343°C and 427°C (650°F and 800°F). The h e a t  of r e a c t i o n  i s  

removed by c i r c u l a t i n g  coolant .  A h e a t  exchanger coo l s  t h e  . 

" e f f l u e n t  gases t o  105°C (220°F) before  they are quenched i n , t h e  .. . .-
absorber .  Water i s  used as a sorbent  t o  form a 37-53 percen t  
so lu t i on .  P a r t  0.f t h e  nuncondensibles a r e  vented from ~e top '  -

of t he  absorber ,  and the remaining po r t i on  i s  recyc led .  Figure  
' 

4.4-3 i s  a s impl i f i ed  flowsheet o f  t h e  mixed oxide ca ta lys t :  
process .  

4 . 4 . 3 . 1  Emission Cha rac t e r i s t i c s  

V o l a t i l e  organic  emissions from the  process a r e  e s t i -  

mated t o  be 0.0149 kg/kg (0.0149 l b / l b )  of  37% formaldehyde. This 
amounts t o  a t o t a l  emission r a t e  of about 11.7 Gg/yr (25.7x106 

lb /y r ) ' ,  based on 785 Gg/yr (1,729x106 lb /y r )  mixed metal  oxide 
process capac i ty .  1 7  

The primary source of  v o l a t i l e  organic  eznissions i n  
.., 

a mixed oxide c a t a l y s t  formaldehyde p l a n t  is t he  absorber  vent .  

~ d eamount of emissions i s  h igh ly  dependent on r ecyc l e  r a t i o .  

Absorber venc gas com?ositions f o r  r e cyc l e  and nonrecycle opera-

t i o n s  a r e  presented  i n  Table 4.4-8. 



VENT 

RECYCLE 
I 

METHANOL 

CATALYTIC 
ABSORBERREACTOR 

Figure 4.4-3. Flow diagram for mixed catalyst process 
for formaldehyde production. 




TABLE 4.4-8. T Y P I C A L  ABiORBER VENT GAS COMPOSITION FOX 
A 45 Gg/YR (100 X 10 Ib/yrla FORMALDEHYDE Pm?T 

U S I N G  MIXED O X I D E  CATALYST'" 
-___+j-5 

Composition ( ~ 0 1 % )  Flowrate - -
Component Non-recycle Recycle Recycle 

kg/hr ( l b lh r )  

Formaldehyde 0.01-1.0 0.03-0.15 2.3 ( 5) 

Methano1 0-0.7 0.05-0.2 9.5 ( 21) 

Dimethyl e ther  0.05-2.5 0-0.53 4 .5  ( 10) 

Oxygen 

Nitrogen 

Caxbon dioxide 
2.2-4.0 

0.03-0.9 10 ( 22)  

- Carbon monoxide ' 0.28-1.9 68 ( 151) 

Water 0.7-2.24 5.1 195 ( 429) 

. - . - ._ Total. 6 , 7 8 8  (14,968) 

A vent on the reactor cooling system has been reported 

as a source of volatile organic emissions in some plants. Vola-

tile organic emissions from this source are less than 0.002 kg/kg 
(0.002 lb/Lb) formaldehyde (37%) . ' 

gost_.of the storage tanks employed in formaldehyde facil- 


ities vent directly to the atmosphere. Emissions from this source 

are said to be low, however. 2 0 

4 . 4 - 3 . 2  control Technology 

Industrywide utilization of recycling has resulted in . 
.-. .. 
significant reductions in volatile organic emissions from chis  
process. In addition to this process modification, mist elinina-

tors are employed in some absorbers. Water scrubbers were reported 




in st least one plant on the absorber vent and on the storage tank 


vents. Water scrubbing is about 99% efficient on the tank voncs. 

while it is only 66% efficient when used on the absorber vent. 

The low scrubbing efficiency for the absorber vent is due to the 

presence of dimethyl ether, which is relatively insoluble in wa-

ter. Combustion devices (thermal incinerators, catalytic incinera- 

tors, flares) could be applied for further emission reductions. 

Thermal and catalytic incinerators have estimated efficiencies of 

99+"/,,while flares have estimated removal efficiencies of about 


4 . 4 . 3 . 3  Cost, Energy, and Environmental Impact of Controls 

General discussions are included in Section 3 for energy 
requirements, costs, and environmental impacts for absorbers, in-

cinerators, and flares. Some cost data and energy requirements 


for control devices applied in a typical 45 Gg/yr (100 MFf lb/yr) 
formaldehyde plant in 1973 are listed in Table 4 . 4 - 9  also. 

Combustion may produce NOx and CO emissions. If supple- 


mental fuel contains sulfur, 502 emissions will also result. 
Water scrubbing has the disadvantage of creating a potential 
.. 
wastewater problem. 


4 . 4 . 4  Ethylene Oxide 

Ethylene oxide is produced in the direct oxidation 

process by reacting air or oxygen and ethylene in the presence 

of a silver catalyst. The reaction is shown in the following 

chemical equation. 




-- 

C 

TABLE 4.4-9. ENERGY AND COST DATA FOR CONTROLLING VOLATILE 
ORGANIC EMIS S IONS FROM FQRMALDEHYDE PRODUCTION 

.WITH MIXED OXIDE CATALYST^,^^ 2 2  

-

Waste Flow Control  Energy Requirements ~ n n u a lizedc 
S tream-- Rate Technique Fuel E l e c t r i c i t y  Cost (1973) 

-3 - -

Absorber 2 . 2  6 m / s Thermal i n c i n e r a t o r  68 ~ J / y r  ' , 0 .I44 TJ/yr 
ven t  (4790 scfm) (no h e a t  recovery) ( 6 4 , 0 0 0 ~ 1 0 ~~ t u / ~ r )  (40,000 kwh/ yr)  $36,60O/yr 
gas  

32 . 2 6  m /s Thermal i n c i n e r a t o r  40 TJ/yr . '0.144 T J / ~ ~  
(4790 scfm) (40% h e a t  recovery) ( 3 8 , 0 0 0 ~ 1 0 ~~ t u / ~ r )  (40, a00 kwh/ yr)  $29,60O/yr 

2 . 0 2  m J / s  C a t a l y t i c  i n c i n e r a t o r  42 ~ J / y r  0.144 T ~ / y r  
(4270 scfm) ( 4 0 , 0 0 0 ~ 1 0 ~~ t u / ~ r j  , . (4Q,OOO k ~ h l y r )  $26,70O/yr 

32 . 0 2  m / s  F l a r e  
(4270 scfm) 

Water scrubber  
( 3 3 8 5  s c f m )  

a 
 ~ rFor a t y p i c a l  formaldehyde p l a n t  producing 45 ~ ~(100/ x l o 6  l b l y r )  with m i x e d  o x i d e  c a t a l y s t .  
'1973 d o l l a r s .  

Costs ore  based on s e v e r a l  assumptions.  See o r ig ina1 : re fe rence .  .Costs a r e  based on 1973 
tlof 1ars ant1 c o n d l ~ l o n s .  Current c o s t s  may be s i g n i f  i c a n t i y  h igher .  

. ,d ~ a c sn o t  lnc lude  water  treatment reguiren~enta .  . . : .  :, 
. . 



CO2 and H 2 0  a re  by-products formed by oxidation of the ethylene 
oxide product and by oxidation of ethylene d i rec t ly .  Most of 

the  ins ta l l a t ions  use a i r  as the source of oxygen, but there  i s  

a trend toward using pure oxygen. The two processes a re  s imi lar .  

In  the a i r  based process, ethylene, a i r ,  small amounts 

of oxidation inh ib i to r s ,  and recycle gas a re  fed t o  a primary 

reactor  packed with s i l v e r  ca ta lys t .  Temperature control i s  

provided by c i rcula t ing  heat t ransfer  f l u i d .  Effluent gas from 

the  primary reactor  i s  cooled and compressed before it enters  
the primary absorber which uses water as  a sorbent. Unabsorbed 

gas passes overhead. Part  of the gas i s  recycled t o  the r eac to r ,  

but the major pa r t  goes t o  a secondary reactor  and another 
absorber. Overhead gases from t h i s  secondary absorber may be 
vented d i rec t ly  t o  the atmosphere; however, the trend i s  toward 

c a t a l y t i c  incinerat ion.  The gases from the incinerat ion may be 

used t o  dr ive an a i r  compressor. The water solutions from both 

absorbers a r e  pumped t o  a steam s t r ipper .  Ethylene oxide i s  

then pur i f ied  by fract ionat ion.  Purif ied ethylene oxide i s  
s tored under nitrogen o r  under re f r igera t ion .  Bottoms from - the 

f rac t ionat ion  a r e  sent  t o  waste disposal (see Section 4.15). 
Figure 4.4-4a i s  a simplified flow char t  of the air-based 

process. 

Process flows f o r  the oxygen process a r e  very s imilar  

t o  t h e  a i r  oxidation process. A simple flow char t  i s  included 
i n  Figure 4.4-4b. There a re  some important differences,  how- 

ever.  There is  usually only a primary reactor  and absorber. 

Conversion of ethylene per pass is low, so  t h a t  a l a rge r  recycle 
stream i s  required.  A COz absorber i s  required on a portion 
of the recycle stream t o  control  CO2 buildup. 
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4 . 4 . 4 . 1  Emission C h a r a c t e r i s t i c s  

Est imated average v o l a t i l e  o rgan ic  emissions f r o n  
e thy lene  oxide manufacture a r e  0.02048 kg/kg (0.02048 1 b / l b )  

e thy lene  oxide produced. To ta l  v o l a t i l e  o rgan ic  emissions f r o n  

e thy lene  oxide manufacture a r e  about 39 Gg/yr (86x106 l b / y r ) ,  

based on 1 . 9  Tg/yr (4,191x106 l b / y r )  e thy lene  oxide produced i n  

172. ' Emissions a r e  produced a t  the secondary absorber  vent 
and a t  the  f r a c t i o n a t i o n  tower vent .  I n  p l a n t s  u s i ~ g  pure 

oxygen, emission sources a r e  t h e  absorber  vent  and the  C02 

absorpt ion  system. The composition o f  t h e  ven t  gas from the  

secondary absorber  i n  p l a n t s  us ing  a i r  i s  shown i n  Table 4.4-10. 
Although the, concent ra t ion  of  vo1at:i le organics  i s  low,  t h e  f 1 . q  

r ~ t ei s  h i g h ,  r e s u l t i n g  i n  s i g n i f i c a n t  amounts of hydrocarbon- . 
. -emissions from t h i s  vent .  

.. 

TABLE 4.4-10. TYPICAL COMPOSITION OF VWP -GAS FROM 3ECONDARY -

. ABSORBER. IN AN AIR-BASED ETHYLENE OXIDE P L A N T ~ B D ~ '  

Component (no1 23 
Average 
(mol X) 

Average flow r a t e C  
(kg/hr)  ( i b / h r )  

Nitrogen 80-90 86.7 5 9 , 6 2 9  131,460 
Oxygen 0.5-4.5 2 ,,9 2 , 2 7 8  5,024 

Methane 0-0.9 0 . 0  0 0 
Ethane 0-0.1 0 .1  68 150 
Ethylene TR-2.3 1 .6  1 , 1 0 5  2,436 

Ethylene ox.ide 0-0.01 0.01 8 17 

Carbon diox ide  0-10 8.7 8 , 9 7 3  1 9 , 7 8 2  -
Tota l  100.13 7 2 , 0 6 1  158,569 

a
dry b a s i s  

b 
G g / ~ r  (200x10~  :b/yr> e thy lene  oxide  p l a n t  us ing  a i r  feed 

32,402 scfm 
C 



C 

A t y p i c a l  composition of t h e  overhead vent  stream from 

t he  f r a c t i o n a t i o n  tower i n  p l a n t s  using a i r  i s  presented  i n  Table 

4.4-11. This stream i s  r ep r e sen t a t i ve  of a i r  based p l a n t s  only .  

Vent streams from oxygen based p l a n t s  a r e  d i f f e r e n t  i n  composition 

and flow r a t e .  The vent  gas stream from the  absorber i n  one oxy-
gen based p l a n t  i s  shown i n  Table 4.4-12. The composition of a 

purge gas from t h e  CO2 absorpt ion  system of t h e  same p l a n t  i s  pre-

sented  i n  Table 4.4-13. 

TABLE 4.4-11. TYPICAL VENT GAS FROM RECTIEJFATION TOWER 
I N  AIR-BASED ETHYLENE OXIDE PUNTa2 

Composition 
Average Average flow r a t e C  

Component (mol X )  (-1 %) (kglhr) ( l b lh r )  

Nitrogen 13-25 18  181 398 
Oxygen 
Ethylene 

1-2 6 
2.5-8.0 

2 
4.5 

23 
46 

51  
101 

Ethylene oxide 0-1.0 0.5 8 17 
Carbon dioxide 62-80 75- 1,131 2,491 

Total  100.0 1,389 3,058 

adry bas i s  

b90 Gglyr (200x10~ lb ly r )  ethylene oxide p l an t  using a i r  feed 

475 scfm , 

TABLE 4.4-12. VENT GAS COMPOSITION FRQMcABSOTER IN 
ETHYLENE OXIDE PF -USING OXYGEN FEED^ * 

Flow r a t e  
Component (mol X )  (kglhr) ( l b lh r )  

Nitrogen, argon 
Oxygen 
Methane 
Ethane 
Ethylene 
Ethylene oxide 
Carbon dioxide 

Tota l  319 7 02 

adry b a s i s  

b90 Gglyr (200x10~ l b l y r )  



TABLE 4 - 4 . 1 3 .  PURGE GAS FROM C02 ABSORPTION SBSTEM ' IN 
ETHYLENE OXIDE PLANT U S I N G  OXYGEN FEED^' ' ' 

L_ _ _ .
Concentration Flow rate  

Component (mol Z) (kg/hr) ( l b h r )  

OXYgen 
Ethane 

0.02 
0.12 

l. 
8 

3 
18 

~ t h ~ l & e  0.16 10 22 
Carbon dioxide 99.70 9 , 5 4 3- 21,038 

Total 9 , 5 6 2  21,081 . 

--

adry b a s i s  

b90 ~ g / y r( 2 0 0 r 1 0 ~lb/yr) 

4.4.4.2 Control Tecbology'. 
.. . 

..... 

The vent streams described i n  the previous sect ion a re  

uncontrolled a t  some locations.  However, use of  c a t a l y t i c  incin- 

exation t~"remb;i.e ethpr'ejle oxide from. the f rac t ionat ion  rawer 
, .. vent gas is  be&ming :prevalent. Eff ic iencies  f o r  ethylene oxide 

removal have been ~reeported as high as 99.9+ i .  ' 

Catalytic converters a re  used i n  a t  l e a s t  two plants  
and have been recommended as the best  control system f o r  emis- 

sions from the secondary absorber vent i n  air oxidation p lants .  

They a re  designed to  c0nvex.t ethane and ethylene t o  CO2 and 

water. The. exhaust gas may be used t o  drive a turbine.  Other 

combustion 'devices a l so  may be used t:o reduce emissions. Com-
bustion i n  a steam boi ler  is practiced i n  a t  l e a s t  one ethylene 

oxide plant .  Thermal incineration would a l so  eliminate v o l a t i l e  .- .< 

organic emissions from the absorber vent, but appl icabi l i ty  may 

b e  l imited by the low organic content of the s t ,  The vent  . . ... 
from the fract ionat ion column i n  a i r  oxidation plants  can be 

incinerated,  however. It has been suggested t h a t  combinarion 
and incineration o f  the absorber and fract ionat ion vent s t reans  

may be feasible.2 9 Flaring could be  used, probably with zhe 



addition of fuel. A 90% combustion efficiency is usually assumed 

for this type of contrcl method. 3 0 

4.4.4.3 Cost, Energy, and Environmental Impact of Controls 


Generalized costs, energy requirements, and environmen- 

tal impacts of incineration devices and flares are included in 


Section 3 of this report. In addition there are some specific 

cost and energy data included in Tables 4.4-14 and 4.4-15 for 

controlling emissions from ethylene oxide plants in 1973. 


The possibility of NO, and CO formation and emission 

from combustion equipment exists under certain operating condi- 

tions. If supplemental fuel contains sulfur, SO2 emissions will 

- .  
also result. 


4.4.5 Phthalic Anhydride 


The production of phthalic anhydride by oxidation of 


o-xylene is shown in the following chemical equation. 


In addition to this reaction there are side reactions which 


produce C02 and maleic anhydride. 




TABLE 4-4-14, ENERGY AND COST DATA FOR CONTROLLING VOLATILE ORGANIC 
EMISSIONS FROM ETHYLENE OXEDE PRODUCTION (AIR OXIDATION)" * 

Energy Requirements 
Waste Stream Control Technique Fuel E l e c t r i c i t y  

Main pr9cess vent Cata ly t ic  inc inera tor  1.32 T ~ / y r  72 GJ/yr 1 5 . 3  m / a  (1250x10~ ~ t u / y r )  (20,000 kWh/yr) 
(32,402 scfm) 

COz rich purge Cata ly t ic  inc inera tor  1.32 TJ/{r 72 G ~ / y r  

3 (1250x10 Btu/yr) (20,000 kWh/yr) 
%a;26 m / a  
(480 scfm) 

w 
0 

-J 

F90 Pfg/yr (100,000 Tons!yr) production r a t e .  
D
1973 do l l a r s .  
CCosts are based on severa l  aseumptions, See o r i g i n a l  reference. Costs a r e  based on 1973 

d o l l a r s  and conditions.  Current cos t s  may be  s i g n i f i c a n t l y  higher. 
d ~ n c l u d e s  heat recovery c r e d i t .  

~ n n u a lizedC 
Cost (1973) 

$3,40O/yr d 

'd 
$4,00O/yr 



TABLE 4.4-15. ENERGY AND COST DATA FOR CONTROLLING VOLATILE ORGANIC EMISSIOflS 
FROM ETHYLENE OXIDE PRODUCTION (OXYGEN PROCESS) a 

b 
Waste Flow Control Energy Requirements Annualized 

Stream Rate Technique Fuel E l e c t r i c i t y  Cost (1973)  

3 = 
~ a i n P r o - 0 . 3 3 0 m  /S Steam bo i l e r  3.96 ~ ~ / y r  72 ~ J / y r  
cess  Vent (699 scfm) (3750x10~ ~ t u / y r )  (20,000 kWh/yr $5,900/yrC 

0.331111
3 / 6 Thermal inc inera tor  3.96 ~.J/yr  36 GJ/yr 

(702 scfm) (3750x10~ Btulyr) (10,000 kwh/ y r  ) $9,60O/yr 

'produciion rate 90 Mg/yr (100,000 t o n s / y r ) .  
h, b ~ o s t sa r e  based on 1973 d o l l a r s  and conditions.  Current cos t s  m y  be s ign i f i can t ly  higher.  
0 
00 C

Includes heat recovery c r ed i t .  



In the phthal ic  anhydride process, l i qu id  o-.xyleie i s  

vaporized and mixed with compressed, preheated a i r .  A small 

amount of SO, i s  added t o  maintain ca ta lys t  a c t i v i t y .  The 

mixture i s  fed t o  fixed-bed tubular reactors containing vanadium 

pentoxide ca ta lys t .  Temperature i s  controlled with a c i rcula t -
ing molten s a l t  bath.  The ef f luent  gases a re  cooled i n  switch 

condensers where the phthal ic  anhydride condenses as a so l id .  

Condensers a re  heated t o  melt the crude phthal ic  anhydride which 

i s  s tored i n  a storage tank. Vent gases from the condensers a re  

directed through a cyclone for removal of entrained so l ids .  The 

coLlected so l ids  a re  melted and added t o  the storage tank. The 

remaining gas i s  usually scrubbed and may be incinerated to  re-

m o w  residual  organics before it i s  vented. me crude phthalic 

anhydride i s  pretreated t o  remove water and some low boi l ing -. 
* - .  

products. The pretreated;  crude phthal ic  anhydride i s  pur i f ied  

by vacuum dis t i l la tAon before Tt ts  s ta red  i n  molten o r  s o l i d  

form. .If s o l i d  product is  required, .a f laking and bagging opera- . ( *  

t ion i s  necessary. Figure 4.4-5 is a simplifi'Cd flow sheet of 
the process. 

4.4.5.1 Emission Characterist ics 
. . 

.- . -

. . Average v o l a t i l e  org&ics emissions from phthal ic  

- anhydride production are  estimated as 0.0001 kg/kg (0.0001 lb / lb )  

.. product. An est imate of *iota1 organic emissions from phthal ic  

anhydride production is  45 Mg/yr (0.1x.10 lbs  /yr)  . Emissions 
may occur a.t the  switch condenser vents i n  the pretreatzent  

sect ion,  a t  the fract ionat ion columns, and a t  storage tank vents. 

. The vent frsl; t h e  switch condensers i s  usually controlled by 

scrubbing and often by incfneration. A typica l  composition of 
t h i s  vent stream before i t  i s  t r ea ted  i s  given i n  Table 4.4-16.  

Pretreatment and p r o d ~ c t  f ract ionat ion are  perforned under 

vacuum. Noncondensibles and l i g h t  ends are  emitted Ln the exhaust 

stream from the vacuum j e t  e jec tor .  





TABLE 4-4-16. TYPICAL VENT GAS FEOM SWITCH CONDENSERS 
BEFORE TREATMENT ' '' 

--?PP 

Range in 
Component Composition Average Flow Rate 

(molX) (kg/hr) ( l b / h r l  

Sulfur dioxide 0.006-0.012 34 75b 

Carbon monoxide 0.4-0.5 1 , 0 9 4  
Carbon dioxide 0.6-1.8 3 , 7 7 7  
Nitrogen 76-79 1 8 4 , 9 5 7  

Oxygen 

I 
16.5-16.9 4 6 , 2 3 9  

Phthalic anhydride 167 

Maleic anhydride 0.050-0.065 31 5  

- Benzoic acid 20 

. Misc. hydrocarbons 4.0-5.5 

Mat er 6 , 9 5 5  15,333 
. . 

. 

TOTAL 2 4 3 , 5 5 8  536,952 -

aUpstream of pollution control equipment 

b ~ e wcatalyst  value. Value varies with age of  catalyst .  

Xylene feed is  s tored i n  f ixed roof storage tanks with atmospheric 

vents. Resulting emissions a re  estimated a t  0 . 0 0 0 1  kg/kg 
(0.001 l b j l b )  product. " Molten phthal ic  anhydride is s tc red  
a t  1 5 0 ~ ~( 3 0 0 ' ~ )  and near stmos&eric pressure with a continuous 

nitrogen purge. The purge produces a continuous gas stream which 

i s  vented t o  the a i r .  

A small quantity of emissions is produced i n  t he  flak-

ing and bagging exhaust ( 0 . 0 0 1  k.g/kg, 0.001 l b / l b  producc) and 

in  the  heat t ransfer  system a t  the  switch condensers (0.0002 kgikg,  
-

0 . 0 0 0 2  l b / lb product!. 

See Sections 4 . 6 ,  4.1 ,  and 4.15 fo r  transportation enis-

sions , fugi t ive  emissions ,. and waste disposal emissions. 



The current prac t ice  i n  the industry i s  t o  control the 

vent gas from the switch condenser using a var iety of equipment. 

One method of control i s  water scrubbing followed by incineration 

of the wastewater. The system has an estimated v o l a t i l e  organic 

removal eff ic iency of about 96%. A problem encountered i s  t h a t  

the scrubbing solut ion i s  very corrosive due t o  the presence of 

maleic ac id  from absorbed maleic anhydride. ' Other methods fo r  

control l ing the vent gas a re  a) water scrubbing followed by 

biological oxidation of t h e  wastewater and b) d i rec t  thermal 

incinerat  ion. 

Thermal incinerat ion i s  employed by a t  l e a s t  one plant  
t o  control emissions from the condenser vent. Combustion of 90-

95% of the organics i s  Thermal incinerators  com-

bined with waste heat boi le rs  a re  a l so  used. 97% destruction of 

organics was measured i n  a t e s t  of t h i s  equipment combination. 4 o 

Catalyt ic  incinerat ion i s  practiced i n  some phthal ic  
anhydride p lants  which use naphthalene feed instead of o-xylene. 

Catalyst l i f e  i s  shortened by fouling and poisoning, and.reported 
c a t a l y t i c  combustion ef f ic iencies  a re  only 40-60 percent?l  

Combustion i n  a steam bo i l e r  has not been applied as  a 

control  method, although it could be ,effect ive i f  the vent stream 

is  small compared t o  the t o t a l  b a i l e r  requirement. Flaring might 

a l so  be used f o r  a control  method on the condenser vent. However, 

e f f i c i enc ies  fo r  removing contaminants a re  lower than fo r  other 

combustion methods. 

The ef f luent  from the steam e jec tors  i n  the pre t rea t -  

ment and fract ionat ion areas may be controlled by the  condenser 

vent control equipment or  i t  may be sent  o f f - s i t e  f o r  disposal 



+ (see Section 4.15). A t  l e a s t  one i n s t a l l a t i o n  has a separate 
# incinerat ion f o r  e j ec to r  exhaust and by-product hydrocarbons 

from fract ionat ion.  Ninety-nine percent of the ccmbustibles 

a re  reportedly burned. ' 

Storage tanks i n  phthal ic  anhydride plants  e re  vented 

d i rec t ly  t o  the  atmosphere. Some producers send portions of the 
vented gas t o  incinerators .  A t  l e a s t  one plant  i s  equipped with 

condensers from which phthal ic  anhydride i s  removed manually. 
Recovery of phthal ic  anhydride i n  t h i s  . , manner amounts t o  about- - - - -  M ,.. 

0.0002 kg/k.g of product (0.0002 lb / lb) ,  . ~ . . . . 1 

4.4 .5 .3  Cost, Energv, and Environmental Impact of Controls 

General discussions of energy requirements, cos ts ,  and 

environmental impacts of water scrubbing, incinerat ion,  and con- 

densation a t e  located i f i  Section 3 .  Some more spec i f ic  cost and 

energy data for '  control techniques fo r  phthal ic  anhydride produc- 

t ion  i n  1 9 7 3  a re  included i n  Table 4.4-17. 

Combustion devices have the potent ia l  fo r  emissions of 
NO, and CO. I f  supplemental fue l  contains s u l f u r ,  SO2 esllsslons 

w i l l  a l so  r e s u l t .  I f  water scrubbing i s  used as a contro: 
method, a wastewater stream r e s u l t s  which w i l l  require treat- 

ment before i t s  disposal. 



TABLE 4.4-17. ENERGY AND COST DATA FOR CONTROLLING VOLATILE ORGANIC 
EMISSIONS FROM PHTHALIC ANHYDRIDE PRODUCTION^ '' 

Energy Requirements Annualizedb 

Waste Stream Control Technique Fuel E l e c t r i c i t y  Cost (1973) 

Vent gas from Water scrubbing and 146.5 TJ/yr 10.8 TJ/yr 
switch ondensers inc inera t ion  (138,750~10' Btu/yr) ( 3 x 1 0 ~  k ~ h / ~ r )  $420,10O/yr
56.3 mS / e  
(ll9,3QO scfm) 

Direct  inc inera t ion  523.4 ~ ~ / y r  7.13 TJIyr 
= <. ... , (495,750~10' Btulyr) (1,980,000 kWhIyr) $395,10O/yr 
q \ -

Inc inera t ion  and waste 1.48 PJ/yr $401,50O/yr 
hea t  bo i l e r  (1,405,750x10~ Btu/yr) 

'ro 

*p Waste products Direct  ine(ncration 33.8 TJ/yr 0 -36 TJIyr $48,30O/yr 
2.63 Mg/hr (32,000~10'  Btulyr) (100,000 k ~ h / y r )  
(5,792 l b l h r )  

a 
b60 ~ g / y r  (130 MM lb /yr )  production r a t e .  

Costs a r e  based on seve ra l  assumptions. See o r i g i n a l  reference. Costs a r e  
based on 1973 d o l l a r s  and conditions.  Current c o s t s  may be s i g n i f i c a n t l y  higher.  



4.4.6 Maleic Anhydride 

Maleic anhydride i s  produced by the ca ta ly t i c  oxida- . t i on  of benzene. The reaction i s  shown i n  the  following chemical 
equation. 

. 
. . 

Processing ya r i a t ions  exist within the industry;  however, the . 
foiiowing process description i s  considered typical.  " A m h t p t e  . . .. 
of benzene and air is  btroduced i n t o  a reactor  containing vana--.. * _ 
dim pentoxide and molybdenum ca ta lys t .  .Temperature control  i s  

-, achieved through c i rcula t ing  heat  t r ans fe r  f l u i d  o r  molte3 s a l t .  
The reactor  e f f luent  i s  cooled before i t  passes through a par-
t i a l  condenser and separator.  The overhead mater ial  i s  passed 

through an absorber f o r  recovery of the  anhydride as maleic acid.  

Maleic acid i s  generally dehydrated by azeotropic d i s t i l l a t i o n  

with xylene. Some producers use thermal dehydration. The r e -

su l t ing  anhydride i s  caabined with maleic anhydride from the 

condenser. Pur i f ica t ion  is  accomplished by vacuum d i s t i l l a t i o n .  . 
The so l id  product i s  tableted o r  flaked before packagLng o r  

.storage.  The product may a l so  b e  shipped i n  bulk l iqu id  form. 
Figure 4.4-6 i s  a simplified flow sheet of the maleic anhydride 
process. 

There are  a1 ternatf  ve processes using butane end 
butene feed. They are  used by a t  l e a s t  one U.  S .  producer and 
a re  used i n  several  other countries. They might become mre  
s igni f icant  .in the  LJ.S. , depending on the r e l a t ive  costs of t5e 
raw materials.  With the exception of raw material  storage and 

some reactor  modifications, the  C b  system i s  about t k e  same as 
the benzene process. 

2 15 
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4.4 .6 .1  Emission Characterist ics 

Estimated v o l a t i l e  organic emissions from maleic 
* anhydride production a re  0 . 0 8 8  k.g/kg product (0 .088  l b / l b  

product) , including vented process emissions, fugi t ive  emissions, 
and emissions from the storage and handling of raw materials -id 

product. " The estimates are  based on uncontrolled emission 

sources. Two major sources a re  vents from the product recovery 

scrubber and the vacuum system i n  the  fract ionat ion sect ion.  

Estimated average emissions from the product recovery scrubber 

vent are  0.086 kg/kg of product (0 .086 lb / lb)  ." Benzene 

emissions from t h i s  vent average 0 .067  kg/kg of product ( 0 . 0 6 7  

l b l b )  .' -During short  term process upsets emissions may be'  3 

t o  5 t imes.greater .  Other organic substances i n  the vent gas  

stream include maleic anhydride., maLeic acid,, h rmaldehyd ,  : . - .. 
.formic acid an-d ~ylene. . -~. l  . - .  

..- . . . - .  

Maleic anhydride emissions a re  produced i n  product 

handling operations such as f laking,  p e l l e t i n g ,  packaging, and 
storage.  Estimates from one .plant a re  emissions of 0.0002 kg 
maleic anh;dride/kg p roduc t  (0 .0002 l b / l b ) .  Another plant re-
ported losses of 0 . 3  kg/hr (0 .6  lb /hr )  of maleic anhydride from 
the product storage area. s 2  

4 . 4 . 6 . 2  Control Technology 

Scrubbers are  used on the gas stream from the separator -

t o  recover product. Some plants  a l so  t r e a t  vent gases from 

dehydration, f ract ionat ion,  and storage tanks by scrubbing. 

~ a i e i cacid removal e f f ic iencies  a re  qui te  high f o r  scrubbing 

devices, but t o t a l  hydrocarbon removal e f f ic iencies  a re  l o w .  ' 
Carbon adsorption ard incinerat ion are  methods of control e q l o y e d  
i n  several  exis t ing f a c i l i t i e s  t o  remove the remaining organics 

from the  vent gas stream. Process rnodi f ica t io~s  which increase 



feedstock u t i l i z a t i o n  e f f i c i enc ies  may a l so  be used t o  reduce 
emissions. Possible modifications include subs t i tu t ion  of 
oxygen f o r  air,  use of f lu id iza t ion ,  use of more se lec t ive  
ca ta lys t s ,  and use of recycle a i r .  

4 . 4 . 6 . 3  Cost, Energy, and Environmental Impact of Controls 

Costs, energy requirements, and environmental impacts 

f o r  absorption, adsorption, and incinerat ion are  included i n  

Section 3. The information i s  of a general nature.  More 

spec i f i c  information fo r  maleic anhydride production was un-

avai lable  in the sources consulted f o r  t h i s  study. 

Some general comments about potent ia l  environmental 
impacts of control methods may be made. Incineration has the  

potent ia l  f o r  emitt ing NO, and CO t o  the  atmosphere. However, 

i n  the case of maleic anhydride, application of incinerat ion 

may reduce po ten t i a l  CO emissions because there i s  a high con-

centration of CO i n  the stream t o  be incinerated.  One company 

reports  grea ter  than 95% reduction i n  CO by t h e  use of an in-
cinerator .  s s 

- .  . .  .- .-
. I  . I .  

4 . G . 7 Vinyl Chloride Monomer by Balanced Process 
' -. . - .  ..,... . - .. . . . . : 

The balanced process f o r  making vinyl  chloride mono- 

mer (VCM) includes the manufacture of ethylene dich10ri.de (EDC) 

as well  as vinyl  chloride.  Production of vinyl chloride by 

cracking ethylene dichloride r e s u l t s  i n  a hydrogen chloride 

stream which is  recycled t o  oxychlorination reactors  f o r  making 

more ethylene dfchloride.  Additional ethylene dichloride i s  

made by d i r e c t  chlorination of ethylene. The production of 
ethylene dichloride i s  balanced so t h a t  there  i s  no ne t  produc- 

t ion  or  consumption of HC1. 



Figure 4.4-7 i s  a simplified process flow sheet show- 

ing a l l  three processes: ethylene dichloride by d i rec t  chlorina- 
t ion ,  ethylene dichloride by oxychlorination, and vinyl chloride 

production by cracking of ethylene dichloride.  Variations ex i s t  

in  the industry,  and Figure 4.4-7 represents a typical  -peration. 

The overal l  react ion involved i n  producing ethylene 
dichloride by d i rec t  chlorination of ethylene i s  shown i n  the 

following chemical equation. 

. Ethylene .and ,chlorine are .fed t o  a constant temperature reac tor .  
.-.. 

Temperature Fs controlled by using jacketed vessels ,  cooling 
coi1s;or externa l  heat exchange. 'The reactor  e f f luent  usually 
consis ts  of a vapor stream. i n  addit5on t o  a l iquid  stream. . s he 
vapor stream passes through a condenser and an absorber using 

.-
water or d i l u t e  caust ic  as a sorbent before i t  is vented. 

A parallel.  oxychlorination process produces ethylene 

dichloride using by-product H C l  from the vinyl chloride plant.  

The chemixal zeaction i s  ahown i n  the following equation. 

. - 2CHz.=CH, + 02 + 4HC1+ 2 C H 2 C l C H z C l  + ZH20 

Ethylene, hydrogen chloride,  and a i r  or oxygen are  f e d  to a 

reactor  at 0.24-0.62 MPa (20-75 psig) and 222-333°C (430-630°F). 

The highly exothermic react ion requires e f f i c i e n t  h t a t  reaoval 

from the reac tor .  The reactor  e f f luent  i s  cooled by i x i i r e c t  
heat exchange o r  by d i rec t  contact with water and i s  tken 

t reated i n  a phase separator.  Noncondensible gases are  con-
tacted with water and/or aromatic solvent before they  are vented 

t o  the atnosphere. These operations reduce H C 1  and h y d n c a r b o c  





emissions. Some producers employ a d i rec t  chlorination s t ep  t o  

reduce the amount of ethylene los t  i n  the vent gas. 

The organic l iqu id  from the  phase separator i n  the 

oxychlorination process i s  combined with the organic l i q u i d  

from the d i rec t  chlorination process. The combined s t r e a m  may 

be washed with caust ic  soda, o r  they may be sent d i rec t ly  t o  a 
d i s t i l l a t i o n  uni t  fo r  removal of water and chlorinated hydro- 

carbon impurit ies.  Chlorinated hydrocarbon impurities are 

sent o f f - s i t e  t o  disposal. Some plants  employ another d i s t i l l a -  

t ion s tep  t o  fur ther  purify the ethylene dichloride.  Other 
plants  have no product f ract ionat ion f a c i l i t i e s  i n  the ethylene 
dichloride sect ions,  however. I n  these cases the impurit ies 

may be re jec ted  i n  downstream VCM f a c i l i t i e s .  The aqueous 

phase collected i n  the  phase separator i s  discharged as waste. 
It may be t rea ted  in  s t r ipping  columns f o r  hydrocarbon removal 
before i t  i s  sent t o  treatment or  disposal. 5 7  

Ethylene dichloride i s  cracked i n  the cracking furnace 

a t  480-510'~ (900-950'~) and 0.45 MPa (50 ps ig) .  The hot 

e f f luent  gases a re  quenched and p a r t i a l l y  condensed by d i rec t  

contact with ethylene dichloride. Purif icat ion of vinyl 

chloride monomer i s  accomplished i n  several  f ract ionat lon 

towers. H C 1  i s  recycled t o  oxychlorination, recovered ethylene 

dichloride i s  recycled t o  the process, and the remainder of the 

l i g h t  and heavy ends a re  e i t h e r  fur ther  processed o r  dlsposed o f .  

Vinyl chloride product i s  usually caust ic  washed and sent t o  

product storage.  



-- 

4 .4 .7 .1  Emission Cha rac t e r i s t i c s  

Oxychlorination Process 

The es t imated  hydrocarbon emissions from t h e  e n t i r e  
oxychlor inat ion  process a r e  0 .OZ8 kglkg (0.028 l b l l b )  EDC o r  

8.5 Gg/yr ( 1 8 . 8 ~ 1 0  l b s I y r )  . These emissions a r e  produced a t  

t h e  main process vent  from t h e  phase s epa ra to r  (usua l ly  scrubbed 
before  ven t i ng ) ,  a t  product f r a c t i o n a t i o n  column ven t s ,  and a t  

s t c  .ge tank ven t s .  Cata lys t  condi t ioning may con t r i bu t e  addi-  

t i o n a l  hydrocarbon emis s ions . 

The vent  gas from t h e  oxychlor inat ion  process i s  us-

u a l l y  exhausted t o  t h e  a i r  from a scrubber  o r  absorber .  This  

vent  gas i s  t he  primary hydrocarbon emission source  i n  t he  

oxychlor inat ion  ,,ortion o f  t h e  p l a n t .  The average v i n y l  ch lo r ide  

emissions were es t imated  t o  be 0.00036 kg/kg (0.00036 l b / l b )  of  

e thylene  d i  ch lo r ide  produced. This number r ep r e sen t s  an average 

of  emission numbers submitted by t h e  i ndus t ry .  6 0  However, s i n c e  

promulgation of the  emission s tandards  f o r  v i n y l  ch lo r ide  (41 FR 

46560) i n  1976, t h i s  emission f a c t o r  has  dropped. 

Small gas streams conta in ing hydrocarbons r e s u l t  from 

t h e  f r a c t i o n a t i o n  column vents .  A l l  of  t h e  f r a c t i o n a t i o n  vent  

gases may be combined. The uncontrol led  vent  stream conta ins  

about 0.010 kg v o l a t i l e  organics /kg EDC produced (0.010 l b / l b )  . I 

VCM i s  about f i v e  percent  o f  t he  volati1.e organics .  

Because t he  vapor p ressure  of e thy lene  d i ch lo r i de  i s  
low, 21 kPa ( 3  p s i )  a t  3 8 ' ~  ( 1 0 0 ' ~ ) ~  product  s t o r age  tanks  a r e  

normally vented t o  t h e  atmosphere. Vapor recovery i s  p r a c t i c e d  

t o  reduce emissions i n  some t r a n s f e r  opera t ions  f o r  f i l l i n g  

t r a n s p o r t a t i o n  equipment. Normal s t o r age  capac i ty  i s  1 . 5  t o  2 
day product ion.  ' Estimated EDC l o s s e s  from s to r age  tanks a r e  

0.0006kglkg EDC produced (0.0006 l b / l b )  . 
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Direct  Chlorinat ion Process 

The d i r e c t  ch lo r ina t ion  process vent  i s  t he  major 
source of gaseous emissions from t h i s  a r e a  of t h e  p l a n t .  The 

stream cons i s t s  of i n e r t s  (0.018 kg lkg ,  0.0181b/lb VCM) , ethy-
l ene  (0.0025 kg/kg,  0 .OO25 l b / l b  VCM) , ethylene d ich lor ide  
(0 .OOl6 kg/kg,  0.0016 l b / l b  VCM) , and small amounts of vinyl 

c h l o r i d e . 6 6  The f r a c t i o n a t i o n  emissions a r e  included i n  t he  
oxychlor inat ion sec t ion  above. 

Vinyl Chloride Process 

The f r a c t i o n a t i o n  a r e a  of  the v iny l  ch lor ide  production 
process i s  t h e  l a r g e s t  source of  organic  emissions from t h i s  a r ea  
of the p lan t .  6 7  Estimates of organic  emissions from an uncon-
t r o l l e d  f r a c t i o n a t i o n  vent  include 0.0021 kg hydrocarbons plus  

. . 
0 .OO% kg VCM pex kg VCM product (0.0021 lb and 0.0024 I b ,  

r e spec t i ve ly ,  pe r  lb p r o d ~ c t ) . ~ 'Hydrocarbon emissions from t he  
quench tower are es t imated a t  0.00005 kglkg (0.00005 l b / l b )  

product.  Storage and f u g i t i v e  l o s s e s  are es t imated t o  be 

0.0001 kg hydrocarbanslkg VCM by 'one information source (0.0001 
b 1 ) . Another -souzce i nd i ca t e s  t h a t  fug i t ive . . losses  of VW 

'amount t o  0.0012 kg/kg ( 6 , a b l f  lb/lb) ~ b lproduct .  7 u - These 
emission f a c t o r  i s t i m a t e s  w e r e  made before promulgation of  t h e-... .. 
emission s tandards  f o r  vinyl ch lor ide  ; t he r e fo re ,  cur ren t  emission 

f a c t o r s  'willbe s i g n i f i c a n t l y  Imer. 

4.4 .7 .2  Control Technology 

Oxychlorination Process 

There a r e  s eve ra l  methods cu r r en t l y  used in  oxyc'nlorl-

nation facilities f o r  c o n t r o l  of emissions from t h e  xiin process  

vent. Absorption i s  used on a t  l e a s t  one i n s t a l l a t i o n  t o  recover 



EDC. The amount of EDC recovered using t h i s  method i s  0.02 kg 

EDC/kg EDC product (0.02 l b / l b ) .  7' Condensation by ref r igera-  
t ion of the vent gas stream t o  -6  ~ ' ( 2 1 ' ~ )i s  practiced i n  another 
f a c i l i t y .  7 2 Organic emissions a f t e r  the reLrigeration step are  
0.015 kg /kg  EDC (0.015 l b / l b )  . 7 3  Some producers using aromatic s o l -

vent absorber-stripper systems fo r  product recovery use mist e l i -  
minators t o  prevent l iquid  carryover. Estimated solvent recovery 

for  these systems i s  0.010 kg solventlkg EDC produced (0.010 l b /  
lb) . SO* losses of the aromatic solvent occcr (0.0009 kglkg 

VCM) (0.0009 lb / lb )  , but t o t a l  v o l a t i l e  organic emissions are  low-

ered t o  0.012 kg/kg (VCM (0.012 Ib l lb )  . Another method currently 
used f o r  reducing ethylene emissions i n  the vent gas i s  d i rec t  

chlorination. Data indicate  tha t  hydrocarbon emissions i n  the  vent 

stream are reduced by about 50 percent when d i rec t  chlorination i s  
.. 

employed. 

Combustion devices reduce o r  eliminate v o l a t i l e  organic 
emissions from the process vent. Combustion of chlorinated hydro- 

carbons r e s u l t s  i n  formation of H C 1 ,  C12, and toxic  gases, which 

cannot be vented t o  the atmosphere. However, these substances 

may be removed by scrubbing. Scrubbing equipment i n  contact with 
solutions of these substances may suf fer  severe corrosion. Com-
bustion devices (boi lers  and thermal incinerators)  would have t o  

employ scrubbers f o r  removal of HC1  and C l n  from the  e f f luen t  
gases. For f h i s  reason f l a r i n g  could not  be Lsed. Indications 

a re  t h a t  several  companies a re  now using incinerators .  

The product f ract ionat ion vents in  EDC plants  a re  

current ly  controlled i n  some plants  by ref r igera t ion .  Refrigera-

t ion  removes about 85% of t h e  hydrocarbons contained i n  the gas. 7 6  

- Gas cooling techniques are  a lso  applicable t o  the vent streams 

from absorber lean o i l  s t r ipping ,  wastewater s t r ipp ing ,  and EDC 

caus t ic  scrubbing, but they a re  not widely used. One f a c i l i t y  



has a re f r igera t ion  control device on a vent stream from waste- 

water s t r ipping.  It removes about 70% of t h e  hydrocarbons 

contained i n  the gas. " Hydrocarbon emissions from wastewater 

s t r ipping without re f r igera t ion  are  about 0.002 Kg/kg EDC p r o -

duced (0.002 lb / lb )  .'' Combustion devices could be u s ~ d  !.or 
elimination of hydrocarbon emissions from sources controlled by 
ref r igera t ion ,  but the resul t ing  HC1  would be emitted t o  the 

atmosphere. Using a combustion device downstream from a gas 

cooling operation would r e s u l t  i n  a lower H C 1  concentration i n  

the gas, but i t  would probably not be low enough t o  exhaust the 

gas t o  the atmosphere. 

Control devices avai lable  f o r  the f ixed roof storage 

tanks .containing p u r i f i e d ~ ~ ~  product include f loa t ing  roof 

tanks and vent condenser. Vent condensers a r e  current ly  used 

i n  some locations.  Emissions from crude EDC storage a re  con-

t ro l l ed  by the layer of water blanketing the organic material .  79 

Direct Chlorination Process 

Vent gas from the d i r e c t  chlorination plant  i s  usually 

condensed and scrubbed before i t  i s  vented. It could be sent t o  
'he control device provided f o r ' t h e  oxychlorination p lant .  

. . 

Vinyl Chloride Process 

The vents from fract ionat ion i n  the  VCM plant may be 

controlled i n  several  ways. One VCM producer uses EDC to  absorb 

VCM vapors before the gas i s  vented. Stripping removes VCM, 

and the EDC i s  recycled t o  the pyrolysis un i t s .  VCM recoverp i s  

estimated a t  99%. Another company uses a waste heat bo i l e r  

to  burn hydrocarbons and chlorocarbons, including VCM. It is 

operated with two p a r a l l e l  caust ic  scrubbers upstream ar,d a 

water scrubber downstream t o  collect chlorine and H C 1 .  V C 3  



leve ls  were reduced by 98-99% i n  a t e s t  run. Another possible 

control method i s  compression and ref r igera t ion  t o  condense VCY 

before venting the i n e r t s .  It i s  estimated tha t  t h i s  operation 
would reccver 87% of the VCM i n  the gas stream. Another possi-  
b i l i t y  i s  carbon adsorption. It i s  estimated tha t  under optimum 
conditions 99.9% recovery of VCM and EDC could be achieved using 
a carbon adsorption system. 8 1 

Refrigeration i s  used by some producers t o  recover 
losses of VCM from storage and loading operation vents.  One 
producer reports  using - 2 3 ' ~  (-10'~) temperatures t o  recover 
0-0001 kg/kg VCM (0.0001 lb / lb )  i n  t h i s  manner. Another re f r igera-  

t ion  process operated a t  4 ' ~  (40'~) recovers about 85% of the VCM 

i n  t h e  stream before venting the gas. 8 2  See Sections 4 .5 ,  4 .6,  

and 4.1 f o r  storage,  loading, and fugi t ive  emissions controls.  

