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GUIDELINE SERIES 

The guideline series of reports is issued by the Office of Air Quality Planning and Standards (OAQPS) to provide 
information to state and local air pollution control agencies; for example, to provide guidance on the acquisition and 
processing of air quality data and on the planning and analysis requisite for the maintenance of air quality. Repons 
published in this series will be available - as supplies permit - from the Library Services Office (MD-35). U.S. 
Environmental Protection Agency, ResearchTriangle Park North Carolina 2771I.,or for a nominal fee, from the National 
~echnical'lnformation Service, 5285 port 'Royal Road, Springfield, Virginia 221 61. 
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1. INTRODUCTION 


The Clean Air Act Amendments of 1977 require each State in which there 

are areas in which the national ambient air quality standards (NAAQS) are 
- exceeded to adopt and submit revised State Implementation Plans (SIP'S) to 
€PA. Revised SIP's were required to be submitted to EPA by January 1, 1979. 

States which were unable to demonstrate attainment with the national ambient 

air qua1 ity standards (NAAQS) for ozone by the statutory deadline of 

December 31, 1982, could request extensions for attaining the standard. 

States granted such an extension are requjred to submit a further revised 

SIP by July 1, 1982. 


Both the July 1, 1982, date for submittal of SIP revisions for "extension 

areas" and the December 31, 1982, deadline for attainment for "nonextension 

areas" have passed. Nevertheless, certain areas will still-be required to 

adopt reasonably available control technology (RACT) regulations after these 

dates for volati le organic compound (VOC) source categories when €PA pub1 i shed 

a control techniques guide1 ine (CTG). Specifical ly, two types of nonattainment 

areas are affected: (1) those grgnted an extension .up to 1987 for ozone 

attainment since schedules for adopting these measures are incorporated in 

the plan approvals, and (2) those failing to attain by 1982 (as originally 

projected). 


Section 172(a)(2) and (bI(3) of the Clean Air Act require that 

nonattainment area SIP'S include RACT requirements for stationary sources. 

As explained in the "General Preamble for Proposed Rulemaking on Approval of 

State Implementation Plan Revisions for Nonattainment Areas ," (44 FR 20372, 
April 4, 1979) for ozone SIP'S, €PA permitted States to defer the adoption 

of RACT regulations on a category of stationary sources of VOC until after 

EPA published a CTG for that VOC source category. See also 44 FR 53761 

(September 17, 1979) and 46 FR 7182 (January 22, 1981). This delay a1 lowed 
the States to make more technically sound decisions regarding the application 

of RACT. 


Although CTG documents review existing information and data concerning 

the technology and cost of various control techniques to reduce emissions, 

they are, of necessity, general in nature and do not fully account for 

variations within a stationary source category. Consequently, the purpose 

of CTG documents is to provide State and local air pollution control 

agencies with an initial information base for proceeding with their own 

assessment of RACT for speci fic stationary sources. 
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2. THE A I R  OXIDATION INDUSTRY 


2.1 GENERAL 
The u n i t  process o f  o x i d a t i o n  o f  organic compounds general l y  means the  

chemical r e a c t i o n  w i t h  an o x i d i z i n g  agent t o  in t roduce one o r  more oxygen 
atoms i n t o  the  compound, o r  t o  remove hydrogen o r  carbon atoms from the  
compound, o r  a combination o f  the  above. This ana lys is  deals w i t h  the  
subset o f  the  ox ida t i on  i ndus t r y  i n  which a i r ,  o r  a i r  enr iched w i t h  oxygen, 
i s  t h e  o x i d i z i n g  agent. 

This chapter describes the  a i r  o x i d a t i o n  i ndus t r y  s t ruc tu re ,  i t s  . 

p roduct ion  processes, and the  associated emissions. The a i r  o x i d a t i o n  
i n d u s t r y  cons i s t s  of those fac i  1 it i e s  t h a t  produce chemicals inc luded i n  the  
syn the t i c  organic chemical manufacturing i n d u s t r y  (SOCMI) by r e a c t i n g  one o r  
more chemicals w i t h  oxygen suppl ied as a i r .  This i n d u s t r y  a l s o  inc ludes  
chemicals produced us ing  a combination o f  ammonia and a i r  o r  o f  halogens and 
a i r  as reactants. Processes t h a t  use pure oxygen as the  reac tan t  o r  t h a t  
use an o x i d i z i n g  agent o ther  than oxygen are  n o t  considered i n  t h i s  study. 

2.2  INDUSTRY STRUCTURE 
I t  i s  d i f f i c u l t  t o  separate the  chemicals produced i n  a i r  o x i d a t i o n  

processes from o the r  SOCMI products s ince  a j r  ox ida t i on  i s  n o t  t he  on ly  
process t o  produce some of these chemicals. Several commercial routes 
e x i s t  f o r  many of these a i r  ox ida t i on  chemicals i nc lud ing  v a r i a t i o n s  i n  
organic feed, oxygen ox ida t ion ,  o r  chemical ox idat ion.  Also, many a i r  
o x i d a t i o n  chemicals are produced as in termediates f o r  t he  manufacture of 
o the r  chemicals. This sec t ion  discusses the  i d e n t i f i c a t i o n  o f  the  a i r  
o x i d a t i o n  chemicals, t h e i r  uses and growth, and t h e i r  domestic product ion.  

2 . 2 . 1  A i r  Ox ida t ion  Chemicals 
Table 2-1 l i s t s  these a i r  ox ida t i on  chemicals; however, t h i s  l i s t  i s  

n o t  exc lus ive.  
Each a i r  ox ida t i on  chemical belongs t o  one o f  the  f o l l o w i n g  general 

chemical groups: 
1. Acid anhydrides, 
2. Alcohols, 
3. A1 dehydes , 
4. A1 kenes, 
5. Carboxyl ic  acids, 
6. Esters, 
7. Ketones, 
8. N i t r i l e s ,  
9. Oxides, 

10. Peroxides, o r  
11. Halogenated alkanes. 

O f  the  36 a i r  ox ida t i on  chemicals i d e n t i f i e d ,  i l  are  ca rboxy l i c  ac ids.  
The remaining 25 chemicals inc lude f i v e  ketones, f i v e  aldehydes, two 
a lcohols,  two a c i d  anhydrides, th ree  alkenes, three n i t r i l e s ,  two oxides, 
one es ter ,  one peroxide, and one halogenated alkane. 



TABLE 2-1. SOCMI CHEMICALS PRODUCED BY AIR OXIDATION 

Acetal dehyde Ethylene Oxide 

Acetic Acid Fo m a  1 dehyde 

Acetone Formic Acid 

Acetoni tri 1e Gl yoxa 1 

Acetophenone Hydrogen Cyanide 

Acrol e i  n I sobu ty r i c  Acid 
Acry l ic  Acid Isophthal  ic  Acid 

A c r y l o n i t r i l e  Maleic Anhydride 
Anthraquinone Methyl Ethyl Ketone 
Benzal dehyde a-Methyl S ty rene  
Benzoic Acid Phenol 

1,3-Bu t a d i  ene Phthal i c  Anhydride 

p-t-Butyl Benzoic Acid Propionic  Acid 

n-Butyric Acid Propylene Oxide ( t e r t  butyl  

Crotonic  Acid hydroperox i de ) &, 

Cumene Hydroperox ide S tyrene  

Cycl ohexanol Terephthal i c  Acid 
Cycl ohexanone 

1,2-Dichloroethane 

Oimethyl Te reph tha l a t e  



Thirteen of the 36 chemicals contain an aromatic ring or rings. These 

13 chemicals belong to each of the 11 groups 1 isted above except the 

ni tri les , oxides, and ha1 ogenated a1 kanes . 

Most of these chemicals are structural ly simple. The 'acid anhydrides, 

aldehydes, esters, and ketones, contain a carbonyl group. The alcohol^,^ 

nitri les, oxides, and peroxides a1 so contain reactive functional groups. 


The air oxidation chemicals have widely varying physical and chemical 

characteristics. They exist as solids, liquids, or gases at ambient 

condition, and most have characteristic odors. 


2.2.2 Uses of Air Oxidation Chemicals 

Air oxidation chemicals have many uses. They are used in production of 


plastics, textile fibers, rubber, surface coatingi, dyes, food additives, 

fragrances, adhesives, drugs, and other substances. 


There are two important characteristics of the air oxidation chemicals 

in general. First, many air oxidation chemicals serve as intermediate 

chemicals in the production of several other chemicals, which in turn have 

numerous end uses and final products. Second, while the number of uses of 

air oxidation chemicals is large, the major end uses are not very numerous. 

Plastics and textile fibers accougt for the bulk of production of the air 

oxidation chemicals studied here. 4,3able 2-2 lists the major use of each 

identified air oxidation chemical. 


2.2.3 Companies and Production of Air Oxidation Chemicals 

Fiftv-nine comoanies oroduce one or more of the 36 air oxidation 


chemicals: Table 2-3 giv8s7a 1 isting of the companies and the chemicals 

produced by each company. * 0f.the 59 companies, 43 companies produce one 
or two chemicals; 14 produce from three to nine chemicals; and two produce 

10 or more. Celanese Corporation and Monsanto each produce the largest 

number, 10. 


A major share of the organic chemicals partially or fully produced by 

air oxidation processes are control 1 ed by 1 arge mu1 ti -1 ine chemical 

companies, chemical divisions, or subsidiaries of major oil companies, or 

multi-industry companies with chemical process operations. Table 2-4 gives 

the single, largest producer for each chemical a d the percent of the 

chemical's total capacity owned by that company. '" Other major producers 
are listed if the largest producer does not control a major share of the 

chemical's total production. Thirty-nine percent, or 14 out of 36 

identified air oxidation chemicals, have an annual production greater than a 

billion pounds per year. Table 2-5 listsl@glannual production capacities 

of the identified air oxidation chemical. In general, the higher the 

production volume of the air oxidation chemical, the less percent of total 

capacity any one company will own. Those chemicals that are produced by 

only one company are typically produced in small volumes. 


2.2.4 Location of Air Oxidation Plants 

There are currently 161 air oxidation process facilities operating in 


the United States. Forty-seven of these are located in ozone national 

ambient air quality standards (NAAQS) non-attainment areas. Table 2-6 gives 
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TABLE 2-2. MAJOR END USE OF EACH IDENTIFIED SOCMI AIR OXIDATION CHEMICAL 


Acetaldehyde 

Acetic Acid 

Acetone 

Acetoni tri le 

Acetophenone 

Acrolein 

Acryl ic Acid 

Acryloni tri le 

An thraqui none 

Benzal dehyde 

Benzoic Acid 

1,3-Butadiene 

p-t-Butyl Benzoic Acid 

n-Butyric Acid 

Crotonic Acid 

Cumene Hydroperoxide 

Cycl ohexanol 

Cycl ohexanone 

1,2-Dichl oroethane 

Dimethyl Terephthalate 

Ethylene Oxide 

Formaldehyde 

Formic Acid 

Glyoxal 

Hydrogen Cyani de 

Isobutyric Acid 

Isophthal ic Acid 

Maleic Anhydride 

Methyl Ethyl Ketone 

a-Methyl Styrene 

Phenol 

Phthalic Anhydride 

Propionic Acid 

Propyl ene Oxide 

Styrene 

Terephthalic Acid 


Intermediates - Drugs - Polymers - Paints 
Intermediates - Polymers - Drugs - Solvents - Palnti 
Intermediates - Paints - Drugs - Solvent 
Solvent - Intermediates 
Solvent - Drugs - Polymers - Paints 
Drugs - Intermediates 
Polymers - Paints 
Polymers - Drugs 
Paints 

Intermediates - Drugs - Paints 
Drugs - Polymers - Paints 
Intermediate - Polymers 
Intermediate 

Polymers - Drugs 
Polymers - Drugs - Intermediates 
Intermediate 

Intermediate - Solvent 
Intermediate - Solvent. 
Intermediate - Solvent 
Polymers 

Drug - Intermediate 
Intermediate - Polymers - Solvent 
Intermediate 

Intermediate - Polymers 
Intermediate - Drugs 
Solvent - Drugs 
Polymers - Paints 
Polymers - Intermediate 
Sol vent 

Polymers 

Polymers - Intermediate 
Polymers - Drugs - Paints 
Drug 

Intermediate 

Polymer - Intermediate 
Polymers - Drugs - Paints 



TABLE 2-3. COMPANIES PRODUCING SYNTHETIC ORGANIC CHEMICALS USING 
A I R  OXIDATION PROCESSES 

Company 

A1 1 ied  Chemical Co. 
& 

American Cyanamid Co. 

h o c o  

Amoco-Standard O i  1 

Ashland O i l ,  I~c. 

BASF Wyandotte Corp. 

Borden, Inc. 

Celanese Corp. 

Chembond 

Chevron Chemical Co. 

Ciba-Geigy Corp. 

Clark O i l  8 Ref in ing Corp. 

Continental O i l  Co. 

CO-pol ymer ~u.bber and 
Chemical Corp. 

Crompton 8 Knowles Corp. 

Oegussa Corp. 

Denka Chemical Co. 

Diamond Shamrock 

Dow Badische Co. 

Chemi cal  3 

Acetone, Acetophenone, Cumene Hydroperoxide, 
a-Methyl Styrene, Phenol , Phthal i c  Anhydride 

Glyoxal 

Terephthal i c  Acid 

Isophthal i c  Acid, Maleic Anhydride 

.Maleic Anhydride 

Phthal i c  Anhydride 

Forma 1 dehyde 

Acetaldehyde, Acet ic Acid, Ac ry l i c  Acid, 
n-Butyric Acid, Cycl ohexanol , Cyclohexanone, 
Formaldehyde, Formic Acid, Methyl Ethyl 
Ketone, Propionic Acid 

Forma 1 dehyde 

Phthal i c  ~ n h ~ d r i d e  

Hydrogen Cyanide 

Acetone, a-Methyl 

1.2-Oichl oroethane 

1,3-Butadiene 

Benzaldehyde 

Hydrogen Cyanide 

Maleic Anhydride 

1.2-Oichloroethane 

Styrene, Phenol 

Cycl ohexanol , Cycl ohexanone 
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TABLE 2-3 (Continued). COMPANIES PRODUCING SYNTHETIC ORGANIC CHEMICALS 
USING AIR OXIDATION PROCESSES 

Company Chemi ca 1s 

Dow Chemical , USA Acetone, Ethylene Oxide, Hydrogen Cyanide, 
Phenol , 1.2-Dichloroethane 

DuPont Acetoni t r i  le ,  Acryloni t r i  l e ,  Cyclohexanol , 
Cycl ohexanone, Formal dehyde , Hydrogen 
Cyanide, Terephthal i c  Acid 

Eastman Kodak Co. Acetaldehyde, Acetic Acid, n-Butyric Acid, 
Crotonic Acid, Isobutyric Acid, 
Terephthal i c  Acid 

El Paso Natural Gas 

Exxon Corp. Phthal i c  Anhydride 

Firestone Tire 8 Rubber Co. 1.3 Butadiene 

GAF Corp. Formaldehyde 

Georgia-Pacific Corp. Acetone, Formaldehyde, a-Methyl Styrene, Phenol 
a 


Getty 011. Co. Acetone, Acetophenone, a-Methyl Styrene, Phenol 

B.F. Goodrich Chemical 1.2-Dichl oroethane 

G u l f  Oi 1 Corp. Forma 1dehyde 

Hercof i na Oimethyl Terephthalate, Terephthalic Acid 

Hercules , Inc. Formaldehyde, Hydrogen Cyanide 

Hocker Fonna 1dehyde 

ICI Americas Inc. 1,2-Di chloroethane 

Inter' 1 Mineral s & Chemical 
Corp. Formaldehyde 

Kalama Chemical , Inc. Benzoic Acid, Phenol 

Koppers Co., Inc. Phthal ic  Anhydride 



TABLE 2-3 (Continued) . COMPANIES PRODUCING SYNTHETIC ORGANIC CHEMICALS 
USING A I R  OXIDATION PROCESSES 

Company 

Monsanto Co. 

Nipro, Inc. 

Northwest Indust. , Inc. 

O l i n  Corp. 

Oxirane Corp. 

Pac i f i c  RC 

Pf izer ,  Inc. 

PPG Indust., Inc. 

Reichhold Chems., Inc. 

Rohm and Haas Co. 

Shell Chemical Co. 

Standard O i l  Co. (OH) 

Stauffer Chemi. Co. 

Stepan Chemical Co. 

Tenneco , Inc. 

Chemicals -
Acetone, Acry l  oni tri le ,  Benzoic Acid, 
Cycl ohexanol , Cyclohexanone, Formaldehyde, 
Hydrogen Cyanide, Maleic Anhydride, Phenol , 
Phthal ic Anhydride 

Cycl ohexanol , Cycl ohexanone 

Benzoic Acid 

Propyl ene Ox ide 

Propylene Oxide, Styrene 

Formal dehyde 

Benzoic Acid, Maleic Anhydride, Phenol 

1,2-Di chloroethane 

Formaldehyde, Maleic Anhydride 

Hydrogen cyanide', Ac r y l i c  Acid 

Acetone, p- t -8uty l  Benzoi c Acid, Phenol , 
1,2-Dichloroethane 

Acetoni tri l e ,  Acryloni tr i le ,  Hydrogen Cyanide 

Phthal i c  Anhydri de 

8enzoic Acid, 1,3-Butadiene, Formaldehyde, 
Maleic Anhydride 

Toms River Chemical Corp. Anthraquinone 

UGP, Inc. Benzaldehyde 
* 

Union Carbide Corp. Acetone, Acetophenone, Acrolein, Ac ry l i c  Acid, 
Ethylene Oxide, Phenol, Propionic Acid, 
a-Methyl Styrene 



TABLE 2-3 (Concluded) . COMPANIES PRODUCING SYNTHETIC ORGANIC CHEMICALS 
USING A I R  OXIDATION PROCESSES m 

, U.S. Steel Corp. Acetone, Cumene Hydroperoxide, Maleic 
Anhydride, a-Methyl Styrene, Phenol , 
Phthal i c  Anhydride 

Vulcan 'Material  Co. 1,2-Dichl oroethane 

Wright Chemical Corp. Foma1dehyde 



TABLE 2-4-

Chemi c a l  s 

Acetaldehyde 
Acetic Acid 
Acetone 

Acetoni tri 1e 
Acetophenone 
Acrolein 
Acryl i c Acid 

Acryl oni  tri 1e 
Anthraquinone 
Bentaldehyde 
Benzoic Acid 
1.3-Butadiene 
p-t-Butyl Benzoic 

Aci d 

n-Butyric Acid 

Crotonic  Acid 

Cumene Hydroperoxide 
Cyclohexanol/

Cycl ohexanone 
1,2-Di ch loroe thane  

Dimethyl Terephtha- 
1a t e  

Ethylene Oxide 
Formal dehyde 

Formic Acid 

Gl yoxal 

a 

LARGEST PRODUCERS OF IDENTIFIED SOCMI AIR OXIDATION CHOIICALS 

Percent  o f  
S lns l  e La raes t  Producer Total  Capac i ty  Other  Major Producers 

Cel anese  Corp. -
0Celanese  Corp. 

Allied Chemical Corp. Union Carbide Corp. 
Shel l Chemical Co. 
Monsanto Co. 
Dow Chemi ca l  , USA 
U.S. Stee l  Chemicals 

N/ A N/A 

N/  A 
Union Carbide Corp. 
R o h  & Haas Co. Cel anese  Chemical 

Union Carbide Corp. 
Monsanto Corp. E.I. DuPont 

0Toms River  Chemical Corp. 

N/A N/A 
Kalama Chemical, Inc. Northwest Indust .  , Inc. 
Tenneco Ef Paso Natural Gas 

She l l  Chemica 1 Co. 
Eastman Kodak Co. 
Eastman Kodak Co. 

N/A 
E.I. DuPont de Nemours & Monsanto Co. 

Co., Inc. (E. I .  DuPont) -
9ow Chemical Co. She l l  Chemical Co., 

PPG I n d u s t r i e s ,  Inc.  
Diamond Shamrock Corp . 

Hercof ina 
Union Carbide Corp. 

-Celanese Corp. Borden, Inc.  
E.I. DuPont 
Georgia-Paci f i c  C o n .  

Celanese Corp. 

Ameri can Cyanamid 



* 
TABLE 2-4 (Continued) . LARGEST PRODUCERS OF IDENTIFIED SOCMI AIR 

OXIDATION CHEMICALS 

'I% 

Percent  of 
Chemical s Sinale Laroest Producer Total  Ca~acft y  Other Major Producers 

Hydrogen Cyanide E. I. DuPont 53 Rofm and Haas Co. 
Isobutyr ic  Acid Eastman Kodak Co. 100 
Isophthal i c  Acid hoco-S  tandard 011 Co. 100 o 

Ma 1eic Anhydri de Monsanto Co. 24 Ash1 and Chemical Co. 
U.S. S tee l  Chemicals 
h c o - C h e m i c a l s  

Methyl Ethyl Ketone Cel anese Corp. 100 - L 

3-Nethyl Styrene Al l l ed  Chemical Corp. 45 U.S. Stee l  Chemicals 
Phenol Al l i ed  Chemical Corp. 18  Monsanto Co. 

Shell  Chemical Co. 
U.S. S tee l  Chemicals 
Dow Chemical , USA 6 

Union Carbide Corp. 
Phthal i c  Anhydride Koppers Co. , Inc. Monsanto Co. 

U.S. S tee l  Corp. 
Stepan Chemical Co. 

Propioni c Acid Union Carbide Corp. 
0Propyl ene Oxide Oxi rane  Corp. 
0Styrene Oxi rane  Corp. 

Terephthal ic  Acid h o c o  €.I. DuPont 

N/A = Information not ava i l ab le .  



TABLE 2-5. ANNUAL PRODUCTION CAPACITY OF THE IDENTIFIED SOCMI A I R  
OXIDATION CHEMICALS 

Capacity i n  
Chemi ca l  Gigagrams Per Year 

1. Acetaldehyde 630 
2. Acet ic  Ac id  770 
3. Acetone 930 
4. A c e t o n i t r i l e  N/A 
5. Acetophenone N/A 
6. Acro le in  27 
7. A c r y l i c  Ac id  428 
8. A c r y l o n i t r i l e  880 
9. Anthraqui none 2a 

10. Benzaldehyde N/A 
11. Benzoic Ac id  145 
12. 1,3-Butadi ene 41 0 
13. p-t-Butyl  Benzoic Acid 3b ,c 
14. n-Butyr ic  Acid 6C 'd 

15. Crotonic Acid 6 
16. Cumene Hydroperoxi de N/A 
1 7. Cycl ohexanol 
18. Cycl ohexanone 92:e 
19. 1,2-Dichl oroethane 5452 
20. Dimethyl Terephthalate 890 
21. Ethylene Oxide 1430 
22. Formaldehyde 3900 
23. Formic Acid 7 
24. Glyoxal N/A 
25. Hydrogen Cyanide 620 
26. I sobu ty r i c  Acid 5c ,d 
27. Isophthal i c  Acid 6 6 
28. Maleic Anhydride 200 
29. Methyl E thy l  Ketone 40 
30. a-Methyl Styrene 24 
31. Phenol 1472 
32. Phtha l ic  Anhydride 572 
33. Propionic  Ac id  86 
34. Propylene Oxide 181 
35. Terephtnal i c  Acid 2235 
36. Styrene 635 

N/A = Oata not  ava i lab le .  
' ~ e t t e r  from Bobsein, W.P., Toms River  Chem. Corp., t o  Evans, L.B., 

EPA, February 11 , 1980. 

b ~ s t i m a t e d  based on data g iven i n  l e t t e r  from Haxby, L.P., Shel l  O i l  
Co., t o  Evans, L.B., €PA, January 9, 1980. 

'~emo from Galloway, J., EEA, t o  SOCMI A i r  Oxidat ion F i l e .  Est imat ion 
of capac i t ies  f o r  p-t-Butylbenzoic Acid, n -Buty r ic  Acid, and I sobu ty r i c  
Acid from company data, A p r i l  9, 1981. 

d ~ s t i m a t e d  based on data given i n  l e t t e r  and attachment from Edwards, J.C., 
Eastman Kodak Co., t o  Evans, L.B., EPA, February 6, 1980. 

e ? r ~ d u c t ion capaci t y  of cyc l ohexanol and cyc l  ohexanone have been repor ted 
together. 
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Area 

Y PS 
Yes 
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w 
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Yes 

Yes 

TABLE 2-6. 

Primary Ai r -Oxidat ion Product(s) 
(Manufacturing Process I n  Parentheses) 

Ace t a  ldehyde 
Acetaldehyde 
Acetaldehyde 

Acet lc  Acid (Wacker) 
Acet lc  Acid (Wacker) 
Acet l c  Acld/Fornlc AcidIHEKlButyrlc 

AcidIPropionic Acid 
Acet ic  Acid (Wacker) 

Acetone/Phenol 
Acetone/Pheno 1 

Ace tonelpheno 1 

Ace toneIPhenol . 
Ace toneIPhenol 
Ace tone/Pheno l 
Ace toneIPhenol 
AcetoneIPhenol 
AcetoneIPhenol 
Acetone/Phenol 
Ace toneIPheno1 

Ac ry l i c  Acid 
Ac r y l i c  Acid 
Ac r y l i c  Acid 
Ac r y l i c  Ac id /Acro le in  

Acry lon l  trl l e  
Acry lon l  trl l e  
A c r y l o n l t r l  l e  
Acry lon i  t r l l e  
Acry lon l  trl l e  

Ant hraqu inone 

A I R  OXIDATION PROCESS FACIL ITIES 


CWJany 

Celanese Chemical 
Celanese Chemlcal 
Texas Eastman 

Celanese Chemical 
Celanese Chemlcal 

Celanese Chemlcal 
Tennessee Eastman 

A l l i e d  Chemlcal 
Clark  Chemical 
Dow Chemical 
Georgia P a c i f i c  
Ce t ty  Re f ln lng  
Honsanto Chemical 
Shel l Chemical 
Amoco-Std . 01 1 

U ~ l i o n  Carbide 
Unlon Carbide 
U.S. Steel  Chemical 

Celanese Chemlcal 
Celanese Chemical 
Rohm and Haas 
Unlon Carbide 

OuPont 
DuPont 
Honsanto Chemlcal 
Honsanto Chemlcal 
V l s t r on  (SOHIO) 

Toms Rlver  Chemical 

Locat ion 

Bay C l  t y ,  Texas 
Clear Lake, Texas 
Longview, Texas 

Bay C i ty ,  Texas 
Clear Lake, Texas 

Pampa, Texas 

Capacl t y  (Gglyr 
(Including A1l 

By-Produc t s  ) 

136 

295 

200 


90 

227 


298 

Klngsport  , Tennessee 204 


Frank ford, Pennsylvanlr  446 

Blue Is land, I l l l n o l s  66 

Oyster Creek, Texas 338 

Plaqueml ne , Loui  s lana 240 

E l  Dorado, Kansas 70 


.Chocolate Bayou, Texas 363 

Deer Park, Texas 363 

Rlchmnd, C a l l  f o r n l a  40 

Bound Brook, New Jersey 113 

Penuelas, Puerto Rlco , 162 

Haverh i l l ,  Ohlo 380 


Clear Lake, Texas 104 

Pampa, Texas 34 

Deer Park, Texas 181 

Taft ,  Loulslana 136 


Ilenphl s, Tennessee 
Beaumont , Texas 
Alv ln ,  Texas 
Texas Cl ty ,  Texas 
Llma, Ohlo 

Toms Rlver,  New Jersey 



-- 

-- -- 

TABLE 2-6 (Continued). A I R  OX IDA1 ION PROCESS FACILITIES 

Capacity (Gg/yr) 
Nonat ta inment Primary Air-Oxidat ion Product ( s )  ( Inc luding A1 ! 

Area (Manufacturing Process I n  Parentheses) Compa ny Locat ion By-Products) 

Cranpton and Knowles F a i r  Lawn, New Jersey Not Reported 

Yes 
Yes 

Benzoic Acid/Phenol 
Benzoic Acid/Phenol 
Benzoic Acio/Phenol 
Benzoic Acid/Phenol 
Benzoic Acld/Phenol 
Benzoi c Acid/Phenol 

Kalama Chemical 
Northwest Indust. 
Northwest Indust. 
P f l ze r  Chmicals  
Tenneco Chemicals 
Nonsanto Chemical 

Ka lama, Washington 
Beaumont ,'Texas 
Chattanooga, Tennessee 
Terre Haute, Indiana 
Garf ie ld ,  New Jersey 
St. Louis, Hlssour l  

81 
18 
23 
15 

7 
1 

1,3-Butadiene Fi res tone Orange, Texas 54 
Yes 1 ,3-Bu tad1 ene Tenneco Houston, Texas 236 

1.3-Butadlene Copolymer Rubber Pa ton Rouge, Louis lana 2 7 
1,3-Butadlene E l  Paso Natural  Gas Odessa, Texas 93 

, Not Reported, 
E ~ t i m a t g ? ~ T oBe 

p - t - k t y l benzo i c  Acid She1 1 Cheml ca 1 Hart inex, Ca l i f o rn i a  3. 

Not Reported, 
Esth a  tfddTo Be 

n-Butyr ic Acid Tennessee Eastman K l  ngsport , Tennessee 6. @ 

Crotonlc Acid Tennessee Eastman Kingsport , Tennessee 6 
-- - - -

Cyclohexanone/Cyc lohexanol 
CyclohexanonelCyc lohexanol 
Cyclohexanone/Cyclohexanol 
CyclohexanonelCyc lohexanol 

Badlsche 
Cclanese Chemical 
DuPont 
DuPont . 

Freeport, Texas 
Bay C i ty ,  Texas 
Orange, Texas 
V ic to r ia .  Texas 

140 
45 

142 
231 

Cyc 1ohexanone/Cyc1ohexanol 
Cyc1ol1exanone/Cyc1ohexano1 

Honsanto Chernlca 1 
Nipro 

Pensacola, F lo r i da  
Augusta, Georgia 

227 
139 
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TABLE 2-6 (Continued). A I R  OXIDATION PROCESS FACILITIES 

Capacity (Gg/w) 
Nonattaiment Primary Air-Oxidation Product(s) ( inc luding A l l  

Area (Manufacturing Process I n  Parentheses) Company Locat ion By-Produc t s  ) 

Formaldehyde (Mixed Metal) GAF Corpora t1 on Calvert City, Kentucky 
Formaldehyde (Mixed Metal) Georgia-Pacif i c  A1 bany ,Oregon 
Formaldehyde Mixed Metal) Georgia-Paci f i c  Columbus, Ohio 
Formaldehyde IMixed Metal ) Georgia-Pacl f i c  Coos Bay, Oregon 
Formaldehyde (S i lver )  Georgia-Paci f l c  Crossett ,Arkansas 
Foma ldehyde (Si  l ve r  ) Georgia-Pacific Crossett, Arkansas 
Formaldehyde (Mixed Hetal) Georgia-Paci f i c  Lufkin, Texas 
Formaldehyde (Mixed Hetal Georgia-Pacif i c  Russelvi l le, South Carolina 
Formaldehyde (Mixed Metal Georgia-Pacific Taylorsv i l le ,  Miss iss ippi  .I 
Formaldehyde (Silver') Georgia-Pacif i c  Vienna, Georgia 
Formaldehyde (Mixed Metal ) Chembond Andalusia, Alabama 
Formaldehyde (Mixed Wetal) Chembond Springf ield, Oregon 
Formaldehyde (S i l ve r )  Chembond Springf ield, Oregon 
Formaldehyde (Mixed Hetal Chembond Winnf ie ld,  Alabama 
Formaldehyde (Mixed Metal Gulf  O i l  Vicksburg, H iss iss ipp i  I 
Formaldehyde (S i lver )  Hercules Louisiana, Missouri 

In ternat ional  Minerals 8 
Yes Formaldehyde (Mixed Metal) Chemical Seiple, Pennsylvanla 

Internat ional  Minerals 6 
Yes Fonna ldehyde (S i l ve r )  Chemical Seiple, Pennsylvania 
Yes Formaldehyde (S i l ve r )  Honsanto Chemical Addyston, Ohio . 

Forma ldehyde S i lver )  Monsanto Chemical Chocolate Bayou, Texas 
Formaldehyde [S i l ve r )  Monsanto Chemical Eugene, Oregon 

Yes Forma ldehyde (S i l ve r )  Monsanto Chemical Spr ingf ie ld,  Massachusetts 
Fprma 1 dehyde S i  l v r r )  Hooker North Tonawrnda, New York 
Fonnaldehyde [S i lver )  Reichhold Chemicals Hampton, South Carol ina 

Yes Fonn~ldehyde (Mixed Metal ) Peichhold Chemicals Houston, Texas 
Formaldehyde (S i l ve r )  Relchhold Chemicals Kansas City, Kansas 
Forma 1 dehyde (Mixed Metal) Re ichho I d  Chemicals Malvern, Arkansas 
Formaldehyde (Mixed Hetal )  ReichhoI d  Chemicals Moncure,North Carol ina 

Yes Formaldehyde (Mixed Hetal ) ReichhoI d  Chemicals Tacoma, Washington 
Forma 1 dehyde (S i l ve r )  ReichhoI d  Chemicals Tuscaloosa , Alabama 
Formaldehyde Mixed Metal) ReichhoI d  Chemicals Kh i te  City, Oregon 

Yes Formaldehyde Mixed Hetal )  Tenneco Fords ,New Jersey I 




--- 

-- -- 

TABLE 2-6 (Continued). A I R  OXIDATION PROCESS FACILITIES 

Nonattainment 
Area 

Primary Air-Oxidation Product(s) 
(Hanufac turlng Process I n  Parentheses ) Company Location 

Capacity (Gg/yr) 
(Including A l l  

By-products) 

Yes 
Yes 

Formaldehyde (Si lver 
Formaldehyde (Si lver 
Formaldehyde (Si lver)  
Formaldehyde (Hi xed Metal ) 

Tenneco 
Tenneco 
Paci f ic  RC 
Yright Chemical 

Fords, New Jersey 
Garfield, New Jersey 
Eugene, Oregon 
Riegelwood,NorthCarollna 

27 
45 
43 
36 

Glyoxa 1 American Cyanamid Charlotte, North Carolina Not Reported 
- -

Yes 

llydrogen Cyanide 
llydrogen Cyan1 de 
Hydrogen Cyanide 
Hydrogen Cyanide 
Hydrogen Cyanide 
Hydrogen Cyanide 
Hydrogen Cyan ide 
Hydrogen Cyanide 
Hydrogen Cyanide 

Ciba-Geigy 
Oegussa 
Dow Chemical 
OuPont 
DuPont 
hPont 
Ciba-Ceigy 
Monsanto 
R o h  and Haas 

S t .  Gabriel, Louisiana 
Theodore, Alabama 
f reeport ,Texas 
Memphl s , Tennessee, 
Orange, Texas 
Victoria, Texas 
Glen Falls, New York 
Texas City, Texas 
Deer Park, Texas 

40 
24 
9 

66 
95 
95 
1 

63 
90 

-- -

r u  
I 
w 
01 

Isobutyrlc Acld Tennessee Eastnan Ki ngsport , Tennessee 

Not Reported, 
EstinatfddTo Be 

5. ' 

Yes lsophthalic Acid hoco-Standard 011 Jo l ie t ,  I l l i n o i s  65 
- -

Yes 
Yes 
Yes 

Hale 
Nale 
Ma le 
Hale 
Hale 

IC Anhydride (Benzene) 
c Anhydride (Benzene) 
c Anhydride (Benzene) 
c Anhydride (Outane) 
c Anhydride (Benzene) 

Ashland 
Denka 
Monsanto Chemical 
Monsanto Chemical 
Peichhold 

Neal, West vi~''lnia 
Houston, Texas 
S t .  Louis, Missouri 
S t .  Louis; Missouri 
Morris, I l l i n o i s  

. 

Yes 
Yes 
.Yes 

Hale 
Ha le 
Hale 

c Anhydrlde (Butane) 
c Anhydride (Benzene 
c Anhydride (Benzene 1 

Amoco-Standard 01 1 
Tenneco 
U.S. Steel Chemicals 

dol iet ,  I l l i n o i s  
Fords, New Jersey 
Nevi l le Island, Pennsylvania 

Hale c Anhydride (Benzene) Pf izer  Terre Haute, Indiana 
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TABLE 2-6 (Concluded). A I R  OXIDATION PROCESS FACILITIES 

--
Capacity (Gg/:r) 

Nouattatnment PrtmaryAir -Oxidat ionProduct (s)  (Including A l l  
Area (Manufacturing Process I n  Parentheses) Cornpany Locat ion By-Products) 

Yes Phathal i c  Anhydride (Xylene) A l l i e d  Chemical E l  Segundo, Ca l i f o rn i a  
Yes Phathalic Anhydride ( ~ y l e n e )  Basf Uyandot t e  Kearny, New Jersey 68 

lene) Exxon Baton Rouge, Louisiana 60Phathal i c  Anhydride ( ~ y  
Yes Phathal i c  Anhydride (Naphthalene) Koppers Br idgev i l  le ,  Pennsylvania 40 
Yes Phathal i c  Anhydride ( ~ y l e n e )  Koppers Cicero, I l l i n o i s  107 
Yes Phathal i c  Anhydride (Naphthalene) Honsanto Chemical Bridgeport, New Jersey 40 

Phathal i c  Anhydride (Xylene Honsanto Chemical Texas Ci ty ,  Texas 60 
Yes Phathalic Anhydride (Xylene Chevron Richmond, Ca l i f o rn i a  2 3 1 

Phathal i c  Anhydride (Xylene) Stepan H i l l sda le ,  I l l i n o i s  
Yes Phathal ic Anhydride (~aphthalene)  U.S. Steel Nev i l l e  Is land, Pennsylvania 82 

Propionic Acid Union Carbide Texas Ci ty ,  Texas 86 

Yes Propy lene Ox 1 de/Sty rene Oxirane Channelview, Texas 816 

1,2-Dichloroethane Conoco Chemi ca 1 s Lake Charles, Louislana 266 
Yes 1,2-Dichloroethane Di amond Shamrock Deer Park, Texas 145 
Yes 1,2-Dichloroethane Diamond Shamrock La Porte, Texas 454 

l,2-Dichloroethane Dow Chemical Freeport, Texas 726 
1,2-Dichloroethane Don Chemical Oyster Creek, Texas 500 
1,2Dichloroethane Dow Chemical Plaquemine, Louisiana 81 6 
1,2-Dichloroethane Ethy l  BatonRouge,Louisiana . 318 

Yes 1.2-Dichloroethane Ethy l  Pasadena, Texas 118 
1,2-Dichloroethane B.F. Goodrich Chemical Calvert  City,  Kentucky 454 
l,2-Dichloroethane 1CI h e r i c a s  Baton Rouge, Louisiana 234 

Petrochemicals 
1,2-Dichloroethane P.P.G. Industr ies Lake Charles. Louisiana 703 

Chemicals-US 
Yes 1.2-Dichloroethane She11 Chemical Deer Park, Texas 635 

1,2-Dichloroethane She l l  Chemical Norco, Louisiana 318 
Yes 1,2-Dichloroethane Stauf fer  Chemical Long Beach, Cal i f o r n i a  4 5 

1,2-Dichloroethane Vulcan Chemicals Geismar, Louisiana 159 

aOp. c i t . ,  see Reference a for  Table 2-5. 

c i t . ,  see Reference b f o r  Table 2-5. 

c i t . ,  see Reference c f o r  Table 2-5. 

c l t . ,  see Reference d f o r  Table 2-5. 

76 
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a l i s t i n g  o f  t he  a i r  ox jga f jon  manufacturing processes and the  f a c i l i t i e s  
employing each process. The p l a n t  l oca t ion ,  capaci ty ,  and major  
product(s)  a re  g iven fo r  each fac i  1  i t y .  Those f a c i l i t i e s  located i n  
nonattainment areas are so indicated.  r 

Although a i r  ox ida t i on  i n d u s t r i e s  a re  scat te red throughout several 
s tates,  many a re  located near r e f i n e r i e s ,  which are located near domestic . 

sources o f  o i l  o r  p o i n t s  o f  en t r y  fo r  imported o i l .  Some o f  t h e  pet ro-  
chemical p l a n t s  border r e f i n e r i e s  , thus p e r m i t t i n g  an easy exchange o f  
products. This r e s u l t s  i n  a  heavy concent ra t ion  of chemical product ion 
along the  Gulf Coast (Texas and Louis iana) and the  East Coast, p a r t i c u l a r l y  e 

i n  New Jersey and Pennsylvania. 
A i r  ox ida t i on  p l a n t s  are located i n  27 states;  over h a l f  o f  t he  

161 p l a n t s  a re  located i n  the  Gulf Coast and t h e  East Coast. Twenty-eight 
o f  the  3 6  a i r  ox ida t i on  chemicals are produced i n  Texas. Louisiana and New 
Jersey each produce 33 percent o r  more o f  t h e  36 a i r  ox ida t i on  chemicals. 

X 

2.3 A I R  OXIDATION PRODUCTION PROCESSES 
The on ly  determinant f o r  c l a s s i f i c a t i o n  as an a i r  o x i d a t i o n  chemical i s  

the process by which the  chemical i s  produced. Some chemicals i d e n t i f i e d  as 
a i r  ~ x i d a t j ~ n ~ g h e m i c a l s  - i n  Sect ion 2.2.1 can be made by non-ai r  o x i d a t i o n  
processes. Table 2-T7shows the  percentages o f  a i r  ox ida t i on  product ion 
o f  each of t h e  chemicals. I 

Despite t h e  l a r g e  v a r i a t i o n  i n  r e a c t i o n  types used t o  produce a i r  
ox ida t i on  chemicals , a i r  ox ida t i on  processes can be grouped together  because 
they have one very important  c h a r a c t e r i s t i c  i n  common, the  need t o  vent 
la rge q u a n t i t i e s  of i n e r t  ma te r ia l  con ta in ing  VOC t o  the  atmosphere. These 
i n e r t s ,  predominantly n i t rogen,  are present  because a i r  conta ins 20.9 
percent oxygen and 78.1 percent n i t rogen  by volume on a  d ry  basis.  The 
n i t rogen  i n  the  a i r  passes through the  r e a c t i o n  unreacted. The exact 
q u a n t i t y  of n i t r o g e n  and unreacted oxygen emi t ted  i s  a  func t ion  of t he  
amount of excess a i r  used i n  the product ion process. The fo l l ow ing  sect ions 
present a  d iscussion of the  reac t ion  types used f o r  the  product ion of a i r  
ox ida t i on  chemicals and the  important fac tors  which determine the  amount of 
excess a i r  used. 

2.3.1 Reaction T  es 
The p r i n c i p a  types o f  ox ida t i on  reac t ions  t h a t  take p lace i n  the  ___fe 

product ion o f  a i r  ox ida t i on  chemicals are: 
1. Dehydrogenation, 
2. I n t r o d u c t i o n  of an oxygen atom, 
3. Dest ruc t ion  of carbon-carbon bonds, 
4. Use of oxygen c a r r i e r ,  
5. Peroxidat ion,  
6. Arnmoxidation, 
7. Ox idat ive  condensation, and 
8. Oxyhalogenation. 
Dehydrogenation i s  i1l u s t r a t e d  i n  the t ransformat ion o f  a  pr imary 

alcohol t o  an aldehyde: 



TABLE 2-7. PERCENTAGE PRODUCTION OF SOCMI CHEMICALS BY A I R  O X I D A T I O N  


Product 

Acetaldehyde 
Acet ic  Acid 
Acetone 
Acetoni tri l e  
Acetophenone 
Acro le in  
A c r y l i c  Acid 
Acry l  oni tri 1e 
Anthraqui none 
Bent aldehyde 
Benzoic Acid 
1,3-Butadiene 
p-t-Butyl  Benzoic Acid 
n-Butyr ic Acid 
Crotoni c Acid 
Cumene Hydroperoxide 
Cycl ohexanol 
Cycl ohexanone 
1,2-Dichl oroethane 
Dimethyl Terephthalate 
Ethylene Oxide 
Forma 1 dehyde 
Formic Acid 
Glyoxal 
Hydrogen Cyanide 
I sobu ty r i c  Acid 
Isophthal i c  Acid 
Maleic Anhydride 
Methyl Ethyl  Ketone 
a-Methyl Styrene 
Phenol 
Phthal ic  Anhydride 
Propionic Acid 
Propyl ene Oxide 
Styrene 
Terephthal i c  Acid 

% o f  Product Manufactured 
by A i r  Ox idat ion  

99.7 
40 
65 

No Data 
No Data 

52 
94 

100 
No Data 
No Data 

100 
23 

No Data 
No Data 
No Data 
No Data 

81 
81 
96 

100 
'51 
100 

23 
No Data 

100 
No Data 

100 

3 

1 0oa 
98 

*Produced by a i r  or  oxygen oxidat ion.  
aS R I  I n  t e r m  t iona 1 1978 D i  rec tory  o f  Chemical Producers, 
United States o f  America. 



C2HSOH + to2 = CH3CH0 + H20 

o r  of a secondary a lcoho l  t o  a ketone: 

o r  of an alkane t o  a1 kene: 

An atom.of oxygen may be in t roduced i n t o  a molecule, as i s  i l l u s t r a t e d  
by the  o x i d a t i o n  of an aldehyde t o  an acid: 

o r  o f  a hydrocarbon t o  an oxide: 

A combination o f  t he  above may occur, as i n  t he  p repa ra t i on  o f  
aldehydes from hydrocarbons: 

CH4 + O2 = CH20 + H20 

o r  of benzoic a c i d  from toluene: 

A combination of dehydrogenatidn, oxygen i n t r o d u c t i o n ,  and des t ruc t i on  
of carbon-carbon bond may a l l  occur i n  the  same process o f  ox ida t i on ,  e.g., 
i n  the  ox ida t i on  of naphthalene t o  p h t h a l i c  anhydride: 

Oxidat ion may be accomplished i n d i r e c t l y  through t h e  use of 
in termediate o r  oxygen c a r r i e r :  

C2H4 + 2CuC12 + H20 P d C 1 ~,CH3CH0 + HCI + ZCuCl 

Peroxidat ion occurs r e a d i l y  under c e r t a i n  cond i t ions .  Thus, some 
reac t ions  occur d i r e c t l y  w i t h  a i r  when cata lyzed by heavy metal s a l t s :  

Cumene + a i r  = Cumene Hydroperoxide 

Amrnoxidation i s  a process f o r  the format ion o f  n i t r i l e s  by the  a c t i o n  
o f  ammonia i n  t he  presence of a i r  o r  oxygen on o l e f i n s ,  organic ac ids,  o r  
o ther  a l k y l  group of a l k y l a t e d  aromatics: 



Oxidative condensation occurs when two molecules combine with each 
other with the introduction of oxygen atoms and removal of small molecules 
like water: 

Oxyhalogenation i s  a process in which oxygen and a halogen reacts with 
an organic compound: 

C2H4 + !02 + 2HCl = C l C H 2 C H 2 C l  + H20 

I n  some reactions, several types of oxidation take place a t  the same 
time resulting in co-products and by-products. A co-product i s  formed 
simultaneously along with the desired reaction product and i s  primarily 
marketable. A common example of such a reaction would be a i r  oxidation of 
cycT~hexane,~ylherecyclohexanol and ryclohexanone are produced as 
co-products. By-products, on the other hand, result from competitive side 
or parallel reactions occurring a long  with the main reaction. I t  i s  . 
generally a "leftover" of the process, which in some cases i s  marketable. 
For example, in the manufacture of acrylonitrile by ammoxidation of 
propylene, acetonitrile and hydrogen cyanide are produced as by-products. 19 

Also, in some cases, the product of the a i r  oxidation reaction i s  n o t  the 
end product of the production process, such as the production of 
ethylbenzene hydroperoxide which i s  used t o  make styrene. Table 2-8 1 i s t s  
co-products and by-products for those a i r  oxidation processes with more t h a n  
one product. 