4.4.7.3 Cost, Energy, and Environmental Impact of Controls 

Costs, energy requirements, and environmental impacts 
of absorption, condensation, and incineratrion a re  discussed gen- 
e r a l l y  i n  Section 3.0. Fugitive.emissions and storage tank 
losses a re  t r ea ted  i n  Sections 4.-5 and 4.1. Some costs and energy 
requirements f o r  control methods i n  a balanced vinyl chloride 
plant a re  a l so  included here i n  Table 4.4-18. 

In  combustion of vent gas streams i n  a vinyl  chloride 
plant  provision must be made t o  remove the HC1, C 1 2  and other  

chlorine compounds formed. The combustion process a l so  has the 
potent ia l  f o r  forming NO, and CO. Carbon adsorption systems have 

an associated so l id  waste problem i f  the beds a re  not regenerated. 
I f  the beds a re  regenerated a t  high temperatures, atmospheric 
emissions may r e s u l t .  



TABLE 4.4-18. ENERGY AND COST DATA FOR CONTROL OF VOI.+TILE ORGANIC EMISSION!&w 
PRODUCTION OF VINYL CHLORIDE MONOMEF B4 THE BALANCED PROCESS, 

I ' 

Enerpp Requirements Annualized 
Waste Stream Control  Technique Fuel Power C0.s tb 9 c 

Oxychlorination I n c i n e r a t ~ r  and waste 14GJ - 30GJjhr 0.36 GJ/hr $1,140,000 
vent h e a t  b o i l e r  wi th .caus-  (14-28x10~ BtGjhr) (100 kWh/hr) 

t i c  sc rubbers  

EDC fractions- Waste h e a t  b o i l e r  wi th  2 GJ/hr 0.16 GJ/hr $300,000 
t f o n  c a u s t i c  scrubbers  ( 2 x 1 0 ~  Btu/hr)  (4 5 kwh/ h r )  

VCM f r ac  t iona-  Ref r i g e r a t i o n . ,  , 
t ion  

Waste h e a t  b o i l e r  wi th  2 G ~ / h r  0.16 G ~ / h r  
t 4  
N 

c a u s t i c  scrubbers  ( 2 x 1 0 ~  ~ t u j h r j  . ! 
. * 

(45  kWh/hr) $300,000 
4J 

Storage  and Compression and re- 0.14 GJ/hr $200,000 
loading f r i g e r a t i o n  (40 kwhlhr) 

F u g i t i v e l o s s e s  Continuous loop 
sampler 

Canned pumps { U t i l i t y  requirements i n s i g n i f i c a n t  $200,000 

1 Monitoring of  VCM l e a k s  $200,000 
. . 

a 
700 x l o 6  l b l y r  p r o d u c t i o n -  r a t e .  

',January, 1975 d o l l a r s ,  c a p i t a l  c o s t s .  
C Costs a r e  based on s e v e r a l  assumptions. See o r i g i n a l  r e fe rence .  
d33,800 lb sLeam genera ted lh r  (245 p i g ) .  

I . 
* . # 

. . I 





4.4 .8  Acetone and Phenol from Cumene 

There are two steps involved in producing acetone and 

phenol from cumene. The first step is production of cmene 

hydroperoxide by oxidation. The second step is cleavage of 

cumene hydroperoxide to form acetone and phenol. The chemical 


reactions are shown in the following equations. a-methyl 

styrene and acetophenone are formed as by-products. 


Figure 4.4-8is a simplified process flow sheet of the process. 


Air, sodium carbonate, and cumene are agitated in the 

reactor to produce cumene hydroperoxide. Catalysts and emulsi- 

fiers may also be used. Reactor gases are vented through refrig- 
. . 
eration systems and other equipment for recovery of cunene. 


Cumene hydroperoxide formed in the oxidation step is 

contacted with sulfuric acid in the cleavage step to produce 

acetone and phenol. The organic layer is washed with water 


.- - . 
before it is fractionated in a series of distillation towers. 

Cumene is recovered and recycled; a-methyl styrene is hydro- 

genated and recycled or may be recovered as product; ar,d phenol 


and acetone are stored. The by-product, 3-cetophenone, may be 


purified, or it may be left with the residual oil. 




4.4 .8 .1  Emission Charac te r i s t i cs  

The l a r g e s t  s i n g l e  source of emissions i n  t h e  produc- 
t i o n  of phenol and acetone from cumene i s  t he  vent from the  oxi- 

dation reac tor .  Emissions a r e  s i g n i f i c a n t  even though recovery 
devices a r e  an i n t e g r a l  p a r t  of t h e  equipment. Vo la t i l e  organic 

emissions repor ted from t h i s  source vary from t r a c e  amounts t o  
0.0067 kg/kg phenol produced (0.0067 l b / l b )  . Equipment f a i l u r e s  

have repor tedly  caused 1-4 h r  emission r a t e s  of 0.049 kglkg 
phenol (49 lb/1000 lb )  . A swnnary es t imate  of average emissions 

from acetone and phenol p l an t s  is 0.0038 kg hydrocarbons/kg 
phenol product from t h i s  vent gas (0.0038 l b / l b )  .8 6 

Some producers have concentrators on the  vent gas 
stream. The concentrator vents have l o w  emission l e v e l s  of 
0.0003 Kglkg phenol (0.0003 l b l l b )  o r  l e s s .  The cleavage r eac to r  
vent  a l s o  cont r ibu tes  "low t o  moderate" l i g h t  organics emissions. 8 7 

The emissions i n  t h e  concentrat ion and cleavage r eac to r  s ec t ion  
are es t imated t o  be 0.0021 k:g/kg phenol product (0.0021 l b / l b )  .8 8 

Vola t i l e  organics are a l s o  emit ted i n  t he  f rac t iona-  
t i o n  sec t ion  at . the  d i s t i l l a t i o h  colunms. The major organic  

emission i s  acetone. Formaldehyde may a l s o  be emit ted as may 
t r a c e  amounts of cumene, mesi tyl  'oxide; a-methyl s ty rene ,  - and 
phenol. An average estimate of hydrocarbon emissions from t h i s  
s ec t ion  of t h e  p l a n t  i s  0.0038 e l k g  phenol (0.0038 l b l l b ) .  8 9 

One producer es t imates  0.0043 kg acetone and' 0.003 kg formaldehyde1 
kg phenol product (0.0043 and 0.003 l b ,  respec t fve ly ,  per  l b  
product).  Another es t imates  0.0012 kg acetone and 0.0009 kg 
formaldehydelkg phenol (0.0012 l b  and 0.0009 l b  , r e spec t ive ly ,  
pe r  l b  product) .  It i s  emphasized t h a t  the  above emissions 
estimates are seve ra l  years  old .  Current emissions are thought 
t o  be lower f o r  most p l an t s .  



- -  

Storage tanks f o r  raw materials and products a lso are  

emission sources. Other vo la t i l e  organic emissions have been 

reported during equipment f a i l u r e ,  s t a r t  ups, and plant emer-

gencies. Sources of fugi t ive emissions are  valve packings, 

f langes,  pump sea l s ,  compressor s e a l s ,  r e l i e f  valves, and agi-  
t a t o r  sea l s .  

Control Technology 

Carbon adsorption is  w e d  i n  several  plants  t o  recover 
cumene from the  oxidation reactor  vent with reported speciffc  
e f f ic iencies  of 82-9lX.' Recently, one company indicated an . .". I .  

eff ic iency ranging from 95-99% for  t h e i r  carbon adsorption 

system. Refxigerated condensation a lso  is used i n  several  .. . a  


, . 
f a & i t i e s  t o  recover cunene horn t h e  oxidizer off-gas.' ~ ~ l k l i a u ~ h  
tliq,specif ic . 'pk~pose of he aaYorption and ref r igera t ion  s$ste& 
i s  product recovery, use of the  systems reduces emissicns. A n  

incinerator  i s  used i n  a t  l e a s t  one i n s t a l l a t i o n  t o  e l in ina te  

, emissions from the  oxidizer vent. gas. Auother f a c i l i t y  sends 

l i g h t  waste t o  plant  bo i l e r s  f o r  use as fue l .  ' Enissions are  

reportedly controlled from the cleavage reactor  and the  fracr ion-  

a t ion  area of one plant  by cold water-condensers and knock out 

drums. ' Many producers have f loa t ing  roof tanks,  Nz blankets,  
-.. 

or  other  conservation devices on storage tanks. Floaticg roof 
and vapor sea l  devices have v i r t u a l l y  eliminated emissions from 
storage i n  one p l a n t . 9 6  See Sections 4.1 and 4.5 f o r  fugi t ive  

-. and storage emissions and control .  

Cost, Energy, and Environmental I m ~ a c t  af ContraLs, 

Costs, energy requirements, and environmental 
impacts f o r  adsorpt im,  condensation, and incineratLon are  coverec' . + 
i n  a generalized manner i n  Section 3 . 0 .  SpecifLc ciata for con-
t r o l l i n g  v o l a t i i e  organic emissions from phenol 2nd acetsxe 

-



production were not  available i n  the sources consulted for t h i s  

study. 

Some general comments can be made about environmental 

impact of control methods. Incineration has the potent ia l  f o r  

emitt ing NO, and CO t o  the atmosphere. Carbon adsorption has the 

potent ia l  for  creating a s o l i d  waste problem i f  the beds are not 
regenerated. Atmospheric emissions may r e s u l t  i f  the beds are 
regenerated a t  high temperatures. 
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4.5 
 Storage Tanks 


The petroleum and chemical process industries include 

many operations. Petroleum production, refining, chemical manu- 


facturing, transportation, marketing, and consumption all require 

some type of storage for volatile organic liquids. Storage 


tanks for volatile organic liquids can be sources of evaporative 

emissions. This section discusses the types of storage tanks, 

the sources and quantities of emissions from each type, costs 

of various types of tanks, and the major control techniques 

available. 


Two recent studies on storage tank emissions indicate 

that emission factors in this section may be high by 50% or more: 


' However, the studies are not comprehensive enough to generate 

revised emission factors.. APl is cdndktiq a more comprehensive 
study of emission losses in floating roof and' fixed roof tanks. 

Completion of test programs and publication of revised emission 

factors are expected in early 1979. 


A new source performance standard has been promulgated in 

40 CFR Part 60 Subpart K, Standards of Performance for Storage 

- .  

Vessels for Petr6leum ~iiuids. These standards generally apply 
only to refineries and refinery-type products and are not gener- 


- ally applicable to chemical plants. Three categories of volatil-
ity are low, intermediate, and high. Table 4.5-1 defines 

volatility in terms of vapor pressure and lists the types of 


storage tanks acceptable for liquids in each range of volatility. 

Five types of storage ranks are listed in Table 4.5-1. 


The following sections describe each type of smragc 
tank, emissions from +he tanks, and control techniques. Fixed 

roof storage tanks for low volatility liquids are described in 

Section 4 . 5 . 1 .  Several tanks for storage of internediate . 



TABLE 4 . 5 - 1 .  STORAGE TANKS WHICH PROVIDE ACCEPTABLE LEVELS OF ORGANIC VAPOR EMISSION 
CONTROL DEPENDING ON VOLATILITY OF LIQUID STORED 

V a p o r  P r e s s u r e  

V o l a t i l i t y  of R a n g e  
Type of Storage Tank Required f o r  

Stored Liqufd kPa ps i a  Acceptable Levels of con t ro la  
Metria 

low f i x e d  cone roof t ank  

in te rmedia te  f l o a t i n g  roof tank 

covered f l o a t i n g  roof tank 

v a r i a b l e  vapor space tank ( l i f t e r  
roof and f l e x i b l e  diaphragm) wi th  
vapor c o n t r o l s  f o r  loading l o s s e s  

p r e s s u r e ,  t anks  sea led  o r  vented t o  
recovery systems 

a .  low p r e s s u r e  2.5-15 psig  
b. in te rmedia te  p ressure  

15-30 p s i g  
c ,  high p r e s s u r e  >30 ps ig  

-

a~ in imum accep tab le  s tandard under NSPS 



- v o l a t i l i t y  l iquids  a r e  described i n  Section 4.5.2. Pressure 
tanks f o r  high v o l a t i l i t y  l iquids  a r e  discussed i n  Section 

4.5.3. Table 4.5-2 gives emission fac tors  f o r  evaporation from 

storage tanks f o r  low and intermediate v o l a t i l i t y  l iquids .  

Table 4.5-3 i s  an inventory of storage tanks and t h e i r  emissions. 

Section 4.5.4 contains a discussion of cos t ,  energy, and environ- 
mental considerations of control l ing emissions from storage 

tanks. 

K 5 . 1  Fixed Roof Storage Tanks f o r  Low Vola t i l i ty  Liquids _ . -
. ..--. 

Use o f* f ixed  cone roof tanks is  the minimum accepted standar 
fo r  stokage of low. .volat i l i ty  l iqu ids ,  Construction costs  fat 

.. . . 
.fixed cone roof tanks are  lower than costs  f o r  other storage . 

tanks : As sh& i n  Figure 4.5-1, f ixed roof tanks consis t  of 
a cyl indr ica l  s t e e l  s h e l l  topped by a coned roof having a mini-

mum slope of 3 / 4  inches i n  12 inches. The tanks a re  generally 
equipped with a pressure/vacuum vent designed t o  contain minor 
vapor volume changes. The.recommended maximum operating pressure/ 

vacuum for  large fixed cone roof tanks Is +207 Pa/-207 P a  
(+0.8 i n  H20/-0.8 i n  H Z O ) . ~  

4.5.1.1 Emissions 

As shown i n  Table 4.5-3,  fixed roof tanks a re  responsible 

fo r  80% of the t o t a l  v o l a t i l e  organic emissions from storage tanks-, 

The two'major sources of emissions from fixed cone roof 

tanks a re  breathing losses and working losses.  Breathing 
losses occur during changes in  temperature or barometric 

pressure. Working losses occur as a r e s u l t  of f i l l i n g  
or emptying operations. F i l l i n g  loss  i s  the r e s u l t  of vapor 
displacement by the input of l iquid.  Eaptying loss  i s  the expul- 
sion of vapors a f t e r  product withdrawal and is  a t t r ibu tab le  t o  



TABLE 4 . 5 - 2 .  EVAPORATIVE EMISSION FACTORS FOR F I X E D  ROOFl FLOATING 
ROOF AND VARIABLE VAPOR SPACE STORAGE TANKS 

h 6 l  O i l n  J e t  Fuel# Crude %tor Ganolina 
No. 6 n 0 z  Kerosene Naphtha O i l  RW 7 RW 10 RW 13 

Vapor Prassure @ 16%(Pa) 
60 *(psin) 

?UlLD Roo? T m 

Breath* l m e  

lrcw T d Coaditiona 

1bld.y - 10' gal 

Q / & y  - 10' l i t e r e  

Old Ttat Cbnditima 

&/day - 10' -1 

@/day - 10' l i t a m  

W o r w  Lon& 

lb/  10 6.1 thmu*wt 

-/lo' l i t e r  t h r o w p u t  

nOATIU6 lnnn TAUKS 

8t.ading Stotaae Lome 

U r  Tenk h d i t i o c u  

lb/&y - lo', 8.1 

&/&y - l@'l i t m a  

Old Tmk Cbnditionn 

1bld.y - 10' y f  

I(ll/day - 10' l i t e r r  . 

VitMraual Lornu  

lb110' gal  throughput 

Kg/10' l i t e r  throughput 

VARIABLE VAPOR SPACE TARlVl 

I i l l i n g  Lon. 

lb/  10' ga l  throughput 

l[g/10' l i t e r  throueput  
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Figure 4.5-1. Fixed roof s torage tank. 
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"vapor growth"." After product withdrawal, air enters the 

tank to fill the vol-une previously occupied by product. The 


stored liquid not withdrawn evaporates' to the point of satura- 

tion in air. This process is called "vapor growth". 


Factors affecting the rate of volatile organic loss 

from fixed roof storage tanks include: 


I. True vapor pressure of the liquid stored 


2. Temperature changes in the tank (primarily 
induced by diurnal ambient temperature changes) 


3 .  Height of the vapor space (tank outage) 

4. Tank diameter 

- ,  

5 .  Schedule of tank filling and emptying 

- 6.  Mechanical condition of tank and p/v valve 
seals 


.. 
- .  

7 .  ~ a n kdesign *and type of exterior paint. 

The ~merican Petroleum Institute has developed eaperi- 

cal formulas, ba.sed on field testing, that correlate fixed cone 

roof tank evaporative losses with the above factors and other 

specific storage parameters. These equations and their applica- 

tion are presented in Supplement No. 7 of EPA document A?-42, 
Compilation of Air Pollution Emission Factors. The factors in 

AP-42 and the API bulletins are being revised. The equations 
are best suited for estimating average emissions for a 


group of tanks, and should be used with 




discretion for any specific tank. Emission rates calculated 

from these equations for some "typical" storage tank conditions 

are presented Table 4.5-2. 


4.5.1.2 Control Technology 


There are several ways to control emissions from stor- 

age'of low volatility liquids. The first approach, applicable 

primarily to new construction, is to install storage tanks with 

1~wer loss rates than fixed cone roof tanks. Tanks with lower 

loss rates include floating roof tanks, internal floating covers, 

and variable vapor space tanks equipped with vapor recovery 

systems. These lower loss tanks are generally used for inter- 

mediate volatility liquids and are discussed in Section 4.5.2. 

The control efficiency of lower loss -starage tanks is approxi- 

mately 90 to 95 percent." 


A second approach to controlling evaporation losses 

from fixed roof storage tanks includes retrofit control technol- 

ogy such as internal floating roofs and vapor recovery systems. 

Intexnal floating roofs are large pans or decks which float 

freely on the surface of the stored liquid (Figure 4.5-2). The 
roof rises and falls according to the' depth of the stored 

liquid: To insure that the liquid surface 3 s  completely covered, 

the roof is equipped with a sliding seal around its periphery 

which fits against the tank wall. Seals have also been developed 

for use where support columns'must pass through the floating 

roof or cover. Internal floating roofs can generally be installed 

inside existing fixed roof tanks if they are of welded construc- 

tion. However, if they are of bolted construction, they cannot 

be retrofitted. 




.I 

Vapor recovery systems can also be installed on 
existing fixed cone roof tanks. Figure 4.5-3 is a flow diagram 


for a simplified vapor recovery system. Vapor recovery systems 


for tank farms, terminals, etc. are more complex than the 

example shown here. Vapors generated in the fixed roof tank are 


displaced through a piping system to a storage tank called a 

vapor saver. The vapor saver evens out surge flows and saves 

a reserve of vapors to return to the storage tank during in- 

breathing modes. Inbreathing saturated vapors instead of air 

prevents the evaporation of additional volatile organics. 

Several storage tanks can be manifolded into a single vapor 

saver and vapor recovery system. Vapor recovery systens are 

not usually as cost effective as internal floating roofs, pax- . 

titularly for tanks with high filling rates. They have not bee%"' 


widkly used .on-large tanks and tank farms. The control effi- " 

ciency of vapor recovery systems for fixed cone roofed tanks-.. 

. . 

is approximately 90 to 98 percent.6 


A third control technology, the use of conservation 

vents, is adequate only for low volatility product storage (less 


than 10.5 kPa, 1.52 psia). A conservation vent is a pressure 

and vacuum relief valve which vents only when a set pressure 

differential is exceeded. 


4 . 5 . 2  Storage Tanks for Intermediate Volatility Liquids 

Intermediate volatility liquids are generally stored 

in floating roof tanks, internal floating roof tanks, variable 

vapor space tanks with vapor recovery systems, and/or fixed 

roof tanks with vapor recovery systens. Although sinple flxed 

oaf tanks have been used for intermediate volatility liquid 

storage in the past, new source performance standards do not 


allow this practice. 




AIR VENTILATORS4 

Figure 4.5-2.  Covered floating roof storage tank. 
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Figure 4.5-3 .  Example of  simplified tankage va.por 
recovery system. 



Float ing Roof Tanks 

Float ing  roof tanks reduce evapora t ive  s t o r age  l o s se s  

by minimizing vapor spaces .  The tank c o n s i s t s  of a welded o r  

r i v e t e d  c y l i n d r i c a l  s t e e l  wa l l  equipped wi th  a deck o r  roof 
which i s  f r e e  t o  f l o a t  on t he  su r f ace  of t he  s t o r e d  l i a u i d .  

The roof r i s e s  and f a l l s  according t o  t h e  depth of s t o r e d  l i q u i d .  
To i n su re  t h a t  t he  l i q u i d  su r f ace  is  completely covered, t he  roof 
i s  equipped wi th  a s l i d i n g  s e a l  which f i t s  aga in s t  t h e  tank w a l l .  
S l i d ing  s e a l s  a r e  a l s o  provided a t  support  columns and a t  a l l  

o the r  po in t s  where tank appurtenances pass through t he  f l o a t i n g  
roof .  

The most commonly used f l o a t i n g  roof  tank i s  t h e  
conventional  open tank.  The open tank roof deck is  exposed. t o  

the weather,  and p rov i s ions  must be made f o r  r a i n  w a t e r - a r a i n -  
age ,  snow removal, and s l i d i n g  seal d i r t  p ro t ec t i on .  F loa t i ng  

roof decks a r e  of t h r e e  genera l  types :  pontoon, pan, and double 

deck. 

The pontoon r o o f ,  shown i n  Figure  4.5-4,  i s  a pan- 
type  f l o a t i n g  roof wi th  pontoon s e c t i o n s  added t o  t h e  top  of 

t h e  deck around t h e  rim. The pontoons a r e  arranged t o  provide 
floating s t a b i l i t y  under heavy loads  of water  and snow. 

. . 

The pan roof shown i n  Figure  4.5-5 i s  a f l a t  meta l  
-. ' p l a t e  wi th  a v e r t i c a l  r i m  and s t i f f e n i n g  braces  t o  mainta in  

. r i g i d i t y .  The s i n g l e  metal  p l a t e  roof i n  con tac t  wi th  t h e  . - .  
Liquid r e a d i l y  conducts s o l a r  h e a t ,  r e s u l r i n g  i n  higher 

vapor iza t ion  l o s se s  than o the r  f l o a t i n g  roof decks. The roof  i s  

equipped wi th  a u t o m t i c  ven t s  f o r  p ressure  and vacuum r e l e a s e .  

A s  shown i n  Figure 4 . 5 - 6 ,  t h e  double deck. roof  has 

a hollow double deck covering t he  ent: i re su r f ace  of  rhe roo f .  



WEATHER WELD-, 

Figure 4.5-4. Single deck pontoon floating roof storage 
tank with non-metallic seals. 




Figure 4.5-5. Pan-t p e  f loat ing  roof -storage tank -
with metallic seals. 

Figure 4.5-6. Double deck f loa t ing  roof s to t age  tank 
with non-netall ic seals. 
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The double deck adds r i g i d i t y ,  and the dead a i r  space between 
the upper and lower deck provides s igni f icant  insulat ion from 
solar  heating. ' 

Covered Floating Roof Tanks 

The covered-type f loa t ing  roof tank i s  essen t i a l ly  
a fixed roof tank with a f loa t ing  roof deck inside the tank 
(Figure 4.5-2).  The American Petroleum I n s t i t u t e  has designated 
the term "covered floating" roof to  describe a fixed roof tank 
with an in te rna l  s t e e l  pan-type- f loa t ing  roof. The term "inter-  
na l  f loa t ing  cover" has 'been chosen by the API t o  describe 
in terna l  covers constructed of mater ials  other than s t e e l .  
Floating roofs  and covers can be ins ta l l ed  inside exis t ing  f ixed 
roof tanks. The fixed roof pro tec ts  the  f loa t ing  roof from 
the weather, and no provision is necessary f o r  r a i n  or  snow 
removal or  sea l  protection. Antirotat ional  guides must be pro- 
vided t o  maintain roof alignment, and the  space between the fixed 

and f loa t ing  roofs must be vented t o  prevent the formation of a 
flammable mixture. 

Variable Vapor Space Tanks 

New variable  vapor space tanks have not  been b u i l t  f o r  
several  years. However, tank manufacturers have reported tha t  
new orders f o r  var iable  vapor space tanks have been received. 

Variable vapor space tanks are equipped with ex- 
pandable vapor resento i rs  to  accommodate vapor volume f luctua- 
t ions  a t t r ibu tab le  t o  temperature and barometric pressure 
changes. A variable  vapor space &vice i s  normally connected 
to  the  vapor spaces of one o r  more f ixed roof tanks. The two 



mst common types of var iable  vapor space tanks a re  l i f t e d  

roof tanks and f l ex ib le  diaphragm tanks. 

L i f t e r  roof tanks have a telescoping roof tha t  f i t s  

loosely around the outside of the main tank wall .  The space 
between the roof and the w a l l  i s  closed by e i t h e r  a wet sea l  
which consis ts  of a trough f i l l e d  with l iquid ,  or  a dry sea l  

which employs a f l ex ib le  coated fab r i c  i n  place of the trough 

(Figure 4 .5-7) .  

Flexible diaphragm tanks uq i l i ze  f lexible  membranes 

to  provide the expandable volume. They may be separate gas- 

holder type u n i t s ,  or  in teg ra l  un-its mounted atop fixed roof 
9
tanks (Figure 4.5-8). . ...* 

4.5.2.1 h i s s i o n s  

There are four major sources of emissions associated 
with t he  storage of intermediate v o l a t i l i t y  l iquids :  f loa t ing  

roof standing storage losses ,  f loa t ing  roof withdrawal losses, 

vapor recovery system vents and variable vapor space f i l l i n g  
losses.  

Floating roof standing storage losses r e s u l t  f r o n  
causes other  than breathing o r  change'in l iquid  leve l .  The 

la rges t  potent ia l  source of t h i s  loss  i s  a t t r ibu tab le  to  an 
improper f i t  of the  sea l  and shoe t o  the  s h e l l ,  which exposes 

some l iquid  surface to  the atmosphere. Some vapor may escape 
through the gaps created by these improper sea l  firs. 

Floating roof withdrawal losses  r e s u l t  frm evagora-

t ion  of stock which wets the tank w a l l  a s  the roof desceccs 

during enptying operations. This loss  i s  small i n  conparLson 
t o  other types of losses .10  
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NOZZLE -

Figure 4 . 5 - 7 .  Lifter roof storage tank with wet sea l .  

Figure 4 .5 -8 .  Flexible diaphragm tank (integral uni t ) .  
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When intermediate volatility liquids are stored in 


fixed roof tanks with vapor recovery systems, there is ul 

emission from the vapor recovery unit vent. Vapor recovery 


systems recover the organic portion of tankage vapors and vent 

the air portion back to the atmosphere. Because of inefficien- 

cies in the vapor recovery systems, small quantities of volatile 

organics are also vented with the air to the atmosphere. " In 

many, if not most, vapor recovery systems where storage tank 

vapors are collected, the collected vapor stream, after heavy 

ends are collected, is burned directly in a fu~ace. In that 

case the system is not venting organic vapors to the atnosphere. 


Variable vapor space filling losses result when vapor 

Is displaced by the liquid input during filling operations. 

Since the variable vapor space tank has an expandable vapor 

storage capacity, this loss is not as large as the filling loss 

associated with fixed roof tanks. Loss of vapor occurs only 

when the vapor storage capacity of the tank is exceeded. 


The total amount of evaporation loss from storage 

. tanks for intermediate volatility liquids depends on the factors 

Listed in Scct'ion 4.5.1.1. The American Petroleum Institute has 


developed empirical formulas, based on field testing, that cor- 

relate evaporative losses for intermediate volatility liquids. 


These equations and their application are presented in Su?plement 

No. 7 of EPA Document AP-42, Compilation of Air Pollutant Emis- 

s ion Factors .l 2  Emission rates calculated from these equations 
for some "typical" storage tank conditions are presented Ln 

Table 4.5-2. The factors in AP-42 and the API bulletins on 
which they are based-are presently beixg revised. 




4.5.2.2 Control Technology 

Although not generally* applied, there are several  

approaches available f o r  controll ing emissions f ron  the  storage 

of intermediate vapor pressure l iquids .  For new construction 

tankage, emissions can be controlled by converting t o  another 

form of intermediate vapor pressure tankage with lower emission 

losses .  It i s  a lso possible t o  control emissions by employing 

low pressure tankage. Low pressure tanks operating between 119 

and 203  kPa (17-29 psia) have been used f o r  the  storage of motor 
gasolines,  pentanes, and na tura l  gasolines having vapor pressures 

up t o  203 kPa (29 p s i a ) .  With proper design, these low-pressure 

tanks can prevent breathing losses from intermediate v o l a t i l i t y  
l iquids .  Working losses occur during f i l l i n g  when the  pressure 

of the  vapor space exceeds the pressure vent . s e t t i n g  and vapors 
are  expelled. These working losses depend on the pump-in r a t e ,  

the  r a t e  of heat diss ipat ion,  and t h e  pump-out r a t e .  Working 

losses may be reduced by increasing the  pressure of the  vent 

s e t t i n g ;  the increased cost  of the high pressure tank may pro- 

h i b i t  t h i s  option. Vapor recovery systems may be required t o  

control working losses .  I S  

4.5 .3  - Pressure Storage Tanks f o r  High v o l a t i l i t y  Liquids 

High v o l a t i l i t y  l iquids  a re  generally s tored  i n  sealed 

pressure tanks. Pressure tanks a re  designed t o  withstand re la-  

t i v e l y  large pressure var iat ions without incurring a loss .  They 

are  constructed i n  many s i zes  and shapes, depending on the operat- 

ing pressure range. No&d spheroid tanks have been accepted for  

operating pressures up t o  203 kPa (29 psia)  . Spheroids have been 

operated a t  pressures zsp t o  308 kPa (45 ps ia ) .  High-pressure 

tanks,  e i t h e r  cy l indr i ca l ,  spher ica l ,  o r  blimp-shaped, have been 

operated a t  pressures up t o  1 .8  MPa (265 psia)  .' 
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4.5.3.1 Emissions 

Pressure tanks a re  generally sealed,  no loss  systems. 
However, pressure tank losses due t o  r e l i e f  vent opening occur 

when the  pressure inside the tank exceeds the design pressure. 

This happens only when the tank is  f i l l e d  improperly, o r  when 

abnormal vapor expansion occurs. Losses can a l so  occur during 

the f i l l i n g  of low pressure tanks which a re  not equipped with 

means f o r  disposing excess displaced vapors. These a re  not 
. .. regularly occurring events,  and pressure tanks s tor ing  v o l a t i l e  

l iquids  a re  not a s igni f icant  source of loss  under normal 

operating conditions. I S  .. . 

.-
., 

5.3.;2.. Control Technology 

- - .  * .  

.- .-. . -. 
High pressure tanks represent the highest  leve l  of  

emission control fo r  v o l a t i l e  l iquid  storage. There should be 

no need fo r  controls on high pressure tankage. If  losses  occur 

from high pressure tankage, they indicate  tha t  the tankage i s  
misapplied or  i n  improper working order. Good housekeeping acd 
rout ine maintenance a re  the primary emission control  technologies 
avai lable  fo r  these losses .  

4.5.4 Energy, Cost, and Environmental Impact of Controls 

Controlling emissions of v o l a t i l e  organic compounds 

from storage tanks accomplishes two things: improvement of am-

bient a i r  qual i ty  and conservation of a substance which i s  c m v e r r i b l e  
to  energy by combustion. Energy requirements for  storage tank 
coatroL measures a re  negative; t h a t  i s ,  energy i s  saved by re -

ducing losses of organic compounds to  the atmosphere. A n  ex-

ample of energy savings may be seen i n  Table 4.5-4 which p r e -

sents a comparison of losses from fixed roof and f loa t ing  r o o f  





.. 

tanks s t o r i n g  crude and gasol ine  i n  a t y p i c a l  16,000 m3/day 

(100,000 barre l /day)  r e f i ne ry .  The data  a r e  API es t imates  based 
e 

on a  t yp i ca l  mix of tank s i ze s . ' '  Crude and gaso l ine  s to rage  
p represen t  t h e  l a r g e s t  volume of  products  s t o r e d  in a r e f i n e r y ,  

but  t h e  t o t a l  energy p o t e n t i a l l y  saved w i l l  be even l a r g e r  i f  

o the r  r e f i n e r y  products a r e  a l s o  s t o r e d  i n  tanks us ing con t ro l  
measures. 

Conserving t h e  organic  compomds represen t s  a  cos t  

savings as  w e l l  as an energy savings t o  t h e  producer. In  many 

cases t h e  value o f  t h e  recovered product exceeds t h e  cos t  of  

t he  control  method. TabLe 4.5-5 i l l u s t r a t e s  t h e  cos t  involved 

in  s u b s t i t u t i n g  f l o a t i n g  roof tanks f o r  f i x e d  roof tanks .  Costs 
f o r  two tank c a p a c i t i e s  and t h r e e  products  a r e  presented.  

. .- - .  .. 
The c o s t  e f f ec t i venes s  of r e t r o f i t t i n g  f i xed  rd0f  ranks 

with  f l o a t i n g  roo f s  v a r i e s  wi th  t h e  s i z e  of the tank, t h e  t r u e  
vapor p ressure ,  and t h e  number of turnovers.  ,Thec o s t  (or 
c r e d i t )  per  megagram (ton) of con t ro l l ed  substance i s  presented 

i n  Table 4.5-6. Separate  va lues  a r e  given f o r  gaso l ine  and 
crude o i l  because of t h e  d i f f e r e n t  economic values  and emission 

rates of  t h e  two l i q u i d s .  To i l l u s t r a t e  the  f a c t  t h a t  l a r g e r  

tanks are more cos t  e f f e c t i v e  than smal le r  ones,  the numbers 
a r e  presented g r aph i ca l l y  i n  Figures 4 . 5 - 9  and 4.5-10. The 

parameters axe explained,more f u l l y  i n  "Control of  Vo la t i l e  

Organic Emissions from Storage of Petroleum Liquids i n  Fixed-

Roof-Tanks," EPA, December 1977. 

.. 
Estimates of i n s t a l l e d  c o s t s  f o r  f ixed roof zanks are 

$16i,000 for 8000 m3 ((50,000 bb l )  capac i ty ,  $25i ,000 f o r  16,000 

m 3  (100,000 bb l )  c apac i t y ,  and $379,000 f o r  24,000 m' (150,000 

bbl)  capac i ty .  Annual o p e r a t h g  c o s t  es t imates  are $ 2 9 , 9 0 0  f o r  
8000 m 3  (50,000 bb l )  capac i ty ,  $48,600 f o r  16,000 z3 (100 ,000  

bbl)  capac i ty ,  and $72,200 f o r  24,000 m 3  (150,OOO b b i )  capacLzy. '' 



Figure 4.5-9. Cost Effectiveness of Controlling Emissions From 

Existing Fixed Roof Gasline Tanks 


A Lw Turnover and TVP 

Tank Product1 I t Turn- TVP 
kPa 

13.8 
41.4 
69.0 



Figure 4.5-10. Cost Effectiveness of Controlling Emissions 

From Existing ~ i x e dRoof Crude Oil Tanks 

l o r  valuer 
1 Median Values 
: High Values 

Tank S lze  (10' 1 )  

Tank Product 
Turn- TVP 

kP i
TIYL7 f ~  

10 41.4 
20 69.0 





TABLE 4.5-6. COST EFFECTIVENESS OF INSTALLING FLOATING ROOFS 

ON FIXED ROOF PETROLEUM LIQUID STORAGE TANKS, 
$ PER Mg ($ PER TON) ' 

Low Medium High 


True Vapor Pressure (kPa) 


(psis) 
No. Turnovers/Year 


Tank Size 


1590 m3 (10,000 bbl) 


crude oil 240 


- "  .(220) 


875'0.m3 (55,000 bbl) 


crude oil 


. . 

23,850 m3 (150,000 bbl) 


gas 

crude oil 




Costs f o r  r e t r o f i t t i n g  e x i s t i n g  f i xed  roof tanks  wi th  
an i n t e r n a l  f l o a t i n g  cover and pre l iminary  seal a r e  presented 
i n  Table 4.5-7. These c o s t s  a r e  f o r  t h e  model s i t u a t i o n s  
descr ibed above f o r  Tables 4.5-6. Cost parameters a r e  a l s o  
given i n  t h e  re fe rence .  

Annual opera t ing  c o s t s  f o r  i n t e r n a l  f l o a t i n g  covers i n  
f i xed  roof tanks  a r e  $28,600 f o r  8,000 ma (50,000 bb l )  c apac i t y ,  
$45,600 f o r  16,000 m a  (100,000 bb l )  capac i ty  and $66,000 f o r  

24,000 m3  (l50,OOO bb l )  capac i ty .  

Estimated i n s t a l l e d  c o s t s  f o r  pantoon f l o a t i n g  roof 

tanks a r e  $176,000 f o r  8000 m3 (50,000 bb l )  c apac i t y ,  $279,000 
f o r  16,000 m3  (100,000 bb l )  capac i ty ,  and $403,000 f o r  24,000 m 3  
(150,000 bb l )  capac i ty .  Annual opexating c o s t s  a r e  es t imated a t  
$25,000 f o r  8,000 m3  (50,000 bb l )  c apac i t y ,  $39,500 f o r  16,000 rn3 
(100,000 bb l )  capac i ty ,  and $57,100 f o r  26,000 m3 (l50,OOO b b l )  
capac i ty .  2 5 Purchase p r i c e s  f o r  double deck tanks  are es t imated 

a t  $56,000 and $70,000 f o r  5,000 and 6,000 m 3  (30,000 and 40,000 

bb l )  capac i ty  tanks .  2 6  I n s t a l l e d  c o s t s  would be somewhat h igher .  



Table 4 . 5 - 7 .  CONTROL COST ESTIMATES FOR MODEL EXISTING FIXED ROOF TANKS 

Control Device I I n t e r n a l  Float ing Roof and Cloaure Seal 
' 15.2 m diameter 

. . 
30.5 m diameter 45.7 m diameter 

F a c i l i t y  S ize  9 .2  m height  
1590 x 10 1 capac i ty  

12.2 m height
8750 x 10 1 capac l tg  

14.6 m h e i  h t  
23,850 x 18 1 capac i ty  

I n s t a l l e d  Capi ta l  Cost ($OOO):a 15.0 

Annual Operating and Maintenance 
Cost ($000) : b 

. : 
0.9 

1 3  
cn 
I;, Annualized Capi ta l  Charges ($000) r 2.1 

Tota l  Annual Control System Cost 
(not insluding petroleum c r e d i t s )  
($000) : 

3 .0  

aPledfan i n s t a l l e d  cos ts  of r e t r o f i t t i n g  i n t e r n a l  f l o a t i n g  roofe  and c losure  s e a l s  on ex i s t i ng  f ixed  roof 
tanks per  re ferences  5 , 6 , 7 ,  and 8;  does not  include the  c o s t s  of c leaning and degassing tanks,  co r r ec t ion  
of tank defects and l o s s  o f  use  of tanks during r e t r o f i t .  

. 

. 

. 

. 

b ~ e rEPA est imate.  

' ~ a ~ i t a lrecovery c o s t s  (using c a p i t a l  recovery f a c t o r  with 10X annual i n t e r e s t  r a t e  and 40 year i n t e r n a l  
floa~ingroof  l i f e )  p lus  4% of i n s t a l l e d  c a p i t a l  c o s t  f o r  property taxes,  insurance, and administrat ion.  

d~ulnof annual opereling and maintenance c o s t  p lus  annualized c a p i t a l  charges; b u t ,  
petrolcum c r e d i t s  (savings) .  

does nor include 



There are no secondary pollutant problems associated 

with utilizing the contrcl techniques presented in this section. 

Preventing volatile organic emissions to the atmosphere is con- 

sidered a positive environmental impact. 
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4 . 6  Petroleum Transportation and Marketing Systems 


Figure 4.6-1shows the operations involved ic t h e  

transportation and marketing of petroleum liquids. Each oper -

ation represents a potential source of evaporative organic 

emissions. Crude oil is transported from produczion operations 


to the refinery via tankers, barges, tank cars, tank trucks, 

and pipelines. Refined petroleum products are conveyed to fuel 


marketing terminals and petrochemical industries in t h e  same 

manner. From the fuel marketing terminals the fuels are deliv- 


ered via tank trucks to service stations, commercial accounts, 


and local bulk storage plants. The final destination for gaso-

line is normally a motor vehicle gasoline tank. A similar disi " . - -

txibution path may also be developed for fuel oils and other ' 
petroleum products. 


This section presents the emissions and zvailable 


control technology for the four major transportation and mar-

keting systems: pipelines, ship and barge terminals, tank 


truck and rail car terminals, and gasoline service stations. 

Only the loading and unloading sources associated with these 

emissions are discussed in this section. The storage emissibns 

associated with each of these systems are dicusssed in Section 


4.5 on Storage Tanks. 


.PSpelines 


The two primary sources of organic emissions frcc 

transportation by pipeline are compressor stacion engines 


and fugitive pipeline emissions. Sources of fugicive enis-
sions and their control have been discussed in SeccLon 6.: .  



T A M  CAR 
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OTHER MOTOR 
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Figure 4.6-1. Flowsheet of petroleum production, refining, and distribution systems. 

(Sources of organic evaporative emissions are indicated by vertical arrows. 




Compressor stations are employed to maintain the flow 


of petroleum fluids through long distance pipelines. Often 


the large pumps and compressors used in these compressor sta- 


tions are driven by natural gas internal combustion engines. 

The natural gas used by these engines may be tapped from the 


pipeline or supplied by external sources. 


The exhaust gases from internal combustion engines 


contain significant quantities of unburned hydrocarbons and 

organic products of incomplete combustion. Average measured 

hydrocarbon emissions from natural gas-fired internal combus- 

tion engines are 22 g/m3 (1.4 lb/103 ft3) fuel burned. Average 

aldehyde emissions are 1.6 g/m3 (0.1 lb/103 ft3) of fuel burned. 


A large portion of the hydrocarbon emissions from natural gas- 


fired internal combustion engines consists of metha>e, a hydro--' 


carbon of low photochemical reactivity.'9zp3 


Hydrocarbon and organic emissions from internal com- 


bustion engines can be controlled using technology developed 


for automobile exhaust emissions. The least expensive control 


technique is carburetion adjustment to achieve more efficient 


fuel combustion. Improved conbustion efficiency results in 


the conversion 0-f more fuel to C02 and H20 thereby reducing 

the level of -tm:bwrned fuel in the exhaust. Internal corhus- 


tion engine exhaust can also be routed through catslytic con- 


verters which oxidize hydrocarbon and organic compcnenEs to 


C O 2  and H20. Catalytic converters are considered very expen-

sLve. for this application and have not been applied co  ;;Lpe-

line compressors. Emission characteristics, contrcl technol-

ogy costs, energy requirements, and environmental impac~s are 


further discussed in Section 4.13.2,Staticnary Internal Con-

bustion Sources. 




The current trend i s  towards decreased use of i n t e r -

nal combustion engines. Low r e l i a b i l i t i e s  and increasing prob- 

lems with the cost and a v a i l a b i l i t y  of na tura l  gas have decreased 
the use of in te rna l  combastion engines i n  recent years,  and made 

the use of e l e c t r i c  motors more favorable. 4 

4 . 6 . 2  Ship and Barge Terminals 

Marine terminals a re  generally located a t  the end of 
pipelines or adjacent t o  r e f ine r i e s  and chemical plants .  
Equipment located a t  marine terminals includes storage tanks, 

pumps, valves, and loading arms and hoses, The four major 

sources of hydrocarbon and organic emissions from marine t e r -  
minals a re  storage tanks,  leaks,  loading operations,  and bal-  

l a s t i n g  operations. Emissions from storage tanks a re  discussed 
i n  Section 4 .5 ,  and emissions from leaks a re  discussed i n  

Section 4.1.  

4 .6 .2 .1  Emissions from Loading Operations 

Ship and barge loading i s  the l a r g e s t  source of emis-

sions, from .marine terminal operations. Loading losses  occur a s  

hydrocarbon and organic vapors ' i n  empty cargo tanks a r e  dis-  
placed t o  the atmosphere by thesl iquid loaded i n t o  the cargo 

tank. ' The'vapors displaced f ~ m *the  cargo tanks a re  a~composite 

of 1)  vapors formed i n  the  empty tank by evaporatiotl of residual  

product from the previous haul , -  2 )  vapors generated i n  the tank 
as new product i s  loaded, and 3)  vapors i n  the ul lage p r io r  to  

discharging cargo. The quantity of hydrocarbon and organic 

losses from marine loading operations i s ,  therefore,  a function 

of the following parameters:= 

1. physical and chemical cha rac te r i s t i c s  . 
of the previous cargo 



2 .  method of unloading the previous cargo 

3 .  operations during the transport of the 
empty vessel to the loading terminal 

(i.e., purging, cleaning, inerting, etc.) 


4. method of loading the new cargo 
5. physical and chemical characteristics 


of the new cargo. 


The standard method of loading ships and barges is 

bottom loading (Figure 4.6-2). In the bottom loading method, 

the fill pipe enters the vessel tank from the bottom. During 


the major portion of the loading operation the fill pipe is 
below the liquid level, thereby reducing liquid turbulence and 

vapor-liquid contacting. Vapor emissions are significantly . . 
lower than those produced-by splash loading. 


... . 

The cruise history of a cargo carrier is another impor- 

tant factor in loading iosses. Emissions are generally lowest 


. when the cargo tanks are free from vapors prior to loading. Clean 
cargo tanks normally result from either carrying a non-volatile 

liquid such as heavy fuel oil in the previous haul, or from 

cleaning or ventilating the empty cargo tank prior to loading 
operations. 


Andther.cruise history factor affecting tanker emissions 
 , ,  

is the ballasting of cargo tanks. Ballasting is discussed in the 

following section. The ballasting of cargo tanks reduces the 

quantity of vapor returning in the empty tanker, thereby reducing . .  

the quantity of vapors emitted during subsequent tanker lcading 

operations. 


When the c a r p  tanks are filled, the p r e s s u r e / v a c ~ m  

valve (P/V) is opened. Organic vapors are vented chrsugn :5e 

open ?/V valve at mast head level and/or through t h e  i l l l a g e  
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Figure 4.6-2. Emissions from uncontrolled vessel loading. 
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hatch at deck level. This practice varies depending on corpor- 


ate safety policies. 


Emissions from loading volatile liquids onto ma,:--ne 

vessels can be estimated within 30 percent using the followtng 

expression: 


SPM
L L = K  


where : 

LL = loading loss, kg/m3 of liquid loaded (lb/103 gal) 
K = constant, 12.04 x kg-mole "K/Pa m3 (12.46 

lb-mole "Rjpsia lo3 gal) 
M = molecular weight of vapors, kg/kg-mole (Ib/lb-mole) 

P = true vapor pressure of liquid loaded, Pa (psia). 

T = bulk temperature of liquid loaded, OK (OR) 

S = a saturation factor 

The saturation factor (S) represents the expelled vapor' s frac- 

tional approach to saturation and accounts for the variations 


observed in emission rates for different loading methods. The 


suggested saturation factor for loading ships is 0.2 acd for 

loading barges is 0.5.6 


Recent studies conducted by EPA, State Air Control 

Agencies, WOGA, API, and individual oil companies on gasoline 

loading losses from ships and barges have led to the development 


of more accurate eaission factors for these specific loading op- 


erations. These factors are presented 5n Table 4.6-1 and shou ld  

be used instead of the above equation for gasoline loading oTera-

tLons ac marine terminals. Data on losses from crude narLne 




TABLE 4.6-1. EMISSION FACTORS FOR GASOLINE LOADING ON SHIPS AND BARGES' 


Iiydrocarbon Emission ~ a c t o r s ~  
Vessel Tank Condition Ships Ocean Barges Barges 

Range Averagr! Range Average Range Average 

b
Cleaned and Vapor Free 

lb/10' pl transferred 0 t o  2.3 1.0 0 t o  3 1.3 c 1.2 

kg/ 10' l i t e r  t ransferred 0 t o  0.28 0.12 0 t o  0.36 0.16 0.14 

Ballasted 

l b / l o 3  g a l  t ransferred 0.4 t o  3 1.6 0.5 t o  3 2.1 

kg/lO' l i t e r  t r a w f e r r e d  0.05 t o  6.36 0.19 0.06 t o  0.36 0.25 

Uncleaned - dedicated' aervice 

1b/los g a l  t ransferred 0.4 t o  4 2.4 0.5 t o  5 3.3 1.4 t o  9 4.0 

kg/lo3 l i t e r  t ransferred 0.05 t o  0.48 0.29 0.06 t o  0.60 0.40 0.17 t o  1.08 0.48 

Average cargo tank condition 

lb /10 '  gal t ransferred c 1.4 c c c 4.0 

kg/107 l i t e r  t ransferred 0. 17 0.48 

a. emission fac tors  a re  rated B t  good 

b. Or pr ior  low vapor pressure cargo 

c .  These values a r e  not ava i lab le  

d .  Barges a r e  not normally bal lasted 



loading is available from Western Oil and Gas Association. 