2.3.2 Raw Materials 
The principal raw materials for the manufacture of a i r  oxidation 

chemicals' are olefi ns (ethylene and propylene) , C fractions (butanes and  
butenes) and aromatics. Table 2-9 shows the a i r  dxidation chemicals divided 
i n t o  these categories. Because o f  the vast number of different synthesis 
routes available, several of the a i r  oxidation chemicals f a l l  i n t o  more :nan 
one classification. 

I n  a i r  oxidation processes, there i s  a large contribution of feedstock 
t o  overall price of the chemical, and thus, there exists a strong incentive 
t o  find cheaper (or less refined) or more readily a v a i  lable feedstocks. 
This can be seen i n  the gradual switch t o  butane feedstock i n  the 
manufacture of maleic anhydride. Originally, maleic anhydride was produced
via a i r  oxidation of benzene. With the increase i n  benzene costs, a l l  b u t  
one maleic anhydride p l a n t  has switched t o  n-butane feeds. I t  i s  expected 

ct h a t  the one remaining benzene-based pro$d,SOw i  11  be converted t o  the 
butane-based process i n  the near future. 

Butanes can be obtained from natural gas, from crude o i l ,  or as a 
by-product of olefins production. Aromatics can be obtained from o i l  as a 
product of catalytic reforming or from coal as a by-product o f  coking. A t  
present, the largest source is  from catalytic cracking during o i l  refining;
however, this may change i n  the future as more synthetic fue1,plants based 
on coal are b u i l t .  Several of  the a i r  o x i d a t i o n  chemicals are made from 
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TABLE 2-8. A I R  OXIDATION PROCESSES WITH CO-PRODUCT(S) AND BY -PRODUCT( s )  

Process Co-Products By-Products 

Butane Oxidation I 1  Acet ic  Acid, Methyl Ethyl  Formic Acid, n-Butyr ic  a 

Ketone Acid, Propionic Acid 

Cycl ohexane Oxidation Cycl ohexanol , Cycl ohexane 

Ethyl benzene Hydro- 
peroxidat ion Styrene , Propy 1 ene Oxide 

Cumene Hydroper- Acetone, Phenol Cumene Hydroperoxide, 
ox idat ion Acetophenone, a-Me tny 1 

Styrene 

Toluene Oxidation - Phenol, Benzoic Acid 

p-Xyl ene Oxidation Dimethyl Terephthal ate, 
Terephthal ic Acid 

Propylene Oxidation Ac ry l i c  Acid Ac ro le in  

Propyl ene Amnoxidati on Acryl oni  tri 1 e, Hydrogen 
Cyanide . ~ c e t o n itri 1 e 



TABLE 2-9. BASIC  RAW MATERIALS FOR A I R  OXIDATION CllEMlCALS 

Aceldldel~yde AcroIeir~ Acrl ic AclJ Acetone furwldrhyde (Melhr~lol f r a  Syngrs) 

Ace1 lc Acid Acrylic Acid 1 .3-Bul rd i r~~r  Acelophenone llydrogen Cyrnlde (Melhme t kwonlr) 

I t llylerre Or id r  11-flulyric Acid Benzr ldehyde llydroge~l Cyrnlde ( k w M l a  t Proyylere) 

G I  yuad I Colu~ic Acld Benzolc Ac I d  Aceton l l r l le  (kwroulr t Proyylene) 

CI~IIUII~L AC i d  l s u h l y r i s  At i d  p r r r - l r r t - B u l y l  Brrlrolc Acid A c r y l o ~ ~ l l r l l e( k u o u l r  t Pruyylrcv) 

Hale l c  A~rkyJr ldr  Cuule~~ellydroperon lde 

k l l r y l  LlbyI Krlurw Cyclolwrrnol 
8 

Propionic Acid Cycloherrr~one 
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na tu ra l  gas-based petrochemicals. A1 t e r n a t i v e  routes t o  these chemical s 
li-

u t i l i z i n g  o i l -based feeds a re  being developed. 

2.3.3 Reaction Charac te r i s t i cs  
I n  s p i t e  o f  numerous r e a c t i o n  mechanisms, a l l  a i r  o x i d a t i o n  p r o c s s e s  

vent l a r g e  q u a n t i t i e s  of i n e r t  m a t e r i a l  conta in ing  predominantly n i t rogen  
from a i r  and some VOC. Therefore, t o  q u a n t i f y  VOC emissions, and t o  s e l e c t  
t he  app l i cab le  con t ro l  method, i t  i s  necessary t o  q u a n t i f y  o f fgas  f low and 
VOC concentrat ions. As discussed i n  Chapter 3, f low and VOC concentrat ions 
a re  t h e  major process parameters which determine the  economics o f  

t

c o n t r o l l i n g  VOC emissions by thermal o r  c a t a l y t i c  i nc ine ra t i on .  This 
sec t i on  discusses the  reac t i on  c h a r a c t e r i s t i c s  which a f f e c t  t h e  o f fgas  f low . 
from a i r  o x i d a t i o n  processes. Sect ion 2.4 presents the r e s u l t s  o f  t he  
s t a t i s t i c a l  ana lys is  from which the  na t iona l  VOC emission p r o f i l e  was 
devel oped. 

There are  several reac t i on  c h a r a c t e r i s t i c s  which determine the  amount 
o f  o f fgas  vented t o  the  atmosphere. They are as fo l lows:  

1. Reaction sto ichiometry,  
2. Reaction phase, and 
3. Explosion hazard. 

2.3.3.1 Reaction Stoichiometry. I n  a i r  ox ida t i on  reac t ions ,  oxygen 
from t h e  a i r  reac ts  w i t h  an organic reac tant  t o  produce the  fo l lowing:  
(1 )  product  a i r  ox ida t i on  chemical, (2 )  some carbon d iox ide  and carbon 
monoxide due t o  p a r t i a l  combustion o f  t he  feedstock, and (3 )  co-products and 
by-products. The t o t a l  oxygen requ i red  i s  dependent on the  ex ten t  o f  each 
reac t ion .  The sto ichiometry o f  t h e  reac t i on  and the c a t a l y s t  s e l e c t i v i t y  of 
a process determine the  t h e o r e t i c a l  amount o f  oxygen requ i red  f o r  a g iven 

Inprocess. Cata lys t  s e l e c t i v i t y  i s  de f ined as the  q u o t i 2 ~ t  o f  t h e  amount o f  
r e a c t i o n  product t o  the amount o f  converted feedstock. For example, i n  
the  ethy lene oxide process, ethylene reac ts  w i t h  oxygen t o  produce ethy lene 
oxide (main reac t i on )  and carbon d iox ide  according t o  the  f o l l o w i n g  
equations: 

(75%) CH2CH2 + to2  = CH2 CH2 
0 

(252) CH2CH2 + 302 = 2C02 + 2H20 

9(1001) CHZCHZ + g O2 = a C2H40 + C02 + H20 

The molecular oxygen r a t i o  (MOR), def ined as moles of oxygen per  mole of 
product,  i s  0.5 fo r  the main reac t ion .  However, consider ing the oxygen 
requ i red  f45 the combustion reac t i on  a t  an average c a t a l y s t  s e l e c t i v i t y  of 
75 percent , the  MOR of the  o v e r a l l  reac t i on  becomes 1.5. 

General l y  , a1 1 a i r  ox ida t ion  processes requ i re  greater  than 
s to i ch iomet r i c  amount o f  a i r  t o  r e a l i z e  optimum conversion, favorable 
reac t i on  rates,  and to prevent explos ion hazard. 

P 

2.3.3.2 Reaction Phase. General ly,  a i r  ox ida t i on  reac t i on  can be 
c a r r i e d  out  i n  e i t h e r  l i q u i d  or  gas phase. Table 2-10 showsethe d i v i s i o n  of 



TABLE 2-10. PHASE OF THE A I R  OXIDATION REACTION STEP I N  THE 
PRODUCTION OF A I R  OX IDATION CHEMICALS 

L iqu id  Phase Vapor Phase 

Acetaldehyde 1. Acetal dehyde 
Acetic Acid 2. Acetoni t r i l e  
Acetone 3. Acrole in 
Acetophenone 4. Ac ry l i c  Acid 
Benza 1 dehyde 5. A c r y l o n i t r i l e  
Benzoic Acid 6. An thraquinone 
p-t-Butyl Benzoic Acid 7. 1.3-Butadiene 
n-Butyric Acid 8. 1,2-Dichloroethane 

10. Cumene Hydroperoxi de 9. Ethylene Oxide 
ii. Cycl ohexanol 10. Formaldehyde 
12. Cyclohexanone 11. Glyoxal 
13. Oimethyl Terephthalate 12. Hydrogen Cyanide 
14. Formic Acid 13. Maleic Anhydride 
15. Isobutyr ic  Acid 14. Phthal i c  Anhydride 
16. Isophthal i c  Acid 

Methyl Ethyl  Ketone 
a-Methyl Styrene 
Phenol 
Propionic Acid 
Propyl epe Oxide ( t e r t  buty l  hydroperoxide la 
Styrene 
Terephthal i c  Acid 

a ~ h ea i r  ox idat ion step i n  styrenelpropyl ene oxide manufacture i s  the 
l i q u i d  phase hydroperoxidation of ethylbenzene. 



the  var ious  a i r  o x i d a t i o n  processes between l i q u i d  and vapor phase. The 
processes a re  ca tegor ized according t o  t h e  phase of t h e  a i r  o x i d a t i o n  
r e a c t i o n  step, and n o t  according t o  t h e  phase of t h e  s tep (s )  i n  which t h e  d-

f i n a l  p roduct (s )  i s l a r e  formed. 
L i q u i d  phase reac t ions  genera l l y  u t i l i z e  h igh  molecu lar  weight  

thermal ly  uns tab le  reactants.  The r e a c t i o n  temperatures are  141 o r  moderate 
and u s u a l l y  r e q u i r e  h i g h  pressures f o r  optimum r e a c t i o n  ra tes .  The e x t e n t  
o f  o x i d a t i o n  i s  c o n t r o l  l e d  by l i m i t i n g  the  d u r a t i o n  o f  opera t ion ,  
c o n t r o l l i n g  t h e  temperature and us ing  low excess a i r .  Large amounts of 
excess a i r  may cause branching o f  r a d i c a l  precursors w i t h  format ion of  a 
mu1 t i p 1  i c i  t y  o f  r a d i c a l s  and, consequently, runaway reac t i ons  which cou ld  
u l t i m a t e l y  r e s u l t  i n  explosion. 

The c a t a l y s t  used i n  l i q u i d  phase processes may be e i t h e r  d isso lved o r  
suspended i n  f i n e l y  d i v ided  form t o  ensure con tac t  w i t h  the  bubbles o f  gas- 
con ta in ing  oxygen which pass through the  l i q u i d  undergoing ox ida t i on .  To 4 


speed up t h e  product ion,  means must be prov ided f o r  i n i t i a l l y  r a i s i n g  the  
temperature and fo r  l a t e r  removing r e a c t i o n  heat. Heat may be removed and 
temperature c o n t r o l l e d  by c i r c u l a t i o n  o f  e i t h e r  t he  l i q u i d  be ing  ox id i zed  o r  
a spec ia l  c o o l i n g  f l u i d  through the  r e a c t i o n  zone and then through an 
ex te rna l  heat  exchanger. Where low temperatures and slow r e a c t i o n  r a t e s  a re  
indicated,  n a t u r a l  processes of heat f low t o  the  atmosphere may su f f i ce  f o r  & 

temperature c o n t r o l  . 
I n  add i t i on ,  1 i q u i d  phase processes r e q u i r e  adequate m ix ing  and con tac t  

o f  t h e  two immisc ib le  phases of gaseous o x i d i z i n g  agent and t h e  l i q u i d  be ing  
ox id ized.  M ix ing  may be obtained by the  use of  spec ia l  d i s t r i b u t o r  i n l e t s  
f o r  t he  a i r ,  designed t o  spread t h e  a i r  throughout t he  l i q u i d .  Mechanical 
s t i r r i n g  o r  f r o t h i n g  o f  t he  l i q u i d  a re  the  o t h e r  methods of  p r o v i d i n g  
thorough mixing. 

F igure  2-1 represents a schematic. f lowsheet  of a l i q u i d  phase a i r  
o x i d a t i o n  process. L i q u i d  feedstock and c a t a l y s t  a re  fed  i n t o  a reac to r .  
The r e a c t i o n  i s  c a r r i e d  o u t  by passing a i r  through t h i s  l i q u i d  m ix tu re  a t  a 
c o n t r o l  l e d  temperature and pressure. A f t e r  complet ion of  t he  reac t i on ,  two 
streams come o u t  o f  the  reac tor ,  l i q u i d  and gaseous. The l i q u i d  stream 
u s u a l l y  conta ins rhe  des i red  product,  which i s  taken t o  a product recovery 

I 

system c o n s i s t i n g  of a ser ies  o f  d i f f e r e n t  u n i t  operat ions (e.g., 
d i s t i l l a t i o n ,  c r y s t a l l i z a t i o n ,  evaporat ion, e t c ) .  The gaseous stream 
conta in ing  n i t rogen ,  unreacted oxygen, CO , and some VOC i s  condensed o r  
cooled and then f e d  i n t o  the  gas separate? t o  recover t h e  condensable 
compounds be fo re  vent ing  i t  t o  the  atmosphere. 

I n  c o n t r a s t  t o  l i q u i d  phase reac t ions ,  vapor phase a i r  o x i d a t i o n  
reac t i ons  can be e f f e c t i v e l y  app l i ed  on l y  t o  r e a d i l y  v o l a t i l e  substances 
t h a t  a re  of s u f f i c i e n t  thermal s t a b i l i t y  t o  r e s i s t  d i s s o c i a t i o n  a t  e leva ted 
temperatures. The des i red  product  must a l s o  be thermal ly  s t a b l e  t o  
cont inued o x i d a t i o n  and must be r e a d i l y  separable from gaseous product .  
These var ious r e s t r i c t i o n s  l i m i t  t he  m a t e r i a l  capable f o r  economic 

&processing by vapor phase a i r p e x i d a t i o n  t o  the  s imp ler  a l i p h a t i c  and 
aromatic se r i es  of compounds. 

I n  vapor phase a i r  ox ida t i on  processes, a s o l i d  o r  vapor phase c a t a l y s t  
may be employed. The temperatures are  usuai l y  high. Contro.1 i s  a f f e c t e d  by 





1 i m i t i n g  the  t ime o f  contact ,  temperature, p r o p o r t i o n  o f  oxygen, type of 
c a t a l y s t ,  o r  by combinations o f  these factors.  

liBy t h e i r  ve ry  nature,  t he  vapor phase o x i d a t i o n  processes r e s u l t  i n  the  
concent ra t ion  o f  r e a c t i o n  heat  i n  t he  c a t a l y s t  zone, from which i t  must be 
removed i n  l a r g e  q u a n t i t i e s  a t  h i g h  temperature l eve l s .  Removal o f  heat  i s  
essen t i a l  t o  prevent  d e s t r u c t i o n  of apparatus, c a t a l y s t ,  o r  raw ma te r ia l .  
Maintenance o f  temperature a t  t h e  propgr l e v e l  i s  necessary t o  ensure the  
c o r r e c t  r a t e  and degree of ox ida t ion .  F igu re  2-2 represents a schematic 
f lowsheet  o f  a vapor phase a i r  o x i d a t i o n  process. The feedstock which i s  di 


e i t h e r  i n  vapor o r  l i q u i d  phase i s  f i r s t  vaporized, if requ i red ,  and then 
mixed w i t h  a i r  i n  a m ix ing  chamber. The m i x t u r e  i s  then f e d  a t  the  requ i red  
temperature and pressure i n t o  a r e a c t i o n  chamber where i t  comes i n  contac t  
w i t h  a ca ta l ys t .  A f t e r  complet ion of t he  reac t i on ,  t h e  m i x t u r e  o f  gases 
coming o u t  of t h e  r e a c t o r  i s  passed through a product  recovery system con- 
s i s t i n g  o f  d i f f e r e n t  u n i t  operat ions,  which can i n c l u d e  condensers, @ 

scrubbers, o r  both. The exhaust gas coming from the  product  recovery system 
conta in ing  predominant ly n i t r o g e n  and some VOC, i s  vented t o  the  atmosphere 
o r  t o  a c o n t r o l  device. 

2.3.3.3 Explos ion Hazard. Many organic reac tan ts  used i n  a i r  
o x i d a t i o n  processes a re  in f lamnable and r e q u i r e  adequate means t o  prevent  f i  

exp los ion  hazard. When vapors of an inf lamnable organic compound are  mixed 
w i t h  a i r  i n  t he  proper  p ropor t ion ,  i g n i t i o n  can produce an explos ion.  An 
increase i n  temperature of a m ix tu re  o f  o rgan ic  vapors w i t h  a i r  expands t h e  
range of organics concent ra t ion  capable o f  l ead ing  t o  an explos ion.  Because 
o f  the  exp los ion  hazard, many insurance regu la t i ons  1 i m i  t the  inflammable 
organics concent ra t ion  t o  25 percent  of t he  lower exp los i ve  l i m i t  i n  a i r .  
I n  some cases t o  ma in ta in  ' reac t ion  cond i t i ons  below the  exp los i ve  l i m i t ,  
l a rge  q u a n t i t i e s  of excess a i r  a re  used. A l t e r n a t i v e l y ,  low i n l e t  
concentrat ions can be achieved by r e c y c l i n g  a p o r t i o n  o f  t h e  r e a c t o r  offgas 
back t o  the  r e a c t o r  system. Some processes, however, can operate above the  
explos ive l i m i t .  For example, i n  the  manufacture of formaldehyde by s i l v e r  
c a t a l y s t  process, methan01~60ncentrat ion i n  the  gas stream i s  maintained 

@

above the  exp los i ve  l i m i t .  It i s ,  however, poss ib le  t h a t  some processes, 
by use o f  f l u i d i z e d  bed reactors,  gas stream recyc le ,  o r  u t i l i z i n g  
soph is t i ca ted  he$$ t r a n s f e r  systems may operate w i t h i n  the  apparent 
exp los ive  range. 

The exp los ion  hazard of  an a i r  o x i d a t i o n  process i s  a l s o  dependent on 
the  a u t o - i g n i t i o n  temperature o f  the  reac tan ts  and the  product.  The 
a u t o - i g n i t i o n  temperature i s  de f ined as t h a t  minimum temperature requ i red  t o  

@ 

i n i t i a t e  o r  caufB se l f -sus ta ined combustion independently o f  the  heat ing  o r  
heated element. Compounds having low a u t o - i g n i t i o n  temperature would 
requ i re  b e t t e r  heat removal. The use o f  h i g h  excess a i r  again prov ides a 
method of r e a l i z i n g  adequate heat removal. 

2.4 STATISTICAL ANALYSIS OF A I R  OXIDATION PROCESSES 
I n  t h i s  sec t ion ,  r e s u l t s  o f  s t a t i s t i c a l  ana lys i s  o f  e x i s t i n g  a i r  

ox ida t i on  processes are  presented. The purpose o f  the  ana lys i s  i s  t o  
develop a nat ionwide VOC emission p r o f i l e .  The ana lys i s  was based on the  
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data c o l l e c t e d  from 59 p l a n t s  producing 14 SOCMI chemicals by a i r  ox ida t i on  
processes. The d e t a i l s  of t h e  s t a t i s t i c a l  procedure and t h e  ana lys i s  of the 
data are  presented i n  Appendix B. The fo l lowing are  t h e  conclus ions o f  the  

Cs t a t i s t i c a l  analysis. 
1. O f  t h e  14 SOCMI chemi ca 1 s ncluded i n  the  data base, one chem i c a l  

i s  produced i n  both l i q u i d  and vapor phase, w h i l e  o f  t h e  remaining 13 
chemicals, e i g h t  a re  produced i n  the  vapor phase and f i v e  i n  t h e  l i q u i d  
phase. 

2. The r a t i o  of excess a i r  t o  the  s to i ch iomet r i c  a i r  requirement f o r  
vapor phase ox ida t ion  processes range s from less  than one t o  13. 

3. A l l  l i q u i d  phase reac t ions  examined have t h e  r a t i o  of excess a i r  
t o  t h e  s to i ch iomet r i c  a i r  requirement o f  l ess  than three. 

4. Excess a i r  requirement i s  inf luenced by reac t i on  s to ich iomet ry ,  
reac t i on  temperature, au to- ign i  t i o n  temperatures, and exp los ive  1 i m i t s .  

5. Of t he  44 p l a n t s  producing SOCMI chemicals i n  t h e  vapor phase, 
the d i s t r i b u t i o n  of flows, VOC, and heat content  shows t h a t  35 p l a n t s  have 
streams w i t h  l ess  than 1.0 volume percent VOC; 38 p l a n t s  have flows less  
than 50,000 scfm and 19 p lan ts  have streams w i t h  l ess  than 20 Btu /sc f  heat 
content. The maximum VOC content  i s  2.2 volume percent, t he  maximum f l ow  i s  
117,000 scfm, and t h e  maximum heat  content  i s  122.55 Btu/scf. 

6. Of t he  15 p l a n t s  producing SOCMI chemicals i n  t h e  1 i q u i d  phase, 
the  d i s t r i b u t i o n  of flows, VOC, and heat content shows t h a t  n ine  p lan ts  have 
streams w i t h  l ess  than 0.1 volume percent VOC, seven p l a n t s  have f low less  
than 10,000 scfm, and 14 p lan ts  have streams w i t h  less  than 20 B tu /sc f  heat 
content. The maximum VOC content  i s  0.76 volume percent, t h e  maximum f l ow  
i s  60,000 scfm, and the  maximum heat  content i s  43.8 Btu /sc f .  

2.4.1 Nat ional  Emission P r o f i l e  
A i r  ox ida t i on  f a c i l i t i e s  use 36 types o f  ox ida t i on  processes (23 

p r i n c i p a l  processes and 13 specia l  t y  processes) t o  manufacture 36 d i f f e r e n t  
organic chemicals. Because o f  t h e  number and d i v e r s i t y  of f a c i l i t i e s  and 
processes i n  the  a i r  ox ida t i on  i ndus t ry ,  a chemical-by-chemical development 
o f  CTG's would requ i re  l a rge  amounts o f  t ime, e f f o r t ,  and money. A u n i t  
process approach, on the  o ther  hand, al lows development of a CTG t h a t  
provides fo r  regu la to ry  development f o r  VOC eaissions from a l l  SOCMI a i r  
ox ida t i on  processes.' This u n i t  process approach a l lows t h e  resource- 
e f f i c i e n t  s t a t i s t i c a l  es t imat ion  o f  t he  RACT impacts f o r  VOC emissions 
con t ro l  from a l l  a i r  ox ida t i on  processes. 

I n  the  u n i t  process approach, no model p lan ts  are used f o r  impact 
analys is .  Rather, t he  in format ion  concerning e x i s t i n g  a i r  o x i d a t i o n  
f a c i l i t i e s  i s  analyzed s t a t i s t i c a l l y  and used t o  cons t ruc t  a na t iona l  
p r o f i l e .  This na t iona l  p r o f i l e  replaces the  t r a d i t i o n a l  model p l a n t  and can 
be considered a s t a t i s t i c a l  model o f  SOCMI a i r  ox ida t i on  processes and 
f a c i l i t i e s .  The nat iona l  p r o f i l e  character izes a i r  ox ida t i on  processes 
according t o  nat iona l  d i s t r i b u t i o n s  o f  key var iables (e.g., vent  gas stream 
f lowrate,  ne t  heat ing value, hour ly  VOC emissions , and whether the  offgas 
conta ins halogenated compounds) t h a t  can be used t o  determine VOC emissions 
and the  cost  and energy impacts associated w i t h  RACT. RACT i s  the re fo re  
examined as a percent VOC emission reduct ion based on thermal o x i d a t i o n  as 



the s ing le  cont ro l  technique. The RACT impacts are evaluated as impacts 
upon the e n t i r e  population o f  affected f a c i l i t i e s .  

The actual use o f  the nat iona l  s t a t i s t i c a l  p r o f i l e  assumes t h a t  the 
d i s t r i b u t i o n  o f  offgas flowrate,. hour ly  emissions, net  heat ing value, and 
corrosion propert ies i s  chemical independent . Chemical i d e n t i  t i e s  are not 
considered i n  the p ro f i  le, nor i s  there claimed t o  be a one-to-one 
correspondence between any one data vector  and an ex i s t i ng  o f fgas stream. 
It i s  assumed, however, t ha t  the overa l l  proport ions and d i s t r i b u t i o n s  o f  
the parameter values and data vectors be s im i l a r  t o  those o f  the ex i s t i ng  
populat ion o f  a i r  oxidat ion f a c i l i t i e s .  Thus, since the nat iona l  
s t a t i s t i c a l  p r o f i l e  contains 59 data vectors, each data vector  and 
associated impacts of populat ion cont ro l  represents 1/59 o f  the ex i s t i ng  
populat ion t o  be analyzed for control .  

The nat ional  e m i s ~ i o ~ ~ p r o f i l e  constructed using emissions data from was 
the Houdry questionnaire. The questionnaire covered 14 major a i r  
ox idat ion chemicals. These chemicals are shown i n  Table 2-1 1. A t o t a l  o f  
59 a i r  oxidat ion plants are represented by the  Houdry data, which i s  about 
36 percent of the t o t a l  a i r  ox idat ion plants i n  existence today. 



. . 

TABLE 2-1 1. CHEMICALS COVERED BY HOUORY QUESTIONNAIRE 

Chemical Process Number of 
P I  ants 

Acetaldehyde Ethanol 
Ethyl  ene 

Acet ic Acid Butane 
Acryloni  t r i t e  Propyl ene 
Cycl ohexanone/Cycl ohexanol Cycl ohexane 
Oimethyl Terephthalate p-Xylene, Methanol 
Ethylene Dichl  o r ide  Oxychlor inat ion 
Ethylene Oxide Ethylene 
Foma 1 de hyde Methanol S i l v e r  Catalyst  
Foma 1 dehyde Methanol Mixed Metal 
Hydrogen Cyanide Amnoxidati on Methane 
Maleic Anhydride Benzene 
Phenol Cumene 
Phthal i c  Anhydride Naphtha1 ene 

o-Xyl ene 
Terephthal i c  Acid p-Xylene 
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3. EM1 SSION CONTROL TECHNIQUES 


3.1 INTRODUCTION 
This chapter describes the c o n t r o l  techniques and associated emission 

reduc t i on  e f fec t iveness  fo r  a i r  o x i d a t i o n  u n i t  process vents of t he  
s y n t h e t i c  organic chemical manufactur ing i n d u s t r y  (SOCMI). The 
effect iveness o f  combustion systems i s  examined w i t h  respect  t o  t h e i r  
p r i n c i p l e s  o f  operat ion, advantages, and disadvantages. 

The SOCMI process vent streams show a g r e a t  v a r i e t y  i n  volume flows, 
chemical composi t i o n s  , and v o l a t i  l e  organic compound (VOC) concen t ra t i  ons . 
This chapter concentrates on thermal o x i d a t i o n  s ince  i t  i s  a VOC c o n t r o l  
method un i ve rsa l  l y  appl i cab le  t o  SOCMI a i r  o x i d a t i o n  vent streams, a1 though 
i t  i s  no t  necessar i l y  the bes t  f o r  a g iven process. 

Ef fect iveness and s p e c i f i c i t y  o f  condensers ,-absorbers, adsorbers , and 
c a t a l y t i c  ox id i ze rs  may be a f fec ted  by changes i n  waste stream cond i t ions .  
These cond i t ions  inc lude f lowra te ,  VOC concentrat ion,  chemical and phys ica l  
p rope r t i es  o f  VOC, waste stream contaminants, and waste stream temperature. 
Analys is  o f  a i r  ox ida t i on  VOC emissions c o n t r o l  by these methods would be 
unwieldy. A1 so, con t ro l  systems based on condensation o r  absorpt ion a re  
genera l l y  used as product recovery devices, and the  removal e f f i c i e n c i e s  
decrease as the  VOC concentrat ions decrease. 

Thermal ox ida t ion ,  however, i s  much l e s s  dependent on process and waste 
stream cond i t ions  than the  o ther  c o n t r o l  techniques. It i s  the  o n l y  
demonstrated VOC con t ro l  which i s  app l i cab le  t o  a l l  SOCMI a i r  o x i d a t i o n  
processes. I nc ine ra to r  cos t  and e f f i c i e n c y  determinat ions r e q u i r e  a l i m i t e d  
amount of waste stream data (volume flow, hou r l y  emissions, ne t  heat ing  
value, and co r ros i ve  p rope r t i es ) .  The choice of thermal o x i d a t i o n  as the  
s i n g l e  c o n t r o l  technique f o r  ana lys is  y i e l d s  conservat ive est imates of 
energy, economic, and environmental impacts s ince  thermal o x i d a t i o n  i s  
re1  a t i v e l y  expensive and energy-i ntensive. 

A l l  new inc ine ra to rs  can achieve a t  l e a s t  a 98 percent  VOC reduc t ion  o r  
20 ppmv e x i t  concentrat ion,  whichever i s  l ess  s t r i ngen t .  This c o n t r o l  l e v e l  
can be achieved by i n c i n e r a t o r  opera t ion  a t  cond i t ions  which i nc lude  a 
maximum of 1600°F and 0.75 second residence time, 

Process modi fica t i on ,  improvements i n  product  recovery, and use o f  
a d d i t i o n a l  c o n t r o l  devices are poss ib le  rou tes  t o  lower emission l eve l s .  
This chapter discusses the  advantages and disadvantages o f  us ing  product  
recovery devices such as absorbers, adsorbers, and condensers alone, o r  i n  
con junc t ion  w i t h  VOC con t ro l  devices such as b o i l e r s  and thermal and 
c a t a l y t i c  ox id i ze rs  t o  achieve reduct ion  of VOC emissions. De ta i l ed  
desc r ip t i ons  and e f f i c i ency  data are  a v a i l a b l e  i n  Appendix A and i n  the  
references. 

B o i l e r s  can be useful as VOC c o n t r o l  devices on l y  when the  waste gas 
stream volume f l o w  i s  not  la rge  enough t o  upset the  combustion process. 
Furthermore, the  waste gas stream must e i t h e r  have s u f f i c i e n t  oxygen t o  be 
used as combustion a i r  o r  have a s u f f i c i e n t l y  h igh  heat ing  value t o  be used 
as p a r t  of the  fuel  input .  The on l y  a i r  o x i d a t i o n  process which c u r r e n t l y
employs a b o i l e r  o r  process heater f o r  VOC c o n t r o l  i s  the Andrussow process 
fo r  manufacture of  hydrogen cyanide. 



All a i r  o x i d a t i o n  processes  u se  a combination of abso rp t ion  dev ices ,  
condensers ,  o r  carbon adso rp t ion  u n i t s  f o r  product  recovery ( o r  f o r  recovery 

Co f  unreacted raw ma te r i a l  ) .  These dev ices  a r e  u s u a l l y  designed t o  r ecove r  
only a s  much o f  the VOC a s  i s  economically f e a s i b l e  and t h e r e f o r e  would no t  
be cons idered  c o n t r o l  dev ices .  However, i n  some p l a n t s ,  these devices  a r e  
designed t o  remove more than t h a t  amount wh ich  is economically j u s t i f i e d .  
In t h i s  ca se ,  the dev ices  o p e r a t e  both f o r  p roduct  recovery and a s  con t ro l  
dev ices  f o r  emission reduc t ion  o r  t o  reduce the p o l l u t a n t  load  on some o t h e r  
f i n a l  con t ro l  dev ice .  @ 

Table 3-1 shows some of the SOCMI a i r  ox ida t ion  chemical p rocesses  and 
the product  recovery-VOC emission con t ro l  methods used. 

3.2 ADSORPTION 
The main func t ion  o f  vapor-phase carbon adso rp t ion  is  t o  con ta in  and 

p.concen t r a t e  d i l u t e  o rgan ic  vapors from waste  s t reams where condensers  o r  
absorbers  a r e  i n e f f e c t i v e  o r  uneconomical. Carbon adso rp t ion  i n  most c a s e s  
is used f o r  recovery of expensive,  unreac ted  raw m a t e r i a l  and no t  f o r  VOC 
emission c o n t r o l .  The major a p p l i c a t i o n  o f  carbon adso rp t ion  i n  a i r  
ox ida t ion  processes  i s  f o r  the recovery o f  a romat ic  feeds tocks  such a s  
benzene, xy lene ,  and cumene. Se l ec t ed  a i  r ox ida t ion  processes  known t o  
employ carbon adso rp t ion  a r e  l i s t e d  i n  Table  3-2. 

Adsorption dev ices  work by cap tu r ing  vapor-phase molecules upon the 
su r f ace  of a s o l i d .  The molecules adhere p r i m a r i l y  through two mechani sms: 
( 1 )  phys ica l  a d s o r p t i o n ,  i n  which Van d e r  Waal 's  fo rces  a t t r a c t  and hol d the 
gas molecules  t o  the adsorbent  s u r f a c e ,  and ( 2 )  chemical adso rp t ion  
Ichemisorpf ion) ,  i n  which the molecules a r e  chemical ly  bonded t o  the 
adsorbent .  

Oxygenated adso rben t s  such a s  s i l i c a  g e l s ,  f u l l e r s ,  diatomaceous, and 
o t h e r  si 1 iceous  e a r t h s ,  s y n t h e t i c  z e o l i t e s  , and metal 1 i c  ox ides  e x h i b i t  
g r e a t e r  s e l e c t i v i t y  than a c t i v a t e d  carbon. However, due t o  their  a f f i n i t y
f o r  p o l a r  molecules ,  they  have a g r e a t e r  p r e f e r ence  f o r  water  than o rgan ic s  
and a r e  of l i t 5 l e  u se  on the moist  a i r  s t reams from SOCMI a i r  ox ida t ion  
process  ven t s .  Vent s t ream dehumidi f ica t ion  may be p o s s i b l e  but  w i l l  
n e c e s s i t a t e  more equipment and inc rease  t r ea tmen t  c o s t .  

3.2.1 Carbon Adsorption Process 
Mater ia l  recovery by carbon adso rp t ion  may be too d i f f i c u l t  o r  

expensive3for  some chemical s when their vapor c o n c e n t r a t i o n s  a r e  be1 ow 
700 ppmv. Although carbon adso rp t ion  system conf igu ra t i ons  vary accord ing  @ 

t o  the volume o f  gas  handled and a l lowable  p re s su re  drop ,  a t y p i c a l  se t -up  
i s  shown i n  F igure  3-1. After f i l t e r i n g  and coo l ing ,  the waste  gas  is  
d i r e c t e d  through a bed of carbon g ranu le s  (Adsorber 1 ) .  In time, t r a c e s  of 
o rganic  vapors  appear  i n  the ex i t  a i r  and the removal e f f i c i e n c y  r a p i d l y  
decreases  (breakthrough) .  A t  t h i s  p o i n t ,  the was te  gas  s t ream i s  rou ted  
through a fresh bed,  and the s a t u r a t e d  bed is regenera ted  by passing a ho t  
gas  through i t  t o  desorb ( s t r i p )  the o rgan ic s  from the carbon. Low-pressure 

.) 

steam i s  a common regenera t ion  f l u i d  provid ing  a concen t r a t i on  g r a d i e n t  t o  
f a c i l i t a t e  mass t r a n s f e r  of adso rba t e  from the carbon bed and supplying the 
hea t  of de so rp t ion .  The steam and organic  vapors  a r e  t h e n  condensed and the  
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TABLE 3-1. PRODUCT RECOVERY AND EMISSION CONTROLS CURRENTLY USED IN ONE OR MORE 

PLANTS EMPLOYING MAJOR AIR OXIDATION PROCESSES 


Product or Raw Material Emission 

Chemi cal Process Recovery Equ i pment Control Equi pment 


Acetal dehyde Wacker 


Acetic Acid Wacker 


Aceti c Aci d/Formi c 

Aci d/Methyl Ethyl 

Ketone Butane 


Acetone/Phenol Cumene Peroxidation 


Acryl oni tri 1e Propene Amnoxi dati on 


Acry1ic Acid Propene 

1 ,3-Butadiene Butene Oxidative 

Dehydrogenation 


Cycl ohexanol / 
Cyclohexanone Cycl ohexane 


Ethylene Dichloride Ethylene Oxychlorinati on 

Ethylene Oxide Ethyl ene 


Fonna1 dehyde Silver Catalyst 


Fonnal dehyde Mixed Metal Oxide 

Catalyst 


Hydrogen Cyanide Andrus sow 

Yaleic Anhydride Benzene 

Maleic Anhydride Butane 

Phthal ic Anhydride Naphtha1 ene 

Phthalic Anhydride Xy 1 ene 

Propyl ene Oxide/ 


Styrene Ethyl benzene Peroxidation 

Terephthal i c Acid/Di -

methyl ierephthalate Xyl ene 


KEY:-
1 Condenser 

2 Absorber 

3 Carbon Adsorber 

4 Thermal Incineration 

48 Thermal Incinerator - Waste Heat Boiler 
5 Catalytic Incinerator 
6 2rocess Heater or Boiler 




TABLE 3-2. SELECTED A I R  OXIDATION PROCESSES KNOWN TO USE CARBON ADSORPTION 
FOR PRODUCT/RAW MATERIAL RECOVERY OR EMISSION REDUCTIGN @ 

Chemi ca 1 Primary Compound Recovered 

Acetone/Phenol Cumene 

Maleic Anhydride Benzene 

Terephthal i c  Acid/ 
Dimethyl Terephthalate Xyl ene 



VOC -m 

Figure 3-1. T w o  stage regenerative adsorption system.  

3-5 

- - C  
... .. . -...--.--.-,-.,. - . .,..--.... -... - ..-.- .- -... . ,_-. . . . . . . _ _ _ 



organics separated from the  water by decantat ion and/or d i s t i l l a t i o n .  The 
freshly-regenerated bed i s  cooled, d r i ed ,  and prepared f o r  another serv ice  

ax 

cyc le.  

3.2.2 Carbon Adsorption. Emissions Removal E f f i c i e n c y  
State-of- the-ar t  carbon adsorp t ion  systems f o r  VOC recovery can have 

o u t l e t  concentrat ions i n  t h e  range  O f  50 t o  100 ppmv4wi t h  concent ra t ions  as 
low as 10 t o  20 ppmv achievable w i t h  some compounds. For i n l e t  concentra- 

IF 

t i o n s  from 700 t o  5000 ppmv, these numbers y i e l d  an expected VOC adsorpt ion 
removal e f f i c i ency  range of 86 t o  99 percent. Adsorpt ion removal 
e f f i c i e n c i e s  up t o  95 gercent can be achieved from some chemicals i n  
we1 1 designed systems. 

3.2.3 Parameters A f f e c t i n g  VOC Removal ~ f f i c i e n c y  I 

The most important  opera t ing  parameter a f f e c t i n g  con t inu ing  VOC removal 
e f f i c i e n c y  i s  t h e  amount of steam used f o r  regenerat ion. The graph g iven as 
F igure  3-2 shows a general ized form of t h e  r e l a t i o n s h i p  of e f f l u e n t  VOC 
concentrat ion t o  steam usage. The exact  r e l a t i o n s h i p  depends on t h e  type of 

' 
VOC being removed and on t h e  opera t ing  c h a r a c t e r i s t i c s  o f  t h e  system. 
Figure 3-2 shows t h a t  reduced e f f l u e n t  concentrat ion i s  ob ta ined by 
increas ing t h e  steam r a t i o  and t h a t  very low e f f l u e n t  concen t ra t i on  l e v e l s  
may be obtained w i t h  h igh  steam r a t i o .  F igure 3-2 shows t h a t  t h e  p o s i t i o n  
o f  t h e  e f f luent  concentrat ion curve f o r  each p a r t i c u l a r  compound i s  a 
f u n c t i o n  of t he  adsorpt ion temperature, regenerat ion temperature, and carbon 
load ing capacity.  The e f f l uen t  concent ra t ion  curve i s  r e l a t i v e l y  independent 
o f  i n l e t  VOC concentrat ions. When the  adsorpt ion temperature increases, the  
e f f l u e n t  concentrat ion curve base l ine  may increase. Higher regenerat ion 
temperatures may s h i f t  t h e  e f f l u e n t  o u t l e t  concentrat ion curve downward. A 
d i f f e r e n t  load ing capac i ty  may s h i f t  t h e  curve l a t e r a l l y ,  b ince d i f f e r e n t  
amounts o f  steam may be requ i red  t o  regenerate the  carbon. 

VOC w i t h  molecular weights below 45 do no t  adsorb w e l l  on carbon; high 
(> I301  molecular weight VOC a re  more d i f f i c u l t  t o  remove d u r i n g  regenera- 
t i o n .  Also, dur ing  adsorpt ion o f  multicomponent gas streams, t h e  h igher 
b o i l i n g  p o i n t  components tend t o  d i s p l a c t  t h e  lower b o i l i n g  p o i n t  components 
from the  adsorpt ion s i t e s  on t h e  carbon. 

Adsorption ra tes  d ~ ~ ~ ~ a s e  sharply f o r  gas streams w i t h  temperatures of 
38°C (100°F) and above. I n l e t  VOC concentrat ions may be l i m i t e d  t o  
25 percent of LEL (.SO00 ppmv) by insurance requirements. A1 though some 
moisture i s  des i rab le  i n  the  waste gas t o  he lp  d i s s i p a t e  t h e  heat  of 
adsorpt ion and provide more un i fo rm bed temperatures, excessive humidi ty  can 
adversely a f f e c t  the  VOC removal e f f i c i e n c y  o f  a carbon adsorp t ion  system. 
M i s t  i n  the  gas stream can r a p i d l y  sa tura te  an adsorpt ion bed, tak ing  up 
adsorpt ion s i t es .  Operating ~ a p a c i t r ~ d e c r e a s e s  become pronounced a t  
r e l a t i v e  humid i t ies  over 50 percent.  

3 . 2 . 4  Factors A f f e c t i n g  A p p l i c a b i l i t y  and R e l i a b i l i t y  
Although carbon adsorpt ion can be used f o r  product recovery and t o  he lp  

con t ro l  VOC emissions, i t  i s  no t  a con t ro l  method genera l l y  app l i cab le  t o  
SOCMI a i r  ox ida t i on  processes. The vent  streams from some of these 



STEAM RATIO 
( I b of steam/ l b of cubon) 

Figure 3-2. Generalized form of  the relationship of  effluent 
V O C  concentration to steam usage. 
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.A,-processes are  o f t e n  saturated w i t h  moisture.  This would r e s u l t  i n  ser ious 
l oss  o f  adsorpt ion capaci ty  due t o  t h e  water  sa tu ra t i ng  the  adsorbing medium 
and t a k i n g  up adsorpt ion s i t e s .  Such process vent streams r e q u i r e  
dehumid i f i ca t ion  t o  lower the  water  content.  Process upsets which increase 
vent stream VOC composition are  n o t  uncommon i n  a i r  ox ida t i on  processes, and @ 

may r e s u l t  i n  an excessive temperature r i s e  due t o  the  accumulated heat o f  
adsorpt ion o f  t h e  ex t ra  VOC loading. 

3.3 ABSORPTION 
Absorpt ion i s  one o f  t he  two pr imary  methods o f  product recovery used 

&vi n  a i r  ox ida t i on  processes. Absorbers a r e  a l so  comnonly app l ied  as 
a u x i l i a r y  c o n t r o l  devices p r i o r  t o  combustion devices. An absorber can be 

' 

added t o  an e x i s t i n g  process f o r  t h e  purpose o f  VOC c o n t r o l ,  o r  an e x i s t i n g  
absorber could be modified, perhaps by an increase i n  the s i z e  o r  a  decrease 
i n  the  opera t ing  temperature, f o r  t h e  purpose o f  VOC cont ro l .  Some of the  
a i r  o x i d a t i o n  processes which employ absorp t ion  are l i s t e d  i n  Table 3-3. 