.. 

4.6.2.2 Emissions from Ballasting Operations 


Non-segregated ballasting operations are the second 


largest source of organic emissions from marine terminals. Cargo 


tanks on large tankers are often filled with water after cargo is 


unloaded. The ballast water improves the stability of the empty 


tanker on rough seas. Ballasting emissions occur as organics- 


laden air in the empty cargo tank is displaced to the atxosphere 


by ballast water. However when separate segregated ballast tanks 


are employed to store ballast water, there are no ballasting 


emissions. 


The quantity of hydrocarbon and organic losses from 

tanker ballasting operat$ons is, therefore, a function of the 

physical and chemical characteristics of the unloaded cargo, 

the unloading method used, ambient conditions, and the quantity 


of ballast taken onboard. Although ballasting practices vary, 

indfvidual cargo tanks are ballasted 80 to 100% and the total 


vessel is ballasted between 20% and 40% of capacity. Ballasting 

emissions from gasoline and crude oil tvlkers are approxhately 


0.09 kg/103 liter (0.8lb/103 gal) rota-1 capacity and 0.07kg/ 


lo3 liter (0.6 lb/103 gal) total capacity, respectively. These 

estimates are for motor gasolines and medium volatiliry crudes 
. 
with Reid vapor pressures of about 35 kPa (5 A measure-
ment program being conducted by eight oil cornpantes and known 
as The 8-31 Marhe Emissions Study will soon provide data that 

may supercede these estinates. 




4 . 6 . 2 . 3  Marine T e q i n a l  Control Technology9 

Control measures for  reducing marine terminal emis- 

sions include a l t e rna te  loading and unloading procedures and 

vapor recovery equipment. Data on these control techniques i s  

l imited and much of i t  has not been ve r i f i ed .  

Procedural changes which reduce the emissions from 

loading and ba l l a s t ing  operations are  not well documented. I n i -
t i a l  investigations indicate  tha t  vapor freeing bal lasted and 

empty cargo tanks a t  sea can potent ia l ly  reduce tanker loading 

losses from 50 percent t o  60 percent. Cleaning i s  not considered 

an avai lable  control measure fo r  barges. ' '  

Limited addi t ional  emission reductions may be achieved 

by employing slow i n i t i a l  loading, f a s t  bulk loading and slow 

f i n a l  loadlng. Slow i n i t i a l  loading reduces the  turbulence 

caused during the  flow of l iquids  i n t o  the bottom of empty cargo 

tanks. The evaporation of v o l a t i l e  l iquids  i s  reduced under 

conditions of low turbulence. After the  opening of the i n l e t  

pipe i s  covered with product, the  cargo tank should be f i l l e d  

rapidly t o  reduce the tank f i l l i n g  time and consequently reduce 

the time avai lable  f o r  addi t ional  vapor formation. The f i n a l  

f i l l i n g  r a t e  shauld again be slow t o  reduce vapor turbulence in  

the v i c i n i t y  o f  the  ullage hatch as  the  l iquid  leve l  approaches 
the top. It is estimated t h a t  changes i n  loading procedures 

would reduce loading losses from 6 0  t o  80 percent." These r e -  
ductions have not been ve r i f i ed  with actual  operating data .  

Procedural changes f o r  reducing ba l l a s t ing  emissions 

include quick unloading of cargo, careful  s t r ipping  of residual  

product from the empty tank bottom, and prompt p a r t i a l  ba l l a s t ing .  

Although p a r t i a l  ba l l a s t ing  allows sloshing and provides insuf-

f i c i e n t  s t a b i l i t y  i n  rough seas ,  addi t tonal  b a l l a s t  can be taken 



on ou t  of po r t  where b a l l a s t i n g  emissions a r e  o f  l e s s  concern. 
% Estimates of  t h e  con t ro l  e f f i c i ency  o f  procedura l  changes i n  

b a l l a s t i n g  opera t ions  a r e  unava i l ab le .12  

Theo re t i c a l l y ,  one o f  t h e  most e f f e c t i v e  c o n t r o l  nea- 
sures  f o r  reducing loading and b a l l a s t i n g  emissions would be the  

app l i c a t i on  of a vapor recovery system a s  shown i n  Figures 4.6-3 

and 4 . 6 - 4 .  However, no con t ro l s  a r e  c u r r e n t l y  being app l ied  on 

gaso l ine  o r  crude o i l  marine t e rmina l s .  A marine terminal  vapor 

recovery system would inc lude  p ip ing which c o l l e c t s  vapors from 

each cargo tank and conveys them t o  an onshore vapor con t ro l  

uni t .  Theo re t i c a l l y ,  t h e  vapor con t ro l  un i t  would e i t h e r  i n c i n -  
e r a t e  t h e  vapors o r  recover them by r e f r i g e r a t i o n ,  compression, . - 
adsorpt ion ,  o r  absorpt ion .  The p ro j ec t ed  e f f i c i e n c y  o f  va2or. 

.. . 
con t ro l  u n i t s ,  i s  90+ percen t .  l 3  

4 . 6 . 2 . 4  Energy, Cost ,  and .Environmental Impact of Controls  

The procedural  changes mentioned above a r e  very new 

ideas .  For t h i s  reason and because of the  very n a t u r e  of t he  

con t ro l  technology, c o s t s  and energy c o n s i d e r a ~ i o n s  a r e  d i f f i c u l t  ' 

t o  de f ine .  Cap i ta l  c o s t s  involved would- be minimal ; however, 
the re  would be an assoc ia ted  inc rease  i n  opera t ing  c o s t s .  

Projec ted  i n s t a l l e d  c a p i t a l  c o s t  e s t imates  f o r  shore-  

s i d e  vapor recovery u n i t s  i n  a marine t e r a i n a l  range from $100.000 

t o  $2,000,000 p e r  1600 m 3  (10,000 b b l ) / h r  loading capac i ty .  The 
average p ro jec ted  c a p i t a l  co s t  i s  $1,000,000 per  1600 m 3  (10,000 

b b l ) / h r  loading capac i ty .  The average p ro j ec t ed  C O S C  f o r  s h i p  
m c d i f i c a t i m  i s  $0.35 m i l l i o n  p e r  s h i p ,  and the average p ro j ec t ed  

cos t  f o r  barge modif ica t ion  i s  $ 6 7 , 0 0 0  pe r  barge.  Average annual 
projec ted  opera t ing  cos t s  for shores ide  vapor recmery sysCems 

a r e  $15 p e r  1 5 9  m3 (1090 bar re l s )  t r a n s f e r r e d .  ; 4 
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Figure 4.6-3. 'Ship-side vapor collection system. 
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Figure 4 . 6 - 4 .  Typical Application of Vapor Collection System For 
Reduction of Marine Terminal Loading Emissions. 




Condensing type vapor recovery uni t s  generate a minor 

purge stream of water which i s  condensed with the hydrocarbon 

vapors. This o i ly  water i s  a small volume waste streain which 

can be piped t o  the r e f ine ry ' s  waste water treatment p lan t .  

4 . 6 . 3  Tank Truck and Rail Car Terminals and Bulk P lan t s1 '  

Tank truck and r a i l  car terminals fo r  the loading and 

unloading of- crude o i l ,  petroleum products, and organic chemi- 
ca ls  a re  located a t  the end of pipel ines  or  near r e f i n e r i e s ,  
marine terminals, and chemical p lants .  Bulk plants  a re  secondary 

d is t r ibut ion  f a c i l i t i e s  receiving product by tank truck and d i s -

t r ibu t ing  i t  by smaller tank t rucks.  Equipment located a t  tank 

truck and r a i l  car  terminals and bulk plants  include storage 

tanks, pumps, valves,  and loading arms and hoses. The two major 

sources of hydrocarbon and organic chemical emissions from tank 
truck terminals, r a i l  car  terminals,  and bulk plants  are  storage 

tanks and loading operations. Emissions from storage tanks are  

discussed i n  Section 4.5.  

4.6.3.1 Emissions fromLoading Operations 

Loading operations a re  a very s igni f icant  source of 
emissions from tank truck and r a i l  car  terminals and bulk p lants .  

The mechanisms of vapor generation and the  fac tors  a f fec t ing  loss  

r a t e  a re  the  same as those described f o r  marine terminal loading 
operations.  

Methods of loading cargo ca r r i e r s  a re  shown i n  Figure 

4.6-5. In  the splash loading method, the f i l l  pipe dispensing 
the  cargo i s  only p a r t i a l l y  lowered in to  the  cargo tank. Signi-

f i c a n t  turbulence and a i r - l iquid  contacting occurs during splash 
loading, r e su l t ing  i n  high l eve l s  of vapor generation and loss .  

I f  the  turbulence i s  high enough, l iquid  droplets w i l l  be en-
trained i n  the  vented vapors. 
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Figure 4 . 6 - 5 .  Three Methods of Loading Cargo Carriers 



A s e c o ~ dmethod of loading i s  submerged loading.  The 

two types of submerged loading a r e  t h e  submerged f i l l  p ipe  

method and t he  bottom loading method. I n  the  submerged f i l l  
pipe method, t h e  f i l l  p ipe  descends almost t~ t h e  bottom of 

t h e  cargo tank.  I n  t h e  bottom loading method, t h e  f l l l  pipe 

e n t e r s  t h e  cargo tank from t h e  bottom. During the  major por- 
t i o n  of  both submerged loading methods, t h e  f i l l  p ipe  opening 

i s  below t h e  l i q u i d  l e v e l .  The submerged ioading method s i g -  
n i f i c a n t i y  reduces l i q u i d  turbulence and a i r - l i q u i d  con tac t .  

Submerged loading produces lower vapor l o s se s  than sp lash  load ing .  

A cargo c a r r i e r  i n  "dedicated gaso l ine  se rv ice"  t r a n s -

p o r t s  only gaso l ine .  Tanks a r e  no t  cleaned o r  vented between 
t r i p s .  An empty cargo tank i n  dedica ted  gaso l ine  s e r v i c e  r e t a i n s  

a s i g n i f i c a n t  c o m e n t r a t i o n  of  vapors generated by evapora t ion  

of  r e s i d u a l  gaso l ine  product .  These r e s i d u a l  vapors a r e  expel led  
along wi th  newly generated vapors during t h e  subsequent loading 

opera t ion .  

Another type  of  cargo c a r r i e r  i s  one i n  "dedicated 

gaso l ine  balance service" .  Cargo carriers i n  dedica ted  gaso l ine  
balance s e r v i c e  p ick  up vapors d i sp laced  during unloading oper-  

a t i o n s  and t r an spo r t  t he se  .vapors i n  t h e  cargo tanks  back t o  t h e  

loading t e rmina l .  Figure 4.6-6 shows a tank t ruck  i n  dedica ted  
gaso l ine  balance s e r v i c e  unloading gaso l ine  t o  an underground 

s e r v i c e  s t a t i o n  tank.  The tank t r uck  5s s imultaneously being 

f i l l e d  wi th  d i sp laced  ga so l i ne  vapors t o  be re tu rned  t o  t h e  

t ruck loading t e rmina l .  The vapors i n  a cargo c a r r i e r  i n  dedi-  
ca ted  gaso l ine  balance s e r v i c e  approach s a t u r a t i o n  wi th  hydro- 

carbons o r  organic  compounds. 

Emissions from load ing  tank t rucks  and ra i l  c a r s  can 
be es t imated  w i th in  30 pe rcen t  us ing t h e  equation presented  i n  

Sect ion  4 .6 .2 .1 .  Table 4.6-2 l i s t s  suggested s a t u r a t i o n  f a c t o r s  
f o r  tank t r uck  and r a i l  c a r  loading.  The emission f a c t o r  f o r  



FlGUiiE 4.6-6 TANKTRUCK UNLOADING INTO AN UNDERGROUND 
SERVICE STATION STORAGE TAN!<. TANKTilUCK 
IS PRACflCING VAPOR BALANCE FORM OF 
VAPOR CONT2OL, 



- -- 

TABLE 4 . 6 - 2 .  S FACTORS FOR CALCULATING TANK TRUCK 

AND RAIL CAR LOADING LOSSES1 

Cargo Carrier Mode of Operation S Factor 

Tank Trucks and Tank Cars Submerged loading of a clean 0.50 
cargo tank 

Splash loading of a clean 1.45 
cargo tank 

Submerged loading : normal 0.60 
dedicated gasoline service 

Splash loading:' normal 1.45 
dedicated gasoline service 

Submerged loading: ded3ca- 1.00 
ted gasoline balance service 

Splash loading: dedicated 1.00 
. " 

gasoline balance sipkvice 

ilEnission factors are rated A :  excellent 



hydrocarbon emissions generated during submerged fill (top or 


bottom) gasoline loading operations is 600 mg hydrocarbons emitted 

per liter of gasoline loaded ( 5  lb/103 gal). This figure repre- 

sents 40-50% hydrocarbon saturation of the air in the tank trucks.' 

4 . 6 . 3 . 2  Control Technology 

Emission control technology for tank truck and rail 

car loading includes the use of modified loading techniques, 


vapor recovery units, and the balance system. A 40 to 60 per-

cent reduction in emissions can be achieved by the conversion 


of loading procedures from splash loading to bottom loading.le 

.I 

T h i s  conversion requires moderate piping modificaelons ro both 
the cargo ,carrier and the loading rack. 


.- . . ... 
_ I . 

If battom loading is practiced in conjunction with the 

application of a vapor recovery system, the emissions from tank 

truck and rail car loading operations can be reduced 90 to 98 

percent. A tank truck terminal vapor recovery system is pre-

sented in Figure 4.6-7. In a properly operating vapor recovery 

system, vapors displaced from the cargo tanks during product 


loading are collected in a vapor header on the cargo carrier 

and conveyed to a vapor recovery unit: Through processes such 

as refrigeration, condensation, compression, or absorption, the 


vapors are recovered as liquid product. Occasionally incinera- 
-. 
tion and catalytic combustion systems are used to dispose of 


loading vapors. 


The vapor balance system is an additional vapor con- 

trol technique applicable only to facilities such as bulk glarzts  

which also receive their products by tank or rail car. In the 

vapor balance system, vapors dLsplaced from the cargo tanks 


during product loading are collected in a vapor header on :he 






cargo carrier and conveyed to a vapor recovery unit. The recov- 

ered liquid product is returned to storage. This "balznced " ex-

change occurs because the volume of displaced vapors is approxi- 
mately equal to the volume of liquid cargo transferred. When a 

cargo carrier arrives to refill the terminal storage tanks, it 

in turn applies the balance system, and exchanges vapors from 
the storage tank for unloaded cargo. The control efficiency of 

the balance system has been demonstrated to range from 90 to 100 
percent.19 

4.6.3.3 Energy, Cost, and Environmental Impact of Controls ,.,. .
* .. 

. . The estimated costs associated with the control nethods 
discussed in the previous section arel'listed in Table 4.6-3. A 
comparison o-f vapor recoocry systems to therinal oxidizers shows 
lower capital c a s t  for the thermal oxidizers. The combustidri 
devices havie' hi'gher operating costs, however, because there are 
no product recovery credits. As fuel..costs increase, disposal 
methods will continue to become even less attractive than re-
covery methods for bulk plants with a high throughput. For 
plants with a low throughput, however, incineration may still be 
the most attractive alterdative. 

Energy requirements for loading modifications are 
minimal. The energy required to operate a vapor recovery unit 
is estimated to be 2 MJ/m3 (2 kWh/103 gal).20 This requirement 
is more than offset by the energy content of the recovered pro-
duct. 

Secondary polhtants resulting from the application 
of these controls are virtually non-existent. If che vapor re-
covery system is a cmdensation unit, a very small vaste water 
stream is generated by condensation of water vapor along with 
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the hydrocarbon vapors. This l iquid  stream must be treated in 
a wastewater treatment plant. 


4 . 6 . 4  Gasoline Service Stations 

Emissions of volatile organics are produced at gaso- 


line service stations from two operations, bulk gasoline drops 
and motor vehicle refueling. Quantities of emissions and con- 

trol methods for each operation are discussed in the following 


sections. Table 4 . 6 - 4  summarizes emission factors for losses 
produced by operations at service stations. 


4 . 6 . 4 . 1  Emission Characteristics 

B U L ~Gasoline Drops 

_ ....' 
A major source of organic vapor emissions is the fiL- 


l i h g  of underground gasoline storage tanks at service stations. 

.Gasoline is delivered to service starions in 4-60m3 (1000-16000 


gal) tank trucks. Emissions are generated when hydrocarbon vapors 

in the underground storage tank are displaced to the atmosphere by . 

gasoline loaded into the tank.. The qdntity of emissions depends 

on several variables including the size and length of the fill 


. pipe, the method of filling, the tank configuration, and gaso- 
line propertLes such as temperature, vapor pressure, and compo- 

sition. An average emission rate for submerged filling is 0.88 
kg/103 liter (7.3 lb/103 gallons) of gasoline transferred. The 

emission rate for splash filling is 1.38 kg/103 liter (11.5  lb/lo3 
gallons) of transferred gasoline. 


Emissions from underground tank filling o?erazLons a c  

service stattons can be reduced by the use of the vapor ba lance  

system illustrated in Figure 4.6-6 and described L z  Section 4 . 6 . 3 . 1 .  .. 



TABLE 4.6-4. ORGANIC VAPOR EMISSIONS FROM 


GASOLINE SERVICE STATION OPERATIONS~~ 


Emission Factors 

Emission Source kg/ lo3  l i t e r  
throughput (:bhk::h$) 

Fi l l ing  Underground Tank 

Submerged f i l l i n g  

Splash f i l l i n g  

Balanced submerged f i l l h g  

Underground Tank Breathing 0.12 (1) 

Vehicle Refueling Operations 

Displacement l o s se s  
(uncontrolled) 

Displacement losses  
(controlled) 



II The control efficiency of the balance system ranges frbm 93 to . 100 percent. Hydrocarbon emissions from underground tank filling 

operations at a service station employing the vapor balance 3ys- 

I 
tem and submerged filling arc not expected to exceed 0.04 kg/103 
liter (0.3 lb/103 gallons) of transferred gasoline. 

I A second source of hydrocarbon emissions from service 
\ 

I stations is underground tank breathing. Breathing losses occur 
t daily due to gasoline evaporation from changes in temperature 

l 
and barometric pressure. (The type of service stacion operarion 

I also has a large impact on breathing losses.) An average breath- 
- ing emission rate is 0.12 kg/103 liter (I lb/103 gallons) through-. 
put. Currently, no controls are being installed on underground 
storage tanks foe the cont ro l  of tank breathing losses. 2 5  , 

Motor Vehicle Refueling 

An additional source of organic vapor emissions at 
service stations is vehicle refueling operations. Vehicle re- 

4 fueling emissions occur from spills and when vapors are dis- 
placed from the automobiLe tank by dispensed gasoline. The 

quantity of displaced vapors is dependent on gasoline tempera- 
ture, auto tank temperature, true vapor pressure of the gasoline, 

and dispsnsing r a t e s .  Although-several correlations have been 

developed to estimate losses due to displaced vapors, significant 

contYoversy exists concerning these correlations. It is esti-

mated that the emissions due to vapors displaced during vehicle 
refueling average 1.08 kg/103 liter (9 lb/103 gallons) of dLs-

.... 
pens'ed gasoline. The quantity of spillage loss .is a func~ion 

of the type of service station, vehicle tank configuration, op- 
erator techni-que , and operation discomfort indices. AR average 

spillage loss is 0.08 kg/103 liter (0- 7  lb/103 gallons) of  dis-
pensed gasoline. 2 6 



Control Technology 

Control methods f o r  t h e  emissions produced by fill in^ 
of  underground s to rage  t anks ,  r e f e r r e d  t o  a s  Stage I c o n t r o l ,  
a r e  s i m i l a r  t o  con t ro l  technology f o r  tank t ruck  and tank c a r  

unloadings a t  bulk s t a t  ions . Sect ion 4 . 6 . 3 . 2  conta ins  informa- 

t i o n  on such systems. Stage I1 con t ro l s  o r  con t ro l  methods f o r  
veh i c l e  r e f u e l i n g  a r e  based on conveying t h e  vapors d isplaced 
from t h e  veh i c l e  f u e l  tank t o  t h e  underground s to rage  tank.  

Figure 4.6-8 shows t h e  hose ,  nozz le ,  and pip ing conf igura t ion  

employed. The t h r ee  types of Stage I1 con t ro l s  a r e  "balance" 

vapor con t ro l  system, "vacuum a s s i s t "  vapor con t ro l  system, and a 
hybrid of  these  two. In  t h e  "balance" system, vapors a r e  con- 

veyed by n a t u r a l  p ressure  d i f f e r e n t i a l s  e s t ab l i shed  during r e -  

f ue l i ng .  A vacuum pump a s s i s t s  t h e  flow of vapors i n  t h e  "vacuum 

a s s i s t "  system. In  t h i s  sytem an add i t i ona l  process ( r e f r i g e r -
a t i o n  o r  adsorpt ion)  may be u t i l i z e d  t o  inc rease  e f f i c i e n c i e s .  

The vapors i n  a hybr id  system a r e  a s s i s t e d  by a means t o  c r e a t e  

a vacuum, u sua l l y  an a s p i r a t o r .  The o v e r a l l  e f f i c i e n c y  o f  vapor 
c o n t r o l  systems f o r  veh i c l e  r e f u e l i n g  emissions is  es t imated t o  

be 88 t o  92 pe rcen t .  '' 

4 . 6 . 4 . 3  Energy, Cas t ,  andEnvisonmenta1 Impact of  Controls  

Average i n s t a l l e d  c o s t s  f o r  r e t r o f i t t i n g  an e x i s t i n g  

s e rv i ce  s t a t i o n  wi th  a vapor balance system a r e  es t imated t o  be 

$6000 f o r  a 120 m-per month (32,000 g a l  pe r  mo,) s t a t i o n .  Vacuuv-

a s s i s t  u n i t s  c o s t  an a d d i t i o n a l  es t imated $7,500. These c o s t s  

a r e  i n  1975 d o l l a r s . 2 e  A study done f o r  API1 in  1973 es t imated 

a co s t  of $2,565 f o r  equipping a t y p i c a l  new s t a t i o n  pumping 

95 m3/mo (25,000 gallmo) wi th  vapor balance systems. However, 
more cur ren t  e s t imates  a r e  probably near  $3,000. The differences 

between r e t r o f i t  and new f a c i l i t y  c o s t s  a r e  l a r g e l y  due t o  con-
c r e t e  and blacktop which must be r a i s e d  and r e p ~ u r e d . ~ '  Operat-

ing  c o s t s  and energy requirements  a r e  minimal ,3 '  and t h e r e  a r e  no 

secondary environments: p o l l u t a n t s  involved.  
292 
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.... ... Figure 4 . 6 - 8 .  Automobile refueling vapor-recovery system. 
.....-.. 
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4.7 Polymers 


Approximately 22 Tg (48 x lo9 lbs) of polymers are 

produced annually for use in plastics, adhesives, foam, and 

other products. Total organic emissions from the U.S. polymer 

industry in 1976 amounted to over 235 Gg (517 x lo6 lbs). Re-

cent legislation should reduce emissions to approximately 154 Gg 


(338 x lo6 lbs) per year.' Organic emissions include monomer, 

processing chemicals, and additives. Many of these compounds, 


such as vinyl chloride and phosgene,, pose severe health hazards, 


while 0ther.s are photochemically reactive. 


As indicated in Table 4.7-1, the three largest volume 

polymers are polyvinyl chloride, polyethylene, and polystyrene. 


- 'The discussion in this section is limited to the productic5n and.... 
fabrication of the three largest volume products. Additional 


process and emission information is available for the polymer 


industry.' 


4.7.1 Manufacturing- Processes 

4.7.1.1 Suspension '~olperizat 
ion 


Suspension~polymerizationis used to manufacture both 


polyvinyl chloride (PVC) and polystyrene. Figure 4.7-1 is a 


simplified Slowsheet for this process. 


In suspension polymerization the monomer (vinyl 

chloride or styrene), comonomer, initiators, catalyst, w a t e r ,  

and suspending agents are mixed in a batch reactor. The reacror 
volume.averages '11,000 to 23,000 liters (3,000-6,000 gallons) . * 
The reactor is lLned with glass or stainless steel and jackered 

to provide steam heat or water cooling. The operatins t e q e r a -

ture is 50°C (120°F) for PVC and 90-130°C (195-265'3 )or 




Dd3.E 4 ,. 7 -1. LARGE VOLUME PRODUCTS O F  THE 

PLASTICS M I D  R E S I N S  INDUSTRY 

1975 1974 
Tg ( b i l l i o n  l b s )  Tg ( b i l l i o n  l b s )  

THERMOPLASTIC RESINS 


polyethylene,  low dens i ty  2.15 (4.74) 2.69 (5.93) 

s t y r e n e  and copolymers 1.82 (4.01) 2.15 (4.74) 

poly ( v i n y l  ch lo r ide )  and copolymers 1.65 (3.64) 2.20 (4.85) 

polyethylene,  high d e n s i t y  

polypropylene and copolymers 

THERMOSETTING RESINS 

phenol ic  and o t h e r  t a r  a c i d s  0.43 (1.05) 0.608 (1.34) 

p o l y e s t e r s  (unsa tu ra ted)  

u rea  r e s i n s  

epoxies  (unmodified) 0.09 (0.20) 0.11 (0.25) 

melamine r e s i n s  





styrene. Polymerization is carried out under continuous agi- 


tation at high pressure (1 MPa or 150 psi for PVC). Batch pro- 

cessing times of approximately 6 hours are required to achieve 

85-90% ~ompletion.~The resultant slurry is transferred to 

a stripper where the residual monomer is separated from the 


polymer by heat and/or vacuum. After condensation the recovered 

monomer is returned to the storage tank. After stripping, the 


polymer is transferred to a blend tank where slurries from 


several different reactors are mixed to insure a uniform product. 


This mixture is then centrifuged, and the wet polymer is dried 


in a hot-air rotary dryer.6 The dried polymer particles are 


finally collected, bagged, and sent to product storage. 


4.7.1.2 Emulsion Polymerization 

% - =  

The emulsion polymerization process is very similar 


to the suspension polymerization process and is also used to pro- 

duce PVC and polystyrene. Figure 4.7-2 is a simplified flow- 


sheet for the process. The major difference is that the emulsion 


process produces both liquid latex and dried resin products. 

Resin particles from emulsion polymerization are smaller, but 

the polymer is of higher molecular weight. For dried resin, a 

apray dryer is used instead of a rotary dryer to insure a uni-


/ 

formly small particle size. 


4.7.1.3 Mass Addition Polymerization 


Mass addition polymerization is used to produce 


polystyrene and PVC. Both multistage batch operations and 

continuous processes are employed. A simplified flowsheet is 

shown in Figure 4.7-3 for a two-step process. Batch operations 


produce seed polymer in a pre-polymerization reactor (pre-po) 

from liquid monomer and very active initiators. No water is 


, added. The reaction is carried out at 40-70°C (104-158°F) 







and 0.48-1.2 MPa (70-170 psi)' for PVC and 90-200°C (195-390°F) 

for polystyrene.' Monomer conversion is only 7-12%. In the 

second step the slurry is transferred to a larger horizontal 

reactor (autoclave) where monomer and initiator are added. The 

reaction temperature and pressure are similar to those in the pre- 

polymerization reactor, but agitation is much stronger. After 


the polymerization reaction is 85 to 90 percent complete, the 

slurry is stripped of remaining monomer, screened, and bagged. 


No drying step is necessary, since water is not used in the 


process. The mass addition autoclave must be cleaned after 

every batch, but the pre-po does not require frequent cleaning. 


4.7.1.4 High Pressure Mass Addition 

:. 

. - .  
High pressur&&s addition is used exclusively to 
.. - . 

... prb.dnce 1ow*-daasity pol&thyle~e. A &ry simplified flowsheet.--

of the process is found in Figure 4.7-4. Ethylene, initiator. 

and other additives are combined in a kettle 'or tubular-type 

high pressure reactor. Reaction temperatures may reach 350°C 


(598.F) . The reactions are carried out at very high pressures, 

0.1-0.3 GPa (l5,OQO-4S,OOO psi). 

After polymerization, the ethylene-polyethylene mix- 

ture is treated in a flash tank where solid resin is separated 

from the raw marerial. Ethylene vapors are purified and recycled 

as reactor feed. Tars, waxes, and oils are also separated and 

sent to- disposal. The solid polyethylene is then extruded and 


devolatilized. Finally, it is pelletized and packaged for 

marketing. 





4.7.1.5 Solution Polymerization 


This manufacturing process is used to produce poly- 

styrene, polyethylene, and small amounts of PVC and its co-polyme 

polyvinyl acetate. Figure 4.7-5 is a simplified flow sheet of th 

process. The reactor is charged with the co-monomer and a sol- 


vent, usually n-butane for PVC and ethylbenzene or toluene for 

polystyrene. After heating to 40°C (104"F), polymerization be- 

gins and the resin precipitates.1° Slurry is drawn off and 


filtered, and the resin is dried by flash evaporation. The 


. resin is very pure because emulsifiers and additives are not ..'' ' 

. . . required. Solvent is recovered from the evaporator and the 

drying and devolatizing steps. Recovered solvent is recycled.. 

- a - -. 

The particle form process (Phillips Particle Forin 

Polymerization Process) is used mainly to produce high density 

polyethylene in a continuous process. Figure 4.7-6 is a flow 
- - diagram for the process. The reaction is carried out in stirred 

or loop-type reactors. The monomer and co-monomer are pretreated 
. . to remove catalyst poisons such as CO, 02, and H20. Raw material: 

are dissolved in pentane or cyclohexane before addition to the 
.reactor.. An activated catalyst is also added. The polyineriza- 

t i m  reaction occurs at around 140°C (220°F) and 3 m a  ( 4 5 0 .  psi) 

Slurry from the reactor is treated in a flash drum 
where solvent, ethylene, waxes, and light gases are rernoved. 
Both solvent and ethylene are recycled after puriiication. The 

catalyst remains in the resin. The purified polymer is dried, 

extruded, pelletized, and packaged. 







Process Emissions 


4.7.2.1 Polyvinyl Chloride 


The three msin processes for commerical polymerization 


of PVC are: 1) suspension process (78%), 2) emulsion process 

(13%) and 3) mass addition process (6%). A small amount of PVC 


is produced by the solution process (3%). 


Vinyl chloride monomer (VCM) emissions from all the 

polymerization processes are listed in Table 4.7-2. Because the 

suspension and emulsion processes are similar, emission sources 

are virtually the same. Emission rates are comparable except 


that fhe residual VCM in the emulsion arocess spray drying 

causes higher VCM emissions than the suspension process spray 

drying. The spray dryer may emit up to 85% of the total emis- 

sions from emulsion polymerizatioi. ' 

One source estimateq that 12 to 46 percent of total 

VCM suspension process emissions come from fugitive sources, 35% 

from process vents (dryer, mir conveyor, storage bin, and cen- 


trifuge), and 11% from blend tanks.14' The data for fugitive 


emissions include losses' incurred from the following operations: 


1) loading, unloading, sampling and itorage of VCM, -2 )  leaks from 
pumps, compressors, valves, and agitators, 3) pipe and equipment 

flanges and manhole cover seals, 4)  opening equipment for 

inspection and maintenance, 5) sampling for laboratory analysis, 

6) VCM dissolved in process water exposed to the atmosphere, 


and 7) manual venting of equipment.17 


VCM emissions occur each time the reactor is opened 


for cleaning. Scale on the walls of the reactor must be manually 


removed every 1-3 days for suspension or emulsion processes and 
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TABLE 4 . 7 - 2 .  VINYL CHLORIDE MONOMER EMISSION FROM PVC PRODUCTION 
(kg/lOO kg PVC, l b f 1 0 0  l b  PVC,) a,b,is,i6 

Emu 1si o n  Suspens ion  Mass A d d i t  i on  S o l u t i o n  
Source  Po lymer i zo t  i on  P o l y m e r i z a t i o n  P o l y m e r i z a t i o n  Po lymer i za t i on  

- - - - - - - - - - - ------ -- -- -- - .. - - - - ---

F u g i t i v e  Emiss ions  - T o t a l  1 . 1 3  1 .50  0.48 0.03 

r e a c t i o n  -- 0.09" -- - - P o l y r n e ~ ~ i z a t i u n  

Pol yincr i s o l a t i o n  -- 1 . 1 2 ~  -- --

V e n t i n g  1 ,usses: 

S t r i p p e r  
W 
o Ilonolner Recuvcry 
'Q 

B l e n d  Tanks 

C e n t r i f u g e  

Collector Losses: 

Dryer exhat ts t  

S i l o  s t o r a g e  

Ragging 

I3u I k Imad l ug 

Process \J,iLer 

aEtnissi.on d a t a  from r e f e r e n c e  1 6 ,  a l l  o t h e r  d a t a  are from , r e f e rence  15. 

b ~ a l i s s i a n  f a c t o r s  were d e r i v e d  by EPA by a v e r a g i n g  emission factors g iven  by i n d i v i d u a l  
I'VC p roducers  i n  r e sponse  t o  a May 3 0 ,  1974,  reque 's t  for i n fo rma t ion  made by OAQPS un-
d e r  a u t h o r i t y  of  S e c t i o n  114 o f  t h e  Clean A i r  Act .  



after every batch in mass addition processes. Most VCM is re- 

moved by vacuum evacuation but residual gases are released to the 

atmosphere during purging with steam or air when the reactor is 

opened.l 8  


The reactor safety valve vents produce intermittant 

emissions of 5 to 15 minutes duration. Safety vent gases can 

have very high concentrations of VCM. These losses occur when 

the polymerization reaction "runs away" due to equipment failure, 

power failure, or operator error. The reactor must be vented to 

prevent damage from over-pressuring. Emissions from this source 

can vary from 0.04-0.4 kg VCM/100 kg PVC (0.04-0.4 lb VCM/100 lb 

PVC) . ' 

Organics are also released at vents on the stripper, 

blend tank, centrifuge, and dryer. Emissions from the product 

collection and holding bins and bagging operations are in the 

form of VCM and particulate PVC. VCM evaporates from centrifuge 

and cleaning waters when they are exposed to the atmosphere. 


When a gasholder and scrubbing system is used to con- 

trol reactor emissions, the composition of the vented. organic 

vapors is changed. Table 4.7-3 lists typical composition of 

the residue gas after absorption scrubbing. 


TABLE 4.7-3. STACK GAS COl!POSITLON AFTER ABSORPTION 

OF ORGANIC EKISSIONS~' 


Acetylene 0.000089 , 

Butadiene 0.0014 
Methyl Chloride 0.0014 
Vinyl Chloride 10.0 



-- 

, a ,  4.7.2.2 Polyethylene 

Polyethylene is produced in two forins, high density 


polyethylene (HDPE) and low density polyethylene (LDPE). About 

one-third of total polyethylene production is HDPE. It is manu- 

factured by solution, particle form, and vapor-phase processes. 


However, the particle form process produces more resin than the 

other two methods combined. LDPE is manufactured by high 

pressure mass addition. 


Emissions from the particle form and high pressure 

mass addition processes are summarized in Table 4.7-4. Fugitive 


emissions account for the majority of total process emissions. 


A n  industry-wide surveyz3 reported fugitive losses of solvent 
. ..and monomer to be 3 Gglyear (7 x lo6 lbslyear) for HDPE. Losses 


from solvent recovery, monomer recovery, and polymer stripping 

consist of the light and heavy ends from the purification process. 

Materials handling losses arise from the pneumatic conveying of 

finished and semi- finished polyethylene. Emissions fron all 

sources are primarily ethylene, although in the particle form 

process, some solvent -losses (pentane , cyclahexane) may occur; 

,, 

TABLE'4.7-4.  VOLATILE ORGANIC EMISSIONS FROM THE MANUFACTURE 
OF TWO FOEG OF POLYETHYLENE^ 

.. .. High Density Low Density
Po lye thylene Polyethylene 


g/kg (lb/1000 lb) g/kg (lb/1000 lb) 

Product Product: 


Fugitive 20 10 

Materials Handling 3 5 

Solvent and Monomer Recovery 2 

Polymer Stripping 9 


34 16 



4.7.2.3 Polystyrene 


Most polystyrene (PS) is produced by solution polym- 

erization and suspension polymerization. Smaller amounts are 


produced by emulsion and mass addition polymerization. The 

first process produces a purer resin although the second Fro- 

cess provides a more uniform product. Polystyrene is produced 


as the homopolymer and various copolymers such as ABS, SAN, and 

high impact PS. Figure 4.7-7 shows how these compounds are 

related. 


Crystal Polystyrene + Acrylonitrile + San 
+ + 

... 
Rubber Rubber 


.-+ + 
High Impact 

Polystyrene + Acrylonitrile + ABS 

Figure 4.7-7. Relationships Between Polystyrene 

and its Co-Poly~ners~~ 


Styrene is the main component of gaseous emissions 


from polystyrene production-. PlIonomer loss occurs during feed 

preparation, from reactor venting, and from the solvent re- 
 . 
covery system (see Table 4.7-5). Fugitive emissions are re- 


portedly negligible, probably because the processes are carried 


out at low pressure. 27 Other emissions reported include small 

amounts of pentans and ethyl benzene. 




----  

EMISSIONS FROM POLYSTYRENE PRCDUCTION~TABLE 4.7-5. S T ~ N E  

6Process Suspension Process 

-
g/kg ( lb  1000 lb)  g /kg  ( lb  1000 15) 

Styrene Styrene 

Feed Preparation 

Reactor Vent 

Solvent Recovery 1.84 

Conveying Operat ions -.1 .1-
5 . 9 3  3.44 

-

417.2 .4  Fabrication - ,.and Adhesives Production .. , 

..'. . 
.-. 

Extrusion and Molding 

Emissions from p l a s t i c s  extrusion and molding processes 

are  usually composed of gaseous monomer, addi t ives ,  and solvent.  

The amount of material emitted depends on the p l a s t i c ,  tenpera-

tu re ,  previous processing h is tory ,  and length of storage.  If 
extrusion i s  carr ied out a t  the p o l p e r  production plant, enis-

sion ra t e s  w i l l  be comparable t o  those ra t e s  given e a r l i e r .  

Secondary extrusion and molding ra t e s  w i l l  vary from one process 

and material  to  another. ..-

Adhesives 

Polystyrene and polyvinyl chloride res ins  srz  widely 

used i n  adhesive manufacture. Synthetic adhesives aay Se o f  two 

types,  thermoplastic and thermosetting, although PVC and ?S are  

used oniy  in  the former. Emissions consist  of the solvsnc used 

t o  dissolve the r e s in .  Organic solvents commonly used I n  ad5e-
- 0sives are methylerhyl ketone, roluene, benzene, 2nd n a p t h a . - -

Table 4.7-6 l i s t s  estimated o r g m i c  solvent usa2e for v a r l o c s  ad-

hesive applications.  



TABLE 4.7-6. ESTIMATED ORGANIC SOLVENT USAGE IY ADHESIVES 

APPLICATIONS ' 

Organic Solvent 

Application 

-
(metric tonslyear) 

Flooring, tile, wall covering 11,000 

Other construction 14,000 

Aircraft assembly 900 

Automobile assembly 29,000 

Plywood and veneer 2,003* 

Particle board 1,300* 

Furniture asseably 7,300 

Other wood products 11,800 

Textile products 2,000 

Footwear 7,300 

Pressure sensitive tapes and labels 263,000 

Gummed tapes and labels 5,700 

Packaging laminates 5,800 

Other paper products 14,000 

Glass indulation 13,000 

Abrasive products 5,900 

Printing and publishing 6,300 

Rubber products 21,500 

Tires 1,000 

Other 67,600 


Total 481,400 


*EPA Estimate 


Year 


1973 

1966 

1973 

19 73 


1973 

1973 


1973 

1973 

1973 


1973 

1974 

1-973 

1973 

1973 


1973 

1973 


1973 
 b 

1973 


19 73 

1973, ,'.' \  




4 . 7 . 3  Control Technoloev 

A summary of con t ro l  devices and emission l eve l s  f o r  
polyvinyl  chlor ide  i s  given i n  Table 4.7-7. Applicable con t ro l  

techniques include carbon adsorpt ion,  r e s i n  adsorpt ion,  inc inera -  

t i o n ,  absorpt ion,  refrigeration/condensation, vacuum s t r i p p i n g ,  

and good housekeeping. The cont ro l  of  f u g i t i v e  emissions i s  de- 
sc r ibed  i n  Section 4.1.  A d e t a i l e d  descr ip t ion  can be f o m d  i n  
t h e  Standard Support and Environmental Impact Statement f o r  

Vinyl Chloride , October 1975.3 '  

" - . I. 
. .Sa.fety r e l i e f  valve discharges can be con t ro l led  o r  

prevented by venting t h e  r eac t i on  mixture t o  a g a s h o l d e  l a rge  . '  

., enough t o  hold an e n t i r e  batch of VCM, by i n j e c t i n g  an i n h ~ b i -
tor ("shorts top") t o  prevent polymerizat ion,  f l a r i n g ,  a' coc~Zi3g . 

water j a c k e t ,  o r  a  power back-up system. Losses of  mononer from 

r e a c t o r  c leaning can be reduced by r ec ipe  r e fo rnu la t i on ,  r e -

designing r e a c t o r s ,  o r  applying a coa t ing  t o  t he '  i n t e r i o r  o f  t he  

reac tor  t o  reduce s c a l e  formation. In  new p l zn t s  the  frequency 

of r eac to r  openings can be reduced t o  once every 80-90 b a t c h e s . 3 2  

VCM emissions from process and cleaning waters .can be prevented 
by s t r i pp ing ,  these  waste waters p r i o r  t o  r e l e a s e  i n t o  plar i t  

't reatment ponds. - .  . .. 

. . 
Control devices cur ren t ly  used i n  polyethylene pro- 

duction a r e  f l a r e s  and inc ine ra to r s .  Many of t h e  con t ro l  de-

v ices  used i n  PVC production could a l s o  be appl ied t o  po ly -

e thylene pcoductlon. 

Emissions from polystyrene productLon are controlleci 

by  f l a r i n g  and through refrigeration/condensatlon vapor re-

covery. A l s o ,  i t  i s  pos s ib l e  t o  scrub s ty rene  s torage racks 
using No. 2 fue l  Control techniques described f o r  TVC 

2roduction a r e  app l icab le  t o  polystyrene production vhec =he 

same manufacturing ne thods  a r e  used. 

315 



TABLE 4 . 7 - 7 .  

Emission Scurce 

Fugitive Total 
Transfer Opera- 
t ions: loading 
6 unloading 

Safety r e l i e f  
valve leaks  C 
discharges 

Pumps, compres-
s o r s ,  h ag i t a -
t i o n  s e a l s  

Laboratory 
sampling 

Equipment 
opening 

I n  process 
wastewater 

Leaks at 
f langes ,  s e a l s  

Safety r e l i e f  valve  

Reactor opening 
l o s s e s  

bnomer  recovery 
system 

Slurry  blend tanks 

Centrifuge 

Dryers 

Storage s i l o s  

CONTROL TECHNIQUES FOR VCM EMISSIONS 
FROM PVC PRODUCTION 

Uncontrolled Achievable 
Emission Rate Emission Rate 

kg VCM kg VCM 
100 kg PVC 100 kg PVC 

10 VCM l b  VCM 

(100 l b  PVC) (100 l b  PVC Control Technique 

Purge Lo con t ro l  
device 

Rupture d i sks  
f l a r e  

Double mechanical 
s e a l s  

Purge sample f l a s k s  
back t o  process 

Displace gas to  
con t ro l  device 

S t r i p  VCU 6 vent 
t o  con t ro l  device 

Multipoint f ixed  
6 por table  moni- 
to r ing  devices 

Short s top.  
gasholder 

Displace gas t o  ' 
gashalder 

Bedoce i n e r t s  
Solvent absorber 
Carbon adsorber 

Improved s t r i p p i n g  
Carbon adsorption 
Solvent absorpt ion 
Inciner a t  ion 

Improved s t r i p p i n g  
Carban adsorpt ion 
Solvent absorpt ion 
Inc ine ra t ion  

Improved s t r i p p i n g  
Carbon adsorpt ion 
Inc ine ra t  ion 

Impwved s t r i p p i n g  
Carbon adsorpt ion 
Inc ine ra t ion  
S i l o  s t r i p p i n g  

a ~ o n t r o l  Devicas include solvent  absorbers ,  carbon adsorpt ion,  o r  inc ine ra t ion .  
Each can con t ro l  emissions t o  10  ppm. 



Energy, Cost, and Environmental Impact of Controls 


Energy, cost, and environmental impact of existing 

controls for polymer production are discussed in Sections 4.1 


and 3.0. 
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Paint, Varnish, and Ink Manufacture 


Organic emissions from paint, varnish, and printing 


ink manufacturing and methods of control are described in Sec-

tions 4.8.1 through 4.8.3. 


4.8.1 Paint Manufacture 


Paint is defined as a pigmented liquid that is con- 

verted to a relatively:opaq, solid film after application as a 


thin layer.' Enamels are paints which form an especially smooth 

and glossy film 


.... Paint manufacturing consists of the following 

operations: 


1. Mixing pigment with sufficient vehicle to 


make a paste of proper grinding consistency 


2 .  Grinding the paste on a mill until aggregates 

are broken down 


3 .  Letting down (diluting) the ground paste with 
. . 

t h @  remaining mat-erials 

4. Tinting to required color 


6. Straining, filling, and packaging. 


In some cases the mixing and grinding o p e z i c i o o s  are 

done inone step. Paint manufacturing is still largely a S ~ i c h  


process because o f  t h e  large number of  raw materials and f i 2 i s h e d  



products required. Many of the products must be custom formulated 

and processed. 


4.8.1.1 Emission Characteristics 


Volatile organic emissions from uncontrolled manufac- 


turing equipment average 15 g/kg (30 lbl ton) paint product. From 

the study "Air Pollution Control Engineering and Cost Study of the 

Paint and Varnish industry, " Publication No. EPA-45013-74-031, 
June 1974, an average emission factor of 6 kg/m3 (0.05 lblgal) of 

solvent-based paint was used to calculate a volatile organic emis- 

sion average of 4 glkg (8 lblton) of paint product. The two 


sources of volatile brganic emissions in paint manufacturing are 

grinding and thinning. During grinding, heat is produced which 


causes vaporization of certain ingredients. In the thinning opera- 


tion, vaporization of solvent occurs. Thinning of premixed paint 


pastes to the required consistency for application involves dilu- 

tion with aliphatic or aromatic hydrocarbons, alcohols, ketones, 

esters, and other highly volatile materials.' Because of the vola- 

tility of most thinners, mixing must be done in totally enclosed 

tanks to prevent solvent loss. A small amount of pigment fines is 

emitted from the mixing operation. 


4.18.1.2 Control Technology 


The use of afterburners, condensers and/or absorbers 

can eliminate 99% of the emissions from a source not using these 

controls. One to two percent of the solvent is lost even under 


well controlled conditions. 


4.8.1.3 Cost, Energy, and Environmental Impact of Controls 


The above control methods are discussed in Section 




Varnish Manufacture 


Varnish is an unpigmented surface coating composed of 

resins, oils, thinners, and driers. Varnishes dry by evaporation 

of the solvents and oxidation and polymerization of the remaining 

constituents. Table 4.8-1lists common raw materials used in 

varnish manufacture. 


TABLE 4.8-1. RAW MATERIALS USED IN 
VARNISH MANUFACTURE ' ' 

Oils Resins So lven t s  6 Thinners Dryers 

Linseed O i l  Phenol ics  Turpentine CO, &I-;Pb, & Za . .. 

Soybean O i l  Alkyd Acryla tes  Xylol  Naphthenates 

T a l l  O i l  S i l i c o n e s  Toluol Resinat es 

Ttmg O i l  Epoxies Alcohols Tallates 

Castor O i l  Polyurethanes Aromatic & A l i p h a t i c  L ineo lea tes  

F i sh  O i l  Rosin Naphthas 

Coconut O i l  Copal Dipentine 

O i t i c i a  O i l  Dammsr 

Other O i l s  Manila &..East 'India 
... ..*. 

Y ..... 

Olevresi'nous varnishes are the most common and several 


types are produced. They are all solutions of natural or syn- 

thetic resins in a drying oil and a volatile solvent. Oleo-


resinous varnishes dry by oxidation; oxidation and condensatLon; 

or oxidation, condensation, and polymeri~ation.~ The ocher 


major type of varnish is spirit varnish, which consists of 

' k c 7alcohol solvents plius natural or synthetic resins. LrLL,e o r  

no oil is added to spirit varnish. Shellac is the most ccxii.cn 

spirit varnish. Spiri.t varnishes dry either by evaporaticn or 


by evaporation and polymerization. 




Other important types of varnishes have been developed 


recently. Alkyd resin varnish is a solution of alkyd resin (a 

synthetic polyester co-reacted with a vegetable oilj in a vola-

tile solvent with added drier. Asphalt varnish is a solution 


of asphalt in a volatile solvent. Lithograph varnish is used as 


a vehicle in pigmented lithographing printing ink. 


The steps in varnish manufacturing include cooking, 


thinning, mixing, filtering, storing and aging, testing, and 


packaging. The most important step in this process is cooking. 

The cooking step performs many functions; some of the most 

important ones are: 


Bodying of natural and synthetic oils 


Melting materials to accelerate solubility 


and reaction . 

Esterification of rosin, phthalic anhydride, 


maleic anhydride, or tall oil with a polyhydric 

alcohol such as glycerol or pentaerythritol 


Ismerization to eliminate extreme reactivity 


in some oils during oxidation 


Preparation of alkyd resins 


Distillation and evaporation to remove 


undesirable constituents such as volatiles 


in resins. 




Cooking temperatures in varnish kettles range from 


93 to 340'~ (200 to 650'~) and are usually maintained for 4 to 

16 hours.9 The average batch starts to produce vapors at about 


175'~ (350'~); the rate of vaporization increases with tenpera- 


ture and reaches its maximum shortly after the maximum processing 

temperature is reached. Vapor emission continues as long as 


heating is continued. The vaporization rate decreases afcer the 


maximum is reached. 


Both open and closed kettles are used for cooking va7-


nish, although the trend is toward closed kettles. The open 


kettle is heated over .an open flame. The newer totally enclosed 

kettle is set over or within a totally enclosed source of heat. 

The open kettle allows vaporized material to be emitted to the 

.-. 

atmosphere unless hoods and ventilation systems are provided 

to conduct the vapors to a control device. 


4.8.2.1 Emissions Characteristics 


Organic emissions from varnish manufacture are pro- 


duced from two operarions, cooking and thinning. Table 4 . 8 - 2  

describes emis'sions from these two operations. In addition to 

the air contaminants Listed in Table 4.8-2,sulfur compounds 

such as hydrogen sulfide, butyl mercaptan, thiophene, and ally? 

sulfide are emitted when tall oil is esterified with g i y c e r h e  

- and .pentaerythritol. Tall oil is the third largest volu~e 
. . 

oLL used in paint and varnish production ( 1 9 . 5  Gg or 43 x LO 
'l'bs in 1973).17 



TABLE 4 . 8 - 2 .  EMISSIONS SUMMARY FROM VARNISH MANUFACTURE 


Source Dependent on ' Type of 
~ r n i s s i o n '  

Compounds 
Emit tedI4 '  l 5  

Cooking of Raw Mater ia l s  Low mel t ing Fa t ty  a c i d s  
Varnish Rate of temperature temperature Aldehydes 

a p p l i c a t i o n  c o n s t i t u e n t s  of Water vapor 
Maximum temperature n a t u r a l  gums, Acrolein 

reached s y n t h e t i c  a c i d s  Glycerol  
and r o s i n s .  Acet ic  a c i d  

Formic ac id  

Amount of s t i r r i n g  Thermal decomposi- 
Extent  of a i r  b l w i n g  t i o n  and 
Length of cooking ox ida t ion  products 

Thinning Temperature of V o l a t i l e  th inners  Turpentine 
va rn i sh  Xylol 

Solvent used Ln Toluol 
th inning Alcohols 

Method of a d d i t i o n  Aromatic and 
of s o l v e n t  and a l i p h a t i c  
d r y e r s  naphthas  

Dipent ine  

The cooking operation is the greatest source of emis- 


sions. From 1 to 6 percent of the raw material is emitted dur- 

ing the cooking operation." The type of varnish being produced 


influences not only the quality but also quantity of organic 


emissions from both cooking and thinning. 


Many processes require the addition of solvents and 


thinners during the cooking process. Because the temperature of 


the cooker is near the boiling point, solvent loss to the atmos- 

phere may be considerable, especially if open kettles are used. 

More solvent is vaporized if a small amount of cold solvent is 

added to a large volume of hot varnish than if a small amount of 

hot varnish is added to a large volume of cold solvent. Because 




of the high volatility of most solvents, most thinning opera- 
tions must-be done i n  totally enclosed tanks to prevent large 
losses. 


Losses of solvents during thinning could range from 

5 to 507. of the total solvent added if open thinning tanks are 

used. Solvent emissions depend on the method of addition and 

the length of time the thinned mixture is exposed to the a i r . l g  

Most manufacturers use totally enclosed thinning tanks; there- 

fore, the solvent losses generally amount to no more than 1 to 
2% of the solvent used. 2 o .. 

- 8 

Table 4.8-3gives dome emissions factors for volatile 

organic emissions from one manufactrirer of four varnishes. 


> .  - .  .'-
. & 

TABLE 4 . 8 - 3 .  VOLATILE ORGANIC EMISSIOBS _ --
FROM VARNISH MANUFACTUREa * ' 

... "mission Factor 

Acrylic 


%ta is considered of average quality, as explained in Introduc- 

tion of Reference 12. 


4.8.2.2 Control Technology 


Integral condensers provide a considerable de,-
wYee ef 

control for existing processes. Other methods of controlline 

J 


emissions include scrubbers, absorbers, carbon a d s o r b e r s ,  a i t e r -

burners, reformulation of solvents,and sublimation. 




4.8.2.3 Cost, Energy, and Environmental Inpact of Controls 


The above controls are discussed in Section 3.0. 


Printing Ink Manufacture 


There are two major categories of printing ink. Oil 


and paste inks are used for letterpress and lithography. Sol- 

vent inks are used in flexography and rotogravure processes. 

Solvent inks are similar to oil and paste inks, but they have 


a very low viscosity and dry by evaporation of highly volatile 

sol~ents.~' 


Three general processes are used in the manufacture of 


inks: 1) cooking and dyeing the vehicle (or "varnish") , 
2) grinding a pigment into the vehicle and 3) replacing water 

in the wet pigment pulp with an ink vehicle (flushing). The 


cooking process for ink vehicles is the same as for regular 

varnish cooking. The vehicle is usually cooked in large kettles 


at 93 to 315°C (200 to 600°F) for an average of 8 to 12 hours. 

Pigment grinding is accomplished by three-ioller or five-roller 


.-
vertical or horizontal mills. Mixing of the pigment and vehicle 

is done in' dough mixers or large agitated tanks.28 


4.8.3.1 Emission Characteristics 


Vehicle cooking is the largest source of ink manufac- 


turing emissions. At about 175°C (350°F) the products begin to 


decompose, resulting in the emission of decomposition products 


from the cooking vessel. Emissions continue throughout the 


cooking process with the maximum rate of emissions occurring just 

after the maximum temperature has been reached. Cooling the 


varnish components - resins, drying oils, petroleum oils, and 
solvents produces odorous emissions. 2 s 



- - -- 

--  

Emissions from the cooking of oleoresinous varnish 

(resin plus varnish) include water vapor, fatty acids, glycerine, 

acrolein, phenols, aldehydes, ketones, terpene oiis, terpenes, 

and carbon dioxide. 3 0 

The quantity, composition, and rate of volatile organic 

emissions from ink manufacturing depend upon the cooking tenpera- 


ture and time, the ingredients, the method of introducing addi- 

tives, the rate of stirring, and the extent of air or here gas 

blowing. An estimate of organic emissions, based on limited 

information, is given in Table 4 . 8 - 4 .  

? 

TABLE 4.8-4. VOLATILE ORGANIC EMISSIONS FROH VARNISH 

COOKING IN PRINTING INK MANUfACTUEa, 


-
Emission Factors 


Varnish Cooking glkg Product lbs/Ton Product 

General 60 120 
Oils 20 40 
Oleoresinous 75 150 
Alkyds 
. . 80 160 

o quality, as explained in Inrroducrim 

of Reference 12. 


4.8.3.2 Control techno log^ 


Emissions from varnish cooking can be reduced 90% by 

the use of scrubbers or condensers followed by afterbuzners. 3 2  , 3 3  

Emissions from solvent handling can be controiled wi:h cmdensers 


and/or carbon adsorption systems. 


L " 8 . 3 . 3  Cost. Energy, and Environmental Irpacr of C a z r r n l s  

The above controls are discussed i.7 Secrion 3 . 0 .  
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Surface Coating 


According to the American Society for Testing and 


Materials, a surface coating is "a liquid, liquifiable, or 

mastic composition which is converted to a solid protective, 

decorative, or adherent film after application as a thin lay- 


er,." The various types of surface coatings include paints, 

varnishes, lacquers, stains, shellacs, polymer films, waxes, 


and oils. These coatings are applied to metal, paper, fabric, 

wood, glass, stone, concrete, plastic, and other types of 

surfaces. The actual processes by which a surface coating is 


. applied may vary considerably from ane industry to the next .. ,.. 
The application of coatings to' metal, paper, fabric, and 

wood surfaces and the applications of'-adhesives are described 


in the following paragraphs. 


Metal .Coating 


There are several industries involved in metal coat- 

ing operations. The major industrial sources of organic 


emissions in metal coating are auto and light truck coating, can 


coating, coil coating, large appliance. coating, metal furniture 

coating,-.and magnet wire coating. Other metal coating operations 

which also contribute significant quantities of organic emissions 

include smdl appliance finishing, fabricated metal products fin- 


ishing, and industrial, farm, and commercial machinery finishing. 


In auto and light truck coating the body is icitially 

treated In a phosphate wash cycle to iqrove paint ad? and 

corrosion resistance.'" The first coat, a primer, is applied by 

d i ~and/or spray methods and then the unit is baked. The topcoat 

is then' applied in one to three steps, usuallv with a Sake s t e ~  

T Cafter each. Assembly is completed in the trim shop. -- the 



coating is damaged during the trim step, repainting is done in 

a repair spray booth. 


Two types of coatings are commonly used: enamels and 


lacquers. Enamels are coatings thinned with solvents; enamels 

form a coating by polymerization. Lacquers are resin-pigment 


combinations dissolved in solvents that form a coat by evapora- 

tion of the solvent and deposition of the resin and pigment.3 

Primers are usually enamels and top coats may be either enamels 

or lacquers . 

Cans are manufactured in one of two ways depending on 

whether the can is two-piece or three-piece. A two-piece can is 


wall-ironed (extruded) from a shallow cup of aluminum or steel. 

The exterior body of the can is sometimes reverse-roll coated, 

usually with a white base coat. After baking, a rotary printer 

roll coats any design or lettering on the can. This can be fol- 

lowed by a direct roll coat of protective varnish before the fin- 

al baking. In addition the can is spray-coated with a lacquer 

on the interior and baked. 


In the manufacture of three-piece cans, large metal 

sheets are initially roll coated with an interior lining. This 

is sometimes followed by roll coatbg an exterior base coat or 

size coat before baking. After the exterior base coat, an ink 

design and over-varnish may be applied and baked. The sheets 

are then split into can body size blanks, formed into a cyclinder, 

and welded, cemented or soldered. The interior and exterior of 

the seam are usually sprayed with an air-dry lacquer to protect 

the exposed metal. Can ends are stamped from coated sheets of 

metal in a reciprocating press. The perimeter is coated with a 

synthetic rubber compound that functions as a gasket when the 

end is assembled on the can.4 




c o i l  coat ing involves the  coat ing of m y  f l a t  metal 

shee t  o r  s t r i p  t h a t  comes i n  r o l l s  o r  c o i l s .  Prime coats  can 

be appl ied on one o r  both s ides  usua l ly  by reverse  o r  d i r e c t  
r o l l  coat ing.  Elect rodeposi t ion i s  a l s o  used f o r  applying a 

- prime coat  on aluminum c o i l s  o r  a s i n g l e  coat  on s t e e l  c o i l s .  
After  baking, the  second coat  o r  topcoat  i s  appl ied by reverse  
o r  d i r e c t  r o l l  coat ing.  The topcoat i s  baked on and t h e  metal 

i s  ready for any p r in t i ng  o r  embossing before  being shaped i n t o  
a f in i shed  product.  I f  an adhesive i s  app l ied ,  i t  i s  ac t i va t ed  
i n  t he  oven and then v iny l ,  f a b r i c ,  meta l ,  o r  o ther  mate r ia l s  

can be laminated onto the metal c o i l . "  

, . 
In Large appliance caating.,..prime coa t s  are appl ied 'to 

i n t e r i o r  p a r t s  by f l o w  o r  dip. coating techniques and'ofren t o  

e x t e r i o r  p a r t s  by flow o r  .s.pray coat ing techniques.  Af te r  baking,  
i n t e r i o r  p a r t s  are ready for assembly and e x t e r i o r  p a r t s  rece ive  

a topcoat  by automatic e l e c t r o s t a t f c  spraying.  Exte r io r  p a r t s  

for  some appl iances ,  such a s  r e f r i g e r a t o r s  and f r e e z e r s ,  a r e  top-
coated d i r e c t l y  wi th  no prime coa t .  Manual a i r  spraying i s  used 
f o r  touchup and shading. After  f i n a l b a k i n g .  t he  p a r t s  a r e  : 
assembled. ' 

. .. .. ... . .. 
> 

Metal' fufniture p a r t s  may be coated while they a r e  un-

assembled, parr&ly assembled, o r  completely assembled. A prime 
coat  may be  appl ied but  i s  usua l ly  not necessary.  The p r i n e  coat  
i s  usua l ly  baked before a top coat i s  appl ied.  P r i m e  and top  
coats  a r e  appl ied by spraying,  dipping,  o r  flowcoating. Spray-

ing merhods a r e  p re fe r red  when frequent  color  changes are neces-

sa ry .  The coated fu rn i tu r e  i s  usua l ly  baked Ln an oven, Sut  may 
be a i r  d r i e d . 6  

Magnet wire coat ing i s  the  app l ica t ion  o f  Lnsulatlon 

varnish  o r  enaael  onto an electrical wire .  The wire i s  unwound 



from a spool,  passed through a bath of coating, and then drawn 

through an o r i f i c e  or d ie .  Excess coating i s  scraped o f f ,  

leaving a layer of uniform, predetermined thickness. During 
baking, the solvent i s  driven off and the coacing i s  cured. 

Paper, Film, and Foi l  Coating 

Paper, f i lm,  and f o i l  are  coated for  a var ie ty  of 

decorative and functional purposes. Waterborne, or.ganic 

solvent-borne, or solventless extrusion type materials are  
used. A typical  coating l i n e  cans is t s  05 an unwind r o l l ,  a 

coating appl icator ,  an oven, varlous tension and c h i l l  r o l l s ,  
and a rewind r o l l .  Coatings may be applied to  paper by several  

d i f f e ren t  devices such as knives, reverse r o l l e r s ,  or  rotogravure 

r o l l s .  After coating, the paper i s  sent  . t o  an oven or dryer 
which may contain two t o  f ive  temperature curing zones. 7 

Fabric Coating 

Fabric coating involves the coating of a t e x t i l e  sub- 

s t r a t e  with a knife or reverse r o l l  coater.  Fabric coating i m -
pa r t s  properties tha t  a re  not i n i t i a l l y  present ,  such as s t rength ,  
s t a b i l i t y ,  water or  acid repellancy, and appearance.' Substrates 

can be e i the r  na tura l  or man-made. Coatings may be e i t h e r  aqueous 

or organic borne and include la texes ,  ac ry l i c s ,  polyvinyl chloride,  
polyurethanes, and na tura l  and synthet ic  rubbers. 

A typica l  fabr ic  coating l i n e  cons is t s  of four opera- 

t ions :  mi l l ing ,  mixing, coating appl icat ion,  and drying and 

curing. Milling and mixing a re  coating preparation s teps and 

vary with pigments, curing agents,  f i l l e r s ,  and solvents.  The 

fabr ic  coating i s  normally applied by a knife  o r  reverse r o l l  

coa ter ,  although rotogravure pr in t ing  has recent ly been widely 



used in vinyl coating of fabrics. After coating, oven curing 


is used to increase the rate of solvent evaporation. For 


some coatings, oven curing produces chemical changes within the 

coating solids to give desired properties to the product.' 


Application of Adhesives 


Adhesives are used for joining surfaces in assembly 

and construction of a large variety of products such as pressure 

sensitive tapes and labels, rubber products, and auto assembly. 

Adhesives may be water-borne, organic solvent-borne, hot melt or 

high solids. Virtually all of the organic solvent used for the. 
-.. . .-.. 
application.-o£ .adhesives is emitted to the atmosphere when t f i 'e  

Coating of Flat Wood Products 


Flat wood products such as plywood, particle board, 

hardboard, cedar siding, and softwood molding are often coated 

with a variety of fillers, sealers, or topcoats. Application 


is usually by direct or reverse roll doating. Wood-grain patterns 


can also be printed. Following the application, the coating is 

dried in an infrared or steam-heated &en. 


Wood Furniture.Coating 


Although the procedure for wood furniture coating may 


vary from one company to the next, the process typically con-. 


sists..of several coacing applications. Various liquid mixtures 


are used to bleach, stain, fill, color, wash, highlight, or seal 

rhe woodsurface. A~plication is mosr commonly done by di? sr 

spray methods. Drying can be open air or oven bake at tezpera-

rures not exceeding 6 0 ' ~  ( 1 4 0 ' ~ ).' o standing b e w e e n  coari3:s 

is optional. Almost all furniture manufacturing operations 




employ conveyors to  transport  a r t i c l e s  from the woodworking de- 

partment through f inishing for  storage or shipping. l1 Finish 

coatings are  usually of very low sol ids  content w i t h  attendant 

high emissions of v o l a t i l e  organics. 

4 .9 .1  Emission Character is t ics  

According to  one source, the t o t a l  v o l a t i l e  organic 

emissions fo r  indus t r i a l  surface coating operations a re  1 . 3 6  

Tglyear (1.5 x l o 6  tons/year) .12 Quantities and sources of or-

ganic emissions from the indus t r i a l  surface coating operations 

described i n  Section 4.9 a re  given i n  Table~4.9-1.  

The quantity of emissions from each operation depends 

on several  fac tors  such as type of material  t o  be coated, 

coating thickness,  desired f i n i s h ,  coating process, percent 

overspray, and paint  formulation (% water and % solvent).  
Materials on which coatings a re  t o  be applied can be as smooth 

as  glass  or as i r regular  a s  concrete. A lustrous f i n i s h  may 
be required f o r  v isua l  appearance or  a weather r e s i s t a n t  f i n i s h  

may be required fo r  endurance. 

-Coating processes vary s igni f icant ly  within the sur-

face caating industry.  For exam~le ,  the  auto industry may use 
e i t h e r  a dip or spray method of coating while paper and fabr i c  

coating re ly  almost exclusivelv on application by knife  or 

reverse r o l l  method. In  most coating operations,  10 t o  90 Der- 
cent of the solvent i s  evaporated a t  the application and/or 

during subsequent a i r  drying. The remaining 10 t o  90 percent i s  

evaporated i n  the oven. Table 4.9-2 provides a general range of 

emissions resul t ing  from typica l  surface coating operations. 

Spray coating produces high emission r a t e s ,  and spray 

booths are  usually open on one s ide .  The amount of sprayed 

mater ial  t h a t  misses- the surface t o  be coated (overspray) i s  a 

-338 



TABLE 4.9-1. SOURCES AND ESTIMATED Q U A N T I T I E S  OF ORGANIC 
EMISSIONS FROM I N D U S T R I A L  SURFACE COATING 
OPERATIONS 


WOD mm ODATIMC. 

1)  Spray booth .. 
... 

2) - * -. 



major factor in solvent emissions. Table 4 . 9 - 3  describes the 

percentage of overspray as a function of spraying method and 


sprayed surface. Solvent emissions from spray booth stacks can 

vary from less than 0 . 4 5  kg/day ( 1 . 0  lb/day) to more than 1,360 
kg/day ( 3 , 0 0 0  lb/day), depending on the extent of the operation.I6 

If a water curtain is used for the control of particulate emis- 

sions, a 10% reduction in the organic vapors discharged can be 


anticipated.1 7  Solvent is recovered from contaminated water by 

a suitable separation technique. 


TABLE 4 . 9 - 2 .  PERCENT OF TOTAL EMISSIONS FROM VARIOUS 
COATING PROCESSES'~ 


- Coating Process 
---

Coating Method Application Pre/ Air Dry Bake 

Spray Coat 

Flow Coat 

Dip Coat 
Roller Coat 

TABLE 4 . 9 - 3 .  PERCENTAGE OF OVERSPRAY AS A FUNCTION OF SPRAY-
ING METHOD AND SPRAYED SURFACE'^ 


Flat Table Leg Bird Cage 

Method of Spraying Surf aces Surface Surface 


Air atomization 50 8 4  90 

Air less 20 to 25 90 90 

Electrostatic 


Disc 5 5 to 10 5 to 10 

Airless 20  30 30 

Air atomized 25 35 35 

-



The quantity of solvent emissions is highly dependent 


on the paint formulation. For example, emissions from applica- 


tion of a high solids coating (80% solids) are less than 0.24kg 

of organic solvent per liter of solids applied (2.0 lblgal). 

Application of lacquer produces more than 5.4 kg of organic sol- 

vent per liter of solids applied (45 lb/gal). This definite 


difference in emission rates due to paint formulation is well 


illustrated in ~ i ~ u r e  
4.9-1. 


All of the previously discussed factors contribute 


significantly to the emission characteristics of a par~icular 


surface coating operation, but there are additional points to 

be considered. For instance, the extent of air drying which 


occurs prior to baking may mean that the solvent mixture re- 


maining in the coating at the beginning of the baking operation 


is much richer in the high boiling solvents. This may result 


in chemical changes upon high temperature baking. 


A suggested equation for estimating the potential 

solvent vapor emissions from surface coating operations is 

given below : 

W = weight of solvent vapors in kg 

A = area coated (sq. m.) 
n = thickness of dry coating (cm) 
P = percent solids by volume 

f = efficiency factor (dimensionless) empir5ca:ly 

determined (f < 1)-
P = solvent decsity (kg/liter) 



ZNT SOL1 S ,  WATER- 80/20)

i -

4UEOUS D SPERSION SOLIDS)\ 


imrsm 

KILOGRAMS (POUNDS) OF ORGANIC SOLVENT EMITTED PER LITER ( W N )
OF SOLIDS APPLIED 

Figure 4.9-1. Percent of Solids Versus Kilograms (pounds) of 

Organic Solvent Emitted Per Liter (gallon) of 

Solids Applied. (Ass=- tion: Solvent Density = 
0.79 kg11 = 6.6 lb/gal).18 



W = weight of solvent vapors in lb. 

A = area coated (sq. ft.) 

n = thickness of dry coating (mils) 
P = percent solids by volume.. 
f = efficiency factor (dimensionless) 

empirically determined (f -< I) 
.... 

P . =  solvent density (lb/gal) 

._1 
.. . I . .  -..- I .... .-
This equation incorporates parameters for area to be coated,
.... 
thickness of the coat, percent of solvent in the coating, -&Ad 
efficiency o.f coating application.19 . 

4.9.2 Conrrol Technolo= 


Volatile organic emissions from surface coating opera- 


tions can be reduced by add-on control devices and by process 


and material changes. Add-on devices include carbon adsorption 

units, incinerators, condensers, and scrubbers. Process acd na-


terial changes include electrostatic spray coating, elec~ro,deposi- 

tion, electron beam curing, ultraviolet curing, and coathg nodi- 
... 
fication (waterborne coatings, high solids coating, powder coat- 

ings, and hot melt formulations). Since the surface coatCng 

industries vary in raw materials handled and products manufactured, 


each industry is faced with unique emission problems and alternate 

solutions. Tables 4.9-4and 4.9-5 summarize the utiliry and effi-

ciency of the many enission contr~l schemes available to the ma-


jor surface coating industries. The control efficiency is statad 

in terms of the percent reduction in organic emissions from a p p l i -

t 


cation of the conerol method. Applicable control techziques are 

described for each industry in rhe following ?aragraphs. 




TABLE 4.9-4. TYPICAL EFFICIENCIES FOR ADD-ON 

CONTROL EQUIPMENT~'2 

-
Control Ef f i c iency  (Percent)  

I n c i n e r a t i o n  
Indus t ry  Carbon ~ d s o r ~  t iona  ~ h e r m a l / ~ a t a l ~ ti ca  

Metal Coating 

Auto 6 Light Truck Assembly 85.tb 95/95 

Can Coating 85-90 
b 

90-98/90 

Coi l  Coating b 90-98/90 

Large Appliance Coating b 90-95 

Metal Furn i tu re  Coating 90 90 

Magnet Wire Coating b 90-95190-95 

Fabr ic  Coating 90-95 9.0-95190-95 

Paper,  Film, and F o i l  Coating 90+ 9 5 1 9 5 ~  

Adhesives Coating b b 

F l a t  Wood Products Coating b 9 0 

Wood Furn i tu re  Coating b b 

%umbers represen t  percent  r educ t ion  a c r o s s  t h e  c o n t r o l  device  and do n o t  
inc lude  t h e  cap ture  e f f i c i e n c y  in to -  c o n t r o l  device .  

b ~ o twidely used in t h i s  indus t ry .  

4.9.2.1 Metal Coating 


Automobile and Lieht Truck Assemblv 


Emissions from automobile and light truck assembly are 


produced during priming and topcoating operations. While several 


control methods are applicable, the most effective way to minimize 


organic emissions from prime coating operations is electrophoretic 


priming with waterborne surfacer. For the prime coat, the use of 


waterborne spray coatings also merits consideration, although the 


reduction in emissions is somewhat less than for electrodeposition. 

Incineration of oven exhaust can be efficiently accomplished, but 
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the reduction in emissions is minimal since less than 15% of the 

solvent evaporates there. The use of add-on equipment for prime 


spray booths is technologically feasible but will probably not 

occur due to the advantages of a transition to an electrophoretic 


coating . 

The best means of controlling emissions from topcoat- 


ins lines is by increasing the solids content in coating formula- 

tions or by using waterborne coatings. The reduction in solvent 


emissions is particularly significant for those plants using 


lacquers. Add-on devices for spray booths are technically feasi- 


ble, but difficulties have been encountered in application. For 

example, excessive particulate matter can reduce carbon life in 


an adsorption system. There are also substantial energy require- 


ments associated with the incineration of spray booth exhaust. As 

before, incineration of oven exhaust is effective but has little 


impact on the overall reduction of emissions. 


Can Coating 


In oven dried spray operations, about 50-75% of vola- 


tile organic emissions are fugitive. In air dried spray and 


end sealing operations of the can coating industry, about 100 


percent of the organic solvent vapors emitted are fugitive emis- 

sions within the plant. For this reason conversion to water- 

borne or high solids c0atings.i~ the best control option, as well 


as one of the most economical. In roll coating operations, con- 


version to water-borne, high solids, or ultraviolet curable coat- 


ings is the best option. The major problem with such solvent re- 


formulation is that many coatings are still in the developmental 


stages or are undergoing t e s t s  by both the Food and Drug Adminis- 

tration and the packing customer. Incineration is a proven retro- 


fit control system which can be economically designed to eliminate 


any increment21 energy requirements through the use of primary 

and secondary heat recovery systems. Carbon adsorption can also 




be considered an economic a l te rna t ive  i f  recovered solvent mix- 

tures  a re  used as fuel  t o  generate steam fo r  carbon regeneration. 

The use of an incineration or  carbon adsorption system w i l l  re-

quire tha t  the coater e i the r  be covered with a  hood which ducted 
to  the oven exhaust stream or  be enclosed up to  the oven entrance 

so tha t  the coater emissions a re  drawn d i rec t ly  in to  the oven. 

Coil Coating 

In the c o i l  coating indus'fry as i n  other indus t r i e s ,  

no s ingle  best  control system i s  apparent. 3 2 Due t o  the t y p i -
ca l ly  high curing temperatures and the various mixtures of-as-

. . 
*. 

..---ganic solvents found i n  the coatings,  incinerat ion i s  tKe-b e s r  
.add-on conerol technique. conversidk t o  waterborne or "medim- -

I - - .  
t o  high-solids" coatings has been s'uccessfully applied,  wi thin  

l i m i t s ,  t o  several  ex is t ing  c o i l  coating l ines  wirh favorable. 
. resu l t s .  If incinerat ion i s  chosen and no heat recovery tech- 

niques a re  incorporated; fue l  requirements can be subs tan t i a l .  
For c o i l  coaters ,  s igni f icant  advances have been made i n  the use 

of incinerators  with heat recovery. In c a t a l y t i c  incinerat ion 

care must be taken tha t  solvents do not poison the  ca ta lys t  or 
cause temperature l i m i t s  t o  be exceeded. 

. - . .'. . Coating.... Large ~ ~ ~ l i a n c e  

.. ., 

Like many other surface coating indus t r i e s ,  there a re  

several  emission control routes avai lable  fo r  large appliance 
,. 

coating. Although the use of powder coatings and electrodeposi-
t ion provide the g tea tes t  emission reduction, they usually re-

quire the most extensive equipment changes. On the o t h e r  hand, 
waterborne and high-solids coatings can be applied with exis t ing 

equipment but do not achieve the same degree of emissions reduc-

t ion .  The u t i l i t y  of r e t r o f i t  devices such as adsorbers and i n -

cinerators  may be  limited by the cos t ,  fue l  requirezenr,  anc 
avai lable  space. 



Metal Furniture Ccating 3 3 


Emissions from metal furniture coating may be reduced 


by subsritution of low solvent coatings or by add-on equipment, 

Powder coating and electrodeposition of a water-borne coating 


provide the greatest emissions reduction. The use of water- 

borne coatings requires no major equipment alterations and makes 

color changes a simple matter. The use of high solids coating 

is usually less efficient than the other methods. Carbon ad- 


sorption for application and flashoff areas is considered tech- 


nically feasible but has not yet been applied. It would re- 


quire a significant additional floorspace. Incineration has 


been successfully used for ovens. 


Magnet Wire Coating 


The most common emission control technique used in 


magnet wire coating is incineration (catalytic and thermal). 


Modern wire coating ovens are equipped with an internal cataly- 


tic incinerator which r.ecovers heat. by burning solvents inside 

the oven and eliminates malodors and the buildup of flammable 


resins in the stack. Only limited success has been achieved in 

developing powder coatings and waterborne coatings. 


4 . 9 . 2 . 2  Paper, Film, and Foil Coatings 

Both incinerators and carbon absorbers have been suc- 


cessfully retrofitted onto a number of paper coating lines. Sev- 

eral low solvent oaper coatings (waterborne, ~lastisols, organi- 


sols, and hot melts) have recently been developed and show promise 


for the future. At present several technical problems still 

need to be solved. For instance, waterborne coatings are not as 


effective as organic solvent coatings in providing weather, scuff, 




and chemical resistance for some uses. In addition the use of 

waterborne coatings has resulted in wrinkling of the paper and 


other application problems. Hot melt application cannot be used 


for coating materials that char or burn. 


4 . 9 . 2 . 3  Fabric Coatinq 

As with other surface coatinp industries, the primary 


control systems for fabric coating are incineration and carbon 


adsorption. For an o~eration which uses a single solvent or 

solvent mixture, adsorption is the most economical option. 


Some comynies have implemented this method and found it to be 

very effi~ient.~' If, on the other hand, several solvents ox 

solvent mixtures are required, then incineration (thermal or , 

catar~tic) with primary and secondary heat recovery is most av-

wlicable. The use of l o w  solvent coatings has been encouraging 
but limited. Both high-solids and waterborne coatings have been 

used and often the coating equipment and procedures need not be 


changed to accomplish conversion. The major disadvantage is that 


every coating line is somewhat unique and many coated fabrics 

have different: applications. This often means high research and 

development- costs. 


4.9.2.4 Adhesives Coating 


Reolacement of organic solvent-borne adhesives with 

. . 

waterborne., -hot melt, solventLess two convonent , or radiation 
cured adhesives is t h e  best method for reducing emissions from 

adhesives coating operations where it is applicable. More than 

half of the total adhesives applications employ waterborne natural 

adhesives such as animal glue, starches, dextrin, and proteins. 


Water-borne synthetic adhesives have been developed recently 

which are comparable to waterborne natural adhesives. However, 




water-borne adhesives are not compatible with plastic substrates. 

In addition, the cost of retrofitting existing equipment to use 

hot melts or high-solid materials can be prohibitive. 


4.9.2.5 Flat Wood Products Coating 


Basically three emission control techniques are used 


in flat wood products coating: low-solvent ultraviolet (UV) 

curable coatings, waterborne coatings, and incineration. UV 


curable coatings rapidly polymerize to form a film when exposed 

to W radiation. W filters are frequently employed and occa- 
sionally UV curable topcoats are used. Opaque base coats are 


not yet available in a W curable formula, It has been suggested 

that UV curable inks from the paper coating industry could be 

used for grain printing as well. A major problem with UV curable 


coatings in general is the difficulty in curing irregular shapes, 


although this is not a problem with flat wood products. 


Waterborne coatings are available for filling and base 

coating but waterborne topcoats or graining inks are essentially 


unavailable. Some problems have been encountered with poor ad- 

-

hesion or staining and "blocking" (the sticking of the paper 


sheets used to separate the boards). 


The use of afterburners on baking ovens has been suc- 


'cessfully applied. There are no reports of the use of carbon 


adsorption units, although the application is technically feasible. 


4 . 9 . 2 . 6  Wood Furniture Coating 

In general, Significant reductions in the organic sol- 


vent emissions from wood furniture coating can be realized by 


switching to waterborne coating^.^^^^^ Small reductions can be 




realized by practicing proper spraying techniques or using elec- 


trostatic spraying. 


Coating reformulation is currently one of the most 


promising means of reducing organic solvent vapor emissions in 

woad furniture coatings. Of particular interest is the advent 


of waterborne coatings, some of which contain 5 to 15 percent or- 

ganic solvent by volume.9 7 The composition of a typical nitro- 

cellulose solvent-borne furniture coating is 12% solids and 88% 

organic solvent by volume, A typical waterborne furniture coat- 


ing is 407. solids, 48% water, and 12% organic solvent by volume.'s 
, . 

Unfortunately, some problems have been encounrered with  -

t&' &xperimenral use of waterborne coating. Longer drying times 


- fbr'~a-terbornecoatings result in slower furniture production rates. 

Additional pmbSems include-.appearance, repairability, compati- 

bility between various- coating layers, mar resistance, and re- 


sistance to water and alcohol stains. 


... . 4 .9 .3  cost, Energy, and Environmental Impact of Controls 
_ . - -.- - .  

This section includes cost data, energy requirements, 

and environmental impact developed specifically for control meth- 


ods for most surface coating operations discussed in the previous 


section. Specific data is unavailable in the consulted litera- 

t m e  for large appliance coating, magnet wire coating, adhesives 

coating, and flat wood products coating. Section 3 of this locu- 

ment includes in-depth treatments of the major methods used for 


.- .  . 
controlling volatile organic emissions in industry. The data 

givi i i ' . in  this section are not as fully developed as those in- 

-cluded in Section 3. For specific derails, assumptions, and 
bases the reader is referred to the original source. 




Metal Coating 


Automobile and Light Truck Assembly 


Substitution of electrophoretic dip priming for more 


traditional coating methods involves a high capital cost. The 

total installed capital cost is about $8 million for a typical 


plant. Increased operating costs are estimated to range from 


$108,000 to $948,00O/yr. Electrical requirements are increased 


by about 1400 kW (4.8x lo6 Btu/hr) by switching to electropho- 

retic coating representing a 12 percent increase. The coatings 


contain arnines which are driven off during the drying step, thus 


generating a secondary pollutant. Incineration has been used as 


a control method for this problem.39 Capital costs for converting 


from lacquer to enamel are estimated by EPA to be about $1 million 

for a typical automobile and light truck assembly plant. A very 

rough estimate of annualized operating expenses is $120,000. 


The actual costs are difficult to assess, however, as they are 


very site-dependent. The overall energy requirements should be 


lower, but specific estimates were unavailable in the sources 


consulted. 


Capital costs for carbon adsorption control devices for 


spray booths are largely dependent on flow rate. Estimated costs 

for a 1300 m3/min (50,000 ft3/min) unit are $3-20 million capital 


costs and $1-7 million annualized costs. (The lower numbers repre- 


sen: the case for 50 percent solids, the higher ones represent the 


case for 12 percent solids.) Electrical and steam requirements are 


large: steam requirements are 3.42 Mg/hr (7.55 x 103 lblhr). 
A potential water pollution problem exists because of steam re- 

generation in which organic substances are contacted directly 


with steam. The organic compounds would have to be separated 




from the condensed steam before disposal."' An alternate approach 


is incineration for the steam and solvent or hot air and solvent 


stream.42 - 4 5  


Cost and energy data for incineration of top coat spray 


booth exhaust are presented in Table 4.9-6. The low flow rates 


and low organic vapor concentrations require the addition of larger 


amounts of fuel. Furthermore, the capacity for use of recovered 


heat is limited to primary heat recovery. 48  Incineration has a 


secondary pollutant potential. Combustion products, such as ' 

NO,, SO2, CO, and acids may all result, depending on the coq.usi.- * 

. tion-of the substance being combusted. 

. . 

. . .  . . 
Incineration m a j  also be used to control volatile oT-.--

ganic emissions from primer and ropcoat ovens. Costs and energy 

requirements are summarized in Tables 4.9-7 and 4.9-8 for in- 


cinerators operating at 10 and 15 percent of the lower explosive 

limit. Three cases are shown: no heat recovery, primary heat 


recovery only, and primary and secondary heat recovery. A com-

parison of the two tables illustrates the beneficial economics 


of minimizing dilution. Combustion devices have the potential for 
' 

causing NOx and CO emissions. If sulphur compounds are present, 
.. 
SOi emissions will also result, and combustion of halogenated 


- compounds results- in acid formation. < 

Converting a fairly new auto and light truck asseably 


facility for use of water-borne topcoats is estimated to cost 


about $20 rnillion.'l If the entire coating line musc be replaced, 

the c o s t s  will be about twice that. 5 2 Increased operatirg costs 
are about $5 million Fer year for a typical plant. Electrical 

requirements are increased by 5000 kW (17.2 x iO"tu/hr) ; chis 



TABLE 4.9-6. COSTS AND ENERGY REQUIREMENTS FOR INCINERATING EXHAUST GASES FROM 

AUTO AND LIGHT TRUCK ASSEMBLY TOPCOAT SPRAY B o O T H S ~ * ~ ~ * ~ '  


No Heat Recovery ' Primary Heat Recovery Primary IIeat Recovery 
(38 percent  e f f i c i e n t )  (85 percent  e f f i c i e n t )  

C a t a l y t i c  Noncata lyt ic  C a t a l y t i c  ??oncatalyt  i c  Nonca taly t i c  

Cap t i a l  Cost $1.6-12 m i l l i o n  $1.3-9.4 m i l l i o n  $2.0-14 miJlton $1.5-1 1 mi l l ion  $2.1-16 m i l l i o n  

Operating Cost $2.1-15 m i l l i o n  $4.1-30 m i l l i o n  $1.8-13 m i l l i o n  $2.9-21 mi l l ion  $0.4-2.6 m i l l i o n  

Fuel  53-390W 143-lO5OW 34-25mb 91-670Wb 15.4-llOW 

w Requirements (182-1330Btu/hr) (494-3610Btu/hr) (118-862~tu /h r )  (314-2300~tu/hr)  (53-384~tu /h r )
Cn* 

E l e c t r i c a l  447-326Okw 349-255OkW, 723-5280kW 719-525Okw 645-472Okw 

Requirements (1500-1 1000 (1200-8800 (2500-18000 (2500-18000 (2200-16000 

n
The smal ler  numbers a r e  f o r  the  50 pe rcen t  s o l i d s  case ,  7000 ~ m j / m i n  (248,QOO scfm) . 
The l a r g e r  numbers a r e  f o r  the  12 percent  s o l i d s  case ,  48,000 ~ m ~ / m i n  (1,815,000 scfm) .

5 
Includes  c r e d i t  f o r  recovered energy. 



TABLE 4.9-7. ESTIMATES OF COSTS AND ENERGY REQUIREMENTS FOR INCINERATION OF 

EXHAUST FROM PRIMER &ID TOPCOAT OVENS Ill AN AUTO AND LIGHT TRUCK 
ASSEMBLY HJiW* (10% Lower Explosive  Limit) 

No m a r t  l acevary  . Primary Heat i.covecy P r i n r y  .ad Secondary Reat llerovery 

C a t a l y t i c  Woncatalyt l c  ' C a t a l y t i c  W o n c ~ t a l y t i c  C a t a l y t i c  Woaeatolytic 

# b a b a b a b a b a b 
-

Capital Cost 
l o r  both orona $136,000 (2c)e.OOO $132.000 $238.000 $204,000 $396,000 $15?.0& $298.000 $182,000 $422,080 918s.800 1)349.W3'J 

. .
* . . 

t o t a l  Annual 
Operating Cost $60 .799 1237,000 6 99,200 9424.000 $ 7 3 , 0 0 0  $212,000 $83,70Q $311.000 $ 61.800 $182,000 $ 71.000 $209.000 

Net Energy . a 

Requlretrent 430 2SO0 1900 1100 2M 1300 1100 . '  . 6 8 W  n e 8 l l g l b l e  n e a l i g i b l e  n e 8 l t 8 l b l e  HMO 
kU (1CJ68tulhr) (1.5) (8.8) (6.6) (39.0) (0.8) (4.6) (3.9) ( 3 . )  n e r l i p l b l e  ncpligSbla n e g t l ~ t b l a  (10.8) 

-
'Lower f l o t  r a c e  (SOX molids m u e l )  43  ~ k ' l r i n  (1600 rcfm) to.' primer ovum aod 91  k ' /min  (3400 wcfm) f o r  topcoat oven. 

hlllgttcr flow r a t e  ( 3 2 X  a o l l d a  primer and 121 lecquer topcoat )  120 ths/mln (4500 r e f 3  f o r  p r l u r  oven and 670 Nml/.iu (15.000 s c f m )  f o r  topcoat oven. 

*=---



TABLE 4.9-8. ESTIMATES OF COSTS AND ENERGY REQUIREMENTS FOR INCINERATION OF 

EXHAUST FROM PRIMER AND TOPCOAT OVENS IN AN AUTO AND LIGHT TRUCK 

ASSEMBLY PLANT" (15% Lower Explosive Limit) 


Ila Heat kcovary P r h r y  Heat Wcovery Primary and Secondary-Heat Recovery 

Catalyt ic  Womatalytlc Catalytic ttoneatalyttc Catalytic Nonratalytlc 

a b a b a b a b a b a b 

Capital Coat 
Both Ovena $106,000 $20'1,000 $107.000 $239.000 $123,500 $340.000 $123.000 $281.000 $143,OM1 S4W.000 3144.000 5343.000 

mt.1 Annual 
Operating Cort $ 48,600 $197.000 $ 58,800 $2S4.000 $ 42.500 $147,000 $ 48,500 $163,000 $ 62.500 $105.000 $ 44,000 $102.000 

Net Energy 
Requirement 
UI (.10' 
Btulhr) 

W 
Elccr r i c a l  
Requirement 

aW ( x 1 0 '  10.6 110 8.2 62 13.3 100 12.2 92 16.0 120 16.2 122 
Btulhr) (2.7) (.28) (2 . t )  t.46) (3.4) t.42) (3.2) (.55) (4.2) (.55) (4.2) 

--=--==---*-

'~over  flow rater (50% aolida enamel) 30k'lmin (1,100 r f m )  l o r  p r L c r  o r m  and 59Nm11min (2.200 scfm) fo r  topcoat oven. 

bfligher flow rate: (32% so l ids  p r h e r  and 12X mollds topcoat) 2231hS/min (8.333 scfm) f o r  p r i ~ ~  oven and 4451k3lmin (16,666 scfm) for  topcoat oven. 

C ~ e g a t i v eaign Indicates rrurgy recovery a c e a d i n s  energy input. 



represents a 42 percent increase. 5 3  'Anassessment of the envir- 
onmental impact of changing to water-borne pigments must include 

consideration of the fact that the liquid effluent from water- 

borne pigment systems will require treatment prior to disposal. 

In addition, a solid waste problem is created because water- 


borne coatings do not dewater well in the overspray collection 


water. s 4  . .-

... Can. Coating 

Conversion to high-solids, water-borne pigments, or 


powder coatings in can coating plants may require some expensive 

equipment changes, depending on the existing equipment. The 


costs are largely undefined at this time. The coatings th'emselve: 


are often more expensive, as well. To be added to the total ex- 


pense are research and development costs for testing of the pro- 


duct.55 Some cost data developed for using carbon adsorption in 

the can coating industry are presented in Table 4.9-9 for an 

"ideal" facility. An environmental effect may be caused by the 

requirement for a filter-befare the.-carbon beds. The particulate 

matter coll~eted in r2ie filtk forms a solid w a s t e  stream which 

must be disposed of. Waste water effluents musr be cocsidered 

if steam is used for regeneration (due to water miscible solvents: 


the condensate stream must be treared in a manner which cFrc7m-

vents a water pollution problem. 5 7 

Ultraviolet curable coatings are about twice as expen-


sive as conventional coatings. Energy requirements are reduced 

by about 60 percent, howe~er.~' Some cost data for an "Ldeal" 

can coating plant using incineration as a control mezhod Ere 

presented in Table 4.9-10. 




------- 
-- 

-- 

TABLE 4.9- 9 .  COSTS O F  CARBON ADSORPTION I N  THE CAN COATING INDUSTRY'~ 


(15% L o w e r  E x p l o s i v e  L i m i t )  
.---=--._-_I___---

Costs No Solvent Recovery Solvent Recovery Cited aL Fuel Solvent Recovery Credlt a t  Chemical 
Value Harket Value 

130th'lmin 400~n'Irin 131Mm'/min 400th ' lain 130~1n'laln 400Nm3/nin 
0000  acEm) (15000 scfm) (5000 s c h )  (15001)sctm) (5000 scfm) (15000 s c m )  

Installed 

Capital Cost $162.000 $302.ow 8iaz.000 $302,oop $ 1 6 2 . 0 ~  $302,000 

Annual ired 

operating $68,000 $142.000 $42,000 $90,000 $lS.OOO $1000 

Costs 

a-

____P_ - v-

'cants a t e  based on several assumptions. See or iginal  reference for  basis. 



- - 

Metal Furni ture  coat ing5 

Water-borne and high s o l i d s  coatings a r e  genera l ly  more 

cos t  e f f e c t i v e  than a r e  i nc ine ra t i on  and carbon adsomt ion  f o r  

con t ro l l i ng  the emissions from metal f u r n i t u r e  coa t ing .  Powder 

coating i s  no t  a s  cos t  e f f e c t i v e  a s  a r e  water-borne and high 

s o l i d s  coatings because of high mate r ia l  c o s t s .  

Energy consumption may be reduced by the  use of  high 
6 0
s o l i d s  coat ings  and a s  much a s  70% by the  use of powder c o ~ r i n g s .  