Gas absorpt ion devices work by d i s s o l v i n g  the so lub le  components of a 
gaseous m ix tu re  i n  a  l i q u i d .  Absorpt ion may on ly  e n t a i l  t he  phys ica l  
phenomenon of s o l u t i o n  o r  may a lsol jnvolve chemical reac t i on  of t he  so lu te  
w i t h  cons t i t uen ts  of the so lu t ion .  The absorbing l i q u i d s  ( so l ven ts )  used 
are  chosen f o r  h igh  so lu te  (VOC) s o l u b i l i t y  and inc lude l i q u i d s  such as 
water, mineral  o i l s ,  non -vo la t i l e  hydrocarbon o i l s ,  and aquepys so lu t i ons  of 
o x i d i z i n g  agents l i k e  sodium carbonate and sodium hydroxide. Devices I 

based on absorp t ion  p r i n c i p l e s  i nc lude  spray towers, ven tu r i  scrubbers, 
packed columns, and p l a t e  columns. Spray towers requ i re  h igh  pressure t o  
o b t a i n  d rop le ts  ranging i n  s i z e  f rom SOOl&o 1000 nm i n  order  t o  present a  
s u f f i c i e n t l y  l a r g e  surface con tac t  area. They can remove p a r t i c u l a t e  
mat ter  w i thou t  plugging, b u t  have t h e  l e a s t  e f f e c t i v e  mass t rans fe r  
capab i l ity and thus, are r e s t r i c t e d  t o  p a r t i c u l a t e  removal c o n t r o l  of 
h i g h - s o l u b i l i t y  gases such as s u l f u r  d i o x i d e  and amonia.  Ventur i  
scrubbers have a  h igh  degree of g a s - l i q u i d  mix ing  and h igh  p a r t i c u l a t e  
removal e f f i c i e n c y  bu t  requ i re  h igh  pressure and have r e l a t i v e l y  sho r t  l6contac t  times, so t h e i r  use i s  a l s o  r e s t r i c t e d  t o  h i g h - s o l u b i l i t y  gases. 
The choice f o r  gas absorpt ion i s  thus between packed and p l a t e  columns. 
Packed columns are mostly used f o r  handl ing cor ros ive  ma te r ia l s  and l i q u i d s  1P 

w i t h  foaming o r  plugging tendencies. They are  less expensive than p l a t e  
columns f o r  small-scale o r  p i l o t  p l a n t  operat ions where the  column diameter 
i s  l ess  than 0.6 m ( 2  f t ) .  P la te  columns are  pre ferab le  f o r  large-scale 
operat ions, where i n t e r n a l  coo l i ng  j f  des i red  and where low l i q u i d  f lowra tes  
would inadequately wet the packing. 

d 


3.3.1 Absorpt ion Process 
The mechanism of absorpt ion cons is t s  o f  the se lec t i ve  t r a n s f e r  o f  one 

o r  more components o f  a  gas m ix tu re  i n t o  a  so lvent  l i q u i d .  The t rans fe r  
cons is ts  o f  d i f f u s i o n  to the so lvent  and d i s s o l u t i o n  i n t o  i t .  For any g iven 
solvent ,  so lu te ,  and set o f  opera t ing  cond i t ions ,  there e x i s t s  an 
e q u i l i b r i u m  r a t i o  of s o l ~ t e  concent ra t ion  i n  the gas mix ture  t o  concen- 

L 

t r a t i o n  i n  the solvent.  The d r i v i n g  fo rce  f o r  mass t rans fe r  a t  a  g iven 
p o i n t  i n  the operat ing tower i s  r e l a t e d  t o  theldi f ference between the ac tua l  
concentrat ion r a t i o  and the e q u i l i b r i u m  r a t i o .  



TABLE 3-3. SELECTED A I R  OXIDATION PROCESSES KNOWN TO USE ABSORPTION FOR 
PRODUCT RAW MATERIAL RECOVERY OR EMISSIONS REDUCTION 

Chemi ca 1 

Acetaldehyde -

Acet ic  Acid/Formic Acid/MEK 

Acry l  on i  tri1 e 

A c r y l i c  Acid 

1.3-Butadiene 

Cycl ohexanol /Cycl ohexanone 

Ethy l  ene D ich l  o r i  de 

Ethylene Oxide 

Formaldehyde 

Hydrogen Cyanide 

Maleic Anhydride 

Phthal i c  Anhydride 

Propyl ene Oxide/Styrene 

Terephthal ic  Acid/Dimethyl Terephthalate 



A schematic o f  a packed, gas absorption tower i s  shown i n  Figure 3-3. 
The waste gas o f  VOC concentrat ion y enters a t  the bottom and r i s e s  
through the packing, contact ing the @sorbing l i q u i d  on the surface o f  the + 
packing mater ia l .  The VOC (so lu te)  i s  d issolved i n  the absorbent 1 i qu id  
(solvent)  and i s  discharged a t  the bottom of the tower fo r  recovery o r  
disposal. The cleaned gas exi ts.  a t  the top w i t h  reduced VOC concentrat ion 

" ~ 1, ready fo r  release o r  f i na l  treatment such as inc inerat ion.  

3.3.2 Absorption VOC Removal Ef f ic iencies 
Systems t h a t  u t i l i z e  organic l i q u i d s  as solvents usual ly  inc lude the 

s t r i pp ing  and recyc l ing  o f  the solvent  t o  t he  absorber. I n  t h i s  case the 
VOC removal e f f ic iency of the absorber i s  dependent on the solvent s t r i pp ing  
e f f i c iency .  If,for  example, a system achieved a removal e f f ic iency i n  
excess of 99 percent w i t h  once-through solvent  usage, i t  would be expected 
t ha t  the r f ~ o v a l  eff iciency would drop t o  about 94 percent w i t h  solvent  
recycl ing.  Once-through solvent usage can create a l i q u i d  waste problem 
and incur  add i t i ona l  treatment costs. 

For a given absorbent and absorbate, an increase i n  absorber s ize o r  a 
decrease i n  the operating temperature can increase the VOC removal 
e f f i c iency  of the system. I t  may be possib le i n  some cases t o  increase VOC 
removal e f f ic iency by a change i n  the absorbent. 

3.3.3 Factors Affect ing E f f i c iency  and Re1 i a b i  1 it y  
The ef fect iveness o f  an absorption tower, which i s  the r a t e  o f  mass 

t ransfer  between the two phases, i s  l a rge l y  dependent upon the ava i lab le  
gas- l iquid contact  area. I n  packed towers, a reduct ion i n  the l i qu i d - t o -  
gas r a t i o  can lead t o  channeling where some of the packing i s  no t  wetted by 
the l i q u i d .  Excessive gas f lowrates can increase the l i q u i d  holdup u n t i l  
the tower floods and l i q u i d  ex is ts  a t  the top w i t h  the gas. 

VOC concentrat ion can a f f ec t  the operat ion of absorption equipment. 
Excessive VOC loading can ra ise  the temperature of the tower due t o  
increased r a t e  of release of the heat o f  so lu t ion,  r e s u l t i n g  i n  a decreased 
concentrat ion gradient. Absorption ifusual ly  not  considered when the VOC 
concentrat ion i s  below 200-300 ppmv. 

3.4 CONDENSATION 
Condensation i s  one of the two primary methods of product recovery used 

i n  a i r  ox idat ion processes. Condensers are a lso commonly appl ied as 
a u x i l i a r y  controJ2devices before thermal inc inerators ,  adsorbers, and other 
cont ro l  devices. An ex is t ing  condenser can be modif ied f o r  improved VOC 
emission cont ro l  by lowering the operating temperature. The su i  tab i  1 it y  of 
condensation as an emissions cont ro l  method depends on several parameters. 
These include the VOC concentrat ion a t  the i n l e t  (usua l ly  >1 percent),  the 
VOC removal e f f ic iency required, the VOC recovery ~ a l u e , ~ j n d  the s ize of the 
condenser required for  handling the gas volume flowrate. f i r  ox idat ion 
processes which employ condensation are l i s t e d  i n  Table 3-4. 

Condensation devices are usual ly  surface o r  contact condensers. 25 

Contact condensers spray a cooled 1 i qu id  d i r e c t l y  i n t b  the gas ?&ream, a1 so 
act ing as scrubbers i n  removing normally noncondensable vapors. The 
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Figure 3-3. Packed tower for gas absorption. 



TABLE 3-4. SELECTED AIR OXIDATION PROCESSES KNOWN TO USE CONDENSATION FOR 
PRODUCT/RAW MATERIAL RECOVERY OR EMISSIONS REDUCTION 


m 

Chemi cal 


~cetal
dehyde 


Acetic Acid/Formic Acid/MEK 


Acetone/Phenol 


Acryl oni tri le 


Acrylic Acid 


Cycl ohexanol /Cyc1 ohexanone 


Ethylene Dichloride 


Ethylene Oxide 


Formal dehyde 


Maleic Anhydride 


Phthal ic Anhydride 


Propy1 ene Oxi de/Styrene 


Terephthal ic Acid/Dimethyl Terephthalate 




coo lan t  i s  u s u a l l y  water o r  perhaps a process feed stream.Z7 Contact 
condensers are  general l y  cheaper, more f l e x i b l e  and e f f i c i e n t  f o r  VOC 
removal. However, the  spent coolant  canZ8resent a secondary emissions 
source o r  waste water treatment problem. Surface condensers have more 
a u x i l i a r y  equipment b u t  can recover va luable and marketable VOC. They do 
n o t  contaminate t h e  coolant,  therefore min imiz ing  waste d isposal  problems. 
Only sur face condensers a re  discussed i n  t h i s  sect ion.  

,#. 

3.4.1 Condensation Process 
Condensation occurs when the  ~ a r t i a l  Dressure of a condensable 

component equals i t s  vapor pressur'e a t  t h a t  temperature. Most surface 
condensers are  o f  t he  shelJgand-tube type and achieve condensation by 
removing heat from vapors. As the  coo lan t  passes over t he  tubes, t h e  VOC 
vapors condense i n s i d e  the  tubes and are  recovered. The coolant  used 
depends upon the  s a t u r a t i o n  temperature (dewpoint) o f  the  VOC. C h i l l e d  
water can be used d o y  t o  7OC (45OF), b r i nes  t o  -34'C (-30°F), and freons 
below -34OC (-30°F). Temperatures as low as -6Z°C (-80'51 may be 
necessary t o  ob ta in  the  requ i red  VOC removal e f f i c i e n c i e s .  A t a b l e  o f  t he  
est imated opera t ing  temperature requ i red  t o  achieve a g iven VOC removal 
e f f i c iency  i s  g i ven  i n  Reference 31. These temperatures were est imated f o r  
a l i p h a t i c  and halogenated a l i p h a t i c  hydrocarbons as a f u n c t i o n  o f  i n l e t  VOC 
concentrat ion. 

The major p ieces of equipment of a condenser system (as shown i n  
F igure 3-4) a re  the  shell-and-tube heat exchanger (condenser), r e f r i g e r a t i o n  
system (coo lan t  supply) ,  storage tanks, and pumps. 

3.4.2 Condenser VOC Removal E f f i c iency  
t~ 0 0 c e n a r e  t y p i c a l  of a condenser used 

i n  con junc t ion  w i t h  o ther  con t ro l  devices. The maximum e f f i c i e n c y  repor ted  
i s  c lose t o  95 g f rcent  w i t h  average e f f i c i e n c i e s  o f  80 percent repor ted  i n  
the 1 it e r a  t u  re. 

3.4.3 Parameters Af fect ing R e l i a b i l i t y  and E f f i c i ency  
Condensers used f o r  VOC c o n t r o l  o f t e n  operate at - temperatures below the  

f reez ing  p o i n t  of water. This requ i res  t h a t  mo is t  vent streams, such as 
those found i n  a i r  ox ida t i on  processes, be dehumidif ied be fore  VOC removal 
t o  prevent  the formation of i c e  i n  the condenser. P a r t i c u l a t e  mat te r  must 
not  be al lowed t o  en te r  a surface condenser system s ince i t  may depos i t  on 

* 
the f i nned  tubes and i n t e r f e r e  w i t h  gas flows and heat t rans fer .  Gas 
f lowrates from 100 t o  2000 cfm are representa t ive  of the  capac i ty  range fo r  
condensers as emission con t ro l  devices. Vent streams conta in ing  less  than 
one-half percqgt V o C  are genera l l y  no t  considered fo r  con t ro l  by 
condensation. 

3.5 CONTROL BY COMBUSTION TECHNIQUES 
Combustion c o n t r o l  techniques r e s u l t  i n  the  des t ruc t i on  o f  the raw 

ma te r ia l  o r  product  present i n  the  offgas. Therefore, they are u s u a l l y  t o  
be considered add-on emission con t ro l  techniques. Although the process 
ma te r ia l  can never be recovered, i t  i s  poss ib le  t o  recover much o f  the  
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thermal energy released by combustion. In the case of offgas with a high 

heating value, it may be economically attractive to combust the vent stream 

in a boiler or process heater. 


3.5.1 General Combustion Principles 

Combustion is a rapid, exothemic oxidation process which results in 


the complete or incomplete oxidation of VOC. Most fuels and VOC contain 

carbon and hydrogen which, when- burned to completion with oxygen, form 

carbon dioxide and water. 


Since air oxidation vent streams generally contain little oxygen, 

additional combustion air must be provided. The total gas volume flow is 

therefore relatively larger than that associated with other types of 

control. 


3.5.2 Combustion Control Devices 

Control devices usinq combustion principles include furnaces, boilers, 
- - . 

and thermal and catalytic-oxidizers. combustion in thermal and catalytic 

oxidizers are the usual control methods for air oxidation processes. 


Furnaces and boilers are only occasionally used as control devices for 

the larger air oxidation vent streams because the fuel requirements of their 

firing cycles may not coincide with the avai labi 1 i ty or heating value of the 

offgas. Waste streams with large flows and low heating values can adversely 

affect the operation of these devices in two ways. By lowering furnace 

temperatures, they cause incomplete combustion and diminished steam 

production. Furthermore, an increased volume flow of gases can exceed the 

hand1 ing capabilities of the exhaust system. 


Catalytic oxidizers are not widely used because the catalysts can be 

poisoned by sul fur- and ha1 ogen-contai ni ng compounds. Moreover, increases 

of VOC concentration in poorly controlled streams can raise the catalyst bed 

temperature excessively to the point of deactivating the catalyst. 


3.5.3 Thermal Oxidizers 

Thermal oxidation is the method of VOC emission control most widely 


used for air oxidation processes because it is applicable to a variety of  
chemicals and vent streams conditions. Incineration is the usual method of 

pollution contrgi fo6,wast~~atreams with combustible concentration below the 

LEL (about3a70 -% 53 -) such as those found in SOCMI air oxidation 
processes. ~ g e l e  3-5 is 5 partial listing of chemical processes using 
thermal oxidation for VOC control. 


Thermal oxidizers can also control halogenated VOC. However, a higher 

chamber temperature is required to properly oxidize chlorinated hydrocarbons 

and convert the noxious combustion products to a form more readily removable 

by flue gas scrubbing. 


3.5.3.1 Thermal Oxidation Process. The combustion process is 

influenced by time, mixing, and temperature. An efficient thermal oxidizer 

must provide: 


1. A chamber temperature high enough to enable the oxidation reaction 

to proceed rapidly to completion, 




- - - -- 
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TABLE 3-5. PARTIAL LIST OF A I R  OXIDATION CHEMICALS USING 
THERMAL OXIDIZER FOR CONTROLLING VOC EMISSIONS 
FROM OFFGAS STREAM 

Reported 
Number o f  Operating Reporteo 

Chemi ca l  Plants Reported Temperature (OF) E f f i c i e n c  

C 

Butadiene Not Reported Not Repor 
Ac ry l i c  Acid Not Reported NotcRepor 
Acryloni  tri l e  1800 >99% 
Forma 1 dehyde 2000 99.8-1 00% 
Phthal ic  Anhydride 1200 90-95% 
Maleic Anhydride 1400 93% a 


Maleic Anhydride 1600 99% 

a ~ t a n d i f e r ,  R.L. Butadiene Product Report. I.T. Enviroscience. 
EPA-450/3-80-028e. 

b~ lackburn ,J.W. Ac ry l i c  Acid and Esters Report. I.T. Enviroscience. I 

EPA-450/3-80-028e. 

'~obbs, F.D. and Key, J.A. Acryloni  tri l e  Product Report. I.T. Envi roscience. 
EPA-450/3-80-028e. 

d ~ o v e l1, R. J. . Formaldehyde Product Report. I.T. Envi r osc i  ence. 
EPA-450/3-80-028d. 

e~ffice of A i r  and Waste Management. U.S. Environmental Protect ion Agency. 
Research Tr iang le  Park, NC. Control. Techniques f o r  V o l a t i l e  Organic 
Emissions from Stat ionary Sources. Pub1 i c a t i o n  No. EPA-450/2-78-022. 
May 1978. 

f~awson, J. F. Maleic Anhydride Product Report. I.T. Enviroscience. 
EPA-450/3-80-028a. 



2. Enough turbulence t o  obtain good mixing between the h o t  combustion 
products from the burner, combustion a i r ,  and VOC, and 

3. Sufficient residence time a t  the chosen temperature for the 
oxidation reaction t o  reach completion. 

Combustion chamber temperature i s  an important parameter in the design 
of a thermal oxidizer since oxidation rates are highly temperature-dependent. 
Incineration of low heating value offgas necessitates the burning of an 
auxi 1iary fuel t o  achieve the desired chamber temperature. Destruction of 
most VOC occurs rapidly a t  temperatures over 760°C (1400°F). However, 
higher temperatures, on the order of 980'-llOO°C (~1800~-2000~F),may be 
required when incinerating ha 1ogenated VOC. 

Mixing i s  crucial i n  achieving good thermal oxidizer performance. A 
properly designed incinerator rapidly combines the offgas, combusti on a i  r , 
and h o t  combustion products from the burner. This ensures that the VOC be 
in contact with sufficient oxygen a t  a temperature high enough t o  s ta r t  the 
oxidation reaction. Improper mixin? can permit packets of waste gas t o  pass 
through the incinerator intact. Poor mixing can also lead t o  poor 
temperature distributions so t h a t  n o t  a l l  the waste gas stream reaches or 
remains a t  the design combustion temperature. 

- Residence time i s  the time available for the oxidation reaction t o  
occur within the combustion chamber. Residence times from3js low as 0.3 t o  
several seconds have been used in thermal oxidizer design. Vendors 
generally define residence times i n  one of two ways. Some count offgas 
residence time in any of the available volume of the combustion chamber. 
Others credit only residence time within that volume in which the flue gas 
i s  a t  the combustion temperature. I t  i s  this volume which i s  theoretically 
related t o  destruction efficiency. Therefore,'incinerator efficiency data 
which use the la t t e r  definition of residence time are more easily compared 
i n  an analysis of the relationship of destruction efficiency t o  residence 
time. Moreover, according t o  this definition, a larger combustion chamber 
i s  required t o  achieve a given residence time. Therefore, this  definition 
yields more conservative estimates of the cost of control. 

Other parameters affecting oxidizer performance are offgas heating 
value, water content, and excess combustion a i r .  The offgas heating value 
i s  a measure of the heat available from the combustion of the VOC in the 
offgas t o  CO and H 0. ThfJheat 06~~ombustion for specific organic com- 
pounds gn rinse 8 m  950 4 ( 2 5  -) fgr carbon tetrachloride ( C C l  ) t o  
35,700 i(960 '") for m&!haR4 (?tifla tu  Incineration of offgas with a low 
heatingNvalue(1zt h a n  1860 4 (58 ?--)) may require the burning of an 
auxi 1iary fuel t o  maintain theN8esi red Egmbustion temperature. Auxi 1iary
fuel requirements can be lessened or eliminated by the usfJof reclegrative 
heat exchangers. Offgas w i t h  a heating value above 1860 4 (50 T )may
support combustion b u t  may need auxi  1iary fuel for flamEJ!?abil i &  
Combustionofanoffgaswitha h e a t i n g v a l u e o v e r 5 2 0 0 4 ( 1 4 0  ) c a n  
result i n  flame temperatures i n  excess of 1200°C (2200°!7'. ~ o n v a i o n a l  
o x i d a t i o n  equipment can o n l y  be used f o r  such streams i f  the temperature i s  
kept below 1200°C (2200°F) by j g d i  tion of a i r ,  water vapor, or liquid water 
or circulation of exhaust gas. 



A thermal oxidizer handling offgas streams with varying 'heating values 
V 

rewires adjustment t o  maintain the proper chamber temDeratures and 
op&atinggt~ficiency. Water has a heat' of vaporizatioRJof 41,390 ( ~ J i [ b g  mol ) 
(18,000 and a heat capacity of about  27.5 g o C  - ( l l O 8lbmo a r )  

a t  870°C (1600°F) and 101 kPa (14.7 p ~ i a ) . ~ ~EntAinedlwater droplets i n  :n 
offgas stream can substantial ly i ncrease-auxi 1 iary fuel requirements due t o  
the additional energy needed t o  vaporize the water and raise i t  t o  the 
combustion chamber temperature. combustion devices are operated with some 
quantity of excess a i r  t o  ensure a sufficient supply of oxygen. Too much 

eexcess a i r  causes an increase in auxiliary fuel requirements since the extra 
a i r  i s  heated up t o  chamber temperature. Too much excess a i r  also increases 
the thermal oxidizer's flue gas volume flaw rate and, thus, i t s  size and 
cost. 

3.5.3.2 Thermal Oxidizer Design. A thermal oxidizer i s  usually a 
refractorv-lined chamber containina a burner a t  one end and aenerallv 

Poperated &a temperature of 550~-650"~with a residence time of fr& 0.3 t o  
one second.=O 

Discrete dua l  fuel burner(s) and inlets for the offgas and combustion 
air  are so arranged in the chamber to  thoroughly mix the h o t  products from 
the burners with the offgas and a i r  streams. The mixture of hot reacting
gases then passes into the reaction section. This section i s  sized t o  a l low 

Cthe mixture enough time a t  the elevated temperature'for the oxidation 
reaction to reach completion. Energy can then be recovered from the hot  
flue gases in the heat recovery section. Preheating of combustion air  by 
offgas i s  a comnon mode of energy recovery; however, i t  i s  sometimes more 
economical t o  generate steam. Insurance regulations require that i f  the 
waste stream i s  preheated, the VOC concentration be maintained below 40 
percent of LEL t o  eliminate explosion hazards. 

Thermal oxidizers designed specifically for VOC incineration with 
natural gas as the auxiliary fuel may use a grid-type (distributed) gas 
burner instead of the conventional dua l  fuel, forward flame, discrete 
burners. The tiny gas flame jets on the grid surface ignite the vapors as 
they pass through the grid and ensure burning of a l l  the vapors a t  lower 
chamber fkperatures using less fuel and allowing for a shorter reaction 
chamber. Typical configurations are shown in Figures 3-5 and 3-6. 

Thermal oxidizers for halogenated VOC control require additional 
control equipment. The flue gases are quenched t o  lower their temperature 
and routed through absorption equipment such as towers or liquid jet 
scrubbers t o  remove the halogenated combustion products. 

Packaged, single unit thermal oxidizers can be built t o  control streams rC 

with flowrates in the range of a few hundred scfm t o  about  50,000 scf?. A 
typical thermal oxidizer b u i  1t t o  handle a VOC waste stream of 850 Nm /min
(30,000 scfm) a t  a temperature of 870°C (1600°F) with 0.75 second residence 
time probably would be a refractory-lined cylinder. Assuming the ratio of  
flue gas t o  waste gas i s  a b o u t  2 .2 ,  the chamber volume nec3ssary t o  grovide
the residence time a t  t h a t  temperature would be about  99 m (3500 f t  ). I f  A 

the chamber length t o  diameter ratio is two t o  one, and allowing a 30.5 cm 
( 1  f t )  wall  thickness, the thermal oxidizer would measure 8.3 m (27  f t )  long 
by 4.6 m (15 f t )  wide, exclusive of  heat exchangers and exhaust equipment. 
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Figure 3-5. Discreta burner, thermal oxidizer. 

Burner Plate - Flume Jets? Slack 
/ 4 

f 
i 

,natural 3as) 
A u x ~ l ~ a r yFuel 

Figure 3-6. Distributed burner, thermal oxidizer. 



3.5.3.3 Thermal Ox id izer  Emission Destruct ion Effectiveness. Based on 
a study o f  thermal ox i d i ze r  e f f i c i ency ,  cost  and fuel use, i t  i s  concluded e-. 

t h a t  98 percent VOC reduct ion,  o r  20 ppmv as compound e x i t  concentrat ion 
(whichever i s  less  s t r i ngen t )  i s  the highest  reasonable con t ro l  l e ve l  
achievable by a l l  new incineratar js  i n  a11 a i r  ox ida t ion  processes, 
considering cur rent  technology. An analysis assuming achievement o f  t h i s  
e f f i c i e n c y  w i t h  i nc i ne ra to r  operat ion a t  870°C (1600°F) and 0.75 second 
residence time y i e l d s  conservative estimates of costs and energy use. .* 

The VOC dest ruc t ion e f f i c i e n c y  of an inc ine ra to r  can be a f f ec ted  by 
va r ia t ions  i n  chamber temperature, residence time, i n l e t  concentrat ion,  
compound type, and flow regime (mixing). A combustion chamber temperature 
o f  870°C (1600°F) was chosen f o r  the  analysis on the basis t h a t  h igher 
temperatures, w i t h  h igher con t ro l  e f f i c i enc i es ,  are preferred.  Test r e s u l t s  
show t h a t  98 percent des t ruc t ion  e f f ic iency i s  achievable a t  var ious 
temperatures (700°C (4f00°F) t o  800°C (1 500°F) ) and residence times 
(0.5 t o  1.5 seconds). K ine t i cs  ca lcu la t ions  comparing the t e s t  condi t i ons  
t o  870°C (1600°F) temperature w i t h  0.75 second residence t ime show t h a t  the 
l a t t e r  se t  of condi t ions i s  more conducive t o  complete VOC dest ruc t ion.  
Cost per pound of VOC con t ro l l ed  increases only 5 t o  10 percent w i t h  an 
increase i n  temperature from 760°C (1400°F) t o  870°C (1600°F) w i t h  the use 
o f  70 percent recuperat ive heat recovery. Temperature h igher  than 870°C 
(1600°F) are not  des i rab le  due t o  the mater ia ls  l i m i t a t i o n s  o f  m e t a l l i c  heat 
exchangers. Higher temperatures would requ i re  heat excKange surfaces t o  be 
made of more expensive mater ia ls.  

Var ia t ions i n  i n l e t  concentrat ion can change a thermal o x i d i z e r ' s  VOC 
dest ruc t ion e f f i c iency .  K ine t i cs  ca lcu la t io t is  descr ib ing the complex 
combustion reac t ion  mechanisms p o i n t  t o  much slower r eac t i on  ra tes  a t  very 
low compound concentrat ions. Ava i lab le  data show t h a t  20 ppmv as compound 
minimum o u t l e t  concentrat ion i s  a reasonable 1 i m i  t which a1 lows f o r  the dtep 
i n  achievable dest ruc t ion e f f i c iency  w i t h  decreasing i n l e t  concentrat ion. 

The data a lso  show tha t  the impact o f  compound v a r i a t i o n  on des t ruc t ion  
ef f ic iency increases a t  temperatures lower than 760°C ( 1  400°F), a1 though @ 

precise quan t i t a t i ve  r e l a t i ons  could not  be determined. The types o f  
compounds i n  the data inc lude C1 t o  C alkanes and o l e f i n s ,  aromatics such 
as benzene, toluene, and xylene and o$ygenated compounds such as MEK and 
isopropanol . N i  t rogen-containing species such as ac ry lon i  tri l e  and 
ethylamines and ch lor inated compounds such as v i n y l  ch l o r i de  are a lso 
included i n  the data. 

A t  temperatures over 760°C (1400°F), the ox idat ion r eac t i on  r a t e  i s  
much faster  than the r a t e  a t  which mixing takes place. Therefore, VOC 
dest ruc t ion becomes more dependent upon the f l u i d  mechanics w i t h i n  the 
ox idat ion chamber. The flow regime should be such t h a t  the mix ing of the 
VOC stream, combustion a i r ,  and ho t  combustion products from the burner be 
r ap id  and thorough. This enables the VOC t o  a t t a i n  the combustion tem- 
perature i n  the presence of enough oxygen fo r  a su f f i c i en t  per iod of time 
fo r  the ox idat ion react ion t o  reach completion. Chamber design and burner 
and baf f le  conf igurat ions provide f o r  tu rbu lent  f low f o r  improved mixing. 
The most p rac t i ca l  manner o f  achieving good mixing and e f f ic iency i s  t o  
ad jus t  the i n s t a l l e d  equipment t o  improve performance. 

C 



3.5.4 C a t a l y t i c  Ox id i ze rs  
C a t a l y t i c  o x i d a t i o n  i s  t h e  second major  combustion techn ique  f o r  VOC 

emissions i o n t r o l  . Selected a i r  o x i d a t i o n  processes known t o  use c a t a l y t i c  
o x i d a t i o n  f o r  emiss ion c o n t r o l  a re  l i s t e d  i n  Table 3-6. 

d c a t a l y s t  works by changing t h e  r a t e  o f  a  chemical r e a c t i o n  w i t h o u t  
becoming permanent ly a l t e r e d  i t s e l f .  C a t a l y s t s  f o r  c a t a l y t i c  o x i d a t i o n  
cause a  h i g h e r  r a t e  of r e a c t i o n  a t  a  lower  energy l e v e l  ( tempera tu re ) ,  
a l l o w i n g  o x i d a t i o n  of VOC a t  lower  temperatures than f o r  thermal  o x i d a t i o n .  
combustion c a t a l y ~ t s ~ f n c l u d e  p la t inum and p l a t i n u m  a l l o y s ,  copper ox ide,  
chromium and c o b a l t .  These are depos i ted  i n  t h i n  l a y e r s  on i n e r t  
subs t ra tes  t o  p rov ide  f o r  maximum surface c o n t a c t  area. 

3.5.4.1 C a t a l y t i c  Ox ida t ion  Process. I n  c a t a l y t i c  o x i d a t i o n ,  a  waste 
stream and a i r  a r e  contacted w i t h  a  c a t a h s t  a t  a  temperature s u f f i c i e n t l y  - .  -

h i g h  t o  a l l o w  t h e  o x i d a t i o n  r e a c t i o n  t o  &cur .  The waste gas i s  i n t r oduced  
i n t o  a  m ix i ng  chamber where i t  i s  heated t o  t h e  p roper  temperature (about  
316°C (600°F)) by con tac t  w i t h  t h e  h o t  combustion p roduc ts  o f  a  burner .  The 
heated m i x t u r e  i s  then  passed through t he  c a t a l y s t  bed as shown i n  F igu re  
3-7. VOC and oxygen a re  t r ans fe r red  t o  t h e  c a t a l y s t  su r f ace  by d i f f u s i o n  
from the  waste gas and chemisorbed i n  t h e  pores o f  t h e  c a t a l y s t  t o  t he  
a c t i v e  s i t e s  where t h e  o x i d a t i o n  r e a c t i o n  takes  p lace.  The r e a c t i o n  
p roduc ts  a r e  then  desorbed from t h t 4 a c t i v e  s i t e s  and t r a n s f e r r e d  by 
d i f f u s i o n  back i n t o l t h e  waste gas. The c leaned gas may then  be passed 
through a  waste hea t  recovery dev ice before exhaus t ing  i n t o  t h e  atmosphere. 

3.5.4.2 C a t a l y t i c  Ox id i ze r  Emission Reduct ion E f f ec t i veness .  
C a t a l y t i c  o x i d i z e r s  ope ra t i ng  a t  450°C (840°F) a r e  ab le  t o . o x i d i z e  wasgg 
gases as e f f e c t i v e l y  as thermal o x i d i z e r s  ope ra t i ng  a t  750O.C (F380°F). 
C a t a l y t i c  o x i d i z e r  VOC d e s t r u c t i o n  e f f i c i e n c i e s  of 95 percen t  have been 
repo r ted  i n  va r i ous  cases agg e f f i c i e n c i e s  of  97.9 t o  98.5 percen t  a r e  
a t t a i n a b l e  i n  some systems. 

3.5.4.3 Parameters Af fect i r ig  VOC Des t ruc t i on  E f f i c i ency .  C a t a l y t i c  
o x i d i z e r  d e s t r u c t i o n  e f f i c i ency  i s  d e ~ e n d e n t  on c a t a l y s t  volume Der u n i t  
volume gas processed, opera t ing  temperature, and w a s t i  gas VOC composi t ion, 
and concent ra t ion .  A t y p i c a l  ca ta l ys3  bed con ta ins  abgut 0.014 t o  0.057 rn' 
o f  c a t a l y s t  bed4yolume (0.5 t o  2.0 f t  ) f o r  each 28 Nm rn (1000 scfm) o f  
waste gas f l ow .  Greater  e f f i c i e n c i e s  can be a t t a i n e d  by an inc rease  i n  
t h e  volume r a t i o ;  however, t h e  cos t  of a l a r g e r  c a t a l y s t  bed can become 
p r o h i b i t i v e .  

The ope ra t i ng  temperature range of combustion c a t a l y s t s  i s  u s u a l l y  f rom 
316°C (600°F) t o  650°C (1200°F). Lower temperatures may r e s u l t  i n  s lowing 
down and p o s s i b l y  s topping t h e  o x i d a t i o n  r e a c t i o n .  Higher  temperatures may 
r e s u l t  i n  shortened c a t a l y s t  l i f e  and p o s s i b l e  evapora t ion  o f  t h e  c a t a l y s t  
from the  suppor t  subs t ra te .  

Accumulation of p a r t i c u l a t e  ma t te r  o r  condensed polymer ized m a t e r i a l  
can b lock  t he  a c t i v e  s i t e s  and reduce e f fec t i veness .  Ca ta l ys t s  can a l s o  be 
deac t i va ted  by compounds con ta in i ng  su&hur, bismuth, phosphorpus, a r sen i c ,  
antimony, mercury,  lead ,  z i nc ,  o r  t i n .  



TABLE 3-6. SELECTED A I R  OXIDATION PROCESSES KNOWN TO USE CATALYTIC 
OXIDATION FOR EMISSION CONTROL 

Chemical 

Acryl oni tri 1 e 

Ethylene Di chl o r i  de 

Ethylene Oxide 

Maleic Anhydride 





Conditions such as those noted above can result in VOC passing through 
or incomplete oxidation wi th the formation of aldehydes, ketones, and 
organic acids. li 

Sensitivity to waste stream f 1 ow condition variations and inabi i i ty to 
handle moderate heating value streams 1 imi t the application of catalytic 
oxidizers as SOCMI air oxidation process vent emission controls. 

3.5.5 Advantages and Oisadvantaqes of Control by Combustion 
v O ~  control by combustion has several advantages: ( 1 )  a properly 

designed and operated combustion device can provide destruction of nearly 
all VOC; (2) most combustion units are capable of adapting to moderate 
changes in effluent fl w r a t e  and concentrations; and (3) control efficiency 
is insensitive to the specific VOC pollutant relative to product recovery 
techniques. 

There are also disadvantages associated with VOC control by combustion: #. 

( 1 )  high capital and operating costs result from thermal oxidation tech- 
niques, which could require a plot of land as large as 300 ft by 300 ft 
for installation; (2) since offgas must be collected and ducted to the 
afterburner, long duct runs may lead to condensation of combustibles and 
possibly to duct fires; and (3) since thermal oxidizers utilize combustion 
with a flame for achieving VOC destruction, the unit must be located at a P 

safe distance from process equipment in which flamnable chemicals are used. 
Alternatively, special designs may be employed to minimize the risk of 
explosion or fire. 

There are several disadvantages particularly associated wi th control of 
halogenated VOC by combustion: (1) halogen acids produced by the combustion 
must be removed by flue gas scrubbing; (2) water and caustic are required at f l  

the site for scrubbing the flue gas;, and (3) proper waste disposal of the 
salt formed during flue gas scrubbing is required. 

3.6 STATE REGULATIONS FOR VOC CONTROL 
Over 90 percent of the total SOCMI production capacity is located in 

14 states, with over half of that percentage being in Texas and Louisiana. 
@ 

Of the 14 states only Texas, Louisiana, New Jersey, and Illinois &ve VOC 
emission regulations applicable to SOCMI air oxidation processes. 

1. Texas facilities emitting more than 100 lbs/day and at an 
instantaneous rate greater than 250 lbs/hr are required to "properly" 
incinerate waste gases at 704OC (1300°F). 

2. Louisiana requires incineration at 704OC (1300°F) with 0.3 seconds 
@ 

residence time or control by other acceptable methods. The regulations can 
be waived if the offgas will not support combustion. 

3.  New Jersey has based its SIP'S on a sliding scale with allowable 
emission rate based on difficulty of control. 

4. Illinois limits all VOC emissions to 100 ppm equivalent methane 
(CH4) 

3.7 TECHNICAL FEASIBILITY OF RETROFITTING CONTROL DEVICES 50-56 
The difficulties encountered in retrofitting control devices are 

similar. 



R e t r o f i t  cons t ruc t i on  can i n v o l v e  demo1 it i o n ,  crowded cons t ruc t i on  
working condi t ions,  schedul ing cons t ruc t i on  a c t i v i t i e s  w i t h  p roduc t i on  
a c t i v i t i e s ,  and longer  i n te rconnec t i ng  p ip ing .  U t i l i t y  d i s t r i b u t i o n  systems 
and l oad  capac i t i es  may n o t  be adequate t o  accomnodate t h e  c o n t r o l  
equipment, and e x t r a  c i r c u i t  breakers may be requi red.  

R e t r o f i t t e d  c o n t r o l  devices a re  p re fe rab l y  l oca ted  on t h e  ground near 
the  process vents, bu t  can be r a i s e d  on p la t fo rms o r  mounted on t h e  roof  i n  
o rder  t o  accomnodate o the r  processes. There must be s u f f i c i e n t  room around 
the  u n i t s  t o  a l l ow  f o r  maintenance, and t h e  exhausts must n o t  present  a 
hazard t o  equipment o r  personnel. Each requ i res  e l e c t r i c i t y  t o  operate 
fans, c o n t r o l  and record ing  equipment. Valves and dampers may be pneumatical l y  
operated, r e q u i r i n g  compressed a i r  1 ines. Adsorpt ion devices may a1 so need 
steam f o r  regenerat ion. Condensers probably need a r e f r i g e r a t i o n  p l a n t  and 
coo lan t  l i nes .  

R e t r o f i t s  may r e q u i r e  remodel ing of e x i s t i n g  s t r u c t u r e s  and coo rd ina t i on  
o f  t h e  cons t ruc t i on  e f fo r t s  w i t h  process operat ions. 

Since thermal o x i d i z e r  systems requ i re  a r e l a t i v e l y  l a r g e  l and  area and 
the  safety aspects of an open flame are an important  f a c t o r ,  t he  longer 
in te rconnect ing  p i p i n g  probably i s  the  most s i g n i f i c a n t  r e t r ~ f i t  f a c t o r .  
Because of fgas con ta in ing  ha1 ogenated VOC requ i  res  combust ion temperatures 
above those f o r  which recupera t ive  heat  recovery i s  feas ib le ,  a waste heat 
b o i l e r  must be used f o r  heat  recovery. Since i t  may be c o s t l y  f o r  some 
companies t o  have excess steam on-s i te ,  i t  may no t  be p r a c t i c a l  f o r  a l l  
companies t o  u t i l i z e  the  heat  recovery opt ion. I n  a r e t r o f i t  s i t u a t i o n ,  i t  
may be d i f f i c u l t  t o  l oca te  t h e  waste heat b o i l e r  c lose  t o  t h e  steam-consuming 
s i t e .  

Data on r e t r o f i t  requirements and costs f o r  thermal ox id i ze rs ,  recupera-
t i v e  heat exchangers, and waste heat  b o i l e r s  are g iven i n  Reference 56. 
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4. ENVIRONMENTAL ANALYSIS OF REASONABLY AVAILABLE 
CONTROL TECHNOLOGY ( RACT) 

This chapter discusses the nature and environmental impact of reasonably 

avai lable control technology (RACT) for SOCMI air oxidation process reactors 

and associated product recovery vents. The environmental analysis considers 

both the effects attributed directly to the application of RACT, such as 

reduced VOC emissions, and those that are indirect or induced, such as 

aggravation of other pol lutant problems. The beneficial and adverse effects 

on air quality, water quality, solid waste disposal, and energy use are 

analyzed. 


4.1 RACT RECOMMENDATION 

The recommended RACT (hereafter referred to as RACT) would be applicable 


to air oxidation facilities within the SOCMI. This would include all 

reactors in which air is used as an cxidizing agent to produce an organic 

chemical. The air oxidation facility to which RACT would apply is a product 

recovery system and all associated reactors discharging directly into that 

system, or any reactor(s) discharging directly to the atmosphere. The 

product recovery system refers to any equipment used to collect VOC for 

beneficial use or reuse, such as for sale or recycling. Some examples of 

product recovery systems are absorbers, adsorbers, and condensers as well as 

certain devices that recover non-VOC's (such as ammonia and HC1 recovery 

units). The RACT would require, for each air oxidation process vent stream, 

either use of a combustion device which reduces total organic compound 

emissions (minus methane and ethane) by 98 weight percent or to 20 ppm by 

volume (ppmv), whichever is less stringent, or maintenance cf a total 

resource effectiveness (TRE) index value greater than 1.0. The meaning of 

RACT is explained more fully in the following paragraphs. 


Experience indicates that many types of control devices can be used to 

reduce air oxidation process VOC emissions. However, thermal oxidation is 

the only demonstrated VOC control technology universally applicable to all 

SOCMI air oxidation processes. All new incinerators can achieve at least a 

98 weight percent VOC reduction or 20 ppmv exit concentration (whichever i s  
less stringent). Although projection of the RACT impacts is based on the 

use of thermal oxidation, the RACT itself would not specify thermal oxidation 

as the only VOC control method. Other control devices such as flares, 

boilers, process heaters, and catalytic oxidizers have been demonstrated to 

achieve 98 percent destruction efficiency where applicable. The RACT would 
, 

permit the use of alternate devices as long as the 98 percent destruction or 

20 ppmv emissions 1 imi ts are met. It is recommended that air oxidation 

facilities for which an existing combustion device is employed to control 

process VOC emissions should not be required to meet the 98 percent emissions 

limit until the combustion device is replaced for other reasons. In other 

words, no facility would be required to upgrade or replace an existing 

combustion device. 


The RACT is based on incineration of certain process vent streams 

discharged to the atmosphere. The streams for which RACT involves this VOC 

reduction are those for which the associated total resource-effectiveness 
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(TRE)  index value i s  less than 1.0. An index value of TRE can be associated 
with each a i r  oxidation vent stream for which the offgas characteristics of 
flowrate, hourly VOC emissions, corrosion properties, and net heating value 
are known. For fac i l i t i es  having a TRE index value which exceeds the cutoff 
level, a VOC emissions reduction of 98 percent or t o  20 ppmv wou ld  not be 
required under the reconended RACT. 

The TRE index i s  a measure of the supplemental total resource 
requirement per unit VOC reduction, associated with VOC control by thermal 
oxidation. A 1  1 resources which are expected to be used in VOC control by 
thermal oxidation are taken into account in the TRE index. The primary 
resources used are supplemental natural gas, capital , and (for offgas 
containing halogenated compounds) caustic. Other resources used include 
1abor, electr ici ty , and (for offgas containing halogenated compounds ) 
scrubbing and quench makeup water. TRE i s  further defined and discussed i n  
Chapter 5 and Appendix D. 

a?
The TRE index i s  a convenient, dimensionless measure of the total 
resource burden associated with VOC control a t  a faci l i ty .  Overall, the TRE 
index i s  independent of the general inflation rate insofar as i t  assumes 
fixed relative costs of the various resources, such as carbon steel and  
electr ici ty.  However, the TRE index accounts for the fact that natural gas
costs are rising a t  a rate higher t h a n  the general inflation rate. The 
natural gas cost used in the index was derived by taking the natural gas @-

price projected for the year 1990 weighted geographically. This 1990 gas 
price was then deflated t o  1980 dollars. The weighting scheme was derived 
by taking individual gas price projections for the year 1990 for each of the 
10 EPA regionsl These projections were weighted according to the percentage 
of total a i r  oxidation plant capacity within each region. The 1990 natural 

I )gas price used in the TRE index reflects the sunation of the values for 
each region. 

The TRE index cutoff level associated with the RACT reconendation has 
the value 1.0. Those faci l i t ies  with a process vent stream or combination 
of process vent streams h a v i n g  a TRE index value below 1.0 would reduce VOC 
emissions by 98 percent under RACT. An equation for the calculation of the 
TRE value of an individual faci l i ty  as a function of the offgas flowrate, @ 

hourly VOC emissions, corrosion properties, and heating value i s  derived and  
presented in Appendix D. 

The distinction i n  RACT, between fac i l i t i es  with a TRE index value 
above the cutoff level of 1.0 and tnose with a value below i t ,  encourages 
the use of product recovery techniques or process modifications to reduce 
emissions. As discussed i n  Appendix 0, the values of offgas flowrate, e 


hourly VOC emissions, corrosion properties, and net heating value are used 
t o  calculate the TRE value of a given faci l i ty .  These values are measured 
and/or determined for the vent stream a t  the outlet of the final product 
recovery device. Use of a d d i t i o n a l  product recovery i s  expected to decrease 
VOC emissions and increase the t o t a l  resource-effectiveness associated w i t h  
thermal incineration of a vent stream. 

I t  i s  intended for RACT t o  cover a i r  oxidation fac i l i t i es  t h a t  emit VOC 
@ 

( i .e . ,  compounds which participate i n  atmospheric photochemical reactions t o  
produce ozone.) Since compounds w i t h  negligible photochemical reactivity d o  



n o t  p a r t i c i p a t e  i n  t h e  product ion  of ozone, i t  i s  recomended t h a t  they be 
excluded when determin ing a TRE index. Therefore, i n  determin ing hou r l y  
emissions r a t e  f o r  i n p u t  i n t o  the  TRE equation, a f a c i l i t y  should measure 
t o t a l  organic compounds and sub t rac t  those compounds which have been 
i d e n t i f i e d  t o  have negl i g i b l e  photochemical r e a c t i v i t y .  Those compounds 
which the  Admin is t ra to r  has concluded have a n e g l i g i b l e  photochemical 
r e a c t i v i t y  a re  i d e n t i f i e d  i n  EPA statements on ozone abatement p o l i c y  f o r  
SIP rev i s ions  (42 FR 35314; 44 FR 32042; 45 FR 32424; 45 FR 4894). 

The environmental ana lys i s  used a n a t i o n a l  s t a t i s t i c a l  p r o f i l e ,  
represent ing the  a i r  o x i d a t i o n  segment of SOCMI, t o  es t imate  the  cos t  and 
energy impacts of RACT. Appendix B describes t h e  s t a t i s t i c a l  p r o f i l e  and 
the  s p e c i f i c  method of p r o j e c t i n g  the  RACT impacts. 

4.2 AIR POLLUTION 
The p r i n c i p a l  impact o f  RACT on a i r  p o l l u t i o n  would be benef ic ia l  and 

would cons i s t  of a reduc t ion  i n  na t i ona l  VOC emissions. The hour ly  and 
annual q u a n t i t i e s  of VOC released o v e r a l l ,  be fore  and a f t e r  c o n t r o l  by RACT, 
are  presented i n  Table 4-1. The o v e r a l l  emissions represent  t he  t o t a l  
amount o f  VOC re leased from the  47 a i r  o x i d a t i o n  p l a n t s  i n  ozone nonat ta in -
ment areas request ing extension. Table 4-2 shows hou r l y  and annual VOC 
emissions, be fore  and a f t e r  c o n t r o l  by RACT, from an average a i r  ox ida t i on  
p l a n t .  The average p l a n t  emissions represent t he  amount of VOC released 
from one o f  t he  est imated 14 a i r  ox ida t i on  p l a n t s  t h a t  would c o n t r o l  VOC 
under RACT. However, because of the  d i v e r s i t y  o f  a i r  o x i d a t i o n  vent streams, 
ac tua l  VOC emissions d i f f e r  a t  i n d i v i d u a l  f a c i  1  it i e s .  Under cu r ren t  c o n t r o l  
leve ls ,  t he  n a t i o n a l  VOC emissions from the  a f f e c t e d  a i r  o x i d a t i o n  f a c i l i t i e s  
are 40,390 Mg/yr (44,430 tons /y r ) .  The a p p l i c a t i o n  o f  RACT would reduce 
these emissions by 53 percent  t o  19,015 Mg/yr (20,915 tons /y r ) .  