Energy consumption increases  with t he  use of o ther  con t ro l  methods. 

There a r e  l i q u i d  and s o l i d  waste d i sposa l  problems wi th  water-

borne coatings and carbon adsorpt ion.  A p o t e n t i a l  health.-hazard 
. .  . . -

. is  associa ted -wi th  the  use o f -* i socyana t e~i n  some high s o l i d s  
SOX. .

coa t ings .  Powder coatings are  a l s o  sub jec t  t o  explos ions .  6 1 

..
and NOx emissions may result^ .from inc inera t ion .  

Coil Coating 

Some cos t s  and energy requirements developed s p e c i f i -  

c a l l y  f o r  use of  i nc ine ra t i on  i n  c o i l  coating f a c i l i t ;  7 e ~  a r e  

presented i n  able 4.9-'1. secondary po l lu t an t s  (CO , N O x ,  Sot, 
ac ids )  may be emitted by combustion devices depending on the  

composition o f  the combustion mixture.  

The cos t s  involved i n  converting t o  water-borne and 

high-sol ids  coarings a r e  l a rge ly  undefined. It has been est i inated,  
however, t h a t  energy consumption may be reduced by 50 pe rce r r .  6 4 

4 . 9 . 3 . 2  Paper, Film, and Foi l  Coatings 

Some s p e c i f i c  cost  da t a  f o r  i nc ine ra t i on  i n  a i : ~ p i c a l  

paper coat ing operat ion a re  presented i n  Table 4.9-12. SpectfLc 



--- 

- -  - 

TABLE 4 .9-10.  ANNUAL OPERATING COSTS FOR CONTROL OF VOLATILE ORGANIC 
E M I S S I O N S  I N  A CAN COATING PLANT BY INCINERATION 6 2  

(15% L o w e r  Exp 10sive L i m i t  ) 

. .. = s ,-----------*--*----- -- -- .- =----*=--=A 

-No llcnt Recovery Primary Heat Recovery Prlmary and Secondary Heat Recovery 

Flow Rate Therma 1 C a t a l y t i c  Thermal C a t a l y t i c  Thermal C a t a l y t i c  

130~m'/min $72.800 $55,040 $52,600 - $45.000 - $59,900 - $37.300 -
( 5 0 0  scfm) $91.800 $70,600 $50,000 $57,800 $45,300 

- ,.- .=_..l=.-..i*.Tr-l -----I-.- t-*.-=-- .--**I =.--.I------ -----------------=*.- = 

' cos t s  a r e  based on severa l  aesunptions.  See  o r i g t n a l  r e f e r e n c e  f o r  b a s i s .  I 

TABLE 4.9- 11. COST AND ENERGY REQUIREMENTS FOR INCINERATION I N  C O I L  
COATING PLANTS FOR THE CONTROL O F  VOLATILE ORGANIC 
E M I S S I O N S ~ , ~ ~c 9 6  

* x - - 2 - - . - .- r . .= * -- .=-==? -% --r 

No Hcnt Hecovcry Primary Neat Recovery Primary and Secondary Heat Recovrry 

Therma 1 C n t a l y t l c  Thermal C a t a l y t i c  Thermal Catalytic 

15ZLEL 25XLEL 15XLEL 25XLEL ISZLEL 25XLEL 15ZLEL 25XLEL 15XLEL 25Xl.EL l5XLEL 25TLEL 

Net Fuel  34 0 190 58 0 9 1 4 4 0 0 -80 -150 -200 -230 
Requirements 
~ ~ ( 1 0 ~ ~ t u l h r )(9.95) (5.59) (1.69) (0) (3.14) (1.5) ( 0 )  (0) (-2.76) (-5.23) (-5.9) (-6.8) 

Annuitl $122,580 $85.540 $78.850 $64.450 $74.100 $61,100 $75.030 N.A. $34.800 $16.910 $39,690 N . A .  
Operat ing 
Cost 

...- : . . - . : . s . - - - =*lL?mr-. * *  . %  em.--.l-._i-i3- -- .= _;-_i. . , . . . - .  -.-- - -- S-- =-= 

" C O ~ L S  and energy v a l u e s  e r e  baaed on s e v e r a l  assumptions. See o r i g i n a l  r e f e r e n c e  f o r  b a s i s .  

b ~ o s tdata from Reference 48. Enpray d a t a  from Reference 6. 

'process Ras flow r a t e  400 ~m'fmin (15,000 scfm). 



TABLE 4.9-12.  C O S T S  FOR I N C I N E R A T I O N  I N  A T Y P I C A L  P A P E R  COATING 
OPERATION^ b 1 

Ins~nll e d  SlZ5,OOO $155.000 $lSO.OOO $180,000 $183,000 $220,000 
cost 

. / _ - i T L I = T _  =-- -_-*_=- =-1-- ---_m= -- ~-.cr-- --
"( ~ r % t \.Ire* based on s e v e r a l  afisumpt Ions. See orfglnal r e f e r e n c e  for haaes.  

1'411~~m'/mln(15,000 sr fw)  

TABLE 4 .9 -13 .  COSTS FOR GARBON ADSORPTION SYSTEMS FOR CONTROLLING 
VOLATILE ORGANIC E M I S S I O N S  I N  THE PAPER COATING I N -
DUSTRYa (25% Lower Explosive Limit)# p6 

I n s t n l l c d  Cost $3?0,000 $3?0,000 . $320,000 

. Ar~rnmli c e d  Cost $127,000 $h0,000 -$  lon, 000 



costs for  carbon adsorption control devices used i n  paper coating 
operations a re  presented i n  Table 4.9-13. Unless a solvent mix- 
ture  can be recovered i n  a useable form, i t  i s  considered more 

economical t o  incinerate  and recover heat than to  i n s t a l l  a car-

bon adsorber . 6 7 Costs of equipment necessary for  changing to  

low solvent coatings can be very expensive. I n i t i a l  development 

of the coatings can also be very expensive. 6 8 A cost comparison 

of various types of s i l icone  application systems i s  showr~ i n  
Table 4-9-14. 

TABLE 4.9-14. COST COMPARISON OF APPLICATION METHODS FOR SILICONE 
COATINGS 

Application System cost $ / l b  
Sil icone Solids on Paper 

Organic Solvent (with recovery) 

Organic Solvent (with incinelat ion)  

Solventless (heat se t )  

Organic Solvent (no recovery) . 

Water Emulsion System 

Fabric Coating 

There are  some costs  developed spec i f ica l ly  f o r  incin- 

e ra t ion  and adsorption as control method i n  f ab r i c  coating plants .  

These data  are  included i n  Tables 4.9-15 and 4.9-16. Energy 

consumption for  the incinerators  can be very la rge ,  but heat re -

covery can help reduce t h i s  requirement. Secondary pol lutants  t o  

be considered are  combustion gases from incinerat ion which may 

contain pol lutants  such as NOx, SO2, CO, and acids .  





Also, if steam is used in the adsorption system to re- 


generate carbon beds, the condensate may need to be treated be-


fore disposal 


4 .9 .3 .4  Wood Furniture Coating 

Water-borne coatings are, at present, more expensive 


per liter (gallon) than conventional coatings. Material costs 


for industrial use are about 10 percent higher per square meter 

(square foot) of coated surface. Longer drying times for water- 


borne coatings increase the energy requirements and costs for 


industries employing drying ovens. 7 3  The resultant slower pro- 

duction rates also produce adverse economic effects. 


Some of the cost problems associated with water-borne 


coatings are compensated by a reduction in plant insurance rates. 


Reduced requirements for fresh air ventilation also reduce the 


energy requirements and costs for plant heating or cooling. * 
Future research and development efforts may significantly affect 

the economics of water-borne coatings. 
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~abber and Rubber Products 


Rubber is an elastomer which can be processed 


(vulcanized) into a material that can be stretched to at least 

twice its original length and will return with force to approxi- 

mately its original length when the stress is removed. Synthe-


tic rubber is produced by polymerization or copolymerization 


of monomers. Raw materials used in the production of synthetic 

elastomers include polymers of butadiene, styrene, ethylene, 


propylene, isoprene, isobutylene, acrylonitrile, and chloro- - - - -... 
.. 

. pxene. Products are marketed in both solid (crumb, or slab) , .,+ 

natural rubber production is not,..-.. and liquid (Latex) forms. 
:. 

' 
, .. , . 

-. covered in this chapter. 
" - _.. -. 

., -

. . . I . .  

... 
. . ,-. 

The total production of synthetic rubber for the 

years 1974, 1975, and -1976 was 2.5 Tg (5 .5  x l o 9  lb) , 1.94 Tg 
(4.3x lo9 lb) , and 2.3 Tg (5.'F x 10' lb) , respectively.' These 
figures reflect the economic recession of 1975 and the rubber 

industry strike in 1976. Tire production in 1972 accoonted 
for about ,66% of that total.' Organic emis"sidns and control 

technology-$or synthetic rubber, rubber-products, and reclaimed 
.. rubber production are discussed in sections 4.10.1and 4.10.3. 

4.10.1 Synthetic Rubber3"+ 

Two processing technologies, emulsion polymerization . .. 
and .solution polymerization, are used in the nanufacture of 
synthetic rubb.er. Emulsion polymerization Is the more widel:r 
used process. The production of crumb styre~e-buradiene (SBR) .. 

by emulsion polymerization as described below is essenrially 

typical of all emulsion crumb processes. 



Styrene and butadiene (monomers) are piped or shipped 


to the plant and stored in a tank farm. Inhibitors which pre- 


vent premature polymerization are removed in a caustic scrubber 

using a 20% NaOH solution. Soap solution, catalyst, activator, 

and modifier are then added to the monomer mixture. The con- 


tinuous polymerization process occurs in a series of reactors 


which may produce "cold" (4-7"C, 105-210 kPa) (40-45"F, 0-15 
psig) or "hot" (50°C, 385-525 kPa) (12ZoF, 40-60 psig) rubber. 

For "cold" polymerization the emulsion is cooled prior to re- 

action. An inhibitor (shortstop) is added to the mixture leav- 


ing the reactor to stop the polymerization. Two common short- 


stops are sodium dimethyl dithiocarbamate and hydroquinone. 


Unreacted monomers are recovered from the solution, 


purified, and recycled. Antioxidants are added to the reactor 

product and various recipes are mixed. A dilute NaC1-H,SO, 

solution is used to precipitate the rubber. Carbon black and 


oil extenders may be added during the coagulation step. The 


rubber is then separated on a shaker screen, rinsed with water, 


dried, and pressed into bales. 


Latex production includes the same'processing steps 

as emulsion crumb production except for-the. coagulation, 

rinsing, drying, and baling. 


4.10.1.1 Emission Characteristics 


Fugitive volatile organic emissions from the emulsion 

crumb process and other industry processes are possible because 


of leaking valves and seals. Other gaseous emissions arise from 

monomer and solvent recovery processes, from product drying, and 


from storage areas and tanks. On the basis of limited information, 




i t  i s  estimated v o l a t i l e  organic emissions average 41 glkg 
product (82 lbf ton)  . A breakdown of t h i s  t o t a l  i s  given i n  

Table 4.10-1. 

Control Technology 

Odor control i s  accomplished by chemical, therna l ,  

and ca ta ly t i c  oxidation; condensation; absorption with wacer 

scrubbers and adsorption with activated charcoal. Hydrocay-

bons recovered by adsorption a re  sometimes recycled. 
7 

.. .* . - . - .  . . -

Cosy, environmental impact, and energy requirements .. . . 
fo r  the above controls a re  discussed i n  Section 3 :0. Organics -

recovered by adsorption provide a  cost  c red i t  and an indi rec t  

energy credi t  

Oxidation controls have the potent ia l  to  produce NO, 

and CO emissions. Organic emissions may also be produced i f  

incinerat ion i s  not carr ied out properly. Water scrubbers 

produce a contaminated wastewater s t rean .  Without extra waste-

water treatment, the potent ia l  ex i s t s  fo r  pol lut ion o f  the 

.,. . ., . , , p l a n t 's water e f f luent  stream. 

4 . 1 0 . 2  Rubber P roduc t sep9  
.. . 

. - A wide variety of synthetic rubbers i s  used for  t h e  -
. -nanufacture of t i r e s  and other specialty products. Yost. pas-

senger car t i r e s  -re made from SBR and 25% to  352 pol:~buradi-
. . 

ene . ? C F i l l e r s ,  extenders and re inforcers ,  of xhhlc- c ~ r j c n  

black and oil are  the nost common, are  used t o  d i l u r s  c5e rav 

rubber i n  o r d e r  to  produce a  greater  weight or vol.~rr.e ;a 

increase the strength, hardness, and abrasion res i ;z l .ce  sf 

the f i n a l  product. 

373 



TABLE 4 .10-1 .  EMISSIONS SUMMARY OF SYNTHETIC ELASTOMERS 
PRODUCTION 

Emission r'act o r ,  
g/kg ( l b / t o n )  of Percent  t o t a l  

Source rubber produced emissions 

Emulsion (90% of t o t a l  production) 

Styrene s t o r a g e  (breathing)  

Solvent s t o r a g e  ( f u g i t i v e )  

Reactor s e c t i o n  ( f u g i t i v e )  

Recovery a r e a  ( f u g i t i v e )  

Butadiene recovery 

Coagulation, dewatering, drying 

So lu t ion  (10% of t o t a l  production) 

Styrene s to rage  (breathing)  

Hexane s t o r a g e  (breathing)  

Storage ( f u g i t i v e )  

P u r i f i c a t i o n  a r e a  ( f u g i t i v e )  

Reactor area ( f u g i t i v e )  

Desolvent i z a t i o n  (vent)  

Desolvent izat ion ( f u g i t i v e )  

Dewa t e r i n g  , drying . . 



Spec i a l t y  rubber products  inc lude  rubber footwear,  

hose and b e l t i n g ;  ga ske t s ,  packing and s e a l i n g  dev ices ;  insu-  

l a t e d  w i r e ;  and var ious  o the r  f ab r i c a t ed  rubber products .  The 

manufacture of  rubber products  involves compounding, ca lender-

i n g ,  bui ld ing o f  t h e  product ,  and vu lcan iza t ion .  The sEeps a r e  

s i m i l a r  t o  those  i n  t i r e  manufacture bu t  they a r e  p r ac t i c ed  on 

a smal ler  s c a l e  and wi th  varying propor t ions  of o the r  m a t e r i a l s .  

T i r e s ,  Inner  Tubes and Retreading 

T i r e  production employs a Banbury mixer t o  compound 

t h e ~ r u b b e r ,  carbon b lack ,  o i l  and o the r  ingred ien t s  such a s  
, . 

an t i ox idan t s ,  cur ing agen t s ,  and c a t a l y s t s .  T e x t i l e s ,  cord,  

and wire  a r e  dipped i n t o  a rubber cement o r  l a t e x  d i p  a n d .  

d r i ed  i n  an oven. They a r e  then calendered (coated) wi th  rub- 

b e r .  The rubber and coated ma te r i a l s  a r e  then c u t  and molded 

i n t o  t h e  ba s i c  t i r e  components. The t i r e  t r e ad  i s  o f t e n  coated 

wi th  rubber cement o r  so lven t s  t o  " tacki fy"  i t  before  i t  i s  

b u i l t  i n t o  a t i r e .  Af te r  t he  components have been assembled, 

t h e  green t i re  i s  sprayed wi th  a r e l e a s e  agent  such a s  s i l i -

cone o i l .  The ' t i r e s  a r e  molded and cured (vulcanized) i n  an 

automatic p r e s s  a t  38 t o  L49"C.(100 t o  300°F) f o r  per iods  of -. 

ft'0W.a few seconds t o  s eve ra l  minutes.  

... 

Inner tube manu£-acture proceeds s i m i l a r l y  exce?t t h a t.- -
the  compounded rubber i s  extruded onro a continuous c y l i n d e r .  

The tube i s  cu t  t o  l eng th  and the  ends a r e  sp l i c ed .  Inner  tubes 

a r e  cured i n  the  same Tanner a s  t i r e s .  

T i r e  xe t read  shops u sua l l y  buy the  t r e ad  from tire 

~ a n u f a c t u r e r s  and only cementhg ,  cur ing ,  and buf f ing  a r e  done 



on-site. New tread stock may also be extruded directly onto 


the carcass. 


Rubber Footwear 


The rubber footwear industry includes the manufac- 


ture of canvas footwear and waterproof footwear. Canvas foot- 


wear is the major product. Canvas footwear production is on a 


much smaller scale than is tire production, as is the production 


of all specialty rubber products. 

. -

In the mixer, white pibents are used in lieu of 

carbon black and care must be taken to avoid discoloration. 


The s tock may be extruded .as.a strip or in a thin sheet. Soles 


and innersoles may be cut from sheets or formed by injection, 


compression or transfer molding techniques. The boxing between 


sole and upper is extruded as a long strip. 


Canvas uppers are cut.and s e w  fromseveral layers 


of fabric which have been glued with latex and passed over a 


heated drum. The upper is cemented at its edges, then the shoe 

" ,  

is built on a last with a latex adhesive. The shoe may be par- 

tially or entirely dipped in latex, then air or oven dried. 


The -shoe is cured at 30 to 40 psi (207 to 276 kPa) for about 

one hour with anhydrous ammonia. 


Hose and Belting 


Rubber hose consists of three parts: the lining, 


the reinforcement (rubberized fabric) and the cover. Rubber 


belting consists of a rubberized fabric carcass sandwiched be- 


tween layers of rubber sheeting. Production steps include 

compounding, calendering, reinforcement, extrusion, vulcani- 


zing, and finishing. 




Af te r  compounding, t h e  rubber  s tock  i s  sheeted f o r  

b e l t i n g  o r  extruded t o  form a tube f o r  hose.  Fabr ic  i s  c a l -  

endered and c u t  on a b i a s ,  The hose o r  b e l t  i s  then b u i l t ;  

t h e  hose i s  mounted on a mandrel (metal rod) f o r  suppor t .  

Cement may be used f o r  adhesion of  t he  components. Curing i s  

c a r r i e d  ou t  i n  a steam autoclave .  

Gaskets,  Packing and Seal ing  Devices 

Gaskets and packing and s ea l i ng  devices  a r e  made by 

t h r e e  molding techniques:  compression, i n j e c t i o n  and t r a n s f e r .  

A l l  t h r e e  techniques may be used i n  one p l a n t .  Larger f a c i l i -  

t i e s ,  o r  those wi th  s p e c i a l  needs,  compound t h e i r  own s tock .  

I n  compression molding the  s tock  is  placed i n  the  

mold and the  two ha lves  of  t h e  mold a r e  he ld  together  by hy- 

d r a u l i c  o i l  p ressure  dur ing cur ing .  I n  t r a n s f e r  molding t he  

s tock  i s  placed i n  a  t r a n s f e r  c a v i t y  f i t t e d  w i th  a ram. The 
app l ied  fo r ce  of  t he  ram p l u s  hea t  from the  mold causes the  

rubber t o  s o f t e n  and e n t e r  the  mold c a v i t y ,  cur ing s i m l r a n e -  

ous ly .  I n  i n j e c t i o n  molding the s tock  i s  i n j e c t e d  i r t o  t he  

mold cav i t y ,  then cured. 

Af t e r  molding, rubber overflow i s  removed (def lash-

ing) by g r ind ing ,  press-operated d i e s ,  o r  tumbling i n  dry  i c e .  

Insu la ted  Wire 

I n s u l a t i o n  i s  app l ied  t o  wire  by ex t ru s ion .  The 
wire  i s  passed perpendicular  t o  the  ex t ruder  so t h a t  t h e  rub-

ber  compound completely surrounds the  wi re .  The wire  goes 

d i r e c t l y  i n t o  the  cur ing device  f o r  continuous ~ v l c a n L z a t L o n .  

Another covering of t e x t i l e  o r  m e t a l l i c  b r a i d ,  l e a d ,  o r  anot5er  

rubber may be app l ied .  



Other Fabricated Rubber Products 
-

Other fabricated rubber products include others which 


are molded or extruded and those made olf latex or rubber cement. 

Latex is an emulsion of rubber in water; cement is a solution 


of rubber in an organic solvent. Latex and cement products 


are usually formed by dipping a form into a bath, curing, then 


stripping the item off of the form. 

. . 

4.10.2.i Emission ~haracteristics' " I 2  


The rubber products industry is based on mechanical 


and dry manufacturing processes, therefore, organic emissions 

are relatively low. Potentially hazardous organic solid wastes 

are not incinerated. Volatile organic emissions are most likely from 


the processes in which temperatures are high (above 72°C)' par- 


ticularly compounding, extrusion and vulcanization. Rubber 


adhesives, solvent, cement, excess spray and spray residue, 


etc., and other additives may be volatilized during vuicaniza- 

tion. There may also be leaks in materials storage areas. 


A sunnnary of available volatile organic emission 

data for tire, inner tube, and specialty rubber products manu- 


facture is given in Table 4.10-2. 


4.10.2.2 Control Technology 


The principal techniques used to control organic 


emissions from rubber processing are reformulation, condensa- 


tion, adsorption, absorption, and incineration. Direct-flame 

incineration has proven to be very successful in controlling 


both hydrocarbons and odors from rubber processes such as cord 


drying. Carbon adsorption and incineration have been used to 






a very limited degree. Control efficiencies as high as 97 


percent have been achieved in one plant. Adsorption is used 


for the emissions from tread cementing. Based on this infor- 


mation, the potential reduction of volatile emissions in rub-


ber processing plants is estimated to be over 90 percent. 

Water-based release agents have also been used successfully 


as a substitute for the silicope oil. 1 0  

4.10.2.3 Cost, Energy, and Enviromental Impact of Controls 


Cost and energy requirements are discussed in Section 


3.0. Recovered organics produce a cost credit and an indirect 

energy credit. 


Incineration may produce NO, and CO emissions if not 


properly operated. Incineration of materials containing sulfur 

may produce SO, emissi6ns. 


4.10.3 Reclaimed Rub.berl '' ' '' 

The reclaiming. of old tires involves two steps: 

mechanical preparation and separation of the rubber, and physi- 


cochemical modification, usually called devulcanization. 


Devulcanizers are-of two types:- the reclaimator and 


the dynamic devulcanizer. A reclaimator is a screw device 

which generates high temperature and pressure. Reclaiming oils 


are added to the rubber in the reclaimator. The dynamic devul- 


canizer operates at steam pressures of 3.5 to 7 MPa (500-1000 

psia) . 

The product from the reclaimator is in the form of 

thin flakes which can be processed into sheet or crumb form. 




The material from the dynamic devulcanizer is further conpoun- 


ded on a mixing strainer, then passed through mills which pro- 


duce a crumb form similar to synthetic rubber. 


4.10.3.1 Emission Characteristics 


In the reclaimator, lighter fractions of the reclaim- 


ing oil are driven off. When the hot oil is mixed with the water 


used to cool it, the mist formed is 2 percent organics. Similar 


quantities of organics are emitted in the vent stream from the 

dynamic devulcanizer. Solvent may also be lost during addition 


tathe dynamic devulcanizer. Based on data obtained from state 


permit applications far an assumed representative rubber reclaim- 

S T
ing planC;.the emission'factor is calculated to be 30 glkg (30 


lb11000 lb) product. The emission factor will vary with each 

type of process.lg 


4.10.3.2 Control Technology 


Emissions from the reclaimator are controlled by 

condensation and scrubbing. In at least one establishment the 


recovered oil is recycled to the process.19 Steam pressure 


from the. dynamic devulcanizer can be relieved through control 

equipment consisting of a venturi scrubber discharging to a 


barametric condenser. .Direct-flame incineration is also a 


possible control technique, but it is generally considered too 
.... .... 
costly. 


Cost, Energy, and Environmental Impacr of C c n t r o l s  

Costs and energy requirements are discussed in Seccioc 


3.0. Recovered oil provides a cost credit and an indirect et.ergy 

credit. 




Incineration may produce NOx and CO emissions. If 

there i s  any sulfur  i n  the reclaiming o i l ,  incineration may 

a lso  produce SOx emissions. 
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4.11 Pharmaceuticals 


The pharmaceutical industry produces drugs, enzymes, 


hormones, vaccines, and blood fractions. The main processes 

used in the industry are fermentation, organic and inorganic syn- 


thesis, biological extraction and fractionation, and botanLca1 


extraction. 


Organic emissions consist mainly of solvent used in 


manufacturing processes. Solvents commonly used are acetone, 


acetonitrile, amylacetate, benzene, butyl acetate, chlorofomi. 

ethanol, ethylene dichloride, isopropyl alcohol, methanol, methyl .-

isobutyl ketone, toluene, xylene, ethylene glycol, monomethyl 

. -ether, heptane , methylene chloride, and naphtha. ' 

Emissions and control technology for fermentation, 


drug synthesis, and biological and botanical extraction operations 


are described in Sections 4.11.1 through 4.11.3. 


4.11.1 Fermentation 

. . 

Biolugkcal fermentation is used in the pharmaceutical 


industry to produce antibiotics. In 1974 estimated domestlc 

sales of antibiotics was $760 rnilli~n.~Figure 4.11-1 illus- 

trates the processing steps in antibiotic production. Living 


microoxganisms such as fungi or bacteria are cultured in a 


nutrient rich.broth. The crude antibiotic is recovered by ex-

traction, precipitation, or adsorption.. The product is then 

purified by several recrystallization steps, filtered and dried. 


Product modification may be required prior to the d r y k g  step. 

An example of product modification is the conversion of per.lcillin 


to procaine penicillin. 




I 

Figure 4.11-1. Simplified flow diagram for antibiotic prod~ction.~ 




- -- 

4.11..1.1 Emission Characteristics 


Significant volatile organic emissions arise during 


extracting procedures and fermentation. The fermentation pro- 


cess produces gaseous by-products whrch are vented. The vent 

gases have a very strong odor but contain low concentratFons 


of volatile organics. 4 


Solvent emissions result from evaporation of solvent 


during processing and drying. Another potential emission source 


is evaporation of waste solvent. The volume amount of solvent 


emissions depends on the control methods used. Waste solvent 


is usually disposed of by incineration. Table 4.11-1 lists 

typical waste solvent values for the production of procaine pen- 


icillin G. In 1973, 12 Gg (26 x lo6 lb) of waste solvent con- 

centrate was produced by fermentation operation^.^ Of this 

total., 5 Gg (11 x lo6 1bs)wereincinerated on site. The balance 


was sent to outside contractors for disposal. Some organic 

vapors may be emitted from the on-site incineration. 


TABLE 4.11-1. SOLVENT WASTES FROM PRODUCTION 

OF PROCAINE PENICILLIN G6 


m3/Mg ga1/1000 15 

Solvent Waste Concentrate Product Product 


Solvent (butyl acetate) 0.6 72 

Other Dissolved Organics 0.6
-

1.2Total 144 



Solvent losses from sources other than waste solvent 


disposal depend on the equipment, type of solvent, and control 

&vices in use. 


4.11.1.2 Control Technology 


Wet scrubbing carbon adsorption, and ozonation are po- 


tential control methods for fermentation vent odors, although 

their use has been limited. Incineration, though, has been 

demonstrated as very effective. Fermentation vent gas has been 


7
successfully used as combustion air in plant boilers. 


4.11.1.3 Cost, Energy, and Environmental Impact of Controls 


Incineration is discussed in Section 3.1. 


Synthesized Drugs 


Synthesis of organic medicinals may involve the com- 

plete synthesis of a complex chemical such as aspirin or a one- 


step modification of an antibiotic or botanical or biological 

extract. Production of specific organic medicinals can be large 

or small. Only 0.9-1.8 Mg (1-2 tons) of a specialty drug may 


be produced per ear .' Large volume drugs, such as aspirin, are 
produced on a scale of 13.6 Gglyr (30 x106 ~bs/~r).~-
Batch pro-


cessing methods are employed. Average yields and number of pro- 


cessing steps vary considerably. The aspirin production process 

employs 2 steps and an 80% yield is achieved. Vitamin A synthe-

sis requires 13 steps and has an overall yield of 15 to 20 per-

cent. 


Synthesized inorganic medicinals include antacids and 

laxatives. Both are usually compounded from magnesium hydroxide 

or aluminum hydroxide, which are precipitated from solutions of 


. soluble magnesium and aluminum salts. Since organic compounds 

, 3 8 8  



are not used in their preparation, there are no organic hydro- 


carbon emissions. Further discussion of synthesized medicinals 


will apply only to organic compounds. 


4.11.2.1 Emissions Characteristics 


Total emissions depend on the solvents used, manufac- 


turing processes, and the type of control technology employed. 


Organic emissions come from evaporation of waste solvents as 


well as from in-process losses. The average organic medicinal 

plant produces 100 kg (220 lbs) of waste halogenated solvent 

and 700 kg (1,500 lbs) nonhalogenated solvent per Mg (2,200 lbs) 

of product. lY For 1973, solvent wastes from synthetic organic 
medicinal plants were estimated to be 3.4 Gg (7.5 x LO6 lbs) and 

23.8 Gg (52.4 x lo6 lbs), respectively. Emissions occur when the 
waste solvents are incinerated on-site. The rest is sent to in-
dependent contractors for disposal. 1 1  

In-process solvent losses also occur. Because of the 


varied nature of the different drug syntheses, no definite 


sources can be given, although they might include such operations 

as distillation, drying, and filtration. Emissions are probably 

similar to process losses from the organic chemical industry. 


4.11.2.2 Control Technology 


It has been reported that all waste solvents are incin-

erated. An estimated 10.1 Gg/yr (22 2c lo6 15s) are incinerated 

on site. 1 2  The rest is sent to off-site contractors. 


Processing solvent losses can be controlled in a n u - 

ber of ways, depending upon the particular process parmeters. 




4.11.2.3 Cost, Energy, and%virorunental Impact of Controls- 


Inciceration is discussed in Section 3.1 


4.11.3 Biological Extractions and Fractionation 


There are three major methods for producing medicinals 


from animal products: extraction, fractionation, and precipita- 

tion. Drugs produced include insulin, heparin, vaccines, var-

ious serums, toxoids, and blood fractions. 


Extraction is used to obtain hormones or enzymes from 

animal tissues. Beef and hog pancreas are used for insulin; 

heparin is obtained from lung tissue. Figure 4.11-2 shows a 

simplified production scheme for obtaining insulin. The ground 


organs are first treated with acidic alcohol (ethanol or meth- 

anol). The extract is recovered by centrifugation or filtration, 

neutralized, then filtered again to remove precipitaeed protein. 

The extract is then acidified again, concentrated, treated to 

remove fats, and clarified. The crude insulin is finally pre- 

cipitated with NaC1. Further purification may include iso- 

electric precipitation. 


Precipitation and fractionation are generally used to 

produce vaccines, toxoids, serum, and blood fractions. Vaccine 

viruses such as influenza virus are cultured in fertile chicken 


eggs. The antigen is then extracted from the egg with a salt 


solution and precipitated with ammonium sulfate. Toxoids such 

as poliomyelitis toxoid are recovered from formaldehyde treatment 


of culture media previously innoculated with a virus. 


Serum and blood fractions are all derived from whole 

blood. Serums, such as tetanus anti-serum, can be obtained 


from horse blood, but blood fractions are produced only from 






huinan blood. Useful protein fractions include gamma-globulins, 


thrombin, albumin, and antihemophilic globulin. These fractions 


are obtained by first centrifuging whole blood to obtain the 


plasma. Protein fractions are then precipitated with ethanol 


of various concentrations and at varying conditions of pH. 1 4  

4.11.3.1 Emission Characteristics 


Organic emissions result from the use af solvents. 

Waste organic solvents in 1973 for biological medicinals were 

estimated to total 1.95 Gg (2.31 x 10"bs) (see Table 4.11-2). 

Waste solvent is generally incinerated, although a small amount 

from extraction processes is sent to wastewater treatment facil- 

ities.15 (See Section 4.15, Waste Handling and Treatment.) 


Process emissions of solvent vapors also may occur. 


- - -

.-

Source of Solvents 
Mg of Waste 
(Dry Basis) 10' lbs 

Medicinals from Animal Glands 
(may be up to 50% water) 

Ethanol from Blood 
Fractionation 

TOTAL 

4.11.3.2 Control Technology 


As stated above, waste organic solvents are usually 

incinerated, with a small portion sent: to biological wastewater 


treatment facilities. Control techniques for process vapor losses 

were not specified, and depend on the manufacturing equipment. 




4.11:3.3 Cost, Energy, and Environmental Impact of Controls 


Incineration is discussed in Section 3.1. 


4.11.4 Botanical Extractions 


Certain types of secondary organic compounds from 


plants can be extracted and used as pharmaceuticals. Alkaloids, 


steroids, and various other compounds can be extracted from bark, 

leaves, root.s, and fruits. 


The medicinal is usually extracted from the dried * "  

plant material with an acidified, water-miscible solvent such . 

8 s  an alcohol. This l i q u i d - i s  extracted with a water-ifds.isci~lg .. ' 

solvent, such as ethylene dichloride. The crude product '.is-'then . 

recovered by vacuum evaporafian and purified by crystall%zarion, 


precipitation, ion exchange, or chromatography. L 7 


A different extraction technique is used for ?reparing 

- steroids. The production of stigmasterol from soybeans is rypi-

.bottoms from soybean oil refining ere dissolved in a
cal. ~ t i A  


mixture of 'hot hexane (37X) and ethylene dichl6rkde (63%)'. After 

a series of crystallizations, the solvent is removed in a vacuum 

oven. The stigmasterol crystals are about 97% pure.1 9  


4.11.4.1 Emissions Characteristics 


Organic emissions arise from waste solvent stream 

and process vapor losses. Table 4.11-3 lists typical solvent 

wast:e streams for alkaloid extractions. Waste solvents are 

usually incinerated to prevent organic emissions. 




- -- - - 

TABLE 4.11-3. SOLVENT WASTES FROM ALKALOID EXTRACTION'^ 


_-____I 


Hazardous Waste kg/kg (lb/lb) Producz 

*-

Halogenated Solvent 9 

Methanol-water Concentrate 120 

Nonhalogenated Solvent 20 


4.11.4.2 Control Technology 


In 1973 an estimated 1.2 Gg (2.6 x lo6 lbs) of waste 

. solvent was generated frm botanical extractions. Incineratim 

was used to control emissions. 60% of waste solvent was sent 


to off-site contractors. Control technology used to curtail 

solvent vapor losses depends on process parameters and the types 

of solvent used. 


Cost, Energy, and Environmental Impact of Controls 


Incineration is discussed in Section 3.1. 


4.11.5 Formulations 


The formulation of pharmaceuticals involves making the 

product into tablet, capsule, liquid, or ointment form and pack-

aging for marketing. Organics are probably emitted from this 


operation, but no data are available at present. 
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4.12 Graphic Arts 


The graphic arts industry includes about 40,000 


establishments, most of which are small operations. About 


half employ less than 100 people.' The industry includes 


the printing of newspapers, books and magazines, cans, sheet 


metal, floor and wall coverings, and fabrics. About half of 


the establishments are in-house printing services in non- 


printing industries. 


4.12.1 Process Descriptions 


Direct printing is the transfer of an image 


directly from an image surface to the print surface; offset 


printing involves the use of an intermediate surface. Material 


to be printed may be web-fed to the press from a roll and 


remain continuous throughout the printing operation, as with 


some paper and fabrics; or it may be fed in individual items 


or sheets. Emission characteristics depend mainly upon the 


solvent content of the ink. 


There are five types of printing processes which 


vary according to the nature of the image surface. Letterpress, 


flexography, lithography, gravure, and screen process print- 


ing are described in the following Sections. 


4.12.1.1 Letterpress 


Letterpress is the original printing process, in 


which ink is applied to a raised image surface and transferred 


to the print surface. Many small printers who still use the 


letterpress process work with sheet-fed equipment. 




The newspaper " indust ry  uses the  web l e t t e r p r e s s .  The 

ink i s  made of carbon black and o i l s  which a r e  absorbed by t he  

porous paper and thus present  no emission problems. Emissions 

of i n e r t  ink mist  and paper dust  a r e  con t ro l led  by a i r  condi- 
t ioning.  

Conventional l e t t e r p r e s s  inks f o r  nonporous paper 
contain 30 t o  45 percent  organic solvent .  Drying occurs by 

solvent  evaporation i n  a drying tunnel .  r ~ h esolvent  i n  high-
L 

speed operat ions generally i s  a s e l ec t ed  petroleum f r a c t i o n  
akin t o  kerosene and f u e l  o i l  with a bo i l ing  po in t  of 200-

370°C (400-700'F) .*I
Low-speed operat ions  use a slow-drying ..* .  

alkyd o r  vegetable o i l  which d r i e s  by oxidat ion o r  polymeri- - -. ... . 
5zat'ion. . .-. . .- . -

. ..... . - ....-

4.12.1.2 Flexogra~hv 

When the  p l a t e s  used i n  the  l e t t e r p r e s s  process a r e  . 
rubber,  t h e  process i s  known as  flexography. It i s  widely used 
i n  mul t icolor  p r in t i ng  on a v a r i e t y  of sur faces .=  

Inks f o r  flexography must be very fluid. t y p i c a l l y  about 

60% so lven t ,  and must not  damage t h e m b b e r .  They dry by solvenr 

evaporation,  usua l ly  a t  temperatures below 1 2 0 ' ~  ( 2 . 5 0 ~ ~ ) .Typical , 

solvents  a r e  a lcohols ,  glycols, e s t e r s ,  ketones and ethers .  Some .... 
flexography inks are more viscous than o the r s .  

... 

I n  l i thography the  p r i n t i n g  and nonprint ing sur faces  

a r e  on rhe same p lace .  The image area  i s  made o f  mate r ia l  

t h a t  can only be w e t  by ink and t he  non-image area Ls made o f  
F . 
mater ia l  t h a t  can onLy be w e t  by w a t e r .  The p l a t e s  a r e  = x s t  



wet with water containing 0 t o  30 percent isopropanol, then 
with ink. '  Most lithographic operations are  web-offset. The 

sheet-fed l i thographic process is  widely used f o r  small and 

large applications.  Most plants  c l a s s i f i ed  under commercial 
lithography operate with sheet-fed lithographic equipment. 

Inks used fo r  web-offset lithography must dry within 

one second to  avoid smudging as the  web moves rapidly through 

other operations. "Heat-set" inks developed for  t h i s  appli-  

cation contain 35 t o  45 percent petroleum hydrocarbons and 
a re  dried a t  200-260°C (400-500°F).e 

Gravure 

The image area of a gravure press i s  recessed re l a -  

t i v e  t o  the nonimage area.  A very f l u i d  ink f i l l s  the image 
area and i s  scraped off the nonimage area with a "doctor 

knife". The image i s  t ransferred d i rec t ly  t o  the pr in t ing  

surface.  When the process i s  ro l l - f ed ,  i t  i s  known as  "roto-

gravure" . 9 Sheet-fed gravure- i s  not widely used. 

Rotogravure inks contain 40 t o  80 percent solvent 

which may be an alcohol,  a l ipha t i c  naphtha, aromatic hydro- 
carbon, e s t e r ,  glycol-ether,  ketone, n i t roparaf f in  or  water. 

The inks a re  dried a t  38-120°C (100-250°F). 1 0  

Screen Process. Pr in t ing  

In screen process pr in t ing  a f i n e  screen i s  used as the 

image area ,  and nonimage areas a re  masked o f f .  Inks s imilar  t o  

the more viscous flexographic inks a re  forced through the pores 

of the image area onto the p r i n t  surface." 



Screen process inks contain 20 to 50 percent solvent. 

Drying is doffe either at room temperature or in an oven. Sol-


vents include aliphatic hydrocarbons, aromatic hydrocarbons, 


or oxygenated solvents. Oxygenated solvents such as esters, 


ethers, glycol ethers, and ketones are widely used. l 2  Screen 

printing operations are generally small operations. 


4.12.2 Emission Characteristics 


The main source of organic emissions from printing 

establishments is the release of ink solvent during drying. 

Solvent may be released to the atmosphere during ink application 

in the flexographic and gravure processes. l 3  These emissions .. -

are controlled at some plants. The most common odorants are 

alcohols and partially .oxidized alcohols such as ketones.' 

There is a linear relationship between ink consumption and 

emission rates. 


Low levels of organic emissions are derived from the 

paper stock during drying. The type of paper, coated or uncoated, 


has 1ittle.effect on the quantity of emissions. The chernical 

composition of -theeplissions, however, will vary .''. 

Total  annual emissims from the industry are estimated 
to be 360 Gg (400,000tons). These emissions are assumed to be 

hydrocarbons or organic solvents. No methane is emitted. Of 

this total, lithography processes e m i . t  25%, letterpress 20%, 

gravure 40%, and flexography 15%. 16 


4.12.3 Control Technologv 


Emission cmtrols for the printing industry include re -

moval of the solvent vapors from the effluent by incineration or 


adsoqtion and/or use of a low solvent ink. SpecLfic control 

techniques are not applicable to aLI processes. 




Incineration is used for web-offset lithography, letter- 


press and small rotogravure operations. The effective temperature 


for thermal incineration ranges from 590 to 830'~ (1100-1500'~). l 7  


The optimum range is usually 650-760'~ (1200-1400'~). NOx emis-

---_sions become a problem at higher temperatures. Efficiency of-vol-

atile organic removal is about 95%.l 8  Besides initial equipment 


i n a r i o n  costs , the niaj br expen-ie is for fuel. Heat exchangers 

may be incorporated into the design, so that waste heat can be used 

to heat the drying ovens. With this design fuel costs for in- 

cineration may be reduced as much as 70%, but equipment costs 


will be higher.lg 


The application of catalytic incinerators also reduces 

the fuel costs associated with incineration. Temperatures range 

from 330-510°C (625-950°F) . 2 0  The most common catalyst is a 
platinum and/or palladium-coated ceramic pellet, but other tran- 


sition metals or their oxides are also used. The catalyst may 

be irreversibly poisoned by heavy metals, halogenated hydrocar- 

bons, or organosilicon compounds, or it may be thermally aged 


by excess heat. The use of heat exchangers will further reduce 


fuel costs. 2 1 Efficiency of the heat exchangers is 90 to 95 
percent,, 

2 2 

Carbon adsorption is an especially successful volatile 

organic control technique at large rotogravure plants where sim- 


ple mixtures of water-immiscible solvents are used. A 90% 

recovery rate can be a~hieved.~ The carbon bed is regenerated 

with steam. If the recovered solvent cannot be reused, it can 

be sold to other industries. 2 4 

Low-solvent inks have been developed which are set by 


thermal catalysis, ultraviolet light, or electron beam. Ther-

mally catalyzed inks for heat-set lettexpress and lithography 




contain up to  "30% solvent .and use the same dryers as cozventional 

inks,  but they cost  40 to  100 percent more. The ink i s  s e t  by 

the polymerization of monomers and prepolymers with heat and a 

ca ta lys t .  The use of these inks requires a 15% increase i n  f u e l  
The higher temperature required to  cure these lnks causes 

degradation of the paper. This fac tor  coupled with i n s t a b i l i t y  

of the inks on the p r e s s  has led to  the conclusion tha t  heat cata-
lyzed inks are  not a viable  pr in t ing  method.26 

Subst i tut ion of inks which polymerize upon exposure Co 

u l t r a v i o l e t  . l i g h t  i s  a potent ia l  control method f o r  sheet and web-
fed o f f se t  lithography. Though W s e t t i n g  inks cost 85 t o  100 
percent more than conventional- inks and new equipment must be pur-

.-
chi ied- ,  t h e i r  use has several advantages. Emission control  equip- - .  

,merit i s  not required,  drying equipment i s  s implif ied,  energy i!oSCs ' 

are reduced and ink does not  d r y  i n  equipment during shutdowns. 

However, workers must be protected from the W radiat ion and from 
the inks,  which are  skin and eye irritant^.^"^^ No commercial 

application of W inks has been developed f o r  flexography or  

gravure. 
- .  

Waterborne inks contain up t o  20% water soluble so l -  

vent. They cannot be wed i n  lithography, and t h e i r  use i n  
other areas i.s l i m i t e d . 3 0  They are  used i n  l e t t e r p r e s s ,  flexo-

graphy, and some gravure operations. Microwave drying may eli-
minate the problem of the high heat of vaporization and make 

these inks mare feas ib le  i n  the fu ture .  3 1  

. . 
Another approach t o  the pollution problem L s  web- . . 

heatset  pr int ing i n  the use of a "press coatFr,gMwhich seals 
a l l  the ink components onto the paper. The use o f  t h i s  method 

eliminates the need fo r  oven drying. Press coatLng csa also b e  

used i n  Letterpress o r  o f f se t  operations if rhe  paDer Ls smooth.j2 



4.12.;< Cost, Energy, and Environmental Impact of Controls 


Information is provided above in Section 4.12.3. Addi- 

tional information on incineration and adsorption can be found in 

Sections 3.1 and 3.2, respectively. 
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4.13 Stationary Fuel Combustion 


Stationary fuel combustion sources may utilize ex- 

ternal or internal combustion. External combustion sources 

include boilers for steam generation, heaters for the heating 


of process streams, and driers and kilns for the curing of 


products. Internal combustion sources include gas turbines 

and reciprocating interlial combustion engines. 


4.13.1 Stationary External Combustion Sources 


. . 
. .. .. External combustion.sources are categorized accord'ing. . . 

to the type'of' fuel burned in-'the untt. Coal, fuel oil, and. ' 

natural gas are  the primary fuels used in stationary external . 

combustion units. LPG, wood and other cellulose materials are 

also used to a lesser degree in external combustion sources. 


The largest market for liquified petroleum gas, LPG, is the 

domestic-commercial market, followed by the chemical industry 


and the internal combustion engine. 


Bituminous coal is the most abundant fossil fuel in 

the United States. Capacities of coal-fired furnaces range 

from 4.5 kg (10 lb) to 360 Mg (400 tons) of coal per hour. 

ApproximateJy 480 Tg (530 x 10hons) were consumed in 1972 to 

supply thermal energy in the United States. 1 


AnthracLte coal is used in some industrial and in-

stitutional boilers and is widely used in hand-fired furxaces. 

It has a low volatile content and a relatively high ignitLon 

temperature. 


Lignite is a geologically young coal with properties 

that are intemedLate to those of biarninous coal and pear. 




Lignite has a high moisture content 35 to 40 percent by weight 

and the heating value of 1.5 - 1.8 J/kg (6000-7500 Btullb) is 
low on a wet basis. It is generally burned in the vicinity of 


where it is mined. Although a small amount is used in indus- 


trial and domestic applications, it is mainly used for steam 

production in electric power plants. 


The two major types of fuel oil are residual and dis- 

tillate. Distillate oil is primarily a domestic fuel, but it 

is used in commercial and industrial applications where high- 


quality oil is required. Residual oils are produced from the 


residue remaining after the lighter fractions (gasoline, 


kerosene and distillate oils) have been removed from the crude 

oil. More viscous and less volatile than distillate oil, 


residual oils must be heated for easier handling and for proper 

combustion. Residual oils also have higher ash and sulfur 

contents. 


Natural gas is used mainly for industrial process 

steam and heat production and for space heating. It consists 

primarily of methane with varying amounts of ethane and smaller 

amounts of nitrogen, helium, and carbon dioxide. In 1974, 616 

km3 (22 trillion ft3) of natural gas were marketed in the 

United States, the majority of which was used as fuel.2 


Wood is no longer a major energy source for indus- 

trial heat or power generation. However, it is still used to 

some extent in industries which generate considerable quanti- 


ties of woodlbark wastes. Wood is also used as a domestic heat 

source. Woodlbark waste may include large pieces such as 


slabs, logs, or bark strips as well as smaller pieces such 

as ends, shavings, or sawdust. 




- -  

Liquified petroleum gas consists mainly of butane, 


propane, or a mixture of the two, and trace amounts of propylene 

and butylene. It is sold as a liquid in metal cylinders under 

pressure and also from tank truck and tank cars. The heating 


value ranges from 26.3 k3/m3 (97,400 Btu/gal) to 2 4 . 5  k.J/m3 
( 9 0 , 5 0 0  Btu/gal) . 

Emission Characteristics 
-
Volatile or.ganic emissions from stationary external 
.. 

combustion. sources are dependent on type and size of equipmerit, 
.. 
method of..firing, maintenance psactSces, and on the g r a d e  and 
iomposition- of the fuel. Considerable variation in organic 

ernissions..csn occur, depending on t,he efficiency of oper,a&n 

. . , .
of the individual unit, Incomplete~~combusti~n
leads to more 


emissions. Estimates of the emission rates of organics -fYdm -. 
externally fired units in 1975 are presented in Table 4.13-1. 

Emission factors are given in Table 4.13-2. All ambient air 

contains some organics from natural. and manmade sources. There-
fore, net organics from fuel combustion should be d e r i v e d  by 

subtracting-the organfcs that bere present in the combustion air 


at the burner from the total emissions. 


TABLE 4.13-1. ORGANIC EMISSI.ONS FROM STATIONARY 
EXTERNAL COMBUSTION SOURCES~"+'~ 


-

1975 Emissions Gg/yr (10 3~/yt)Source 

Coal Fuel O i l  Natural Gas Wood 

Industrial 

Commercial 8.9 (10) J 
- .  

1.8 ( 7 )  

Res iden t ia l  11 .7  (13) 24.3 (27) 12.4 (LL) 0.043 (0 .048)  

Utility 105.0 (117) 20.8 (23) 1 . 7  (1.9) 

a
For the year 1972 .  





4.13.1.2 Control Techniques 


Volatile organic emissions from starionary external 


combustion sources can be most effectively reduced by inproved 

operating practice and equipment designs which improve combus- 

tion efficiency. Organic emissions are directly related to 


residence time, temperature, and turbulence in the combustion 


zone. A high degree of fuel and air turbulence greatly in- 

creases combustion efficiency. The trend toward better steam 

utilization in steam-electric generating plants results in 


improved efficiency in the conversion of t h e m 1  energy from 


fossil fuels.into electrical energy. Continued research in the 


areas of magnetohydrodynamics, electrogas dynamics, fuel cel-ls, 

and solar energy may result in improved fuel usage and cafise- 

. , 

quently reduced organic emissions. 


Guidelines for good combustion practice are published 


by the fuel industry, equipment manufacturers, 'engineering 


associatians, and government agencies. Stationary combustion 


units should be operated within their design limits, according 

to the recommendations of the manufacturer, and in good repair 


at all times. Sources of information on good operating practice 

include : 

American Boiler Manufacturers Association 


American Gas Association 


American Petroleum Institute 


American Society of Heating, Refrigerating, 

and Air-conditioning Engineers 


American Society of Me~chanical Engineers 


The Institute of Boiler and Radiator 

Manufacturers 




7. Mechanical Contractors Association of America 


8. National Academy of Sciences - National 
Research Council 


9. National Coal Association 


10. National Fire Protection Association 


11. National Oil Fuel Institute 


12. National Warm Air Heating and Air-Condi- 

tioning Association 


13. U.S. Bureau of Mines 


There is no information available on the reduction in 


organic emissions resulting from the use of these controls. The 


percent reduction is probably-small for the small commercial and 


residential units. Small units have less efficient air-fuel 


mixing than large units and operate at somewhat lower tempera- 


tures; therefore, they have lower average combustion efficiencies. 


The potential for reduction of the emissions from wood-fired 


furnaces may be moderate since most arcnot regularly maintained. 


Flue gas monitoring systems such as oxygen and smoke 


recorders are helpful in indicating the efficiency of furnace 


operation. The substitution of gas or oil for coal in any 

type of furnace reduces emissions when good combustion techni- 

ques are used. This reduction is largely effected by the 


better mixing and firing characteristics of a liquid or gaseous 


fuel compared to those of a solid. 


4.13.1.3 Cost, Energy ,. and Environmental Impact of Controls 

Improved combustion efficiency produces cost and energy 


credits by reducing fuel consumption. Justification of the capi- 


tal costs to replace or modify a combustion unit is site specific. 




CO emissions are reduced by improved combustion effi- 


ciency, while NO, emissions are increased. 


4.13.2 Stationary Internal Combus tion Sources 


Internal combustion engines include gas turbines or 


large heavy-duty, general utility reciprocating engines. Most 


stationary internal combustion engines are used to generate 


electric power, to pump gas or other liquids, or to compress 


air for pneumatic machinery. 


Stationary gas turbines are used primarily in elec- ,',r . .  

. .  trical generation for continuous, peaking or stand-by power. ,-

The primary fuels are natural gas and No. 2 (distillate)-he1 

oil, although residual oil is sometimes used. Emissions from 

gas turbines are considerably lower than emissions from recipro- 


cating engines: however, reciprocating engines are generally 


mbre efficient. The rated power of reciprocating engines ranges 

from less than 15 kW to 10,044kW (20 to 13,500h~).'~ There 

are substantial variations in both annual usage and engine duty 


cycles. 


4.13.2.1 Emission Characteristics ... ,. 

,The organic emissions from stationary internal com- 

bustion sources .result from incomplete combustion of the fuel. 


The emissions contain uhburned fuel components as well as 


organics formed from the partial combustion and themal cracking 

of the fuel. Combustion and cracking proaucts include aldehydes 


and IQWmolecular weight saturated and unsaturated hydrocar- 
bons. Emissions from compression engines, particularly recip- 


rocating engines, are significantly greater than those f r c n  

external combustion boilers. Table 4.13-3 presents estLnates 


of the annual organic emissions from fuel oil and gas- fLred 

stationary internal combust' 
:on sources. 




TABLE 4.13-3. ORGANIC EMISSIONS FROM STATIONARY 

INTERNAL COMBUSTION SOURCES2' 


Emissions 
Source &I F) (10' Tonslyr) 

Industrial - Gas 237.0 

Utility - Oil 68.2 

Utility - Gas 11.8 

Emission factors have been calculated on both a time 

basis and a fuel basis for 116 electric utility single turbine 

units operating in 1 9 7 1 . ~ ~  
For both gas-fired and oil-fired 


units, organic emissions were 0:36 kglMWh (0.7 lbs/MWh) . On a 

fuel basis, gas-fired units emitted 637 kg hydrocarbon per hm3 

gas (39.8 lbs/106 ft3) and oil-fired units emitted 0.668 kg 


hydrocarbon per cubic meter of oil (0.0417 lbs/ft3). 


Emission factors for heavy-duty natural gas-fired 

pipeline compressor engines, and gasoline and diesel-powered 

industrial equipment are presented in Table 4.13-4. The engines 


used to determine the results in this table cover a wide range 

of uses and power. The listed values are not representative 

of emissions from large stationary diesel engines. Emission fac- 

tors for natural gas-fired pipeline compressor engines, based on 


the amount of fuel burned, are reportea in Section 4.6.1, Pipelines. 


4.13.2.2 Control Technology 


Emissions from internal combustion sources can be 

minimized by proper operating practices and good maintenance. 

Emissions could be reduced greatly with che application of 

catalytic converters, thermal reactors or exhaust manifold air 

injections to the engine exhaust. 




-I 

TABLE 4.13-4. EMISSION FACTORS FOR HEAVY-DUTY 
INDUSTRIAL ENGINES -

_I__ 

Engine Category 
Natural Gas-fired Compressor Xndus t r i a l  E o u i p m e ~ t  

Pol lu tan t  Reciprocating Gas Turbine Gasoline Diesel 

Es i s s ion  Sactor  Accuracy Excel lent  Excel lent  F a i r  F ~ i r  

Hydrocarbons as ca 
P ~ / J  1.64 0.03 
( l b /  10 ' hphr) 9.7 0.2 
kg@ bdb 21,800 280 

(Ib/ lOc oc f lb  1,400 23 

Carbon Maaoxide 

Exhaust Hydrocarbons 

.--
a 


Tocsl HydrBcarban'h, of which 5 t o  107. are escilcated to be nomethane hydrocarbons 

Calculated fram the above Cac~oroassuming a haat tng  value of 39.3 Wig m3 
(1. ,050 Gtu/ s=f )  f o r  na tura l  gas and an average fuel consumption o f  3,330 k cal/Kki 
(&C,000 Btu/scfl  f o r  gas turbines and 2,530 k cal/Sii h r  (7 ,500  S tu / t .~h r )  fo r  
rec iproca t ing  engines. 



These systems have not been tes ted  on la rge  bore u n i t s ;  

i t  i s  assumed tha t  such applications would require careful  de- 
sign to  assure a homogeneous high temperature environment through- 
out the u n i t .  

The c a t a l y t i c  converter has been proven ef fec t ive  on 
mobile gasoline engines. It contains a ca ta lys t  which causes 

the oxidation of HC and CO to  water and CO, a t  reduced tempera- 

tu res .  Unleaded low-sulfur fue l  should be used to  protect  the 

ca ta lys t  and prevent the formation of H2SOb. 

A thermal reactor  provides a s i t e  fo r  oxidation a t  

elevated temperatures maintained by the heat released from the 

oxidation of CO and HC. A i r  i s  added t o  the exhaust stream i n  
a container special ly  designed t o  maximize both the  residence 
time and turbulence of the charge. 

A i r  in jec t ion  i n t o  the exhaust system i s  s imilar  t o  

the thermal reac tor .  However, s ince the exis t ing  shape of the 

exhaust system i s  not changed and the volume i s  not optimized 

f o r  maximum residence time, heat re tent ion o r  mixing, a i r  in-  

jec t ion  i s  not as e f fec t ive  as  the  thermal r eac to r .31  

4.13.2.3 Cost, Energy, and Environmental Impact of Controls 

Volat i le  organic emission controls f o r  small and medium-

bore engines are  s imilar  t o  devices used on mobile sources. A 

r e t r o f i t  c a t a l y t i c  converter f o r  an automobile, including an 

a i r  pump, cost  between $105 and $260 i n  1974. The cost  of 

modified devices f o r  s ta t ionary  engines may be considerably higher.  3 3 

The need t o  use unleaded, low-sulfur f u e l  increases operating costs  

fo r  engines f i t t e d  with c a t a l y t i c  converters. 

1 




* Energy i s  required to  operate a i r  pumps f o r  thermal 

reac tors ,  a i r  in jec t ion  systems, and c a t a l y t i c  converters tha t  

use ext ra  a i r  f o r  combustion. Energy c red i t s  a re  provided fo r  
ins t a l l a t ions  t h a t  use waste heat boi le rs  for secondary heat re-

covery. 

Catalytic converters produce SOX emissions from any 

su l fur  i n  fue l .  By cornbusting a t  lower temperatures than thermal 

incinerators  and a i r  in jec t ion  systems, however, they have a 

lower tendency to produce NOx emissions. The so l id  waste impact 

from disposal of spent ca ta lys t  i s  minimal. 

Volat i le  organic emissions from uncontrolled large-bore 

engines are generally low:  i n  the range achievable by control of 

medium-bore engines on mobile sources. Control of large-bore end 

gines i s  only necessary when vo l a t i l e  organic emissions a re  in -
creased as the r e s u l t  of control techniques f o r  other emissions, 

such as NO,. Therefore, there  are no d i rec t  costs o r  energy re-
quirements f o r  control o f , v o l a r i l e  organic emissions from large- . 
bore engines. 3'4 
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4.14 Metallurgical Coke Plants 

The majority of coke manufacturing i n  the United States  

i s  performed to supply the s t e e l  industry with b las t  furnace coke. 

There a re  generally two methods of coke manufacturing practiced 

today: by-product coking and beehive coking. Beehive coking does 
not include recovery of vo la t i l i zed  organics. This may r e s u l t  in  

much higher organic emission r a t e s .  By-product coking, however, 
i s  used f o r  almost 99  percent of U.S. coke production. 

In by-product coking coal i s  charged by gravi ty flow 

from large ,  hopper carrying cars  ( l a r ry  cars) on wide guage 

r a i l s  i n t o  narrow, rectangular ovens. The ovens a r e  l ined with 
s i l i c a  brick and a re  typica l ly  45 c m  (18 in)  wide, 1 2  m (39 f t )  

long, and 4 .5  m (15 ft )  high. ' The ovens are  arranged s ide  by 

s ide  i n  groups ca l led  b a t t e r i e s  and are heated by burning gas 

i n  f lues  between the walls of adjacent ovens. 

Instead of burning, the coal bakes a t  temperatures 

ranging from 870°C t o  1260°C (1600°F t o  2300°F)2 fo r  16 t o  25 

hours, During baking a i r  i s  excluded from the ovens and the 

intense heat re leases  v o l a t i l e s  contained i n  the coal .  These 

vapors a r e  t ransferred t o  a chemical plant  fo r  recovery of gas,  
t a r ,  and ammonia l iquor .  About 45% of the coke-oven gas pro- 

duced i s  used t o  heat the ovens.. The remaining gas i s  used as  

f u e l  i n  other  s t e e l  m i l l  operations. 

A t  the end of the coking pe r iod , -a  large ram i s  used 

t o  push the coke out of the oven and i n t o  a railway car .  The car 

i s  taken t o  a quench tower where the coke i s  drenched with water 

t o  lower the temperature to  a point below the ign i t ion  temperature. 

Afterward, the quench car moves t o  a coke wharf where the coke i s  

t ransferred by conveyor b e l t  t o  the coke handling area.  



In the beehive process t:he coal is deposited and leveled 


on the floor of a refractory-lined enclosure with a done-shaped 

roof (the beehive). By regulating openings to the beehive oven, 

the amount of air reaching the coal is controlled. Carbonizarion 


begins at the top of the coal pile and proceeds downward through 


it. All volatile matter escapes to the atmosphere through a open- 


ing in the roof. When coking is completed, the coke is watered 

out or q~enched.~ 


Since beehive coking is not widely practiced and 

emission characteristics are not well described, this section 
5s limited to emissions from by-product coking. - . .. .. .. 

_.... .. . ... ._ .... 
Although coke itself is almost pure carbon, it is.made 


,.
from coal that contains an average of 20 to 32 percent of orher 

elements. The other elements are released as gases during the 

coking process. Volatile organic emissions can occur during charg-

ing-, coking, and discharging. Estimates of these emissions are 


given in Table 4.14- 1. - Emissions can also occur during quenching. . . 
.- . . , .*.. 

TABLE 4.14- 1. TPPICAL EM1SSION FACTORS FOR VOLATILE 
ORGANICS FROM COKE-0'6rEN OPERATION4 


-. 
Emission actor" 


g/kg coal charged lblton coal charged 


By-product Coking: 


Charging 


Coking Cycle 


Discharging 

Beehive Ovens 


ayctors rated average (c) according to explanation 5 :n~rociuc-
tion to Reference 'I. The numbers are rough e s r k a t e s  due zs :he 
lack of good emissions data. 425 



4.14.1.1 Charging 

Although coke-oven charging i s  an intermit tent  source 

of emissions, i t  i s  a lso one of the la rges t  s ingle  contributors 

of v o l a t i l e  organic emissions i n  the coking operation. Since 

charging begins short ly  a f t e r  discharging of the previous batch, 

the oven i n t e r i o r  i s  extremely hot and the coal begins t o  "bake" 
upon entering. When uncontrolled, steam, gas, and a i r  blow out 

of the open oven ports  carrying organics, ammonia, su l fur  dicxi.de, 
and par t icu la tes .  

4.14.1.2 Coking Cycle 

Since the coking cycle can take as long as 16 to  25 

hours, emissions during t h i s  s tep  i n  the coking process can be 
considered continuous. Most of these emissions a r e  the r e s u l t  

F ,., of leaks i n  and around the coking oven. Signif icant  points of  
oven leakage are  charging l i d s ,  oven doors, standpipe l i d s ,  

cracks i n  the oven off takes,  flange connections, and cracks i n  

the refractory oven walls .  

Due t o  the extremely high temperatures, charge l i d s  

and sea t s  become dis tor ted  and d i f f i c u l t  t o  s e a l .  A l u t ing  
mater ial  i s  used t o  c rea te  an ef fec t ive  sea l .  Luting involves 

pouring a wet mixture of clay and coke breeze in to  a channel 

between the l i d  and sea t ,  Cleaning of the l i d s  and sea t s  i s  

e s s m t i a l  f o r  a proper s e a l .  

Luting is  a l so  used a t  a few plants  t o  s e a l  oven doors 

a t  the j o i n t  between the door and the  jam. Newer oven door 
designs fea ture  a self-seal ing metal-to-metal contact.  The 

design r e l i e s  on a mechanical arrangement for  exerting pressure 

between a machined surface and a knife  edge. A s t r ingent  main- 

tenance program must be followed since leaks w i l l  eventually occur 



Another common leakage point i n  many plants  i s  the 

standpipe l i d .  This i s  usually the r e s u l t  of poor l i d  posi- 

tioning by an operator or heat d i s to r t ion  from months o f  use. 

The problem can of ten be eliminated by careful  posit ioning 

a f t e r  charging and by lut ing.  New lid designs are  being inves- 

t iga ted .  

Cracks i n  coke-oven walls r e s u l t  i n  increased emissions. 
For years i t  has been standard prac t ice  t o  depend t o  a ce r t a in  

extent on the natura l  formation of carbon a t  r e l a t ive ly  fast 

coking ra t e s  t o  sea l  many cracks and open jo in t s .  However, 
wi th  slower operating r a t e s  and lower temperatures, and i n  the 

. 
event of pa r t i cu la r ly  l a r g e  cracks, .  the..curreat prac t ice  i s  , to ., 
r e l y  on regular oven patching crews. 

Other possi3le leakage points a re  door s i l l s ,  stand-

pipe base sea ls ,  col lect ing mains, and gooseneck extension 
elbows. As with other coke-oven leaks,  an adequate maintenance 

program, including prompt replacement of f au l ty  equipment, 
w i l l  eliminate most emissions. 

Discharging 

The intermit tent  v o l a t i l e  organic emissions from coke- 

oven discharging (oven-pushing) a r e  r e l a t ive ly  small. Although 

rhe emissions depend on a number of f ac to r s ,  the heaviest or-

ganic emissions are almost always caused by pushing "green" coke. 

Green coke resu l t s  from incomplete carbonization of coal Curing 

the  coking cycle. 

Green coke i s  produced by both old and new o v e ~ ~ ,but 


f o r  d i f ferent  reasons. Heating deficiencies i n  older ovexs re-



s u l t  from heavy oven-to-flue leakage, excess quant i t ies  of coal 

pi led up against  the end f lue  heating surfaces,  poor combustion 

cont ro l ,  and poor regenerator eff ic iency.  Related problems a r i s e  

from oven wall cracking andbriekwork movement a t  the oven ends. 

In new ovens the problems are  poor oven wall maintenance, preven-
t ion  of good heating by over f i l l ing ,  overtaxing end f lue  heating 

capabi l i t ies  by accumulating excess coal volumes a t  the oven ends, 
or poor coal blending. Green coke may a lso  be produced by push- 

ing ear ly.  Whatever the circumstances, an emission reduction can 
often be achieved through major oven repa i r s ,  reduced coal volumes, 

or slower coking r a t e s .  7 

4.14.1.4 Quenching 

Vola t i le  organic emissions from quenching a re  intermit-  

t en t  or continuous, depending on the quenching technique. Levels 
of emissions depend on the puri ty  of the quench water. Volat i le  

organics i n  the water evaporate upon contacting the ,ho t  coke. 

Emissions have been caused by using quenching towers fo r  the d is -  

posal of polluted by-product coke plant  or  metallurgical  m i l l  
wastewaters. Some emissions may a l so  or ig ina te  from green coke. 

4.14.2 Control Technology 

Each coke manufacturing operation has unique emission 
problems depending on ' the  s i z e  of the  coke-oven ba t t e ry ,  age of 

the equipment, a b i l i t y  t o  r e t r o f i t  and/or modify exis t ing pro- 

cesses,  and many other d e t a i l s .  These differences,  the attempts 

of many vendors t o  get  i n t o  the market, and the attempts of many 

s t e e l  companies t o  solve t h e i r  own problems account fo r  the wide 
var ie ty  of control techniques. 



4.14.2.1 Charginq 

Due t o  the extremely high emissions of organics and 
other compounds associated with the charging of coke-ovens, 
many control methods have been proposed f o r  t h i s  operation. 

The possible a l te rna t ives  include aspi ra t ion  by steam j e t  or 

l iquor spray, larry-mounted wet scrubbers or d is in tegra tors ,  
fixed-duct secondary col lec tors ,  staged o r  sequential  charging, 

and closed or sealed charging. 

Aspiration systems use a steam j e t  or  l iquor spray to  .. 

a r t i f i c i a l l y  -increase the ne t  draft on a coke oven while it t.s - .' - . 

being charged. The increase i n  ne t  d r a f t  depends on the aspira-  
tion,.,rate and nozzle s i z e  and placement. The induced d r a f t  -
draws potent ia l  emissions up a. standpipe and in to  a co l l ec to r .  . 

main. Some systems have two cof l ec to r  mains ' located a t  opposite 

ends of the oven t o  avoid loss  of asp i ra t ion  i f  coalhappens t o  

block off pa r t  of the open space a t  the top of the oven during 
charging. Steam aspirat ion alone does not provide complete 
emission cont-zol . .. 

.. " 

Wet scrubbers or dis integrators  mounted on lasry cars 
... . 

..-,* MYE designed a s  an add-bn device t o  control  charge-hole enis-

sions t h a t  occur i n  s p i t e  o f  asp i ra t ion .  The l a r ry  cars a re  
special ly  equipped with shrouds o r  hoods tha t  surround the 
charge holes and drop sleeves.  Gases drawn up through these 
shrouds are  combusted and scrubbed, and then exhausted through 

fans and stacks on the l a r r y  car .  Some d i f f i c u l t i e s  encountered 

with these devices include severe maintenance problems, d i s -

posal of polluted wastewater, sensirivit ;r  of adjusment ,  

and igni t ion f a i l ~ r e . ~  



Fixed-duct secondary col lectors  are not an independent 

control method but are  supplemental t o  aspirat ion systems and 

larry-mounted wet scrubbers. Instead of exhausting d i rec t ly  to  

the atmosphere, the ef f luent  from the scrubber i s  channeled t o  

a secondary scrubber system where par t icu la tes  and smoke a re  

removed. Although fixed-duct secondary col lectors  a re  i n  use, 

the  expense i s  high and the efficiency i s  l imited by the solu- 

b i l i t y  of organics i n  the scrubbing l iquor .  

Unlike the previously discussed control methods, 

staged or sequential  charging i s  a process change and not a 

r e t r o f i t  device. The pr inciple  of staged charging is  to  assure 

the adequacy of aspirat ion alone as a primary control .  Staged 

charging involves charging to  one o r ,  a t  most, two ports  a t  a 

time. A normal coke oven has four charging por ts ,  a l l  of which 

a re  used simultaneously. In staged charging a de f in i t e  sequence 

is  followed: f o r  example, f i r s t  ports  1 and 4 a re  charged, 

followed by 2 ,  and then 3 .  When a port  i s  not  being charged, 

the l i d  i s  closed and the induced d r a f t  created by the aspi ra tor  

i s  more ef fec t ive  s ince the smallest possible opening to  the atmos-

phere i s  maintained. 

Actual charge times a re  estimated a t  2 .75 minutes on 

a 3 . 7  m (12 f t )  ba t te ry  and 3.5 minutes on a 4 . 3  m (14 f t )  

ba t te ry . ' '  Some requirements for  staged charging include indi-  

vidually operated charging port  l i d s  and coal hoppers, two-way 

draf t ing of the f r ee  space a t  the top of the oven, adeqcate 

aspi ra t ion ,  and crew coordination. Use of special  equipment 

i s  minimized. 

Closed or sealed charging involves radica l  changes i n  

the present coke-oven charging process. One system transports 

preheated coal a t  260°C (500°F) v ia  pneumatic pipel ine d i rec t ly  



i n t o  the ovens. Estimates a r e  t h a t  coke production i s  increased 

by 50% due t o  reduced coking t ime . ' "  Other proposed systems em-
ploy conveyors with f ixed charging chutes t o  the coke ovens o r  

l a r r y  c a r s .  A l l  these  systems were designed p r i n a r i l y  t o  i n -

crease  coke production per u n i t  volume of coke oven. The methods 

allow the  use of lower q u a l i t y  coals  without reduct ion i n  coke 
q u a l i t y . ' '  The f a c t  t h a t  both charging methods provide an e f f ec -  

t i v e  means of emission con t ro l  i s  an add i t i ona l  advantage. Capa-

b i l i t y  t o  r e t r o f i t  depends on the  a b i l i t y  t o  make oven work changes .. . 
and the  a v a i l a b i l i t y  of space f o r  preheater  and p ipe l ine  equip- 
ment. 

4 .14.2 .2  Coking Cycle 

Emhssions during the coking cycle a r e  predominantly 

the  r e s u l t  of leaks caused by cracks i n  the  coke-oven wal l s  -ahd 

inproper s e a l s  a t  l i d s ,  doors,  and standpipes.  Several  methods 

have been considered f o r  e l iminat ing Leaks from coke-oven c racks .  

Several  companies have achieved some success wi th  a pressur ized 

dust ing process i n  which f i n e  r e f r a c t o r y  mate r ia l  ( s i l i c a )  i s  

fe-d i n t o  euipty Ovens t o  . f i l l  small  cracks .  Larger cracks a r e  

f i l l e d  by remote con t ro l  gunning of patching compound. S t i l l  

o ther  p lan t s  have attempted t o  reduce emissions by reducing 

oven back pressures .  There i s  some danger, however, t h a t  the  
i n f i l t r a t e d  a i r  may cause the  burning of gas a t  oven openings. 

Good cont ro l  appears t o  r equ i r e  a conscientious maintenance 
program with good operat ing p r a c t i c e s .  

Emissions r e s u l t i n g  from improper s e a l s  can be  con-

s ide rab l e .  One r epo r t  s t a t e s  t h a t  f o r  a ba t t e ry  of  e igh ty  6 . 4  m 

(?I f r )  coke ovens, operat ing on a 16-hour coking cyc le ,  t h e  

length  of end door s e a l s  broken and renade e v e q  24  hours amounts 
.-.t o  almost 3 . 7  km ( 2 . 3  mi) .13 These s e a l s  mus; be c l o s e l y  i ~ t ~ e d  



under extremely ho t ,  d i r t y ,  corrosive conditions. Luting i s  
ra re ly  practiced on la rge ,  f a s t  ovens, and most plants  r e ly  on 

se l f -sea l ing  doors. The sea l s  may e i the r  be mounted on a f lex-

i b l e  p l a t e  (diaphragm-type sea l s )  or on the door frame ( s t r i p -

type s e a l s ) .  Emissions from door leaks may be collected i n  

hoods. Good control of emissions requires proper maintenance 

of sea ls  to  prevent buildup of carbon and t a r  deposits.  

4.14.2.3 Discharging 

Even though the worst discharge emissions r e s u l t  from 
pushing green coke, no technique has been developed t o  ant ic ipa te  

green coke formation. Therefore, t o  ensure proper emission 

control ,  the plant  must be prepared f o r  the p o s s i b i l i t y  of green 

coking a t  any time. The most common approach has been the con-

tainment of emissions by some type of hood o r  covering device. 

There a re  many variat ions on t h i s  method. For instance,  

one plant  uses a p a r t i a l l y  open entrapment s t ruc ture  which com- 

p le te ly  covers the discharge area including the quench ca r .  A 

150 kW (200 hp) motor i s  used f o r  continuous evacuation a t  a 

r a t e  of approximately 66 m3/sec (140,000 f t3/min) ."  Another 

p lan t  employs a mobile hood which covers the coke guide and 

quenching ca r .  Contaminated gases are  conducted t o  scrubbers 

on the same platform. There a re  numerous other hooding systems 

and the choice of system depends p a r t i a l l y  on the r e t r o f i t  capa- 

b i l i t i e s  f o r  the p lant  under consideration. 

Another recent development i s  re la ted  t o  rapid or  con-

tinuous quenching of the discharged coal.  The design c a l l s  fo r  

a completely enclosed hot car which accepts the discharged hot 

coke fo r  t ransfer  t o  e i the r  a mobile ro tary  k i l n  or  a se r i e s  of 

conveyor be l t s  fo r  quench. Gases from the enclosed hot car a re  



eas i ly  collected and scrubbed. Prototype enclosed hot cars have 

performed very well .  

4.14.2.4 Quenching 

Emissions from quenching can be reduced by using clean 

water. Many control agencies already require  tha t  quenching water 

be purif ied t o  a qual i ty  chat can be disposed i n  r ive r s  and streams. . -... 

Dry quenching i s  an a l t e rna te  quenching technique t ha t  
controls v o l a t i l e  organic emissions b y  eliminating the use of . .,. . -

water. Coke is  cooled in a closed system by a circulating.stream. . .. 
of inert gas. Sensible heat picked up from the  coke i S  rrans-
fer red  t o  a waste heat b ~ i - ~ e r . f o r  the production of steam. ~q-' 

quenching produces a bet* q&aliry of coke than wet quenching.. 

Lower grades of coal ,  :herefore, can be used t o  charge the coke 

ovens. The steady cooling of dry quenching also increases che 

usable coke output by 2-3% by decreasing the product ion  o f  fine 

coke pa r t i c l e s .  

Dry quenching f a c i l i t i e s ,  however, have some inherent 

problems. They require  more ground area than comparable w e t  

quenching f a c i l i t i e s .  Ret rof i t ,  therefore,  may be d i f f i c u l t  o r  
impossible. They a l so  require continuous monitoring and careful  

maintenance to  prevent explosions caused by oxygen leaking i n f o  
the closed system. Although successf l~ l ly  employed i n  several. 

foreign countries,  dry quenching i s  not currently used i n  the 

United Sta tes .  ' 

4 .14 .2 .5  New Technoiqgy 

The advent of pe l le t ized  o r  formed coke could mean 
the end of coke-oven emissions by eliminating the need f o r  coke 



ovens. A fluidized bed is used to accomplish the conversioz 25 

coal to coke while simultaneously removing the volatiles. Tz 


some cases pitch recovered from the gas stream is used as r h z  

binding material for the coke pellets. This process is completcl;; 

enclosed and produces minimal emissions. Although formed co:ir,g 

is in the demonstration stages, commercial production is no: 

likely for another seven to nine years. 1 6  


4.14..3 Cost, Energy, and Environmental Impact of Controls 


Most control techniques for coke ovens are still under-

going testing and development. Ease of retrofit for each eonzrol 


is also site specific. As a result, costs, when available are 

estimates at best and may vary considerably for actual installa- 

tions. 


Most techniques have been developed to control particu- 


late emissions. Capability to contrc~l volatile organic emissioris 

is secondary. If any of these methods are already emplcyed for 


particulate emission control, there will be no additional cost, 


energy, or environmental impact associated with volatile organic 

emission control. 


4.14.3.1 Charging 


Most coke ovens are already equipped with steam aspira- 


tion systems for particulate control." Therefore, there will be 


no additional impact from this control technique. 


Estimates of capital 2nd annual costs for larry mounted 


scrubbers, staged charged, and pipeline charging are presented in 


Table 4.14-2. Data is provided for retrofit installations to a 


typical plant producing 1.13 Tg/yr (l.24x106 tonslyr). 




C 

TABLE 4.14-2. ESTIMATES OF CAPITAL AND ANNUAL COSTS FOR RETROFIT INSTALLATIONS 

OF VARIOUS CHARGING EMISSION CONTROLS IN A TYPICAL (1.13 Tg/yr 

(1.24x106 ton/yr) COKE PLANTa * ' 

-1_C------

Control  Technique Var ia t ion  Larry  Car Cap i t a lb ~ n n u a l '  

. I 

L a r r y  mounted scrubbers  N.A. d New $2,730,000 $411,150 

Mod i f  itjd 1,980,000 324,750 

S t a g e d  Clrarging S ing le  Col lec t ing  Main New 3,800,000 
(AISI/EPA) . 
k l ~ 0 1 l e c t i i ~ ' ~ a i n  New ' 5,650,000 

. .  . 
Modified 5,350,000 

: 
Jumper Pipe  *. ; 
 New ' 2,690,000 

Modif idd  2,890,000 

p i p e l i r ? e  Chargiilg N .A,. N.A. 29,350,000 

- --=-C==-- ---- ---- - -
a
Early 1973  c o s t s .  

b ~ v p i t v lcos t s  a r e  i n s t a l l e d  equipment c o s t s  including environmental u n i t s  f o r  l a r r y  c a r  opera to r s  t o  
satisfy OSIiA requirements . 
AnnuaL costs inc lude  annualized c a p i t a l  c o s t s ,  opera t ing ,  maintenance, and r e p a i r i n g  c o s t s ,  taxes ,  
and  insurance.  

d k l  . A .  indicaLes  not applicable. 



Larry mounted scrubbers require energy to pump scrubbing 


liquor and consume fuel or electricity to support combustion. 


They also increase the plant's water w e .  Scrubbers invoive an 


environmental impact due to production of a polluted wastewater 


stream that must be treated before disposal. Costs for wastewater 

treatment are included in the annual cost estimates in Table 


4.14-2. Combustion of volatile organic emissions from coke pro- 


duction produces SOx and has the potential to produce NOX, CO, and 

particulates. Unless removed by upstream control devices, these 

pollutants will be emitted to the atmosphere. General discussions 


of scrubbers and incinerators are provided in Sections 3.1 and 3.3. 


Effective staged charging requires an aspiration system 

capable of producing a strong draft. This can be accomplished by 

modifying the existing aspirating system to operate at higher 


steam pressures. The increased pressure requires no extra costs 


or energy, since steam is normally provided to a coke plant at an 


elevated pressure and is then reduced to a designated pressure be- 


fore aspirating.lg The corresponding increase in the volume of 


steam required, however, increases costs and energy requirements 

for the production of steam. It.also increases the amount of 

water used and the resultant volume of polluted wastewater. Costs 


.
for extra steam are included in Table '4.14-2. 


Costs to retrofit pipeline charging are too high to justify 


installation for emission control alone. Cost and energy credits 


provided by increased productivity and the ability to use lower 

grades of coal, however, may offset these costs. A new pipeline 

charging installation costs about 10% less than a new conventional 


uncontrolled oven of the same capacity. '! 

Fixed duct secondary collectors have been used in Japan, 


but are considered to have very little potential effectiveness 


relative to their cost.'l Since they are wet scrubbers, they re- 


I 



qui re  energy f o r  pumps and increase  the  p l a n t ' s  water requi re -
* ments. Production of po l lu ted  wastewater from the  scrubbers re-

quires  treatment f a c i l i t i e s .  Addit ional  information on scrubbers 

can be found i n  Section 3.3. 

4.14.3.2 Coking Cycle 

Maintenance cos t s  t o  cont ro l  leaks a r e  the  cos t s  of l a -
bor and mater ia l s .  Costs and energy requirenents depend on t h e  

age and condit ion of the. ovens and the  type of patching nethod 

chosen. - , ..... . 
. - . . . ,.. . 

.. 

~ u t o m a t i c  methods f o r  cleaning t h e  mating surfaces 'of- ,  
. . 

s e l f - s e a l i n g  doors include mechanical scrapers  and water- j e t s  . 
-Cost knd energy"information i s  unavailable i n  t he  consulted lit-. 

.. 
e ra tu re .  .. 

-

4.14.3.3 Discharging 

Some form of hood can be adapted t o  almost any ex i s t i ng  

p l an t .  Capi ta l  cos t s  a r e  high f o r  s i t e s  with inadequate clearance 
o r  inadequate support i n  . ex i s t ing  s t r u c t r i r e ~ . , ~  Total ly  ehciased 
sheds are general ly  l e s s  expensive t o  construct  than p a r z i a l l y  

open hoods but a poorly designed shed c rea t e s  a d i r t y  and poten- 
t i a l l y  dangerous work place .  Enclosed hot  cars  a r e  a more expen-

sive  option-: -

Energy requirements f o r  hoods and sheds m i g h t  be q u i t e  

high.  Since p a r t i a l l y  open hoods a r e  open to  the atmosphere, 

fans i n  the  range of 373 -1 ,492  kW (500-2000 hp) nay be necessary-t o  c r ea t e  an adequate d r a f t  f o r  e f f i c i e n t  emission con t ro l .  m-
closed sheds r equ i r e  more energy for fans .  They hsve x c r e  a i r  t~ 
move in order t o  provide adequate v e n t i l a t i o n ,  t o  e l i n k a t e  the  

bui ldup  of explosive o r  poisonous gases ,  and t o  dissi?zte h e a t .  

The secondary pollutFon from che productLon of  the  enornous =our,ts 



of power required to  drive these fans ~could conceivably exceed 

benefits from the control device.'" 

A l l  associated scrubbers require energy fo r  pumps and 
increase the p l a n t ' s  water requirements. A polluted wastewater 
stream resu l t s  from t h e i r  use. General information on scrubbers 

i s  provided i n  Section 3 . 3 .  

4.14.3.4 Quenching 

Costs and energy required to  produce clean water a re  

no higher than what would normally be required t o  t r e a t  waste- 
water fo r  disposal.  

Estimates of cap i t a l  and annual costs f o r  three types 
of Soviet dry-quenching f a c i l i t i e s  a re  presented i n  Table 4.14-3. 
The f a c i l i t i e s  a re  designed t o  process 2 Tg of coke per year 

(2x10~  tons /yr ) .  Cost c red i t s  a re  provided by the a b i l i t y  t o  

use lower grades of coa l ,  increased usable output, and the re-

covery of waste heat i n  the form of steam. For each f a c i l i t y ,  
the c red i t s  exceed operating costs and a re  high enough to  pay 
fo r  the f a c i l i t y  within four years.  

Energy recovery i s  a d i s t i n c t  advantage of dry quenching 

over wet quenching. Of the 3.22 kJ/g (2.78x106 Btulton) used t o  

coke coal ,  52% (1.67 kJ/g or 1.44x106 Btulton) i s  re tained as  

sensible  heat .  A l l  of t h i s  energy i s  l o s t  by wet quenching. Dry-

quenching towers recover 1.37 kJ /g  (1.18x106 Btu/ton) or 82% of 

the heat l o s t  by wet quenching. Recovered heat can be used t o  

produce steam or  e l e c t r i c i t y ,  or it can be used to  preheat coal 

f o r  a closed charging operation. 2 6 

Dry quenching eliminates the plume of steam and par-
t i c u l a t e s  associated with wet quenching. However, coke produced 
by d r y  quenching i s  dus t i e r .  Extra par t icu la te  c o n t ~ o l  measures 

may be necessary fo r  handling dry-quenched coke. 

438 
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TABLE 4 .14 -3 .  ESTIMATES OF CAPITAL AND ANNUAL COSTS FOR SOVIET DRY-QUENCHING 
FACILITIES CAFABLE:OF PROCESSING 2 Tg OF COKE PER YEAR (2,000,000 
TONS/YR)'' 

b 
Type Number of Towers c a p i t a l  cos t sa  Annual Costs  Pay-Out period . 

l o 6 $  106$ After Taxes 

a

C a p i t a l  c o s t s  incl::de materials  and manpower. 

b
Annual c o s t s  i n c l u d e  c o s t s  for e l e c t r i c i t y ,  labor,  and maintenance and credits from a b i l i t y  to use 
lower grade coke, increased usable  product iv i ty ,  andrecovery of heat f o r  steam production. Annualized 

c a p i t a l  c o s t s  a r e  n o t  i n c l u d e d .  
Negative s i g n  ind icates  t h a t  c r e d i t s  exceed operating c o s t s .  
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Waste Handling and Treatment 


The disposal of gaseous, liquid, and solid wastes 


generated by industrial, commercial, agricultural, municipal, 


and residential activities employs a diverse and complicated 


scheme of handling and treatment systems. Emissions resulting 

from waste disposal are often unique to a particular industry 


or process. This section includes separate discussions of waste 

treatment for the petroleum refining and organic chemical indus- 

tries (Section 4.15. I), and solid waste incineration (Section 

4.15.2). For a discussion of waste solvent disposal see Section 


4.19, Degreasing. 


4.15.1 Petroleum Refinery and Organic Chemical Waste Disposal 


The petroleum refining and organic chemical manufac- 


turing industries are highly complex operations which process 


many feedstocks into a multitude of final products. Consequently, 


the wastes from these industries come from many different sources 


and many different control methods are required. The wastes are 

gaseous, liquid, or solid. 


Gaseous Waste 


In the past, waste gases were either vented to the 

atmosphere or mixed with large amounts of liquid wastes and 


burned in open pits. These methods of disposal are no longer 

environmentally acceptable or econcmically practical. For the 


most part, the industry now relies on direct flaring and on 


blowdown systems followed by product recovery, combustion and 

heat recovery, or flaring (see Section 4.1,Emission Sources 

Common to the Petroleum and Chemical Process Industries). 




Liquid Waste 


The term "liquid waste" almost always signifies water 

which has become contaminated by oil, chemicals, metals, or sus- 

pended solids. A wastewater system handles water from a number 

of sources including cooling water, process water and steam con- 


densates, storm runoff, blowdown water,' sanitary wastes, and 

ship ballast waters. Wastewater treatment is usually accomplished 

in three stages (primary, secondary, and tertiary) by a series of 


physical, chemical, and/or biological treatment techniques. These 

various treatment methods are shown in Table 4.15-1. 


Solid Waste 


The most connnon methods of solid waste disposal are 

land disposal and incineration. Due to the low cost and con- 

venience, land disposal has been the predominant means of handling 

solid waste. Incineration, on the other hand, can be used for 


. - -wastes which are too heavily contaminated with toxic substances 

for land dispasal. In most instances incineration is not a 

complete waste disposal method in itself since there is an ash 

or residue which remains after combustion. After fnciner'ation, 

however, the-volume of solid waste is reduced consLderably and 

can be handled easily by conventional.land disposal methods. For 


further information an solid waste incineration see Section 4.15.2. 


Salvage and reuse is another solid waste disposal method 

which has recently received more attention. Increasing costs of 

both waste disposal and raw materials make recycling economic all^ 

attractive as well as environmentally beneficial. For an over-

view of the various solid waste disposal methods used in i z d u s t r y  

see Table 4.15-2. 




TABLE 4.15-1. INDUSTRIAL WASTEWATER TREATMENT METHODS' 


PHYSICAL TREATMENT CHEMICAL TREATHENT 

1)  Gravity separat ion 1) Neutral izat ion and pH 

a )  O i l  separat ion adjustment 

b) Sedimentation 2) Coagulation and p rec ip i t a t i on  

2) Str ipping processes 3) Oxidation processes 

3) Solvent ex t rac t ion  4) Ion exchange 

4) Adsorption 

5) Combust ion aEDUCTION OF WASTE LOADS BY 

6) F i l t r a t i o n  INTERNAL IlPROVELIENTS 

1) Reduction of raw mater ia l  

BIOLOGICAL TREATMENT los ses  

1 )  Activated sludge 2) Recovery of usable reac t  ion 

2) Trickl ing f ilter processes products 

3) Aerated lagoons 3) Process modifications 

4) Waste s t a b i l i z a t i o n  ponds 4) Water reuse 

5) In-plant c o n t r a  

OTHER METHODS 
, 

-6) Waste stream segregation 

1 )  Dilut ion 

2) Deep well"disposa1 

3) Ocean disposal  

4 )  Submerged combustion 

5) Inc inera t ion  

6) Discharge i n t o  municipal 

sewerage systems 



TABLE 4 . 1 5 - 2 .  INDUSTRIAL SOLID IdASTE UISPOSAL P ~ E T M O D S ~ ' ~  
Uaste Type 

Water 
t r ea tmen t  

bhbm, Flyaeh 
6 Inc ine ra to r  Orpanlc Inorganic 

Sludpe*, 
F i l t e r  Cake.. 

Dlsposal  Method S1udge h s i d u e  P l a s t i c  Ca t a ly s t s  Chemicals Cheaieala VtKoum Solid. 

Land D l ~ p a s a l  

a )  Lagoon X I I x x 
b) Spread on land X X 1 X X 
r )  s a n i t a r y  l a n d f h  ! X X 

d l  DUOP X X X X 

Open p i t  

Rotary k i l n  

S t a t  ionary hea r th  
1 


Hul t l p l e  hear th  
~. . . v ~ i d  bur~ te r4 -

F l u i d l n e d  bed r e a c t o r  X 

Disposal 

Bulk dumping 

Sealed conta iner  
dumping 

C h ~ m l c a l  Treatment 

B lo l ag l ca l  Treatment 

Salvage iRecycle 



4.15.1.1 Emission Characteristics 


The amount of hydrocarbon and solvent vapor emissions 

resulting from industrial waste disposal practices is not well 


known. Emissions from gaseous wastes are relatively small if 

blowdown systems are controlled and flares operated properly. 


Emissions associated with liquid and solid wastes can be ap- 

preciable. 


Uncovered drainage and wastewater systems allow 


evaporation of organics and hydrocarbons. A drainage system 


usual1:y consists of collection systems and interceptor systems. 


The collection system is a series of small lines with trapped 

inlets and open ditches that carry wastewater from small in- 


stallations such as pumps to junction (sewer) boxes. In 


refineries, there are also oily water sumps for the collection 

of polluted waters in remote areas. These sumps are simply 


large, open boxes with oil skimming devices. 


The interceptor system is made up of large concrete 

or corrugated steel trunk drains which lead to the wastewater 

treatment plant through several liquid-sealed sewer boxes. 


The manholes for the sewer boxes are usually equipped with 

vented covers or elevated standpipes. Excess flows of waste- 


water are typically sent to open holding basins and final 


wastewater effluent is discharged to large lagoons.' 


Any part of the drainage system that conveys contam- 

inated water and is open to the atmosphere is a potential source 


of emissions (see Section 4.2.3, Oil-Water Effluent Systems). 

Factors which determine the amount of emissions are concentra- 


tion, volatility, temperature, and agitation. For a refinery 

it has been estimated that unconfroll~d organic emissiops from 




B 
 process drains and wastewater separators average 0.30 g / k  (105 
1b/103bbl) of refinery feed. Maximum emissions are 0.57 g / 2  

(200 lb/103bb1). 

As with liquid wastes, the major eolissions resulting 

from solid waste disposal occur from processes or operations 

which are open to the environment. Possibly the most signifi- 


cant example is the open pit dumping of sludges, filter cakes, 

and organic chemicals. Waste units open to the atmosphere in 

petroleum refineries include gravity or mechanical thickeners;. . 

dissolved air flotation units, aerobic sludge digestors, drying 


beds and evaporation ponds. Evaporative losses occur from, all 


of these units, but emissions have not been quantified. 


4.15.1.2 Control Technology 


Hydrocarbon and organic solvent emissions from waste 

handling and disposal can best be relduced by minimizing the 


amount of waste to be treated. The volume of waste can be 

minimized through modern process design, proper plant mainte- 

nance, and general good housekeeping. 


Waste reduction often invol-ves extensive process 
- .  
modifications and/or extreme capital expenditures. The next 


best alternative is to modify existing waste disposal systems 


to insure better emissions control. Enclosing wastewater 

systems produces a dramatic reduction in hydrocarbon emissions. 


Controls include covered ditches, catch basin lLquid seals, and 


fixed or floating roofs on oil-water separators. There is also 

some potential for lcwering the temperature of wastewater to 


reduce evaporation or for installing vapor recovery deviczs on 


certain equipment such as oil-water separarors. A c c c r d i z g  to 

studies on refineries in Los Angeies County, organic ernisslons 




from controlled wastewater systems can be as  low as 30 mg/R 

(0 .01  l b / b b i )  of ref inery feed.6 This represents a 90% reduction 
i n  emissions from the average ref inery wastewater system. The 
same can be said for  so l id  waste disposal systems. Enclosure 
of s o l i d  wastes containing v o l a t i l e  pol lutants  and proper 

incineration a re  excel lent  measures for  reducing emissions. 

4 .15.1.3 Cost, Energy, and Environmental Impact of Controls 

Wastewater drainage systems and oil-water separators 

a re  discussed i n  Section 4.1.10 and 4 . 2 . 3 ,  respect ively.  