Pol l u t a n t s  generated by the  combustion process, p a r t i c u l a r l y  n i t rogen 
oxides (NO ) ,  have t h e  p o t e n t i a l  t o  a f f e c t  t he  ambient a i r  q u a l i t y .  The 
p r i n c i p a l  +actors a f f e c t i n g  the  r a t e  o f  NO format ion  are t h e  amount of 
excess a i r  ava i l ab le ,  t h e  peak flame tempefature, t he  p e r i o d  of t ime t h a t  
the combustion gaseslare a t  peak temperature, and the r a t e  o f  coo l ing  of the 
combustion products. Because of t he  re1 a t i v e l y  1 ow combustion temperatures 
and r e l a t i v e l y  s h o r t  residence times associated w i t h  c o n t r o l  o f  VOC us ing 
thermal ox ida t ion ,  the  r a t e  of NO formation i s  expected t o  be low. 

Thermal o x i d i z e r  o u t l e t  c o n c h t r a t i o n s  of NOx were measured i n  seven 
sets of thermal o x i d i z e r  t e s t s  conducted a t  t h ree  a i r  o x i d a t i o n  p lan ts .  The 
t e s t  r e s u l t s  i n d i c a t e  t h a t  YOx o u t l e t  concentrat ions range from 8 t o  
200 ppmv (0.015 t o  0.37 g/m ). These values could increase by several 
orders of magnitude i n  a poorly-designed o r  operated u n i t .  The t e s t s  are 
described and documented i n  Appendix A. 

Although the re  are c o n f l i c t i n g  data, some s tud ies  r e p o r t  t h a t  
i n c i n e r a t i o n  of vent  streams conta in ing  h igh  l e r e l s  of n i t rogen-conta in ing  
compounds may cause increases i n  NO emissions. The maximum o u t l e t  NO 
concentrat ion of 200 ppmv was measufed a t  an a c r y l o n i  t r i l e  p lan t .  The dent 
stream of t h i s  p l a n t  does conta in  ni trogenous compounds, The NO o u t l e t  
concentrat ions measured a t  the  o ther  two p lan ts ,  whose vent streams do nos 
conta in ni trogenous compounds, range from 8 t o  30 ppm (0.015 t 6  0.056 g/m ) .  





TABLE 4-2. ESTIMATED VOC EMISSIONS FROM PROCESS VENTS FOR AN 
AVERAGE A I R  OXIDATION FACILITY 

VOC Emissions a t  VOC Emissions a ta  VOC Emissions A f te r  
Uncontrol l ed  Level s Current SIP Level s Control by RACT 

kg/ h r  M ~ / Yr kg/hr M ~ / Yr kg/hr M ~ / Yr 

423 3,705 178 1,560 3.56 31.2~ 

153 1,340 64 . 560 64 560 

Average plant  emissions ( f o r  
estimated 14 f a ~ l l i t i e s  required 
to control VOC) 

Average p lant  emissions ( f o r  
estimated 33 fac i  1 it i e s  got 
required t o  contro l  VOC) 

' ~ ~ u i v a l e n tt o  58 percent VOC reduction from uncontro l led levels.  The 58 percent value f o r  base1 ine 
control i s  presented i n  Chapter 2. 

m 
b~qu i va l en t  t o  98.percent VOC reduction from current  SIP levels. 

' ~ v e r a ~ eamount o f  VOC released (assuming 77 percent capacity u t i  1 i za t i on )  from the process vent o f  
one o f  the estimated 14 a i r  ox idat ion plants tha t  would be estimated t o  cont ro l  VOC under RACT. 
Because o f  t he .d i ve r s i t y  o f  a i r  ox idat ion vent streams, actual VOC emissions w l l l  d i f f e r  a t  
indiv idual  plants. 

d~verage amount o f  VOC released (assuming 77 percent capacity u t i l i z a t i o n )  from the process vent o f  
one o f  the estimated 33 a i r  ox idat ion p lants  t ha t  would not  be estimated t o  con t ro l  VOC under RACT. 
Because o f  the d i v e r s i t y  o f  the a i r  ox idat ion vent streams, actual  VOC emissions w l l l  d i f f e r  a t  
indiv idual  plants. . '  



Contro l  o f  VOC emissions from oxych lo r ina t i on  vent  streams by thermal 
o x i d a t i o n  may r e s u l t  i n  t h e  re lease of ch lo r ina ted  combustion products t o  

@t h e  environment. Flue gas scrubbing can be used t o  remove these compounds 
from t h e  i n c i n e r a t o r  o u t l e t  stream. However, i n c i n e r a t i o n  temperatures 
g rea te r  than 871°C (1600°F) a re  requ i red  fo r  des t ruc t i on  of ha1 ogenated VOC. 
A t  temperatures of 980' t o  120S°C (1800' t o  2200°F), almost a l l  c h l o r i n e  
present  e x i s t s  i n  the  form o f  hydrogen c h l o r i d e  (HCl) , a form e a s i l y  removed 
by scrubbing. The HC1 emissions generated by thermal o x i d a t i o n  a t  these 
temperatures can be removed e f f i c i e n t l y  by scrubbing w i t h  water.  The 
equat ion used t o  determine t h e  TRE index f o r  a halogenate4 xent  stream ' includes the  cos ts  associated w i t h  us ing  such a scrubber. 

4.3 WATER POLLUTION 
The impact o f  RACT on water p o l l u t i o n  i s  minimal. Cont ro l  o f  VOC 

emissions using thermal o x i d a t i o n  does no t  r e s u l t  i n  any s i g n i f i c a n t  
increase i n  wastewater discharge by a i r  ox ida t i on  u n i t  processes. Small 
q u a n t i t i e s  of hazardous waste are  generated as a r e s u l t  o f  thermal o x i d i z e r  
operat ion. Such waste would be covered under t h e  Resource Conservation and 
Recovery Act  (RCRA) . 

Use of an inc inera tor /scrubber  system f o r  c o n t r o l  of VOC emissions from 
Ioxychl o r i  n a t i  on vent  streams r e s u l  t s  i n  increased water consumption. I n  

t h i s  type o f  c o n t r o l  system, water i s  used t o  remove t h e  HC1 contained i n  
t h e  thermal o x i d i z e r  o u t l e t  stream. The increase i n  t o t a l  p l a n t  wastewater 
would be r e l a t i v e l y  small  and would n o t  overload p l a n t  waste t reatment  o r  
sewer capacity;  However, t h e  absorbed HC1 may cause t h e  water  l eav ing  t h e  
scrubber t o  have a low pH. This a c i d i c  e f f l u e n t  cou ld  lower t h e  pH of the  
t o t a l  p l a n t  e f f luent  i f  i t  i s  re leased i n t o  the  p l a n t  wastewater system. 

The water e f f luent  gu ide l ines  fo r ,  i n d i v i d u a l  'States may r e q u i r e  t h a t  
i n d u s t r i a l  sources main ta in  the  pH o f  water e f f l u e h t  w i t h i n  spec i f i ed  
l i m i t s .  To meet these gu ide l ines ,  the  water used as a scrubbing agent must 
be neu t ra l i zed  p r i o r  t o  discharge t o  the  p l a n t  e f f luent  system. The 
scrubber e f f luent  can be n e u t r a l i z e d  by adding sodium hydroxide (NaOH) t o  
the  scrubbing water. The amount o f  NaOH needed depends on the  amount of HC1 @ 

i n  the  i n c i n e r a t o r  o u t l e t  stream. Approximately 1.09 kg (2.4 I b )  o f  NaOH 
are needed t o  n e u t r a l i z e  1 kg (2.2 1b) o f  HC1. The s a l t  formed must be 
purged from the system and p roper l y  disposed of. Acceptable methods 05 
d isposal  inc lude d i r e c t  waste water discharge o r  recovery of t h e  NaC1. 

The increased water consumption and NaOH costs were inc luded i n  the  
p ro jec ted  operat ing costs f o r  .those f a c i  1 it i e s  w i t h  halogenated vent  
streams. Costs associated w i t h  d isposal  o f  NaCl were judged t o  be 
i n s i g n i f i c a n t  because a l l ' f a c i l i t i e s  can d i r e c t l y  d ischarge the  b r i n e  a t  
l i t t l e  o r  no cos t  i n t o  the  ocean, a brackish stream, o r  a sewer system. The 
makeup r a t e  f o r  water purged from the  sjstem, based on one percent  d isso lved 
s o l i d s  i n  the water recycle,  i s  0.333 m /kg (19.2 g a l / l b )  o f  c h l o r i n e  i n  the 
waste gas. @ 

The use of scrubbers t o  remove HC1 from the i n c i n e r a t o r  offgas a l so  
could r e s u l t  i n  small increases i n  the  q u a n t i t i e s  of organic compounds, such 
as 1,2-dichloroethane, released i n t o  p l a n t  wastewater. Organic compound 
emissions i n t o  the water and, subsequently, i n t o  the a i r ,  c+n be prevented 
by us ing  a water s t r i p p e r .  



4.4 SOLID WASTE DISPOSAL 

There are no significant solid wastes generated or disposed of as a 


result of control by RACT. A small amount of sol id waste aisposal would 

result if catalytic oxidation were used by a facility, instead of thermal 

oxidation, to achieve an equivalent degree of VOC control. The solid waste 

would consist of spent catalyst. If a facility were to use an additional 

absorption column for improved product recovery in order to become exempt 
- from a VOC reduction requirement, a small amount of sol id waste would be 
generated by cleaning the column. 


4.5 ENERGY 

The energy impacts of control by RACT are based on using thermal 


oxidation to control VOC emissions. Maintenance of the required thermal 

oxidizer operating conditions requires supplemental fuel, commonly in the 

form of natural gas. The amount of supplemental fuel needed depends on 

offgas temperature, flow and heating value, incineration temperature, and 

type of heat recovery used. Due to the use of heat recovery techniques, 

combustion of some air oxidation vent streams results in a net production of 

energy even though supplemental fuel is necessary for flame stability. Up 

to 70 percent heat recovery can be achieved at any facility by using 

techniques currently employed in the air oxidation industry. 


In addition to supplemental fuel , electricity requirements contribute 
to the total energy use for VOC control. Electricity is required to operate 

equipment such as-the pumps, fans, blowers, and instrumentation that may be 

necessary to control VOC using a thermal oxidizer or a thermal oxidizer/ 

scrubber system. Total electrical needs are relatively small compared to 

energy requirements in the form of supplemental fuel for thermal oxidation. 


The total additional national energy requinments after application of 

RACT are estimated to be 5,000 TJ/yr (4.89 x 10 Btu/yr). The overall 

energy requirements represent the total amount of supplemental fuel, in the 

form of natural gas, estimated to be used by the 14 air oxidation facilities 

that would control VOC emissions under RACT. 
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5. CONTROL COST ANALYSIS OF RACT 


5.1 INTRODUCTION 
The costs o f  implementing RACT f o r  c o n t r o l  of v o l a t i l e  organic compound 

(VOC) emissions from SOCMI a i r  ox ida t i on  process vents are  presented i n  t h i s  
chapter. Cap i ta l  costs, annual i zed  costs, and the  cos t -e f fec t iveness  o f  
RACT are  presented. 

5.1.1 S u b s t i t u t i o n  o f  Nat ional  P r o f i l e  f o r  Model P lan t  
The RACT cos t  impacts were est imated based on na tu ra l  gas - f i r ed  thermal 

o x i d a t i o n  as the  s i n g i e  con t ro l  technique. For o f fgas  t h a t - c o n t a i  ns haloge-
nated compounds, a design temperature o f  1100°C (2000°F) and a residence 
t ime o f  1.0 second were used. For offgas l a c k i n g  halogenated compounds, a 
design temperature o f  870°C (1600°F) and residence t ime o f  0.75 second were 
used. These design parameters represent  t he  worst-case cond i t ions  under 
which a VOC des t ruc t i on  e f f i c i ency  o f  98 percent  would be a t ta ined.  

The RACT impacts were no t  based on the  t r a d i t i o n a l  model p l a n t  approach. 
Because o f  t he  number and d i v e r s i t y  o f  f a c i  1 it i e s  and manufacturing .processes 
i n  t he  a i r  o x i d a t i o n  indus t ry ,  a l a r g e  number o f  model p l a n t s  would have 
been requ i red  i n  o rder  t o  accura te ly  determine the  cos t  impacts associated 
w i t h  RACT. However, on ly  a l i m i t e d  amount o f  waste stream data i s  requ i red  
t o  determine i n c i n e r a t o r  costs and e f f i c i e n c y .  The requ i red  data i nc lude  
o f fgas  f lowra te ,  n e t  heat ing value, and VOC emission ra te .  It must a l s o  be 
known whether t he  offgas contains halogenated compounds. Therefore, 
al though data from many types of processes are  s t i l l  . requi red i n  o rder  t o  
adequately represent  t he  a i r  ox ida t i on  indus t ry ,  the  data need no t  cons i s t  
o f  f u l l y  designed model p lan ts .  Rather, a na t i ona l  s t a t i s t i c a l  ' p r o f i l e  of 
a i r  o x i d a t i o n  processes was constructed. The na t i ona l  p r o f i l e  charac ter izes  
a i r  ox ida t i on  processes according t o  na t i ona l  d i s t r i b u t i o n s  o f  t h e  th ree  
c r i t i c a l  offgas parameters f o r  ha1 ogenated and nonhal ogenated waste streams. 
The RACT cos t  impacts are therefore evaluated as impacts upon the  e n t i r e  
popu la t ion  of affected f a c i l i t i e s ,  as represented by the  na t i ona l  p r o f i l e .  
The development and s t a t i s t i c a l  basis  f o r  the  na t i ona l  p r o f i l e  a re  descr'bed 
i n  d e t a i l  i n  Appendix B. 

5.1.2 Thermal Oxidat ion Design cateqoriesl- I  
The thermal o x i d i z e r  system desiqn em~ loved  fo r  a e articular vent 

stream depends upon the  offgas net  heat ing '  vaiue, the  f iowrate,  and the  
presence o r  absence of halogenated compounds. Su f f i c i en t  fue l  must be added 
t o  permi t  i n c i n e r a t i o n  a t  870°C (1600°F). Fuel requirements can be reduced 
by the  use of recuperat ive heat recovery t o  preheat the  offgas and/or 
combustion a i r .  Secondary heat recovery i n  a d d i t i o n  t o  the  heat exchanger 
i s ,  i n  general, n e i t h e r  t e c h n i c a l l y  nor  economical ly feas ib le .  The bas ic  
design c h a r a c t e r i s t i c s  of each category are  g iven i n  Table 5-1. 

5.1.2.1 Cateqories A 1  and A2. A l l  vent  streams which conta in  
halogenated compounds are inc luded i n  Categories A1 and A2. Due t o  the  
g rea te r  d i f f i c u l t y  of achieving complete combustion o f  ch lo r i na ted  VOC, an 
i n c i n e r a t i o n  temperature o f  1100°C (2000°F) and a one second res idence- t ime 
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were assumed. Combustion temperatures exceeding 870°C ( 1600°F) r u l e  ou t  the 
use o f  recuperative heat exchangers because of problems w i t h  mater ia l  s o f  
construct ion and w i t h  associated problems such as possib le precombustion 
occurr ing i n  the exchangers. However, a waste heat b o i l e r  can be used 
e f fec t i ve ly  w i t h  temperatures up t o  and above 1650°C (3000°F). The only a i r  
oxidat ion process which has chlor inated offgas i s  ethylene d ich lo r ide  
manufacture, which i s  known t o  employ waste heat bo i l e r s  f o r  heat recovery. 
Therefore, heat recovery i n  a waste heat b o i l e r  w i t h  steam generation was 
assumed. The amount o f  heat recovery was l i m i t e d  by a minimum o u t l e t  f l u e  
gas temperature of about 260°C (500°F), b e l o ~ ~ w h i c h ,excessive condensation 
of corrosive combustion products could occur. The cor ros ive hydrogen 
ch lor ide i s  then removed by f l u e  gas quenching and scrubbing, and the 
resu l t i ng  so lu t ion  neut ra l ized w i t h  caust ic soda. Categories A 1  and A2 do 
not  d i f fe r  i n  cont ro l  system design, but  only i n  supplementary fuel 
requirements. 

5.1.2.2 Cate o r  8. Design Category B includes offgas w i t h  a heating 
M /scm (13 Btu/scf) ,~h i ch~co r respondsvalue below 0. m-3- t o  25 percent of a 

t yp ica l  lower explosive l i m i t  (LEL) i n  a i r .  For Category B, 70 percent 
heat recovery was assumed. I n  t h i s  heating value range, the amount o f  heat 
recovery which could be used i s  only l im i t ed  by a c e i l i n g  o f  about 
550-600°C (1000-1100' F) on th~ocombustion a i  r preheat temperature due t o  
burner design considerations . 

5.1.2.3 Cate o r  C. Because of insurance r e q u i r w n t s ,  offgas w i t h  a 
heating value b e t w e e n 4 8  MJ/sa  (13 Btu/scf) and i19 MJ/scm (52 Btu/scf) , 
which const i tu tes  Category C, may not  be preheated. This heating value 
range corresponds t o  a range of 25-100 percent of LEL i n  a i r  for  a t yp ica l  
organic vapor. Because a i r  oxidation vent streams general ly  contain l i t t l e  
o r  no oxygen, which i s  essent ia l ly  depleted by t 9 4  process reaction, offgas 
i n  t h i s  heating value range need not  be d i lu ted.  It was assumed tha t  the 
combustion a i r  woulg be preheated, w i t h  34 percent of the f l u e  gas heat 
content recovered. 

5.1.2.4 Cate o r  D. Offgas w i th  a heating value i n  the range 
tu/sc1.9 MJ/scm (52 T-%- to  3.6 MJ/scm (98 Btu/scf),  which const i tu tes  

Category D, need not  be preheated and requires only a small amount o f  
aux i l i a r y  fuel, f o r  flame s t a b i l i t y .  The offgas determines i t s  own 
combustion temperature, which i n  general, exceeds 870°C (1600°F) and can be 
as high as 980°C ( 1800°F). A design temperature of 980°C (1800°F) was 
assumed, because of the la rger  chamber volume per mole of offgas and greater 
amount of re f rac tory  required a t  tha t  temperature. 

5.1.2.5 Cate or  E. Design Category E includes offgas w i th  a heating 
value above 3.6 -++J/scm 98 Btu/scf). Offgas i n  Category E need not be 
preheated and requires only a small amount of a u x i l i a r y  fuel,  f o r  flame 
s t a b i l i t y .  The offgas, which determines i t s  own combustion temperature, 
w i l l  burn a t  temperatures of 980°C (1800°F) o r  greater. Some processes and 
f a c i l i t i e s  wi th  offgas t h i s  r i c h  are able to  use the steam whith would be 



generated by employing a waste heat b o i l e r  a f t e r  the thermal i n c i ne ra to r  o r  
by combusting VOC i n  an e x i s t i n g  b o i l e r  o r  process heater. O t h e r ' f a c i l i t i e s ,  
however, w i l l  no t  be able t o  use.steam and w i l l  no t  employ -heat recovery. A 
fen f a c i l i t i e s  might  choose t o  d i l u t e  the offgas so t h a t  the  f l ue  gas 
temperature does no t  exceed 980°C (1800°F). I n  order t o  g ive  a conservative 
est imate o f  costs, i t  was assumed t h a t  streams i n  Category E were d i l u t e d  t o  
3.6 MJ/scm (98 Btu/scf), and that no heat recovery was employed. 

I 

5.1.2.6 Maximum Equipment ~ & e s .  Because of shfpping s i ze  r e s t r i c -  
t ions,  s ing le  thermal ox id i ze r  u n i t s  l a rge r  than about 32 f e e t  by 16 fep& 
would requ i re  f i e l d  fab r i ca t ion ,  which would g rea t l y  increase the cost. 
Therefore, i t  i s  assumed t h a t  vent streams which would requ i re  la rger  
inc inera tors  would instead employ mu1 t i p l e  sets of con t ro l  equipment 
systems. The design standard temperature vent  stream ( i nc i ne ra to r  i n l e t )  a 
f lowrates , f o r  each design category, ~ P ~ c ~ ~ c o r r e s p o n dt o  the maximum 
equipment s i ze  are  given i n  Table. 5-2. '. 

5.1.3 Offgas Composition ~ssumption's 
F a c i l i t i e s  w i t h  a f lowrate  less  than 500 scfm are assumed t o  have a 

f lowrate  of 500 scfm fo r  the purpose of ca l cu l a t i ng  c a p i t a l  costs. I n  order 
t o  avoid underest imation of the required equipment s izes,  a l l  vent streams 

0 

were assumed t o  conta in  no oxygen. Therefore, combustion a i r  requirements 
were maximal. I n  order t o  increase t h e ~ r a t e  of combustion and avoid 
incomplete combustion and pyro lys is ,  i t  was assumed t h a t  enough excess 
conbyft ion a i r  was suppl l e d  t o  assure three mole percent oxygen i n  the f l ue  
gas. 

An fNerage VOC molecular weight was ca lcu la ted f o r  the nat iona l  
P 

p r o f i l e .  Based on add i t iona l  ca lcu la t ions by Enviroscience, a l l  non-
halogenated VOC were assumed t o  i g n s i s t  of a t y p i c a l  model compound w i t h  the 
empir ical  formula C H 0 63. A l l  halogenated VOC were assumed t o  20 
cons is t  of a typica?*@dpZu8d w i t h  the empir ical  formula c 
Based on an inspect ion o f  the nat ional  p r o f i l e ,  i t was furh$!2k!hkf16;hat 

Ceach stream contained four moles o f  methane per mole of VOC. From these 
offgas compositions, a t yp i ca l  r a t i o  o f  f l u e  gas flow t o  offgas flow was 
calculated f o r  each design category tqd29sed t o  s i ze  the con t ro l  equipment. 

* These r a t i o s  are  g ivpg i n  Table 5-3. An of fgas temperature of 38°C 
(100°F) was assumed. The model nonhalogenated VOC were assumed t o  have a 
net  heating value of 76 MJ/sun, wh i le  a net  heat ing value of 29 MJ/sun was 

rnassumed for  the model halogenated VOC. These values corresppgd250 net  
heat ing values of acetone and methyl ch lor ide,  respect ive ly .  * These 
offgas composition assumptions were a lso used t o  determine the minimum and 
maximum net  heat ing values fo r  each design category. However, actual vent 
stream parameters were used i n  a l l  other par ts  of the analysis.  Actual 
offgas parameters were used i n  ca lcu la t ions f o r  t yp i ca l  vent streams i n  each 
design category, RACT impacts, and t o t a l  resource-effectiveness project ions.  e 

5.2 BASIS FOR CAPITAL COSTS 
The cap i t a l  costs fo r  the i m  lementation o f  RACT inc lude purchase costs 

and r e t r o f i t  i n s t a l l a t i o n  costs f1r thermal inc inera tors ,  recuperat ive heat 



TABLE 5-2. MAXIMUM OFFGAS FLOWRATES 

EACH DESIGN CATEGORY 15,16 

Maxi mum 
Desi  gn 

Vent 
Stream 

( I n c i n e r a t o r  

I n c i n e r a t i o n  Residence 
I n l e t )  

F l  owrate  
Tempeba t u r e  T i  me (Thousand 

Category ( C) (set) scm/mi n ) 



TABLE 5-3. RATIO OF FLUE GAS FLOWRATE TO OFFGAS 
FLOWRATE FOR EACH DESIGN CATEGORY 21.22 

Maxi mum 
Net Ra t io  of 

Heating Inc inera t ion  Flue Gas 
Value Temparature Flow t o  fffgas #S 

Category (MJ/scm) . ( C) Flow 

a80th a t  standard temperature. 

b ~ f f g a s  contains ha1 ogenated compohds. 



exchangers, ducts, fans, and stacks and supporting structures for the 
ductwork. For halogenated streams, the purchase and re t ro f i t  instal lation 
costs of waste heat boilers and flue gas scrubbers are also included. 