4.15.2 Solid Waste Incinerat  ion 

According t o  the Solid Waste Disposal Act of 1965, 
the term "solid waste" is defined as garbage, refuse,  and other 

discarded so l id  materials resul t ing  from indus t r i a l ,  commercial, 

and agr icul tura l  operations,  and community a c t i v i t i e s .  Such 

wastes may or  may not be combustible.' Incineration has long 

been an economical way of reducing the t o t a l  volume of so l id  

waste requir ing disposal.  According t o  one source, an incin-  
~. 

e ra to r  f i l l  s i t e  requires l e s s  than one s i x t h  the volume neces- 

sary  f o r  sani ta ry  disposal of compacted crude refuse. '  

There a re  varied estimates of the  actual  amount of s o l i d  
waste incinerated i n  the United Sta tes .  One estimate s t a t e s  t h a t  

the per capi ta  generation r a t e  of urban and indus t r i a l  waste is  

approximately 4.5 kg/day (10 lb/day) , half of which i s  burned. 
This combustion i s  accomplished i n  several  d i f ferent  types of 

inc inera tors .  Very l i t t l e  open burning is  allowed today. 

Municipal incinerators  have capaci t ies  grea ter  than 

45.3 Mg/day (50 tons/day) and are  usually equipped with automatic 

charging mechanisms, temperature controls ,  and movable gra te  systems.lc 



Industrial and commercial incinerators have capaci- 

ties ranging from 22.7 kg/hr to 1.8 Mg/hr (50 lbs/hr to 2 tons/ 


hr) and may be either single or multiple-chamber in design. 

Some resemble municipal incinerators and most are often manual- 

ly charged and intermittently operated. These units have well 


designed emission control systems such as gas-fired after- 


burners and scrubbers. " 

A trench incinerator is simply a horseshoe shaped 

.pit. Air nozzles located along the top edge of the pit and 


directed slightly downward provide both an air curtain across 

the top of the pit and air for combustion within the pit. ~ h k 
,.. 

trench incinerator was originally designed for the combustion 
of wastes which have relatively high heat content and low ash 


content. Trench incinerators are used for other purposes due 

to the low construction and operating costs. 


Domestic incinerators are designed for residential 

use and typically have single or multiple chambers with an 

auxiliary burner to aid combustion. 


Flue- fed incinerators are commonly found in large 

apartment buildings where the tenants dispose of refuse through 


an incinerator flue into the combustion chamber. Some flue-fed 

incinerators..
are equipped with afterburners and draft controls.
.. 

.Pathological incinerators are used for the disposal 

of animal remains and other high moisture organic material. 


Typical units have cqacities ranging from 22.7 to 45.4 k;/hr 


(50 to 100 Ib/hr,) and are equipped with combustion c o n t r o i s  and 

afterburners. l 2  




Controlled air incinerators have a tco chamber design. 


In the first chamber wastes are burned without a complete 


supp1.y of oxygen to produce a highly combustible gas mixture. 

Combustion is completed in the second chamber with the addition 

of excess air. These units employ automatic charging devices 


and frequently exhibit high effluent temperatures. 


Conical burners are truncated metal cones with a 


screened top vent. Charging to a raised grate is accomplished 


by either a bulldozer or conveyor belt. Additional combustion 


air is provided by underfire air blown below the grate and over- 


fire air introduced through peripheral openings in the shell.13 


2 .  


Sewage sludge incinerators are usually either 


multiple hearth or fluidized bed units. In a multiple hearth 


furnace the sludge enters the top and is dried by contact with 


hot combustion gases rising from the lower hearths. The sludge 


is burned as it slowly moves down and the ash residue is re- 


moved at the bottom. Temperatures for multiple hearth furnaces 


approach 540°C to 650°C (1000°F to 1200°F) at the inlet, peak 


at about 760°C to 1100°C (1400°F to 2000°F) in the central 

hearths, and finally drop to 320°C (600°F) in the ash residue. 


In a fluidized bed reactor, combustion occurs in a hot, sus- 


pended bed of sand and much of the ash residue is discharged 


with the flue gas. Fluidized bed reactors have fairly uniform 


temperatures ranging Erom 680°C to 820°C (1250°F to 1500°F). 


Either furnace nay require supplemental fuel far startup or 

incineration of high moisture sl~dge.'~)'~*'~ 


Open burning is still practiced for the disposal of 


municipal waste, auto body conponents, landscape refuse, 

agricultural field refuse, wood refuse, and bulky industrial 




refuse. The burning can be done in open drums or baskets, 


fields, or large open pits. ' 

4.15.2.1 Emission Characteristics 


Organic emissions from solid waste incineration 

depend on several factors including the operating conditions, 


refuse composition and moisture content, basic incinerator 

design, and level of maintenance. For instance, the relatively 


low temperatures associated with open burning are operating 

conditions which increase the emission of hydrocarbons. As 


I ... .. .. 
another exampLe, conical burpezs are often missing doors and 
.. 

,--+h'aVe-numerous-holes
in the shell due to poor maintenance. .The , 

.-
result is excess air, low,tempesatures, and high emission rates 

of combustib1.e organics. 


Typical emission factors for organics from various 

types of solid waste incineration are given in Table 4.15-3. 

The.se factors should be used with caution as they represent 


intermediate values; higher or lower emissions could result 


depending on the factors previously mentioned. 


Ccmtsol Technology 


The best means of controlling emissions from solid 


wasre disposal is to incorporate an efficient incinerator design 


(multiple chamber), proper operating conditions, and conscien- 


tious maintenance. Underfire air whi.ch might disturb the com-

bustion bed should be avoided. Auxiliary burners and ten?era- 

tare controls should be used to maintain proper combustion t en -

perature.
 1:
 necessary, gas-fired afterburners should be used 

to insure complete combustion. A rigorous inspection 2nd repair 

program can eliminate uncontrolled sources of excess a i r .  
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TABLE 4.15-3. EMISSION FACTORS FOR VARIOUS TYPES OF 

SOLID WASTE INC~NERATION'~-*' 


Emission actor^'^ 
Source glkg l b l t o n  

Municipal Refuse I n c i n e r a t o r  

Mul t ip le  chamber, uncontrol led  0.75 1.5 
With s e t t l i n g  chamber & water spray system 0.75 1.5 

Industrial /Commercial  I n c i n e r a t o r  

S ing le  chamber 7.5 15 
Mul t ip le  chamber 1.5 3 
Control led air  Neg . Neg . 

Flue,-fed S ing le  Chamber I n c i n e r a t o r  7.5 1 5  

Flue-fed Modified I n c i n e r a t o r  
(with a f t e r b u r n e r s  and d r a f t  c o n t r o l s )  1.5 

Domestic S ing le  Chamber I n c i n e r a t o r  

Without primary burner 
With primary burner 

Pa tho log ica l  I n c i n e r a t o r  Neg . Neg. 
' -

Conical  Burners 

Municipal r e f u s e  
Wood r s fusec  

d 
Sewage Sludge I n c i n e r a t o r  

Uncontrolled 
Af te r  scrubber 

Open Burning 

Municipal r e f u s e  e 1 5  30 
Automobile components 15 30 
Unspecified f i e l d  crops  12 23 -

a - t o t a l  organics  expressed as u n i t s  of methane per  u n i t  of waste  inc inera ted  
b - average f a c t o r s  based on EPA procedures f o r  i n c i n e r a t o r  s t a c k  t e s t i n g  
c - moisture  content  a s  f i r e d  is approximately 50 percent  
d - u n i t  weights i n  terms of d r i e d  s ludge 
e - uphols tery ,  b e l t s ,  hoses ,  and tires burned i n  common 

k52-



Only minimal gaseous emission reduct ions  r e s u l t  from 

r e t r o f i t t e d  p a r t i c u l a t e  c o n t r o l  equipment. One source repor ted  

a 33% reduct ion  i n  hydrocarbon emissions when a scrubber  was 

i n s t a l l e d  on a sewage s ludge  i n ~ i n e r a t o r . " ~  

4 .15 .2 .3  Cost,  Energy, and Environmental Impact of Controls  

Gas-f ired a f t e r b u r n e r s  are discussed  under i n c i n e r a t i o n  

i n  Sec t ion  3 . 1 .  
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Food Processing 


Organic emissions are pr,oduced from varied sources in 


the food processing industry, Table 4.16-1 lists some important 

source categories and their yearly estimated emission rates. 


Eight food processing operations are discussed separately in 

Sections 4.16.1 through 4.16.8. These are not the only sources 

of emissions, but they are the only ones for which data were 


found. Animal food processing, meat slaughtering, and inedible 


fat and tallow rendering are not covered. 


4.16.1 Coffee Roasting 


. .  -Coffee processing begins with the imported green bean 
wriich is cleaned, blended, rozsted, -and packaged for sale. only. . .  I . 

thirty percent .of the raw material is-processed into instarit 


coffee, and 5 percent is decaffeinated with trichloroethylene 

prior to roasting.' Volatile organics are emitted during roast- 


ing and decaffeination. Table 4.16-2 lists estimated emissions 


of organic compounds for continuous and batch roasters. Emis-


sions can be almost completely eliminated by a direct-fired 

afterburner operating in che range of 650-750'~ (1200-1400'~) .' 
Solvent loss (trichloroethylene) is the main emission from the 


decaf feination step. No solvent control techniques are used. 3 

Afterburners are discussed under incineration in Section 3.1. 


4.16.2 Alcoholic Beverage Production 


Whiskey production is the main ernphasis of this sectlon. .. 
Wine and beer production involve virtually no volatile organic 


ernis~ions.~'~
The four main production stages in whiskey manufac- 


turing are 1) brewhouse operations, 2) fermentation, 3) aging, 

and 4) packaging. 




TABLE 4 .16-1 .  ESTIMATED VOLATILE ORGANIC EMISSIONS 
FROM THE FOOD PROCESSING INDUSTRY 


Emissions 
Emission Source Year Mg/yr ( tons /y r )  Reference 

Coffee Roasting 1974 1,400 ( 1,500) 6 


D i s t i l l e d  Liquor 1973 10,600 (11,700) 7 


Vegetable O i l  1976 10,300 (11,400) 8 


F r u i t  and Vegetable Process ing 1973 47,700 (52,500) 

Deep Frying 1975 6,090 ( 6,700) 10 


Fish  and Seafood Process ing 1973 745 ( 820) 11 


Meat Smokehouses 1975 462 ( 510) 12 


TABLE 4.16-2. COMPOSITION OF EMISSIONS FROM COFFEE ROASTING~~ 


Aldehydes Organic Acids 

PPm PPm 


Batch Roaster 42 175 


Continuous Roaster 139 223 


Of these, only aging results in significant organic emissions. 


A rough estimate for aging emissions is 24 kg/m3 of whiskey 

stored (10 lb/bbl of whiskey stored)."' Emission c o n t r o l s  are 
not applied. ' 


9 



4.16.3 Flavors and Essential  Oils 

Food flavorings can be defined as 1) spices and herbs, 

2) f r u i t  and f r u i t  ju ices ,  3 )  essen t i a l  o i l s  and ex t rac t s ,  and 
4) a l ipha t i c ,  aromatic, and terpene compounds. Volat i le  organic 

emissions a r i s e  only from producing the l a t t e r  two categories .  

Essent ial  o i l s  are produced i n  large-scale operations 

by steam d i s t i l l a t i o n  or by solvent extract ion of botanical m a -
t e r i a l .  The solvent used may be benzene (with or  without added 

acetone and petroleum ether)  , l i q u i f i e d  butane g a s ,  o r  alcohol. 

Solvent i s  recovered by d i s t i l l a t i o n  because it i s  expensive. 

The residual  material  (concrete) i s  then extracted with alcohol,  

filtered t o  remove wax,. and r e d i s t i l l e d .  ' No estimates of 

v o l a t i l e  organic emissions are avai lab le ,  bu t  they are  probably 
s imilar  r6 those for  botanical extractions i n  the pharnaceutical 
industry (Section 4.11) . 

Aliphatic,  aromatic, terpene, and orher organic com- 
pounds are  used as a r t i f i c i a l  f lavorings.  These compounds. may 

be synthesized or extracted from food mater ial .  Emissions from , . 

synthetic compounds would be s imilar  .to those described for  the 
organic chemicals in  Section 4 .4 .  Available emission r a t e s  for  
some syntheT.i,c"flavoring compounds are given in  Table 4 . 1 6 - 3 .  

Compounds tha t  a re  exrract:ed from food materials are  

produced by d i s t i l l a t i o n  or  ex t rac t ion .  Eaissions vary widely 
dtte to  processing differences.  One example of em,FssFons or' t5i.s. 
so r t  i s  2-Propanol, used t o  ext rac t  lemon pulp i n  a CaLFfonLa 

p lan t .  Solvent concentrations in process exhausi: were 5300 spm. 1 7  

This type of solvent loss  can be eliminated with the  use of a 

car5on adsorption system. Adsorption is discussed i n  Section 3 . 2 ,  



TABLE 4.16-3. ORGANIC EMISSIONS FROM PRODUCTION 
OF ARTIFICIAL FOOD ADDITIVES" 

Organic Emissions 
Mglyr (tonslyx) 

Sorbi to1 

Saccharin 
Saccharin - via toluene sulfonamide 

Monosodium Glut amate 

4.16.4 F ru i t  and Vegetable Processing 

Frui ts  and vegetables from the f i e l d  undergo several  

processing s teps before s a l e  e i t h e r  as  a canned or  frozen product 
or a s  a fresh commodity. The f r u i t  or. vegetable must f i r s t  be 

washed and sorted.  I f  the f i n a l  product i s  canned or  frozen, 

subsequent processing includes peeling, s l i c i n g ,  blanching, 
cooking, cooling, and preserving. Fresh products a re  sometimes 

exposed t o  hea t ,  moisture, ethylene, and oil-soluble dyes t o  

promote ripeness and improve color .  

Organic emissions occur from processing operations.  

Probable s igni f icant  sources a re  cooking operations and a r t i -  
f i c i a l  ripening of the f r u i t s  and vegetables. One 1975 e s t i -

mate f o r  yearly emissions was 2 1  Gg (23,000 tons) from f r u i t  

and vegetable freezing, 26 Gg (29,000 tons) from canning opera- 

t i o n s ,  and 544 Mg (600 tons) from a r t i f i c i a l  r ipening. '' Appli-

cable control techniques are  incinerat ion and adsorption. In-

cinerat ion and adsorption are  discussed i n  Section 3 .1  and 3 . 2 ,  
respect ively.  



4.16.5 Fats and Oi l s  

4 . l 6 . 5 . l  Animal Fats 

Animal f a t s  a r e  o f  two major t ypes ,  rendered and 

unrendered. Unrendered f a t s  such as b u t t e r  r equ i r e  no cooking. 
Production of  unrendered f a t s  does no t  produce organic  emiss ions .  

Rendered f a t s  a r e  those obta ined by cooking and p r e s s ing  f a t c y  
animal t i s s u e s .  United S t a t e s  consumption of  these  o i l s  f o r  
1971 t o t a l e d  942 Gg (1045 x l o 3  tons). 'O 

A n i m a l  f a t s  are rendered by d ry ,  wet ,  o r  digestive 

processes .  Dry render ing i s  the s imples t  and involves  hea t i ng  

the very  f i n e l y  ground o i l  s tock t o  110°C (230°F). Heating 
melts  the f a t s  and dehydrates t h e  r e s i d u a l  connective tlssue 

which i s  e a s i l y ,  s t r a i n e d  and pressed f r e e  of f a t . 2 1  Wet ren-

der ing  i s  c a r r i e d  ou t  i n  t he  presence of  l a r g e  q u a n t i t i e s  o f  
wa te r .  Melted f a t  rises t o  the  su r face  of  water  and i s  skimned 

o f f ,  Diges t ive  render ing i s  c a r r i e d  out  a t  low temperatures 

by chemicals or enzymes and i s  no t  widely used.  

... ... 
Organic emissions a r e  produced by the  render ing  pro-  - -. 

ce s s e s .  Emission r a t e s  are low but  t he  emissions a r e  no t i c eab l e  

because of odor..problems, The use o f  spray contac t  condensers 
i s  recommended a s  an e f f e c t i v e  con t ro l  device."  Condensers 
a r e  discussed i n  Sect ion 3 . 2 .  

4 . 1 6 . 5 . 2  Vezetable Oi l s  

The major vegetable  o i l s  processed i n  t h e  United 

S t a t e s  are soybean, cot tonseed,  corn ,  peanut ,  l i n s e e d ,  and saf -

f lower o i l .  Table 4 .16-4 l i s t s  consumption f o r  t h e  major vege-

table o i l s  i n  1971. 



TABLE 4.16-4. U.S. VEGETABLE OIL CONSUMPTION FOR 1 9 7 1 ~ ~  


Oil 


Soybean 

Cotton seed 

Corn 

Peanut 

Palm 

Palm kernel 

Olive 

Safflower 

Coconut 

Other 

TOTAL 


The processes for oil production are 1) preliminary 


treatment, 2) oil extraction, and 3) oil refining. Mechanical 

-

crushing to release the oil is the method generally used on 

seeds of high oil content. Solvent extraction is used mainly 

to remove soybean oil although-it may be applied to cotton, flax, 

or corn germs. Hexane is the usual solvent; trichlordethylene 

is used for small batches. .. _ , 

The vegetable oil industry is estimated to have emitted 

10.3 Mg (11.4 x lo3 tons) hydrocarbons in 1976.24 Major emission 

points 'are the basket extractors, miscella (oil/solvent mixture), 

desolventizer toaster and stripper column, solvent pumps, miscella 

pumps, and the operation involving recovery of solvent from meal.25 


Because of the high cost of solvent, recovery techniques 

are employed. Hexane may be recovered with condensers and oil ab- 

sorption units , or, in older plants, in carbon adsorbing towers. 
In a few cases, recovered hexane has been burned in an afterburner. 2 6 

These control methods are discussed in Section 3.0. 




4.16.5.3 Ref in in^ and Bleaching 

Refining by l i q u i d - l i q u i d  e x t r a c t i o n ,  deodorizing,  and 

bleaching processes i s  used t o  improve co lo r  and f l a v o r  of both 

animal and vegetable  oils. Liquid- l iquid  e x t r a c t i o n  is used t o  

bleach and r e f i n e  i ned ib l e  ta l lows and g reases ,  f i e l d  dzmaged 

vegetable  o i l s ,  o r  o t h e r  very  dark o i l s .  Good so lven t  recovery 

techniques a r e  employed?' Organic emissions a r e  probably compara- 
b l e  t o  those  from solvent  ex t r ac t i on  of  soybean and c a s t o r  bean 
o i l .  Caust ic  r e f i n i n g  may produce emissions of low bo i l i ng  f a t t y  

a c i d s ,  but  no information on emissions was found. 

Adsorbent bleaching i s  used f o r  both e d i b l e  and in-
ed ib l e  o i l s .  Natural  bleaching e a r t h  ( F u l l e r ' s  E a r t h ) ,  ac id -

a c t i v a t e d  clays ,  or  a c t i v a t e d  carbon are  used. Amounts varyiag  
from 0.25% ( f o r  l a rd )  t o  57, ( f o r  dark-colored i ned ib l e  tallows 

and greases)  of t h e  amount of o i l  t o  be bleached a r e  requ i red .  

The spent  e a r t h  r e t a i n s  a c e r t a i n  amount of  o i l  (20-45% of t h e i r  

own weight) .  The e a r t h  i s  u sua l l y  d iscarded wi thout  t reatment  

because t h e  recovered o i l  i s  of  low p u r i t y .  The o i l  can be re-
covered by prolonged b o i l i n g  in a weakly a l k a l i n e - s o l u t i o n .  . 

Boil ing  reduces the o i l  .kcts't: from 30&40"/.t o  only"6-8% of  t he  
input  material . '*  

The deodor iza t ion  process i s  used t o  remove undes i rab le  

f l a v o r s  and odors from o i l s  used i n  s a l ad  o i l s  and nargar ines .  

The o i l s  a r e  steam s t r i p p e d  t o  remove ketones ,  t e q e n o i d  hydro- 
carbans,  and unsa tu ra ted  aldehydes.  These compounds u s u a l l y  
c o n s t i t u t e  l e s s  than 0.1% of t h e  t o t a l  weight of t h e  021. ;JQ 

attempt i s  made t o  recover t he se  compounds. 



Meat Smokehouses 

The smoking of meat,  f i s h ,  o r  pou l t r y  i s  an ancient  

method of  preserving food. Today, it i s  used mainly t o  impart 

f l a v o r  and co lo r  t o  s p e c i f i c  food products .  Smoke i s  produced 

by t he  burning of  damp o r  dry sawdust. The smoke i s  usua l ly  r e -

c i r c u l a t e d  a t  high temperatures.  3 0  Table 4.16-5 l i s t s  the  corn-

ponents of a t y p i c a l  wood smoke used i n  a meat smokehouse. Even 

wi th  smoke r e c i r c u l a t i o n ,  emissions do occur (see Table 4.16-1. ) 
The r a t e  and composition of  emissions a r e  dependent on the  type 

of wood, type of smoke genera to r ,  moisture content  of  t he  sawdust,  

a i r  supply,  and degree of  r e c i r c u l a t i o n .  Emission f a c t o r s  a r e  
given i n  Table 4.16-6. D i r ec t - f i r ed  a f t e rbu rne r s  can be  used t o  
reduce emissions s i g n i f i c a n t l y .  Afterburners  a r e  d iscussed 
under i nc ine r a t i on  i n  Sect ion  3 .1 .  

TABLE 4.16-5. ANALYSIS OF WOOD SMOKE USED I N  MEAT SMOKEHOUSES32 

Concentrat ion 
Component ( P P ~  

Formaldehyde 20-40 

Higher aldehydes 140-180 

Formic ac id  90-125 

Ace t ic  and h igher  a c id s  460-500 
Phenols 20-30 

Ketones 190-200 

Resins 1 ,000 

4 .16 .7  Fish  Process ine  

The f i s h  process ing i ndus t ry  inc ludes  two major segments, 
t h e  canning,  dehydrat ion and smoking o f  f i s h  f o r  human consumption, 
and t he  manufacture o f  by-products such a s  f i s h  meal and o i l .  A 
l a r g e  f r a c t i o n  of t he  f i s h  received i n  a cannery i s  processed i n t o  
by-products . 
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SS I O N  FACTORS FOR MEAT SMOKING ' 
-

Emission Factora  
Uncontrolled Control ledb 
g/kg ( l b l t o n  g/kg (LD/ ton 

(Organic Compound of meat of  meat) of meat of  meat) 

Hydrocarbons 0.035 (0.07) 1Jeg 

Aldehydes 

"Controls a r e  e i t h e r  a w e t  c o l l e c t o r  and low vo l tage  p r e c i p i t a t o r  
in s e r i e s  o r  a d i r e c t - f i r e d  a f t e rbu rne r .  

The .major sources of  organic  emissions i n  t h e  cannery -'and r o t a r y  d r y e r s .  ;. grindersp r e s s e r  .and t h e  cookez, 
. . 

a r e  AIL. ., . 
f i s h '  products are cooked before  Further  process ing.  

L 

The p r i n c i p a l  component o f  organic  emissions i s .  tri-

methylamine, (CH,),N, Table 4.16-7 l i s t s  emission rat.* f o r  
cookers process ing f i s h  f o r  f i s h  meal product ion.  Rates*]r may 

vary-depending on t h e  type  of  f i s h  being cooked. C o o w f  gases 

a r e  u sua l l y  passed through a contact  condenser p r i o r  t o  vent ing 
3 7t o  remove water vapors and o i l s .  Condensers a r e  d iscussed i n  

Sect ion  314. 

TABLE 4 .16  -7 .  TRIMETHYLAMINE EMISS I O N  FACTOW FCII COOKERS 

Mater ia l  Cooked ( l b /  ton of fish)-
Fresh 'Fish 0 . 1 5  (0 .3)  
S t a l e  Fish  ( 3 . 5 )  

a 



4.16.8 Food Cooking OperatLons 

The cooking of food releases  organic vapors. Restaur-

an t s ,  bakeries,  and candy making operations produce the greatest  

volume of emissions. 

Kitchen emissions from restaurants  come from the 
g r i l l  and f r y e r ,  vegetable cookers, and steam tab les .  One 

source estimates a t o t a l  emission r a t e  fo r  restaurants  of 0.72 

kg/day/l000 people (1.6 lb/day/1000 people) but does not d i f f e r -

e n t i a t e  between v o l a t i l e  organic, pa r t i cu la te ,  o r  aerosol emis- 
sions.  The iden t i ty  of the hydrocarbon var ies  with the food 

being cooked. Acrolein i s  present i n  emissions from frying 
operations. Deep frying i s  a major source of emissions as 

shown i n  Table 4.16-1. Carbon adsorption i s  an accepted method 
fo r  pol lut ion c o n t r o l . 4 o  Adsorption i s  discussed i n  Section 3.2. 

Baking and candy manufacturing operations emit low 

concentrations of organics. The main iden t i f i ed  consti tuent of 
emissions from the baking industry i s  ethanol.  The roast ing of 
cocoa beans i s  the main source of emissions. " No quant i ta t ive  
data were found fo r  t h i s  source. 
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Dry Cleaning Industry 


The dry cleaning industry i s  a significant source of 

volatile organic emissions. The annual emission rate is esti- 

mated to be 230 Gg/yr (254,000 tons/~r).' Dry cleaning produces 

1.34% of the total annual volatile organic emissions from sta- 

tionary sources in the U.S. A summary of emissions from dry 
cleaning operations is included in Table 4.17-1. 


There are three types of dry cleaning establishments. 

According to 1976 projections there are 540 industrial, 26,200 

cammercial, and 31,500 coin operated units.4 These operations 

differ not only in size and type of service, but also in the 

type of solvent used. These solvents are fluorocarbon, perchlo- 

roethylene, and petroleum solvents. Dry cleaning operations 

for each solvent system are discussed in the following sections, 

4.17.1 through 4.17.3. 


4.17.1 Petroleum Solvent-Based Svstems 


About 270 industrial plants and 6,200 commercial units 

use petroleum solvents and consume approximately 72 Gg solvent/' 

year (80,000 tons/yr).' The two main types of solvent used are 

Stoddard and 140-F. Both are combust:ible, kerosene-like mix- 

tures, with approximate chemical compositions of 46% paraffins, 

42% naphthenes, and 12% aromatics. Los Angeles County Rule 66 

(now SCAQMD Code #442) has led to reformulation of some solvents 


to less than 8% aromatics. Because t:he solvents are relatively 

inexpensive (45-60~ gal), there is little economic incentive for 

controlling solvent losses. 


Figure 4.17-1 is a simplified diagram of a petroleum 

solvent based dry cleaning plant. Steps in the operation include 

washing, extracting, and drying. Dryers are separate from the 








- - 

washer and extractor. In all new plants washing and exrracting 

are done in the same equipment. A few older plants have separate 
extractors. Clothes are washed in more than one bath of solvent. 
In some cases a solvent wash is followed by a water wash. In 

newer equipment, solvent is continuously filtered and returned 
to the washer during a wash cycle. Next, the clothes are spun 

to extract as much solvent as possible. Wet clothes are then 

transferred to the dryer where they are tumbled in hot air. Moss- > 
-

dryers have a cool-down cycle to prevent wrinkling. ~ 1 1dryer. . . 

.-
exhaust is vented directly to the atmosphere. 

. -. 

Used solvent from che washer must be filtered Sefore . -
it can be reused. The resulting filter muck is cortiposed of -
diatomaceous earth, carbon, -lint, detergents, oils, and solvent. 

%me industrial plants incinerate this solid waste stream. In 
most plants it is drained by gravity or vacuum press, air dried, 
and discarded. 

4.17.1.1 m mission Characteristics 

The primary source of emissions are evaporation in the 

... dryer and filter muck txeatment. Estimates of these emissions 
a r e  given in Table  4.17-1. An industry survey has est2mated 
total average emission rates to be 29 kg solventllO0 kg materials 

cleaned.7 

Control Technology 

At present, few conrrols are used in ~etroleum solvent 

plants to prevenr solvent loss. Four methods are considered 
technologically feasible: 1) good housek~eping, 2 )  carSon adsor-,-



tion, 3) incineration, and 4)  waste solvent treatment. The use 
of condensation/refrigeration systems has been suggested. Prob-

lems with the application of condensation systems include the 


high stream volume from the dryer (4.7-7.1 m3/sec or 10,000- 
15,000 cfrn)' required to keep the solvent below 25% of the lower 

explosive limit, the risk of explosion from the condensate, and 


the low temperature required. 


Good housekeeping is the simplest approach to controlling 

solvent losses and is the only method practiced by the industry 


today. Fugitive emissions occur at valves, flanges, seals, covers 

on storage tanks, and other sources. Good housekeeping requires 

no extra equipment and little additional maintenance effort. It 

has been shown that good housekeeping can reduce total emissions 

in a transfer machine-type operation from 23 to 15.5 kg solvent/ 

100 kg materials cleaned (468 to 310 lbs solvent/ton materials 

cleaned) . 

A carbon adsorption system has been developed for re- 

covering petroleum solvent vapors from dryer streams. There are 


several inherent problems in applying carbon adsorption. First, 

the bed capacity of the activated carbon for the solvent is low 


(6%) . The adsorber bed must ' be rather large because, dryer s trearns 
are high volume and very dilute. In addition, the hot exhaust 


gases must be cooled from 78 to 38'~ (172 to 100'~) before adsorp- 


tion will take place. ' O Also, since petroleum solvents are highly 
combustible, carbon chambers are potential fire hazards. 


Despite these drawbacks, carbon adsorption can be used 

to efficiently curb emissions. Carbon adsorption is employed at 


three petroleum solvent- based dry cleaning plants in Derby, Eng- 

land. The units were designed to reduce inlet concentrations by 




95%." A prototype model of an adsorber tha t  was 95 percent 

e f f i c i e n t  was introduced i n  the U.S . i n  1 9 7 3 ,  but no market was 

found for  the cap i t a l  intensive units. In May 1 9 7 7 ,  one ven- 

dor had ins ta l l ed  an adsorber on a petroleum dryer i n  an indus-

t r i t a l  dry cleaning plant .  While the un i t  did not perforrn a t  ex-

pected levels  during t e s t s  conducted i n  June 1977, class e f f i -  
ciency was as high as 75-80% on some closely monitored cycles.  1 3  

Incineration i s  the th i rd  method of reducing dryer 

emissions. The dryer stream i s  vented to  a large incinerator  

where the petroleum vapors a re  burned. There a re  disadvantages 

to  the system., The high .vo.lume of the dryer stream usually p s e -- > 

cludes the use of the plant boi le r  f o r  incinerat ion,  so addi t ional  

fuel i s  required. However, because there i s  a high steam demand 
i n  indus t r i a l  p lants ,  waste heat can be recovered i n  a steam 

boi le r .  Incineration i s  estimated ro be 98% e f f i c i e n t  as an 
m i s s i o n  control method and may reduce o u t l e t  concentrations to  

20-30 ppm. 11, 

solvent retained i n  f i l t e r  muck can be recovered by 
vacuum d i s t i l l a t i o n  o+ centr i fugal  s e p a r e i o n .  Both methods can. - . .. .  . I  -
reduce process solvent  ~ d s s e s  .d<e t o  f i l t e r  muck recention from .-

5 t o  1 kg solvent/lOO kg materials cleaned.' '  Instead of on-sl te  

recovery of waste solvent from the f i l t e r  muck, solvent can be 

disposed of by incinerat ion.  Incineration i s  practiced a t  some 

indus t r i a l  p lants .  Off-s i te  solvent recovery by an independent 
contractor i s  sometimes practiced and car tr idge f i l t r a t i o n  can 
be employed to reduce emissions. 

With the use of t h i s  technology, emissions fron petro- 
leum solvent-based dry cleaning f a c i l i t i e s  can be  grea t ly  r e -

duced. The addition of a carbon adsorption un i t  o r  LncLaeratLon 



system and a waste solvent recovery scheme to a well maintained 

plant can potentially lower its emissions to a level of 4-6kg 

solvent/100 kg materials cleaned.'= The technology for applice- 

tion of these systems is currently available. 


4.17.1.3 Cost, Energy, and Environmental Impact of Controls 


Costs for good housekeeping are negligible.'? Estimates 


of capital and annualized costs for other control techniques are 

presented in Table 4.17-2. Data are presented for four sizes of 


model plants. Costs for actual installations may vary considerably. 

Credits for solvent recovery are low because of the low cost of 

petroleum solvents. As the costs of petroleum solvents rise, 

however, recovery techniques will become more economically attrac- 

t ive . 

Estimates of the energy impact from the use of carbon 

adsorbers and incinerators are presented in Table 4.17-3. Data 

are provided for typical commercial and industrial plants. Carbon 


adsorbers consume fuel to produce steam for desorption, while 

incinerators consume supplementary fuel to support conbus" ~1on. 


Solvent recovered by carbon adsorbers is recycled. The 

volume of solvent recovered in o . .  industrial plant is approxi- 
mately three times the volume of fuel consumed.*' Assuming that 

at least one kilogram (pound) of fuel is required to produce one 


kilogram (pound) of solvent, solvent recovery can be expressed as 

an indirect energy credit. As shown in Table 4.17-3, use of car- 

bon adsorbers results in a net gain in energy for both commerciel 

and industrial applications. 
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TABLE 4.17-2. ESTIMATES O F  CAPITAL AND ANNUALIZED COSTS OF VOLATILE ORGANIC 
EMISSION CONTROLS FOR MODEL PETROLEUM SOLVENT DRY CLEANING 
p ~ ~ ~ ~ ~ a , b , C , 1 @ , 1 9 , 2 0 , 2 1  


' I I n c i n e r a t  ion I n c f n t r n t j o n  
wt th  Heat wl thout  Heat Centrifugal h r t r l d  e 

~ i r b o n  A d n o r m  Recovery -Recovery Separa t o r  ~ i l t c r a-
Type of P lant  Yenhsr a p n k  l l y  F m i l  I t )  ~ a ~ i t a lAnnual Capl ta l  Annual Caplt.1 Annual -pi t a t  A n n u t  C a p i t a l  Annual 

co'inmcrc la1 Z7kg (LO 1b) l lond  New 16.4 2 . 9  4 0 .  10.6 24.0 10.5 4.4 0.9 2.4 1 . 0  

* ~ m r t h  q u a r t e r  1916 c o s t s  e rpresned  In thourands of d o l l a r s .  
b ~ a p l t a l  c o s t s  Inc lude  des lgn .  p t ~ r r h r a e ,  and Installation. 
C ~ n n u a i l r e dc.osts Inc lude  l a h o r ,  .alntenance, r t t t l l t l e s ,  c r r d l t n  f o r  s o l v e n t  recover), c o s t s  [ o r  vamte d l s p o r a l .  and charges  f o r  d e p r e c f a t l o n ,  interest. 
p e r h e n d ,  property t n x e s ,  and Innwanre .  
Cartridge f i l t e r s  a r e  n o t  wned i n  Inds ta t r la l  p l a n t s  hccarlse t h e  m n u n t  of  d l r t  c o l l e c t r d  w u l d  r J q  t i le r t l t p r s .  

e ~ e g n ~ l v es i g n  l n d l c a t e e  that c r e d l t *  f r a  ao lvent  recovery e x c r r d  o p e r a t i n g  c n s t a  and c a p i t a l  charges .  



Incinerators, on the other hand, have adverse energy im- 

pacts. The data provided in Table 4.17-3 asstmes no heat recovery. 

With primary heat recovery, fuel consumption and net energy use 

can be reduced by one-half . In industrial plants that require 
steam, the energy impact can be further reduced by using a waste 

heat boiler for secondary heat recovery. 


Energy information for filter muck emission controls is 

unavailable. Since the control techniques recover solvent, at 

least part of the energy requirements are compensated by the in- 

direct credit from solvent recovery. 


SOx,  NO,, CO, and particulate emissions are produced 
by combustion associated with carbon adsorbers and incinerators. 

Assuming the use of No. 2 fuel oil containing 0.2 percent sulfur, 

the impact from the combustion of fuel to produce steam for carbon 

adsorbers is negligible.25 Estimates of SO,, NO, and particulate 

emissions from incinerators are listed in Table 4.17-4. CO emis- 

sions are highly variable, depending on the type of petraleum sol- 

vents incinerated. 


TABLE 4.17-4. ESTIMATES OF EMISSIONS FROM INCINERATION 

IN TYPICAL PETROLEUM SOLVENT DRY CLEANING 

P L A N T S ~ , ~ ~  


Type of Plant sox NO, Particulates 
&/vr .(tons/vr) Mdvr (tons/vr) &/vr (tons/yr) 

Commercial 0.28 (0.31) 0.78 (0.86) 0.15 (0.16) 

Industrialb 2.8 (3.1) 7.8 (8.6) 1 .5  (1.6) 

aAssumes that incineration is equivalent to  stecln boi lers  using No. 2 fue l  o i l .  
b ~ h i s  application reduces v o l a t i l e  organic emissions by 100 Mg/yr (110 tonslyr) . 



C 

TABLE 4.17-3. ENERGY IMPACT ESTIMATES FOR DRYER EMI$,SION CONTROLS IN TYPICAL 
PETROLEUM SOLVENT DRY CLEANING PLANTS * 

Energy Use Energy Recovery Net Use 
Type of Plant Control Technique 

GJ/V ( l o 6  ~ t u / y r )  GJ/yr (10' Btu/yr) GJ/yr (lo6 Btu/yr) 
. . . . 

Commercla1 Carbon hdsoq tiona 28 (27) 316 (300) 

Industrial Carbon Adsorption 
a 

280 (270) 3160 (3000) 

aBased on data from a perchoroethylene plant (including energy for  a muck cooker). 
b~rgativesign indicates that energy recovery exceeds energy US.. 

No heat recovery. 



-- 
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Carbon adsorption systems add to the plant's water re- 


quirement because of the need for steam for desorption. The 


condensate, containing a portion of desorbed solvent, is added 

to the wastewater stream. Estimates of increased water require- 

ments for carbon adsorption systems in typical petroleum solvent 

dry cleaning plants are listed in Table 4.17-5. Also presented 


are estimates of the quantities of solvent disposed of in the 

plant's wastewater. 


TABLE 4.17-5. ESTIMATES OF INCREASED WATER USE AND SOLVENT 

DISPOSED OF IN WASTEWATER AS A RESULT OF 

APPLYING CARBON ADSORPTION IN TYPICAL PETRO -' LED! SOLVENT DRY CLEANING PLANTSa , 

Type of Plant 
Increased 
Water Useb 

Solvent Disposed of 
in wastewaterC 

kglyr (IbIyr) kglyr (lb/yr) 

Commercial 13,500 (29,700) 1.4 (3.0) 

Industrial 135,000 (297,000) 13.5 (29.7) 

a
Based on measurements for perchloroethylene dry cleaning plants. 

b~ncludes requirements for a muck cooker. 

Assumes that solvent content will be the same as for perchloroethylene 

plants ((100 pprn). 


The solid waste impact produced by the disposal of 

spent carbon from carbon adsorption systems is negligibie. 2 8 

4.17,,2 Perchloroethylene-Based Systems 


Perchloroethylene, or "perc" is the most widely used 

solvent in the industry today. 270 industrial plants, 20,000 


commercial units, and 30,000 coin-operated units consume an es- 

timated 15.6 Gg (173,000 tons) of the solvent yearly.29 Perch- 

loroethylene is the only chlorinated hydrocarbon in widespread 


use. It is superior to petroleum solvents because it is non- 

flammable. Its disadvantages are high cost, aggressiveness to 
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clothing, and slight corrosiveness. In addition, perchloroethy- 

lene has been indicated as a potential ~arcinogen.~' Perchloro- 


ethylene plants with good solvent recovery techniques are eco- 

nomically competitive with petroleum solvent based plants. 


Figure 4.17-2 is a simplified flow diagram for a 


perchloroethylene dry cleaning operation. The basic cleaning 


steps are similar to those of a petroleum solvent plant. Dirty 


clothes are washed in a single solvent bath and solvent is ex- 


tracted by spinning. The washing and extracting steps are 

., . .accomplished in the sane piece of equipment. The clothes are 


then dried in a reclaiming type.dryer. The dryer may be sep-


arate (transfer-machine) or part of the washer extractor (dry-- 

. ,-

to-dry machine). -. , . 
--. : 

The reclaiming dryer used for perchloroethylene pla~ti 

is different from the dryer used in petroleum solvent plants. 

Evaporated solvent is removed from the exhaust gas by condensa- 


c,

tion on a cooling coil. This exhaust is returned to the dryer 


until the solvent concentration is too low to condense. Fresh 

air is then used to finish the drying cycle and evaporathPthe 


remaining solvent. This air is vented to the atmosphere. 


Most pLants have a muck cooker by economic necessity. 

Mosr of the solvent is cooked from the filter muck, condensed, 

and recycled. . Thecooked muck and remaining solvent are stored 

for later disposal. Solvent that has 'been fLltered must be dish 

tilled to remove soluble impurities (fats, oils, greases). Dis-
.tillation bottoms are also stored for later disposal with che 


filter muck.3 1 
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Figure 4.17-2.  Flow diagram for a dry cleaning plant using 
perchloroethylene solvent.  



4.17.2.1 Emission Characteristics 


Emissions of perchloroethylene vary greatly due to 

equipment differences and the type of solvent recovery method 

used. An uncontrolled commercial or industrial plant can lose 

more than 22 kg solvent/100 kg (22 lb/100 lb) materials cleaned. 

Potentially 14 kg/100 kg (14 lb/100 Ib) of solvent could be lost 

in the fiLter muck and 3-6 kg/100 kg (3-6 lb/100 lb) in the dryer 


stream, assuming a condenser is used before venting.32 Due to 

economic considerations, most plants possess a regenerative fil-


ter system and a muck cooker that  can reduce losses in that area 
to only 1-1.5 kg/100 kg (1-1.5 lb/Z00 lb), for a plant total of.. , 

8.1 kg/100 kg (8.1 lb/100 lb). Plants that use a carbon adsorp- -
t i o n  system on dryer exhausts can reduce losses by another 40% 
to 4.0kg/100 kg (4 lb/l00 1b).33J34 An industry survey" essti-

mates the average emissions of both controlled and uncontrolled 

commercial and industrial plants to be 10-12 kg solvenrjlO0 kg ..-.. . 

(10-812 lb/LOO lb) materials cleaned. Coin-operated system 

usually emit twice that amount. 


4.17.2.2 Control.Technology 


Economic incentives have brought about the use of 

several different types of systems to curb solvent losses. As 

in petroleum based systems, the most important method of enis-

sion control is good housekeeping. The competence of the oper- 

ator is another important factor. An IF1 survey36 has recorded 

differences in excess of 17.5 kg solvent/100 kg (17.5 ib/lGO l3) 

materials cleaned for uncontrolled plants. In another study3' 

enissions from plants employing carbon adsor7tLon varled Zrox 


3.5 to 9.4kg solvent/100 kg (3.5 to 9.4 lb/100 I b )  mater5ala 

cleaned. These differences were due to housekee?ing ~ : ~ d a r d s  

and operator competency. 




The best option for controlling solvent losses from 

the dryer stream is carbon adsorption. This method is used by 


at least 33.5% of the ind~stry.~' All perchloroethylene dryers 

are of the recovery type; the dryer stream passes over water- 

cooled condenser coils before venting. Condensers recover 75% 


of the solvent vapor, allowing 3-6 kg/100 kg (3-6 lb/100 lb) to 

escape. The addition of a carbon adsorption unit can reduce sol- 

vent losses to 0.3 kg solvent/100 kg (0.3 lb/100 lb) materials 

cleaned with an average outlet concentration of 25 ppm or less. 3 9 , 4 0  

Perchloroethylene retention in filter muck res~lts in 

a large potential solvent loss. Economic incentives have brought 


about virtually industrywide use of regenerative filters and muck 

cookers. Solvent is "cooked" out of the used filter materials 

and is then stem distilled. This process reduces emissions to 

1-1.5 kg1100 kg (1-115 lb/100 lb).41 With the use of cartridge 


filters or longer di6tillation times, emissions can be reduced 

to 1.0 kg1100 kg (1 lb/100 lb)." 


Incineration, a process suggested for petroleum exhaust 

4 

streams, is not practical for perchloroethylene systems. Per-

chloroethylene is viktually nonflammable, and combustion forms 

undesirable by-products such as hydrochloric acid (HC1) , chlorine 
(Cln), and phosgene (COC12). These by-products could be removed 

by water scrubbing, but that would create an additional water 

pollution control problem. 


The emission controls best suited for perchloroethylene 

dry cleaning operations are good housekeeping, carbon adsorption 

filters on dryer exhaust streams, and the use of filter muck 

cookers. The combination of these three methods can reduce an 


uncontrolled plant emission rate of 22 kg1100 kg (22 lb/100 lb) 
to 4-6 kg1100 kg (4-6 lb1100 lb).43 A summary of emission rates 


and sources can be found in Table 4.17-1. 
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4.17.2.3 Cost, Energy, and Environmental Impact of Controls 


Costs for good housekeeping are negligible.'" Estimates 


of capital and annualized costs for carbbn adsorption systems are 


listed in Table 4.17-6. Data are presented for five sizes of model 


plants. Costs for actual installations may vary significzntly. 


Specific costs for muck cookers and filters are unavailable. 


Perchloroethylene is more valuable than petroleum sol- 


vents. As a result, there is a much greater economic incentive 
to employ recovery techniques in perchloroethylene plants. Table 


4.17-6 shows that costs for carbon adsorption systems are exceeded., 

by credits from solvent recovery in all but coin-operated facili- 

ties. As mentioned earlier, w c k  cookers and regenerative filters 

are already%-befng used by most of the industry because of the eco-

nomic incentive of solvent recovery. 


Energy is required to produce steam for desorption of 


carbon adsorbers and to provide heat for muck cookers. Table 


4.17-7 lists estimates of the energy impact from these controls 


in typical .plants. Recovered solvent pravides an indirect energy 

credit by re-ducing the .en-iergy requirements for rhe production of 

fresh solvent. (See Section 4.17.1.3 for a more detailed dis- 

cussion.) For all installations, the indirect credit from sol- 


vent recovery exceeds energy consunption. 


The air pollutants generated by the cctmbustion of fuel 

to provide energy for the above control methods are considered 

negligible for all application^.*^ Estimates of water requirements 


for carbon adsorption systems in perchloroethylene piants are 


listed in Table 4.17-8. The water is required in tke f o m  of 

steam for desorption. A portion of the desorbed solvenr renaixs 

with the condensate which becomes part of the plant's was2ewater 


s t r e a m .  Estimates of the aiount  of solvent disposed of wlth the 

wastewater are also shown in Table 4.17-8. 




TABLE 4.17-6. ESTIMATES OF CAPITAL AND ANNUALIZED COSTS FOR CARBON 

ADSORBER8 . IN MODEL PERCHLOROETHYLENE DRY CLEANING 
PLANTSar ,C,45,46,47 


Type of F a c i l i t y  Capacity I n s t a l l a t i o n  Capital  Cost Annualized 
Cost 

Coin-op 2 u n i t s  @ 36 kglload New 6.1 1.5 

@ (8 lb/load) Exis t ing 7.3 1.8 

Commerc fa1 11 kg/load 
I / 

(25'1blload) N ~ w  2.2 -0.1 
d 

Exis t ing 2.9 0.1 

23 kglload (50 lb/load) New 3.3 -0.7 
d 

Exis t i n g  4.1 -0.6 
d 

Indus t r i a l  91 kglload (200 l b l l ~ a d )  New 6.1 -9.8 
d 

Exis t ing 7.5 -9.4 
d 

136 kglload (300 lb l load)  New 7 .O -15.3 
d 

Exis t ing 9 .O -14.8 
d 

a Fourth quar te r  1976 c o s t s  expressed i n  thousands of do l l a r s .  
b ~ a p i t a l  cos t s  include design, purchase, and i n s t a l l a t i o n .  
Annualized c o s t s  include labor ,  maintenance, u t i l i t i e s ,  c r e d i t s  f o r  solvent  recovery, cos t s  fo r  
waste d i sposa l ,  and charges f o r  depreciat ion,  i n t e r e s t ,  overhead, property taxes ,  and insurance. 

d ~ e g a t i v a  s ign  ind ica tes  t h a t  c r e d i t s  from solvent  recovery exceed operating cos t s  and c a p i t a l  charges. . . 

C 





TABLE 4.17-8. ESTIMATES OF INCREASED WATZR USE A?7D SOLVZNT 
DISPOS", OF IN WASTEWATER AS A RYSULT O F  APPLY-
1N.G CARBON ADSORPTION IN TYPICAL PERCHLORO-
ETHYLZNE DRY CLuUNIYG P'UNT S O 

Increased Solvent Disposed 
Type of Plant Water usea in Wastewater b 

kglgr (lb/yr) kg/yr (Ib/yr) 

Co in-op 

Commercial 

Industrial 

a
Includes requirements for a muck cooker. 


b~asedon measurements of solvent concentrations 2100 p p  in perchloroethylene 

plant wastewater streams. 


Disposal of spent carbon from carbon adsorption systems 

creates a negligible solid waste impact. 5 1 

4.17.3 Fluorocarbon Based Systems 


Fluorocarbon solvents are used by a small sector of the 

< -

dry cleaning industry<' Currently less than 1,500 coin-.operated 

units consume about 900 Mg f1.,000 tons) of .fluorocarbon solvents 

.per year. 5 2 

The solvent, 1,1,2-trichlorotrifluoroethane or Freon 

113*, is sold as "Valclene*", a charged dry cleaning agent con- 

taining detergents. Some of its advantages are non-flammability, 

low toxicity, and non-aggressive solvent properties. This last 

property makes it suitable for cleaning fine and specialty items. 

The only drawbacks to widespread use are the high cost of the 

solvent and possible ozone depletion effects. Cost may preclude 


*Trademark of E.I. W o n t  de Nemours & Co. 



i t s  use i n  some appl ica t ions  and make e f f i c i e n t  solvent  recovery 
(i 

a necess i ty .  

The fluorocarbon based system u t i l i z e s  only the  dry-

to-dry type of machine where washing and drying a r e  perF *ormed i n  

the  same machine. A l l  have b u i l t - i n  cont ro l  devices.  Solvent 

i s  f i l t e r e d  through ca r t r i dge  f i l t e r s  =d d i s t i l l e d  before i t  i s  

recycled.  The f i l t e r s  can then be dr ied  i n  the  drum before d i s -

posal .  

The machine i s  completely closed t o  the  atmosphere 

during operat ion.  This means.>there . i s  no exhaust gas stream 

from the  dryer .  Figure 4.17-3 s h w s  the  a i r  flow p a t t e r n  f o r  

a i y p i c a l  fluorocarbon drying c i r c u i t .  Expansion m d  contract ion 

of the a i r  stream i s  accounted f o r  by an elastomeric "lung" n o t  
p i c t ~ r e d . ' ~  

4 .17.3 .1  Emission Charac te r i s t i cs  

Average solvent  losses  a r e  unknown. In  t e s t s  conducted 

by EPA and one solvent  manufacturer, emissions were usu- l e s s  
than 5 kg/100 kg (5 l b / l 00  l b )  mater ia l s  c leaned .54  Losses can 
be at tr ib.u. ted. to solvent  r e t en t ion  i n  f i l t e r  media, leaks from . . .. 

.., pumps, valves ,  and gaske ts ,  and c e r t a i n  f ixed  l o s s e s .  Solvent 
...l.osses i n  the  f i l t e r  media amount t o  1 kg so lven t / l00  kg (1 lb/ 

100 lb )  mater ia l s  cleaned.  Leaks from pumps, valves ,  and gaskets 
contr ibute  1-2 kg solvent/100 kg (1 -2  lb/100 lb )  materials cleaned. 

Fixed losses  include solvent  re ta ined  by c lothes  (mininal) and 
solvent  vapor l o s t  from the  cleaning wheel when the  d o o r  i s  . -

opened between loads .  





I 

:. 


. 4.17.3.2 Control Technology 

Emission control in fluorocarbon based operations is 


achieved by the use of refrigeration/condensation systems and by 
good housekeeping. Dryer streams are never exhausted. Instead, 

they are recirculated over refrigerated coils to condense the 


solvent at temperatures of -18°C (-0.4"F). Refrigeratlonl 

condensation can achieve 90% solvent recovery. 5 6  Reduction of 

solvent vapor concentration to 7% is routinely achieved to curb 

solvent loss. Good housekeeping practices serve to naintain 


high solvent recovery. 

- .  

- ~ The only other major loss of the fluorocarbon is 6; 
filter media retention. If the cartridge filter is dried in the 

unit after use, emissions of 0.5 kg/100 kg (0 .5  lb/100 Ib) or less 
can be achieved.'' A summary of emission rates and so-r4css cafi be 
found in Table 4.17-1. 


Other control methods are not applicable to fluorocarbon 

sysrems. Carbon adsorption filters have been marketed,--the 


units did not function well in this application. Incineration 

cannot be w e d  because the fluorocarbon is nonflammable end 

combustion produces halogenat-ed by-products. 


4.17.. 3.3 Cosr, Energy,, and Environmental I m ~ a c Cof Controls 

.Because of the high cost of fluorocarbon solvenzs, 
controls for emissions of volatile organics are already 5uiit 

into all units. There are no additional c o s t ,  energy, or en-

vironmental impacts. 
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4.18 Fiber Production 


This section describes organic emissions from the 


production of natural and synthetic fibers. Fiber production 


is one of the steps in textile manufacturing. Other textile 


processing steps such as texturizing, dyeing, and carpet manu- 

facture may also emit organics, but are not  covered 

in this section. 


..The three classes of fibers are synthetic fibers, 

cellulose derived (semi-synthetic) fibers, and natural fibers. - - .  . .. 

Synthetic fibers such as nylon and polyester are spun from 

-..- .

polymers synthesized from organic chemicals. Acetate, rayon, . .. 
. . 

and other cellulose-derived fibers are manufactured by chemi- 

cal recovery of cellulose from a natural source such as wood - -

: or cotton. Ratural fibers such as wool and cotton are produced 
by mechanical processing steps rather than chemical synthesis. 


Organic emissions and concrol technology for man-made 

synthetic and cellulose-&erived fibers a-re discussed in Section 
4.18.1. Section 4.18.2 discusses natural fibers. 


.-. 
4.18.1 Man-Made Fibers -

Man-made fibers include synthetic fibers (Section 4.18. 

1.1) and semi-synthetic cellulose-derived fibers (Section 4.18.1.2). 


4.18.1.1 Synthetic Fibers, 


Some 22 Tg . (48,400 x lo6 lbs) of polymer a r e  produced 
annually. Roughly 19% of polyuer production is used to ?reduce 
synthetic fibers.' Table 4.18.1 liscs the most important syzthe-
tic fibers, their uses, constituents, and spinning processes. 




TABLE 4.18-1. SYNTHETIC FIBERS: PRODUCTION, USES, 

CONSTITUENTS, AND SPINNING PROCESSES**~ 

F i b e r  1975 Production Spinning 
Class  Gg ( lo6  l h s )  Uses Cons t i tuen t s  Process  

Po lyes te r  1360 (2995) Apparel, c a r p e t ,  t i r e  cord ,  Dimethyl t e r e p h t h a l a t e  o r  Melt 
f i b e r f i l l  t e r e p h t h a l i c  a c i d  and 

e thy lene  g lyco l ,  c a t a l y s t  

Nylon 843 (1857) T e x t i l e s ,  a p p a r e l ,  c a r p e t ,  Nylon 6: carpolactam. Melt 
i n d u s t r i a l  a p p l i c a t i o n s  Nylon 66: a d i p i c  a c i d  

and hexatnethlyene diamene 

Acrylic & 238 (525) Wool - l ike f ibe r s  f o r  appare l  A c r y l o n i t r i l e ;  a c r y l a t e  Wet, Dry 

w 
0 
o 

Modacrylic and home f u r n i s h i n g s  monomers ( a c r y l i c )  o r  v i n y l  
monomers (modacrylic); 
a d d i t i v e s  

P o l y o l e f i n  226 (497) Carpets ,  i n d u s t r i a l  twines,  Polyethylene o r  poly- Melt 
some a p p a r e l  propylene,  a d d i t i v e s  

Other 5 (11) Various uses  Spandex, vinyon, s a r a n ,  Varied 
f luorocarbons  



7Synthetic fibers are spun from melted or d- ssolved 
polymer chips. The three major spinning processes employed are 

melt, dry, and wet spinning. The process used for a particular 
polymer depends on its melting point, melt stability, and solu- 

4bility in organic solvents. Figure 4.18-1 is a flow diagram 
for the three spinning processes. 

Melt Spinninq 

Melt spinning is generally used to produce polyester, 

nylon, polyolefin, and saran fibers. Resins used in this process 

must be stable at high temperatures to prevent decomposition. .- . . . - .  

Polymer chips are melted in a heated screw extruder, proce~s~ed. 
in a aitroge~ mnospherS, thenYiltered through a se-yiesA of metal 
gauzes or a -Layer of graded dand. The molten polymer is extruded 

under pressure and at a constant rate through sp5nnerets. Ex- . 
trusion is followed by air cooling. The fibers my be steam con- 
ditioned before merging into a "spun" yarn.5 

WeT Spinning -

. -
Wet spinning is used to produce acrylic, modacrylic .. 

and spandex fibers. In the wet spinning process polymer chips 

are dissolved in a solvent. The solution is exrruded thro~gh 
spinnerets into a coagulating bath where the fibers are forsed. 

A washing step is required after spinning to remove traces of 
solvent and other impurities. Both batch and continuous washing 

steps are employed.' Table 4.18-2 lists typicai so?ver.:s and 

coagulants used in wet spinning. .. 





TABLE 4.18-2.  INPUT MATERIALS FOR WET SPINNING' 

Rber Polymr Solvent Coagulant 

Acrylic Polyacrylonitrile Maathylacetamide Aqueous DMAc 
(DMAc) 

Aqueous ZnClz Aqueous ZnClz 

Aqueous NaSCN Aqueous NaSCN 

Modacrylic Polyaczylonitrilt Acetoni trile Aqueous Ace toni tr i l e  
P O ~ Y( m y  1 chloride)
copolymer Water 

Mmethylformamide Water 
@W 

.-. ... 
.....D z r ~Spinning ... ... . .  

.. .  , - .. ... 
,*.. . . . . . . . . . . . . . . .  ,,.. . . . . . . .  .r .. 


. . 
*-. 

Like wet spindng, dry spinning uses a solvent k 
dissolve the polymer chips. The solution is extruded into a 

chamber of heated gas or vapor. The solvent evaporates and a 

fiber is formed. Because the process utilizes high spinning 

speeds, it can be used to produce continuous filament yarn . '  
Table 4.18-3 lists solvents and polymers used in this process. ..-

Fiber Polymer Solverzt 


Acrylic Polyacrylonitrile DM?, DMAc 

cerramethylene sulfone 


Modacrylic Polyacrylmitrile/ Ace tone 

poly (vinyl chloride) 


Spandex Polyurethane 




Fibers must be finished before being woven into a fabric. 

The first step usually is lubrication to prevent static.electri- 

city build-up and to protect machinery. Next, the fibers undergo 


"drawing", a process in which the fibers are stretched, sometimes 

under heat, to introduce molecular orientation and increase 

strength. 


Finally, the fibers may undergo some form of physical 

modification to produce a specified product. This may be as 

simple as cutting continuous filament into short lengths called 

itaple, or as complicated as false-twist texturing, crimping, 

heat setting, and heat relaxation. These processes involve 

heating the fiber close to its melting point, then stretching, 

folding, twisting or relaxing. 


4.18.1.2 Semi-synthetic Fibers 


Rayon and acetate are considered semi-synthetic because 

both are cellulose derived. Rayon is the oldest man-made fiber 

and is produced from dissolved wood pulp or cotton linters. Three 

processes are used to regenerate the cellulose; viscose; cupram- 

monium, and the nitrocellulose process. In,'each case;-the cellu- 


lose is regenerated by a chemical reaction, extruded, and then 

spun into yarn. 


Acetate was the second man-made fiber to come into 

general use. It is also derived from wood pulp or cotton linters, 

but the cellulose is acetylated by treatment with acetic and sul- 

furic acids. 1 0  



4.18.1.3 Emissions and Control Technology 


Emissions from man-made fiber production include sol- 


vents. coagulants. additives, and other organic compounds used 


in processing. Sources include the heating and cooling processes 

in melt spinning and solvent vapor losses in wet and dry spinn5ng. 


I . .. .- , . 
.Solvent losses.-may. 
also oecur during finishing pro- 

.cesses when the fiber.-%shekted to =ear its melting point. Vola 

tile organics present Pn the-polymer-are vaporized under these 

conditiatm . Solvent Ztmser .also occur in rayon and a c e t i h  pro-
duction. m e  source reports that -0.28 kg acetone/kg proauct .... 
(0.28 lbllb) i s  lost in acetate production." 

Emission rates depend on the type of solvents and raw 

materials used, the temperature of the product, and use of sol- 


vent recovery or emission control techniques. Table 4.18-4 lists 

organic emissions from man-made fiber production for 1975. Emis-

sions for.other fibers not listed are probably similar to those 

encountered in the original resin production.12 


TABLE'4.18-4. EMISSIONS FROM MAN-MADE FIBER PRODUCTION' .. 

Volatile Organic Enissions 

Product 

Mp / vr ( l o 4  I b s / v r )  

Nylon 66 ... ... 2900.0 630 
Cellulose Acetate 1900.0 410 
Nylon 6 1400 2510 
Viscose Rayon 1200 270 
Modacrylic Fibers 320 70 
Polyurethane Fibers 4.1 0.9 

- I  



Applicable control methods are the same as those used 

in the polymer industry: carbon adsorption, resin adsorption, 

incineration, solvent absorption, refrigeration/condensation, 

vacuum stripping, and good housekeeping. These control tech- 

niques are discussed in Section 3.0. Solvent recovery, used in 

both wet and dry spinning processes, is another important means 

for reducing emissions.'" Controls are generally not used in 

rayon production, but an activated carbon adsorption system 

could reduce emissions 80 to 95 percent. 1 5  

4.18.2 Natural Fibers 


Natural fibers such as cotton and wool undergo numerous 

mechanical and inorganic chdeal treatments to produce woven ma- 

terial for marketing. Of these processes, only scouring emits 


volatile orgarrics . 

Scouring is performed several different times in cotton 


and wool processipg. It is the process by which applied, acquired, 

and natural impurities are removed. Abplied impurities a;e sub-


stances (identificakon paints, insecticide6 ; or bacteriocides) . . 

that have been added to the raw fibers by man. Acquired impur- 


ities include dirt, dust, straw, and vegetable matter. .Natural
* 

impurities include glandular secretidis of' a&al origin (yolk) 

in wool and natural waxes, oils and pectins in cotton. 


Scouring is done with either detergents or organic sol- 

vents (benzene, CC14, ethyl alcohol, methyl alcohol, isopropyl 

alcohol). After solvent scouring, the cloth must be rinsed (or 

washed again) to remove water soluble materials and residual sol- 

vent. ' 

Volatile organic emissions from fabric scouring were 


estimated to be 22.7 Gg (50 x lo6 lbs) in 1975. l 7  Applicable 




,. 
control techniques are incineration and, for solvent systems, , 


efficient handling and recovery techniques. These control rech- 


niques are discussed in Section 3.0. Waste solvenc disposal is 


discussed in Section 4.15. 
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Degreasing and Waste Solvent  Disposal  

Degreasing o r  so lven t  m e t a l  c leaning employs non- 
aqueous so lven t s  t o  remove s o i l s  from the  su r f ace  of metal  

a r t i c l e s  which a r e  t o  be e l e c t r o p l a t e d ,  pa in t ed ,  r epa i r ed ,  Fn-

spec ted ,  assembled, o r  further machined. Metal workpieces a r e  
cleaned wi th  organic  so lven t s  because water  o r  de tergent  so lu -  

t i o n s  e x h i b i t  a slow drying r a t e ,  e l e c t r i c a l  conduc t iv i ty ,  high 

su r f ace  t ens ion ,  a tenden.cy t o  cause r u s t i n g ,  and a r e l a t i v e l y  
low so lub i l . i t y  f o r  organic  soi-1s such a s  g reases .  A broad 

.... .. 
spectrum of  organic  so lven t s  i s  a v a i l a b l e ,  such as  petroleum - . . 
d i s t i l l a t e s . ,  ch lo r ina ted  hydrocarbons., ke tones ,  and a l c o h o ~ ~ s  :* ,...-. ' 

~ l t h o u ~ hso lven t s  may vary ,  t he r e  a r e  b a s i c a l l y  t h r e e  types o f ,  
degreasers :  co ld  c leaners ,  open top vapor degreasers;  and 

conveyorized degreasers .  
.. . .. .. 

Descr ip t ions  f o r  t h e  t h r ee  degreasing processes a r e  

given i n  Sect ion  4.19.1. Emission c h a r a c t e r i s t i c s  a r e  d iscussed 
i n  Sect lon  4.19.2 and con t ro l  technology i s  descr ibed i n  Sect ion  

4.19.3. 

.. 

4.19.1 Process Descr ip t ions  .. 

4.19.1 .1  
". 

cold '  Cleaners ... .-

Cold c leaners  .+ 

a r e  t h e  s imp le s t ,  l e a s t  e q e n s i v e ,  and . 

most common type of  degreaser .  They a r e  used f o r  the removal o f  
.. 

o i l  base ' impuri t ies  from metal  p a r t s  i n  a  batch-ioad ?rocedure 

t h a t  can inc lude  spraying,  brushing,  f l u sh ing ,  and inmerslon. 

The cleaning so lven t  i s  genera l ly  a t  room temperature.  Although 
it may be heated  s l i g h t l y ,  t he  so lven t  never reaches i r s  b o i l i n g  
po in t .  When ? a r t s  a r e  soaked t o  f a c i l i t a t e  c lean ing ,  it Ls not  

uncommon for t3e  so lven t  t o  be agitated by ? u p s ,  c m ? r e s s e d  a i r ,  

mechanical motlon, o r  sound. 



There are  several  methods fo r  materials handling i n  

cold cleaning operations. Manual loading i s  used fo r  simple, 

small-scale cleaning operations. Batch loaded conveyorized 

systems are  more e f f i c i e n t  for  complex, large scale  o ~ e r a t i o n s .  

Loading systems can be s e t  t o  automatically lower, pause, and 
r a i s e  a work load. By dipping i n  a se r i e s  of tanks, each with 
increasingly pure solvent or  possibly a d i f ferent  solvent ,  a 

"cascade" cleaning system i s  established. 

Open Top Vapor Degreasers 

The open top vapor degreaser cleans by condensing va- 
porized solvent on the surface of the metal pa r t s .  The so i led  

pa r t s  a re  batch loaded in to  the solvent vapor zone of the 

un i t .  Solvent vapors condense on the cooler surface of the 

metal par t s  u n t i l  the temperature of the metal approaches the 

boi l ing  point of the solvent.  The condensing solvent dissolves 

o i l  and grease,  washing the par t s  as i t  dr ips  down i n t o  the tank 

Sometimes the cleaning process i s  modified with spraying or  dip-
ping . 

To condense r i s i n g  vapors and prevent solvent ' loss ,  
the a i r  layer or freeboard above the vapor zone i s  cooled by a 
se r i e s  of condensing c o i l s  which r ing  the in te rna l  wall of the 
u n i t .  Most vapor degreasers L l s o  have an external  water jacket 

which cools the freeboard t o  prevent convection up hot degreaser 

walls The freeboard protects  the solvent vapor zone from dis-  
turbance caused by a i r  movement around the equipment. 

. * 
4.19.1.3 Conveyorized Degreasers 

Conveyorized degreasers operate on the same p r inc ip les , ,  
as  open top degreasers; the only difference i s  i n  materials 



handling. In conveyorized cleaners, parts may be dipped bur 

manual handling is mostly eliminated. In addition, conveyorized 

degreasers are almost always hooded or covered. 


There are many designs for conveyotized degreasers. 

These include monorail, cross-rod, vibra, ferris wheel, belt, 

and strip degreasers. Each conveying operation can be used with 

either cold or vaporized solvent. The first four designs listed 


above usually employ vaporized solvent. Conveyorized degreasers 


are used in a wide range of applications and are typically found 
in plants where there is enough production to provide a contiau-


ous stream of products to be degreased. - .. 

' 4.19.2 Emission Characteristics . 
.. 

. - .  
.. 

Solvent consumption statistics indicate that toral 

national degreasing emissions are about 680 Hg/yr. The actual 

breakdown of sources is shown in Table 4.19-1. Although a cold 

ci'4'aner has the lowest emission rate, there are many unrts in 
operation. As a result, cold cleaners are the p r h a r y  contrlh-
tor of solvent emissions from metal cleaning operations. 

Emissions occur due to evaporatian from the solvent 5ath, 

solvent carry-out, agitation, waste solvent evaporation, m d  

exhaust. 

Solvent emissions resulting from bath evaporation in-

clude diffusion and convection losses. These losses are  In-

creased through failure to close the cover whenever p a t s  zre 

not being handled. Open top vapor degreesers and conveyorLzed 


degreasers have a vapor/air interface at the t o p  of t5e w p o r  

zone. Here, evaporated solvent mixes with t h e  air as a r z s u l c  

of diffusion, drafts, and turbulence from p a r t s  being lnserred 

and removed. Wan solvent-laden air is carried upward by convec-

tion, and the solvent vapors diffuse into the roca. Zs- 'L - ~ a i e ~f o r  





solvent  d i f fus ion  emissions a r e  0 .24  kg/hr-m2 (0 .05  I b / h r - i t 2 ) ,  

i f  no appreciable d r a f t s  cross  the  top of the  tank.  Con-

veyorized degreasers a r e  normally enclosed, so convection and 

d i f fus ion  10s ses  a re  minimized. 

Carry-out emissions r e s u l t  from entrainment of l i q u i d  

and vaporous solvent  as  c lean  p a r t s  a r e  removed from the  de- 
g reaser .  This problem can be complicated by the  shape of the 

p a r t .  Crevices and cupped por t ions  may hold so lven t  even afrer 
the  p a r t  appears t o  be dry. Carry-out emissions are usua l ly  

the  major emission from conveyorized degreasers because of the  _.... . 
inherent ly  la rge  work load. .. ..-.-

, 4  ... -. f 
.. . 

.. Agitat ion of solvent  i n  cold c leaners  increases  e2lis'L .-.-- ' . -. 

.. sions: The exrent  .of thi*; increase  dedends on-thg use of 4: . 
.-. 

.. . . 
cover, the  type of- -agi ta t ion- ,  and adjustments to- !lie . . ag i ta t ion  
system. EmissLons a r e  nofmally- ' insignificant  i f  the  cover i s  

.. 
closed dur ing  a g i t a t i o n .  However, i f  the  cover i s  l e f t  open, 
emissi~ons from a l l  types of a g i t a t i o n  a r e  s i g n i f i c a n t .  

Solvent emissions due t o  spray evaporation a r e  usual ly  

only a problem i n  cold c leaners .  Increased emissions i n  open 
top vapor degreasers a r e  nat a problem i f  sprays a r e  kept below . ..,-
the  condensing c o i l  l eve l .  .. The-.amounto f  emissions w i l l  depend 

on the  pressure and drop s i z e  o f . t h e  spray,  the  v o l a t i l i t y  of 

the  so lven t ,  and the tendency t o  splash and overspray. Common 
p r a c t k e  i s  t o  keep the  spray a t  a pressure  l e s s  than 68.9 kPa 

(10 ps ig)  and i n  a s o l i d ,  f l u i d  stream. .. 

Excessive exhaust emissions r e s u l t  when exhaust r a t e s  

f o r  open t a p  vapor degreasers and conveyorized degreasers a r e  

s e t  too high.  Disruption of the  vapor /a i r  i a t e r f a c e  can occcr ,  

causlng solvent  vapors to be ca r r i ed  out by rhe exhaus; s y s z e 9 .  

The average exhaust rate i s  15 m3/min-m' (50 ft3/m~n-f:2) o f  . . 



degreaser ~ p e n i n g . ~  However, t h i s  r a t e  may be exceeded t o  coz-

ply with OSHA regulations on worker exposure l eve l s .  In any 

case,  there should be a cover tha t  closes beneath the exhaust 

intake vents to  prevent withdrawal of solvent-laden vapor. 

Waste solvent evaporation i s  a source 02 emissions 

from a l l  degreasers, but the f rac t ion  of t o t a l  emissions due t o  

waste solvent var ies  for  each type. Estimates are tha t  approxL- 

mately one th i rd ,  280 Gg/yr (309,000 tons lyr ) ,  of the t o t a l  
solvent emissions from degreasing operations can be a t t r ibuted  

to  waste solvent evaporation. Estimated percentages are 45 -70  

percent fo r  cold cleaners, 20-25 percent fo r  open top vapor de-

greasers,  and 10-20 percent fo r  conveyor$zed degreasers . b he 

amount of waste solvent evaporation i s  a function of the quantity 
of waste solvent handled and the method of disposal.  

The breakdown i n  waste solvent disposal methods i s  

given i n  Table 4.19-2. Not a l l  of these methods are  i d e a l ;  

recommended methods include reclamation, d i r ec t  incinerat ion,  

and chemical l a n d f i l l s .  Unacceptable disposal routes include 

flushing down sewers, spreading on d i r t  roads f o r  dust control ,  

and l and- f i l l ing  where evaporation or s o i l  leaching c u l  OccLir. 

TABLE 4.19-2. C U N E N T  WASTE SOLVENT DISPOSAL XETHODS~'~' 

Disposal Method Solvent Handled 

1) Dumping, open storage containers,  
m u n i c i ~ a l  or  chemical l a n d f i l l s .  
and d6kp well in jec t ion  35 

2)  With waste crankcase o i l  

3)  Properly controlled incinerat ion 
4 )  Reclamation 



- - 

4.19.3 Control Technology 


There are several methods for controlling organic sol- 


vent vapor emissions from degreasing operations. In all instances, 

emissions reduction can be accomplished through better equipment 

design and improved operating practices. For example, the emis- 


sions from spray evaporation can almost be eliminated by careful 

operation and a sensible, low pressure design. Furthering this 


example, designs can include internal spray chambers which com-


pletely eliminate emissions due to spraying. In many cases, addi- 


tional emissions reduction can be achieved with add-on control 


equipment. 


- ,Solvent emissions resulting from diffusion and evapo-*- 

- w e d 
ration from the solvent bath can be reduced by using an i m p  


cover, a higher freeboard, refrigerated chillers, carbon adsorp: 


tion, incineration, or liquid absorption. For vapor degreasers -.,  

the use of a cover, which operatesin a horizontal motion so 'that 

the vapor/air interface is not disturbed, is the single most.&- 


portant control device. These covers can be a roll type plastic 


cover, canvas.curtain, or guillotine cover. It has been shown - .  
that covers reduce total emissions by approximately20 to 40 per-


- .-,.-cent. 


Far open top vapor degreasers a higher freeboard would 
.. 
provide greater protection of the vapor/air interface from out- 


side disturbance. The freeboard ratio (defined as freebozrd . 

height divided by width of the air/solvent area, i.e., F/W) is 

usually 0.5-0.75. By increasing the freeboard ratio from 0.5 to 

0.75 for an idle open top vapor degreaser, emission reducrlons 

of 25-30 percent are expected. By increasing the freeboard 

ratFo from 0.5 to 1.0, the reductions may be as h igh  as 50 7 e r -

c e n t . '  However, for open top vapor degreasers with a norm1 
-workload, the emission reductions nay be somewhat less. ,acreas-

ing t he  freeboard height on cold cleaners is o n l y  e z z e c t i v e  when 

high volatiliry solvents are used. 

515 



Refrigerated chillers are a second set of condenser 


coils located slightly above the primary condenser coils of a 


degreaser. The purpose of refrigerated chillers is to create a 

cold blanket of air immediately above the vapor zone which re-


duces the mixing of air and solvent vapors. This can be done 

by circulating a below freezing coolant, -23'~ to -30'~ (-10O~ 


to -20°~), or ac above freezing coolant, l0c to 5'~ (34'~ to 


40'~). One variation on the refrigerated chiller eliminates 


the need for a second set of consenser coils. Refrigerant is 


circulated in the primary coils. The refrigerant cooling rate 


must be 100-120% of the heat input rate to the boiling sump. 1 0  


Estimates are that refrigerated chillers will reduce enifssion 


rates by approximately 40%. Representative below freezing 


units have achieved reductions of 43 to 62%.11 


Carbon adsorption is a well proven technology for the 


control of solvent emissions from degreasing operations, par- 


ticularly for spray chambers where the area must be exhausted to 


protect the operator. ~ctivated carbon has a very good capacity 


for commonly used solvents such as trichloroethylene, per- 


chloroethylene, and l,l,l-trichloroethane.12 Although carbon 


adsorption units can remove 95-100% of the organic input to the 

bed, reductions in the total solvent emission are only 40-65%. 

Some systems achieve less than 40% emission reduction because 


of poor inlet collection efficiency and an improperly maintained 


or adjusted carbon adsorber . ' 

Liquid absorption is also a well-known method of 


controlling organic emissions, but has design problems which 


make it an impractical alternative. For example, trichloro- 

ethylene vapors are easily absorbed by mineral oil. The ab- 


sorption column is operated at 3 0 ' ~  (86O~)and the column eff- 
luent contains about 120 ppm mineral oil vapors. In essence, 




one emission problem i s  exchanged f o r  another .  Ch i l l i ng  the ab-

sorbing f l u i d  would reduce t h e  concentra t ion  of mineral  o i l  i n  

the  exhaust ga s ,  bu t  would a l s o  l ead  t o  i c e  formation wFthin t he  

column and g r e a t l y  i nc r ea se  t h e  energy requirement.  Liquid ab- 

so rp t i on  i s  p r a c t i c a l  only f o r  t h e  recovery of high concentra-  

t i o n s  of so lvent  vapors ,  very  va luab le  vapors,  o r  t o x i c  cheni- 

c a l  vapors.  

Carry-out emissions can be appreciable  i f  proper m a -

t e r i a l s  handling procedures a r e  no t  followed. Drainage f a c i l -  

i t i e s  a r e  used t o  con t ro l  emissions from cold  c l eane r s  and dry- 

ing  tunnels  and r o t a t i n g  baskets  a r e  used f o r  conveyorized .... -.. 

e l eane r s  . -.. 

. - .  .. 
Drainage f a c i l i t i e s  f o r  cold c leaners  cons i s t  of .- a. 

r a c E ' s r  basket  which i s  mounted i & e r n a l l y  o r  e k t e r n a l l y .  Tlie ' 

l i q u l a  so lven t -  d r i p s  from the  p a r t s  into..a dra inage  trough 

which channels i t  back i n t o  t h e  so lven t  ba th .  The EPA recom-

mends an average d ra in ing  time of about 15 seconds. '"  

A drying tunnel  i s  an extens ion of  shee t  metal  from 

t h e  end of a conveyorized degreaser  which al lows t h e  cleaned 

p a r t s  more t i m e  t o  dry.  Drying tunnels  a r e  more e f f e c t i v e  when 

used i n  conjunction wi th  a-carbon adsorber .  Rotat ing baskets  

a r e  pe r fo ra red-cy l inders  which r o t a t e  slowly a s  they ca r ry  t h e  

p a r t s  t o  be cleaned through rhe syscez .  The slow r o t a t l o n  

prevents  l i q u i d  so lven t  from being trapped i n  t h e  p a r t s .  Rota-

t i n g  baskets  can be used o n  cross- rod degreasers  and f e r r i s  wheel 

degreasers  bu t  a r e  not  normally r e t r o f i t t e d .  Drying tunnels  can 
be r e t r o f i t t e d  i f  space a l lows.  The e f f ec t i venes s  of tkese  de-

v ices  has no t  been q u a n t i f i e d .  



Recently two other syskems have been developed for the 


control of solvent bath and carry-out emissions. The automated 

cover-conveyor system has a cover which'opens only for the pur- 

pose of transferring parts into and out of the degreaser. During 


cleaning, draining, and drying the cover is closed. Since emis- 

sions can occur only during the brief time when parts are enter- 

ing or exiting, the automated cover-conveyor system is expected 


to provide a high degree of emission control. 


Refrigeration condensation involves the direct conden- 


sation af solvent vapors from exhaust air streams. Very low 

temperatures on the order of -25'~ (-13'~) ate required for effec- 


tive condecsation of low vapor concentltations. The result is rapid 

ice formation on heat exchange surfaces and increased energy re- 


quirements. One equipment manufacturer reported successful use 

of refrigeration condensation technology in a prototype system.'' 


Solvent reclamation is considered the best method for 

reducing emissions from evaporation of waste solvent. Reclama-


tion can be d&e through a--private contractor or in-house dis- 


tillation. Private contractors usually-collect waste solvent, 

di'still it, and return them.reclaimed portion. Users are charged 


about half the market value'of the solvent. This method is eco- 


nomically attractive in industrial-areas ,where users are not 

separated by large distances. 


In-house distillation is common among users employing 

several degreasers. One report states that the annual operating 

costs of an in-house reclamation system are recovered from the 


first 1320 liters (350 gal) of chlorinated solvents distilled. 


For nonchlorinated solvents, the breakeven point would be six 

to twelve times this quantity.16 In-house distillation involves 

some significant problems. These include disposal of distillate 


bottoms containing metals and other contaminants, decomposition 




* . 

of chlorinated solvents, flammability of nonchlorinated solvents, 


formation of azeotropes, and occurrence of adverse chemical re- 


actions. 

Direct incineration is not as desirable as reclamation 

since it does not result in a usable product. Furthermore, chlori- 

nated solvents cannot sustain combustion without supplementary 

fuel,. Petroleum distillate solvents, however, are more suitable 


for incineration and can even be used as supplementary fuel for 

the incineration of chlorinated solvents. 


Most chemical landfills are presently inadequa~e as 


waste solvent disposal methods. Chemical landfills would be 
 . .  . 
suitable if steps were taken to eliminate evaporation and per- *- .. -

-.rneation. One method befrig used involves sealing the waste. sol- . -

vent in lined drums and surrounding these drums with 1.2 to 6.1m 

(4-20ft) of packed clay. It has not been demon-strated that evkn-
this landfill method eliminates organic emissions. 


4.19.4 Energy, Cost, and Environmental Considerations 


Discussions of costs, energy requirements and environ- 

mental impacts are included in section 3 for the five m-zjcr con- 

trol methods : adsorption, abs.~rption, condensation, flaring, and 
incineration. There are some specific data for degreasing facili- 

ties included in this section as well. 


Tables 4 .19 -3 ,  4.19-4, and 4.19-5 contain cost estimates 

for cold cleaners, open top degreasers , and conveyorizeri degreaser: 
Estimates are made for new and retrofit conditions. 


There are sweral secondary environmen~al ef feczs  to be 
considered with applicarlon of controls to degreasers. I ~ ? . r ~ ? e r  



-- 
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TABLE 4.19-3. CONTROL COST ESTIMATES FOR TYPICAL COLD CLEANERSa,b,i7 


New Facilities Existing Facilities 

Low volatilityd High volatilitye Low volatilityd High volatilitye 


Solvent Solvent Solvent Scblvent 
-- -

Installed Capital $25 $45 
Cost 


Annualized Cost ' $0-50 -$29.84' $0.50 -$25.6lc 

'costs are based on several assumptions. See original reference for bases. 

b~apor to air area 0.5m2 (5.5 ft2). 


Negative signs indicate that value of recovered solvent exceeds cost of control. 

d~ontrols for low volatility solvent are drainage facilities. 

e~ontrolsfor high volatility solvent are drainage facilities plus a mechanically 

assisted cover. 




---- 

-- - ---- 
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-
New F a c i l i t i e s  Exis t ing  F a c i l i t i e s  

Ptlnual Carbon Refrig- Ejtended Manual Carbon Ref r i g - Extended 
Cover Adsorption era ted  : Freeboard Cover Adsorption era ted  Freeboard 

Ch i l l e r  6 power Ch i l l e r  & Power 
Cover Cover 

TYPICAL SIZE^ 
I n s t a l l e d  c a p i t a l  $250 $7400 $4900 $ ~ O O  $300 $10,300 $6500 $8000 
cos t  

N e t  annual ized -$807 d 
$ 300 -$ 191d .-$ 631d -$799 d $ 797 $ 84 $ 311 

c o s t  6 . 

ul 

SU.L SIZE' 

I n s t a l l e d  c a p i t a l  $230 $7400 $2700 , $&30 $270 $10,300 $4030 $ 570 
cos t  

d $ 962 -$ 2hd -$490 d -$375d $ 1,458 $ 204Net annualized -$381 -$ 4 6 6  
d 

cos t  

--L-

~ & ~a ~ a r e  based on seve ra l  assum t ions .  See o r i g i n a l  reference  f o r  bases.  eb ~ a p o r  t o  a i r  a r ea  1.67m2 (18 f t  ) .  
dVapor to  a l r  a rea  0.8 m 2  (8.6 f t 2 ) .  
Negative e igns  i n d i a a t e  t h a t  va lue  of recovered sqlyenr b c e e d s  cos t  of con t ro l .  



C 

N w  F a c i l i t i e s  Existing F a c i l i t i e s  
Monorail Dcgreaser Cross-rod Degreaser Manorail Degreaser Croas-rod Degreaser 
Carbon Ref r ig-  Carbon Reh ig - Carbon Ref r ig -  Carbon Ref r tg -  

Adsorber era ted Adsorber era ted Adsorber era ted ABsorber era ted 
Chi l l e r  Chi l ler  Ch i l l e r  Chi1 l e r  

Annualized c o s t s  -$ ~ , ~ 3 9 '  -$4,221C $ 520 -$106fjC -$ 1,638' -$3,7MC $ 1,516 -$ 646' 

a,,Costs a r e  based on severa l  assumptions. See o r i g i n a l  reference f o r  bases. 
Vapor t o  a i r  a rea  3.8 mZ (41 f t 2 )  
Negative s igns  ind ica te  t h a t  value  of recovered solvent  exceeds cos t  of control .  



maintenance of carbon adsorption systems and r e f r i g e r a t e d  c h i l l e r s  

could, i n  f a c t ,  r e s u l t  i n  increased v o l a t i l e  organic emissions. 

Carbon adsorption systems have other secondary e f f e c t s  as wel l .  
The steam required f o r  regenerat ion causes a s l i g h t  increase  i n  

boiler emissions, and the  condensate from steam regeneration of 
the  beds may cause a water po l lu t ion  problem due t o  contamination 

with organic ma te r i a l s .  Solvent associa ted wi th  wasre water may 

en te r  t he  sewer, thus  eventual ly  reaching water systems. Evapora-

t i v e  emissions may a l so  r e s u l t  from the  condensate. So l id  waste 
i s  created when spent carbon i s  discarded.  

-. 

Handling of waste solvent  may cause some environmmtal 

problems. Inc inera t ion  c r ea t e s  emissions of NOx and C O ,  and. . -
< -

cumbustion of ch lo r ina t ed ' so lven t s  requi res  gas cleanirsg t o  pre-

vent  emissions of t ox i c  and corrosive  substances.  D i s t i l l a t i o n  

requi res  steam, thus increasing b o i l e r  emissions. DLs?osaT of 

waste solvent  by l a n d f i l l  i s  unacceptable because of the  p o t e n t i a l  
for leakage i n t o  the  environment. 

The l a rge  energy consumers i n  degreasing c o n t r o l  methods 

a r e  carbon adsorbers,  r e f r i g e r a t e d  c h i l l e r s ,  and d i s t i l l a t i o n  
u n i t s .  Carbon a d s o r b e r i  consume the  g r e a t e s t  amount o f  energyobe-

cause of the steam regenerat ion s t e p .  Energy consumption of a 

t yp i ca l  degreaser may be increased 20 percent  by a car3on adsorp- 

t i o n  system. . t 3  A t yp i ca l  r e f r i g e r a t e d  freeboard c h i l l e r  may in-
crease  energy consumption of a t y p i c a l  degreaser by 5 percent.2 4 

D i s t i l l a t i o n  requi res  about 0 . 1  t o  0 . 2  kWh/kg (160 t o  320 ' S tu / lb )  
recovered so lven t ,  but  the  cos t  of the  d i s t i l l a t i o n  energy is 

considered i n s i g n i f i c a n t ?  Power requirements f o r  sowered covers 

and power h o i s t s  a r e  a l so  considered i n s i g n i f i c a n t .  In a l l  cases ,  

the  energy expended t o  conserve the solvent  is far l e s s  Chan t h e  

sunh of the  energy zequired t o  manufacture replacexent solvent  and 

-cl processthe  heating value o f  the  feedstock 20 thLs  mancfac+.,,--

which otherwise could have been used as  fuel.'" 
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Cutback Asphal t  

Cutback a s p h a l t  i s  a p repa red  form of a s p h a l t  cement 

used f o r  paving .  Asphal t  cement i s  t h e  semi - so l id  r e s i d u e  t h a t  

remains a f t e r  a l l  o t h e r  components of  c rude  petroleum have beex 

d i s t i l l e d  o f f  ( e i t h e r  n a t u r a l l y  o r  i n  r e f i n e r i e s ) .  It may b e  

used d i r e c t l y  f o r  paving o r  i t  may b e  l i q u i f i e d .  There are t.do 

types  of  l i q u i f i e d  a s p h a l t .  

-1) Cutback aspha l t -p repa red  by d i l u t i n g  a s p h a l t  

cement w i t h  v o l a t i l e  petroleum d i s t i l l a t e s ,  and 

.. 

.. 2) Emuls i f ied  a spha l t -p repa red  by suspending asp.halr . ,-... .. . ., cement i n  water  w i t h  & emuls i fy ing  a g e n t ,  .sue6 -- ..- - - ,. 
as soap.  . .  

....-. . .- - - . , < .  .. .-. .. 
. . -. .. .-_-_ ... .a 

- h L q u i f i e d , & p h a l t s  a r e ' > o m i l a t e d  i n  .a wide v a r i e t y  of types  .' - - . 

and g rades .  .- . / . -a 

Uses of  a s p h a l t  f o r  pavements range from a t h i n  spray 
t o  c o n t r o l  d u s t  on a d i r t  road  t o  t h i c k  l a y e r s  of  a s p h a l t  n ixed  

w i t h  aggrega te  ( c r u s h e d , r o c k ,  g r a v e l  o r  sand)  p l aced  on a w e l l  

p repared  bed.  Heat requi rements  f o r  a p p l i c a t i o n  vary for  t h e  

d i f f e r e n t  forms of  a s p h a l t .  Asphalt .  cenent  must be  hea ted  t o  be  

conver ted  to a u s a b l e  l i q u i d .  A s m a l l  amount of  h e a t  i s  u s u a l l y  
" r e q u i r e d  t o  f a c i l i t a t e  sp ray ing  o f  cutback a s p h a l t s .  Most erml- .. 
. a i f i e d  a s p h a l t s  r e q u i r e  no heht  a t  a l ' l . '  

. . 
The percentage  of  paving o p e r a t i o n s  t h a t  u s e  cutback 

asphalt v a r i e s  widely from s t a t e  t o  s t a t e .  A t o t a l  o f  3 .72  Tg 
( 4 . 1 0  x l o *  tons )  o f  cutback a s p h a l t  were used nationally i n  

1975. 



4.2.3.1 Emission Characteristics 


Cutback asphalts arc a significant source of volatile 


organics emissions. Annual emissions from cutback asphalts in 

1975 were es~imated to be 673 Gg (742x103 tons). This is 2.3% 


of the 1975 national volatile organic erni~sions.~ 


Cutback asphalts are considered to be moderately to 


hLghly .reactive in terms of oxidant formation. The environmen- 


tal impact is compounded because road paving occurs primarily 


during the warmer months when the photochemical activity of vola- 

tile organics is more prevalent. 


The petroleum distillate content of cutback asphalts 

averages 35%. 4 A proportion of these diluents is evaporated to 

the atmosphere as the asphalt cures. Cutback asphalts fall into 


three general categories, depending on the volatility of the 

diluent. A list of these categories along with estimates of the 

proportion of the.diluent that will evaporate is presented in 


Table 4.20-1. 

- .  

TABLE 4.20-'1.CHARACTERISTICS OF CUTBACK ASPHALTS 


Catkgory Diluerkt Proportions of niluent 
Evaporated 

S l o w  cure (road o i l )  Heavy residual o i l  . . 20-30%: 

Medium cure Kerosene 60-80% 

Rapid cure Heavy naptha or 
gasoline 



I . .  . . 

The kinetics of evaporation are not well understood. 


It is thought that most emissions occur early during paving op- 


erations. The diluents then continue to evaporate at ever de- 
.. 
creasing rates over a long period of time. 6 


4 . 2 0 . 2  Control Techniques 

Substitution of emulsified asphalts for cutback as- 


phalts is an effective control technique. Host emulsified as-

phalts have virtually no volatile organic emissions.' Emissions, 


therefore, can essentially be reduced to zero. Some form of. 

.emulsified asphalt can be used for almost any application. There -

are a few applications, 'however, for which cutback asphalts may 
.-. 
_...... . . ,. .still be needed. 
 > .  ,'.._ . . -.. 

... . .  ' 

EmuLsified asphalts .are classified as nonionic, ,anionic, 

or cationic, depending on the-rype of.emulsifying agent used. 

Nonionic and anionic emulsified asphalts cure (break) with the 

evaporation of water. Cationic emulsified asphalts cure by 

electrochemical interactions. between the enulsion and a negatively 


charged aggregate.8 .. 

There are several limitations to the use of emulsified 

asphalts: 

'Because they depend on the evaporation of 


water, nontonic and anionic enulsified as- 

-phalts cannot be used when rain is aniici- 


pated or when temperatures Call below ~ O ' C  

( 5 0 ~ ~ 1 .  



2) Dust causes the emulsion t o  break prema- 

tu re ly .  Emulsified asphal ts ,  therefore,  
cannot be used t o  spray on dusty roads 

unless the roads a re  swept pr ior  t o  spray- 

ing.  

3 )  Emulsified asphal ts  cannot be stockpiled 

as long as cutbacks. This is  a problem 

fo r  remote locat ions;  however, i t  can be 
solved by using porcable mixing plants  or  

by stockpiling an asphalt  emulsion mix. 

4 )  Emulsified asphal ts  have a longer curing 

time than cutback asphal ts .  Roads may have 

t o  be closed to  t r a f f i c  fo r  two hours t o  

two days, depending on the weather. 

5) Additional t ra in ing  i s  necessary t o  learn  

how to  s e l e c t  and ef fec t ive ly  use the  proper 

fo&ula t ion  of' e m l s i f i e d  asphalt .  One or 

two days t ra in ing  is  s u f f i c i e n t .  

4 . 2 0 . 3  Cost, Energy, and"Envird.nmen.ta1 -Pmpact of Controls 
. -A .  

Emulsified asphal ts  a re  a t t r a c t i v e  i n  terms of energy 
conservation and cos t .  Their use has Lncreased i n  many s t a t e s  
f o r  these reasons alone. ' O Energy i s  conserved by eliminating 

the use of petroleum d i s t i l l a t e s  and by reducing heat  require- 

ments f o r  applieatfon. Capital  and operating costs f o r  cutback 

asphalts and emulsified asphal t  operation are  current ly  equiva- 

lent:. Bcth use the same construction equipment and have roughly 

the same mater ial  costs .  A s  the costs of petroleum d i s t i l l a t e s  

r i s e ,  however, emulsified asphalts w i l l  become re la t ive ly  l e s s  

expensive . 



* 

In 1975, 1,600,000 m 3  (10,000,000 barrels) of petroleum 
distillates were used to formulate cutback asphalt." All of 

these distillates were eveorated to the atmosphere or trapped in 
the asphalt. These same distillates could have been used for or 
converted to fuel. Including the energy equivalent of the diluent, 
the total energy associated with manufacturing, processing, and 
laying cutback asphalts is about 14.0 GJ/~' (50,200 Btu/gal). The 
associated energy requirement of emulsified asphalts is only about 
0.789 G.Y/m3 (2,830 ~tu/gal)." 

According to available literature, there is vrrtually 
no environmental impact related to the use of emulsified asphalt. 

. ... .. . ..- . .  
. . 
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