The basic capital cost data were provided by the IT Enviroscience 
therma o 'dizer evaluation documents and were derived from vendor quota- 
tions. 36*ff The IT Enviroscience documents were specifical ly designed for 
a i r  oxidation processes, which have vent streams containing l i t t l e  or no 
oxygen. Therefore, they take into account the maximum combustion a i r  
requirements for  incineration of such streams. Furthermore, the Enviro- 
science documents present costs for a range of offgas heating values and 
incineration temperatures. Total installed costs are presented for  two 
types and several levels of heat recovery. I t  was necessary to use a cost 
source possessing this  f lexibi l i ty  to cover the variety of a i r  oxidation 
vent stream characteristics. The Enviroscience costs were based on December 
1979. In order to transform these to June 1980 costs, an  escalation factor 
of 1.056 was used. This factor i s  the ratio of the Chemical Engineering M&S 
chemical industry equipment cost indef8value for the second quarter, 1980, 
to t h a t  for the fourth quarter, 1979. 

The relation of the Enviroscience purchase cost estimates t o  the 
original vendor quotations i s  discussed in Appendix E. Graphs relating 
purchase costs to offgas flowrates are also given i n  Appendix E for each 
piece of control equipment. As discussed i n  that appendix, purchase cost 
estimates obtained from two additional vendors agreed well with the 
Enviroscience estimates. 

Enviroscience estimates equipment installed costs from equipment 
purchase costs by adding factors for each of 10 aspects of installation. 
These factors are expressed as percentages of the equipment purchase cost. 
Enviroscience also estimates an overall control system installed cost for 
each design category. Because the Enviroscience installation factors are 
for new sources, EPA used this  method2gnd some additional d a t a  t o  estimate a 
se t  of re t rof i t  installation factors. The most important factors are 
those for piping and erection. A 1 i s t  of the instajdation components for 
which factors were developed i s  given i n  Table 5-4. A detailed discussion 
of the derivation and use of the installation factors i s  given i n  
Appendix E.  I n  order t o  reflect the re t ro f i t  installation costs, a re t rof i t  
correction factor of 1.625, derived in Appendix E as the rat io of re t rof i t  
to new source installation factors, was employed. This factor was 
multiplied by the new source overall installed cost estimated for each 
control system by Envi roscience. 

The total installed capital costs represent the total investment, 
including a1 1 indirect costs such as engineering and contractors' fees and  
overhead, required for purchase and installation of a l l  equipment and  
material t o  provide a faci 1 i t y  as described. These are battery-1 imit costs 
and  do n o t  include the provisions for bringing u t i l i t i e s ,  services, or roads 
t o  the s i t e ,  the backup f ac i l i t i e s ,  the l a n d ,  the research and development 
required, or the process piping and  instrumentation interconnections t h a t  
may be required w j f h i n  the process generating the waste gas feed t o  the 
thermal oxidizer. 



-- -- - - - 

TABLE 5-4. INSTALLATION COMPONENTS 


I n s t a l  l a t i o n  Component 

Insulat ion 

Structures 

Erection 

Pi ping 

Painting 

Instruments 

E lec t r ica l  

F i  r e  Protection 

Engi neering, Freight and Taxes 



The basis  f o r  the  c a p i t a l  costs i s  f u r t h e r  discussed below fo r  each 
design category. To ta l  i n s t a l l e d  c a p i t a l  cos t  equat ions as a func t ion  of 
operat ing offgas f l o w r a t e  were developed and a re  described i n  Table 5-5 f o r  
each design category . 

It was assumed t h a t  a t  t y p i c a l  opera t ing  offgas f l o w r a t e  would be.95 
percent o f  t h e  design maximum. Therefore, a design vent s i z e  fac to r  of 0.95 
was assumed t o  avo id  an underestimate o f  c o n t r o l  equipment s i z e  and c a p i t a l  
cost. These c a p i t a l  cos t  equations were obta ined by f i t t i n g  an a n a l y t i c a l  
funct ion o f  c a p i t a l  cos t  versus design offgas f l o w r a t e  t o  the data i n  the  
Enviroscience tab les  and graphs. A d i f f e ren t  cos t  curve was f i t t e d  f o r  each 
design category. 

A l l  th ree  coe f f i c i en ts  were est imated f o r  t he  Category B equation. The 
exponent was est imated t o  be 0.88. This exponent was assumed f o r  the o the r  
design categor ies,  and on l y  the  remaining two c o e f f i c i e n t s  were f i t t e d  f o r  
them. These equat ions a re  judged t o  be reasonably c lose  f i t s ,  and no c la im  
i s  made t h a t  they a re  the  bes t  ones t h a t  cou ld  have been s t a t i s t i c a l l y  
determined. Cap i ta l  cos t  estimates fo r  a hypo the t i ca l  vent  stream w i t h  
c h a r a c t e r i s t i c s  which are  average f o r  each design category are presented i n  
Table 5-6. It was est imated t h a t  r e t r o f i t  t o t a l  i n s t a l l e d  costs would 
approximately equal the product  of the  r e t r o f i t  c o r r e c t i o n  fac to r  o f  1.625 
m u l t i p l i e d  by the  new source t o t a l  i n s t a l l e d  cos t  o f  a c o n t r o l  system as 
est imated by Enviroscience, escalated t o  June 1980 do1 l a r s .  

5.2.1 Comnon Contro l  Equipment 
Several pieces o f  c o n t r o l  equipment are common t o  each design category. 

These inc lude-  t he  thermal o x i d i z e r  ,. ductwork and supports, fans, and stack. 

5.2.1.1 Thermal Oxid izer .  The thermal o x i d i z e r  cons i s t s  ,of .a 
r e f r a c t o r y - l i n e d  carbon s t e e l  mix ing  chamber and combustion chamber. 
D iscre te  burners a re  assumed. Envi roscience assumed a 10 percent heat l oss  
from the coyqust ion chamber f o r  a l l  combustion temperatures and design 
categories. 

5.2.1.2 The ductwork used i n  the  Enviroscience 
estimates con s t s  o f  150 ft o f  round-steel i n l e t  w i t h  f o u r  e l l s ,  one 
expansion j o i n t ,  and one damper w i t h  con t ro l .  Enviroscience i nd i ca ted  t h a t  
cons.iderably more ductwork may be requ i red  i n  some cases. This ana lys is  
incorporates an a d d i t i o n a l  150 feet  of ductwork, along w i t h  250 feet  of p ipe  
rack support f o r  t he  ductwork. The adjusted ductwork l eng th  of 300 feet  was 
based on s p e c i f i c a t i o n s  provided by The I .ndustr ia1 Risk Insurers  ( I R I ) ,  a 
group which presents recommended distances f o r  s a f e l y  l o c a t i n g  combustion 
sources from process u n i t s .  The I R I  safety recommendation f o r  processes 
such as those found w i t h i n  the SOCMI i s  200 feet.  An a d d i t i o n a l  100 f e e t  
was added t o  the I R I  safety recommendation t o  account f o r  r o u t i n g  the stream 
around equipment before r o u t i n g  i t  away from the process u n i t .  

The p ipe rack costs are based on June 1982. I n  order  t o  conver-t t o  
June 1980 costs, a deescalat ion fac tor  o f  0.928 was used. This f a c t o r  i s  
the r a t i o  o f  the  Chemical Engineering M&S equipment cost  index fo r  ;he
second quar te r ,  1982, t o  t ha t  f o r  the second qua r te r ,  1980. The add i t i ona l  



TABLE 5-5. TOTAL INSTALLED CAPITAL COST EQUATIONS &-

AS A  FUNCTION OF OFFGAS FLOWRATE 3O,3 1 

a 

Maxi mum Fabr icated 
F1owra t e  Equipment 
Per U n i t  Cost R e t r o f i t  

(Thousand) Esca la t i on  Cor rec t i on  
Category (sun/mi n  ) Factor  Fac tor  C1 C2 C3 .r 

Tota l  I n s t a l l e d  Cap i ta l  Cost (S1000) = ( #  o f  U n i t s )  x (Esca la t i on  Fac tor )  x 

( R e t r o f i t  F a f 3 0 ~ )  x ( C 1  + C2 x (Fiowrate p e r  equipment u n i t  indsan/min t Design Vent 
Size Fac tor )  ) + p i p e  rack  c o s t  + a d d i t i o n a l  ductwork cost.  B. 

a ~ l o w r a t e  c o r r e c t i o n  f a c t o r  of 1.I2 = (1.14) 0*88 incorpora;ed i n t o  Cdef f i c ien t  C2. 

b ~ i l u t i o nf lowra te  i s  used i n  c a p i t a l  cos t  equat ion. 

i l i l u t i o n  f l o w r a t e  = (design f lowra te)  x ( o r i g i n a l  heat ing  va lue )  + (3.6 ,FJ/scm). r )  

" ipe rack cos t  (51,000) = (p ipe  rack l eng th )  x ( c o s t  per  u n i t  ;ength )  x 
( i n s t a l  l a t i o n  f a ~ t o r ) ~ x  (p ipe  rack deesca la t ion  f a c t o r )  r ( r e t r o f i t  c o r r e c t i o n  
f a c t o r )  + 1,000 ( $ / l o  f )  250Cft.l x 32.045[$/ft.] x 1.0873 x 0.928 x 1.625 

3
+1,000($/10 1. 

d ~ d d it i o n a l  ductwork cos t  = (ductwork l eng th )  x ( c o s t  per  u n i t  l eng th )  x (ductwork 
esca la t i on  f a c t o r )  x  ( r e t r o f i t  c o r r e c t i o n  f a c t o r )  x ( i n s t a l  l a t i o n  f a c t o r )  = 1 5 0 ( f t .  ) 

4 



TABLE 5-6. INSTALLED CAP1 TAL COSTS FOR A SELECTED HYPOTHETICAL 

VENT STREAM IN EACH DESIGN CATEGORY30.31 

Dl l u t i on -  
Corrected 
Flowrate Overall 

Vent Through System 
Offgas S t  ream Each I ns ta l  l ed  

Heating Design Number o f  Equipment Capi tal 
Va 1 ue Flowrate Equipment Uni t  Cost 

Category (MJ/scm) (scm/mi n) Uni ts (scm/mi n) ($1000) 

A 1 0.74 344 1 344 5,169 

A2 4.52 344 1 344 5,025 

B 0.12 344 1 344 1,914 

C 1.19 344 1 344 1,373 

D 2.75 34 4 1 344 1,382 

E 4.8 344 1 452 1,992 

0 ,  Two Equipment Units 0.12 2,400 2 1,200 9,988 

.a Including a l l  aux i l i a r y  equipment. 



ductwork costs are based on June 1977. Similarly, an escalation factor of 
.1.364 was used t o  transform these costs t o  June 1980. This escalation 
represents the Chemical Engineering M&S equipment cost index for the second rn 

quarter, 1977, t o  that for the second quarter, 1980. 
34 5.2.1.3 - Fans . Fans are included for b o t h  offgas and combustion a i r .  

Costs for motors and starters  are included. The offgas flowrate, combustion 
a i r  flowrate (calculated from the flue gas to offgas flow ra t io)  and 
pressure drop of the thermal oxidizer are used t o  calculate fan sizes. For ic 

vent streams in Category A ,  which require flue gas scrubbing, the pressure 
drop across the scrubber i s  also considered. 

5.2.1.4 - The stack design height i s  80 f t .  A linear gas 
velocity of 15 m/sec (3000 ftlmin) i s  assumed in calculation of the 
cross-secti ona 1 area. 

5.2.2 Categories A 1  and A 2  
Streams i n  Categories A1 and A 2  require flue gas quenching and 

scrubbing to remove corrosive hydrogen chloride. A waste heat boiler i s  
employed for heat recovery prior to quenching. 

rn 

5.2.2.1 $la,sg;lH;at88~i ;er3" An overall heat ,transfer coefficient of 
0.16 MJ/(hr m 8 t u /  hr f t 2  O F ) )  i s  assumed fo? the boiler. Steam 
i s  generated a t  120°C (250°F) and a pressure of 1.7 MN/m (250 psi ). For 
60 percent heat recovey, the ratio f f  heat exchange surface area t o  flue 
gas flowrate i s  0.89 m /scm (0.27 f t  Iscfm). 

3 7 0 

5.2.2.2 Scrubber . The scrubber column design i s  based on 36 f t  of 
packing. The Itqurd-to-gas ratio i s  assumed t o  be 10. A superficial vapor 
velocity of three f t /sec was used for determining the column diameter. 

3 8 5.2.2.3 guench Chamber . The quench chamber design location is the 
lower part of the scrubber column. I t  has the same diameter as the scrubber O 

column. A one second f 1 ue gas retenti on was assumed. I n  reducing the f 1 ue 
gas temperature t o  the adiabatic saturation temperature of the scrubbing 
agent, considerable water i s  vaporized, increasing the gas flow through the 
scrubber. The ratio of quenched t o  unquenched flue gas flowrate ( b o t h  
standard) i s  1.67 a t  1100°C (2000°F). 

5.2.3 Category 8" 
Vent streams i n  Category 8 employ 70 percent recuperative heat recovery. - - 

The heat exchanger tubes are constructed of carbon s teel ,  except for the 
- 

f i r s t  few passes. I t  i s  necessary t o  construct the tube regions which 
experience a flue gas temperature between 820 and 870°C (1500 and 1600°F) of  
heat-resistan5 nickel a l l o y .  An o v y a l l  heat transfer coefficient of & 

0.08 MJ/hr rn - sec) ( 4  8tu/ (hr f t  O F )  i s  assumed for the heat exchanger. 
This assumption i s  deliberately low, and hence the heat exchanger i s  
deliberately over-designed t o  some degree. For 70 percent heat recovgry. 
the ratio of heat exchange surface area t o  flue gas flowrate i s  2 .7  rn /scm 



(0.83 f t2/scfm). Recuperative heat  recovery reduces both  t h e  na tu ra l  gas 
and combustion a i r  requirements o f  t h e  thennal ox id i ze r .  Therefore the  
requ i  r e d  combustion chamber volume i s  reduced. For 70 percent  heat  recovery, 
t he  combustion chamber s i z e  reduct ion  fac to r  i s  0.667-(corresponding t o  a 
33 percent reduc t ion  i n  system s i z e  r e l a t i v e  t o  no heat  recovery) .  

405.2.4 Category C 
m Vent streams i n  Category C a r e  assumed t o  preheat t h e  combustion a i r  

only.  due t o  insurance requirements f o r  sa fe  handl ing o f  offgas w i t h  VOC 
concentrat ions above 25 percent  o f  LEL i n  a i r .  ~ h i r t y - f o u r  percent  heat  
recovery i s  assumed. Ma te r i a l s  o f  cons t ruc t i on  and o v e r a l l  heat  t rans fe r  
c o e f f i c i e n t  are the  same as i n  Category B. For 34 percent  heat recove$y, 
t h e  r a t i ?  of heat exchanger surface area t o  f l u e  gas f lowra te  i s  1.2 m /scm 
(0.36 ft /scfm). The combustion chamber s i z e  adjustment f a c t o r  i s  0.81 
(corresponding t o  a 19 percent reduc t i on  i n  system s i z e  r e l a t i v e  t o  no heat 
recovery).  

5.2.5 Cate o r  D 
-=-I+Due t o  t e i r  h igh heat ing  value, vent  streams i n  Category D determine 

t h e i r  own combustion temDerature. A temperature as h iqh  as 980°C ( 1800°F) 
may be reached. heref fore, preheat ing o f  t h e  o f fgas  i s  n o t  economical l y  
advanta eous, nor  i s  i t  t e c h n i c a l l y  f e a s i b l e  a t  temperatures above 870°C 
(160O0Fy. It was no t  assumed t h a t  any process w i t h  o f fgas  i n  Category D 
cou ld  use generated steam, and the re fo re  no waste heat b o i l e r  was inc luded 
i n  the  design. The combustion chamber design takes i n t o  account t he  e x t r a  
r e f r a c t o r y  and i n t e r n a l  volume requ i red  by t h e  h igher  i n c i n e r a t i o n  
temp-erature. 

5.2.6 Category E 
Vent streams i n  Category E are assumed t o . b e  s u f f i c i e n t l y  d i l u t e d  p r i o r  

t o  combustion t h a t  the  r e s u l t a n t  o f faas  heat ina value i s  3.6 MJ/scm 
(98 Btu /sc f )  , so t h a t  the  f l u e  gas t&npera ture*wi l l  no t  exceed 9 8 0 0 ~  
( 1800°F). The co r rec t i on  equations are: 

1. New f lowrate = ( o l d  f l owra te )  x ( o l d  heat ing va lue)  +-
(3.6 MJ/scm) , 

2. New % VOC = ( o l d  % VOC) x ( o l d  f lowra te)  i (new f l o w r a t e ) ,  and 
3. New heat ing value = 3.6 MJ/scm. 

The same i n c i n e r a t o r  design i s  assumed as i n  Category D. 

5.3 BASIS FOR ANNUALIZED COSTS 41-43 
The t y p i c a l  annualized costs cons i s t  of t he  d i r e c t  expenses fo r  

opera t ing  labor,  u t i l i t i e s ,  and maintenance ma te r ia l s  and l abo r  p lus  the  
i n d i r e c t  costs fo r  overhead, superv isory labor ,  taxes, insurances, general 
admin is t ra t ion ,  and the  c a p i t a l  recovery charges. The u t i l i t i e s  inc lude 
na tu ra l  gas and e l e c t r i c i t y .  For Category A, scrubbing water, quench makeup 
water, and caus t ic  are a l s o  included. Return on investment f o r  the  c o n t r o l  
equipment i s  no t  included. A l l  the  data requ i red  i n  the  es t ima t ion  of these 
cos t  factors and costs were obtained from References 41, 42, and 43. The 
annualized cost  factors are g iven i n  Table 5-7. Those opera t ing  fac to rs  
which vary w i t h  design category are  g iven i n  Table 5-8. The equations used 
t o  ca l cu la te  annualized costs are given i n  Table 5-9. 



TABLE 5-7. ANNUAL I ZED COST FACTORS 41-43 

A l l  Factors are Based on June 1980 

Direct Ind i rec t  ("Capital Charges") 

Operating Labor: 19.79/hr ( Includes Overhead) In te res t  Rate = 1 = 101 

Operating Labor factor:  2400 Man-hrlyr (Categories 
A1-A2) Incinerator 1'1 fetlme = 10 Years = Nn 

2133 Man-hrlyr (Categories B-Cj Capital  Recovery fac to r  = ( I  = 0.163 o f  Total  i n s t a l l e d  Capital  
1200 Man-hrlyr (Categories D-E N (1  + i) -1 

Supervisory Labor: $9.79/hr x (0.15) 

Total Labor: [($9.79/hr x 1.15) t (0.03 o f  Total 
l ns ta l led  Capital ) ]  

Overhead Labor: 0.80 o f  Total Labor 

E l ec t r i c i t y :  $0.0362 /kwh 

Natural Gas: $4.16/GJ = $4.03110~ scf 

p Heat Recovery Credit: $4.16165 = $4.03110~ scf  
w 
+ Quench. Wa t e r  Price: $0. 261Thousand Gal Ions 

Scrubbing Water Price: $0.26lThousand Gallons 

Caustic Price: $0.05145/lba 

Taxes, Insurance'and Administrative Charges Factor = 0.04 o f  Tota l  l n s t a l l ed  Capltal  
Overall Capltal  Charges Factor = 0.203 o f  Total  I n s ta l  l ed  Capl ta l  

Maintenance Labor Plus Materials fac to r  = 0.06 
o f  Total l ns ta l led  Cap1 t a l  

Overall Taxes and Maintenance factor = 0.10 of Total I n s ta l l ed  Capltal  

Annual Operation = 0760 h r l y r  

Avera e Capacity U t i l i z a t i o n  Factor f o r  A i r  Oxidation industry'= 0 .77~  
h l t i p l l e d  by Design Flourate t o  E i r e  Operating F l a r a t e )  

a ~ l f t y  percent l t q u i d  solut ion o f  caust ic soda. 

b~emo to  Hurley, E., EEA, from Gal loway, J., EEA. January 13, 1901. Average capacl t y  u t i l i z a t i o n  f o r  the a i r  ox idat ion industry. 



TABLE 5-8. OPERATING FACTORS FOR EACH DESIGN CATEGORY41-43  

Minimum Haximum 
Net Net Ratio o f  Heat Pressure Operat ing 

Heating Heat ing Flue Gas Recovery Drop Labor 

Category 
Value 

(HJ/scm) 
Value 

(HJ/scm) 
Flow to  

Of fgas low^ 
Factor 

(HJ/scm) 
( Inchei4s45 

H20) 
Cost 

($1 ,000/YR) 
Natural Gas Use Coefftctents 

GB 61 ' 6 2  6 3  

'00th at  standard conditions. 

b ~ ffgar contains halogenated compounds. 
ul 
I 

C1ncludes 6 inches across the combustion chamber, 4 inches across the waste heat bo i le r .  and 12 Inches across the scrubber. 
w 
ul dlncludes 6 Inches across the combustion chamber and 4 Inches across the recuperr t lve heat exchanger. 

e~c ross  the combust ton chamber. 





5.3.1 Fuel Requirements 
44,45 

I T  Enviroscience developed na tu ra l  gas use curves and tab les  from a 
d e t a i l e d  heat and ma te r ia l  balance. The Envi rosc ience work was checked f o r  
vent  streams w i t h  heat ing  values a t  t he  c u t o f f  p o i n t s  d i s t i n g u i s h i n g  design 
Categories 6,  4, D, and E, as we1 1 as f o r  c h l o r i n a t e d  streams (Categories A 1  
and A2). For these c u t o f f  cases, t he  heat  and m a t e r i a l  balance w l 8  
completely redone, us ing a s l i g h t l y  d i f f e r e n t  s e t  o f  assumptions. These 
d i f f e r e n t  assumptions inc luded t h a t  of no preheat ing of t he  offgas fo r  
Category C streams. I n  add i t ion ,  i t  was assumed t h a t  o f fgas  w i t h  a VOC 
content  o f  X mole percent would have a methane content  o f  4X mole percent.  
The comon assumptions are  presented above i n  Sect ion 5.1.3. 

The r e s u l t s  o f  the  reca l cu la t i ons  f o r  t he  c r i t i c a l  cases were 
e s s e n t i a l l y  i n  agreement w i t h  the Enviroscience work. Because of the 
necessi ty  o f  c a l c u l a t i n g  f u e l  requirements and costs fo r  t he  e n t i r e  na t i ona l  
s t a t i s t i c a l  p r o f i l e  o f  59 vent streams (discussed i n  Appendix B), d e t a i l e d  
heat and mass balances were no t  done f o r  each stream. Instead, equations 
were f i t t e d  t o  t h e  Enviroscience tab les  and graphs o f  n a t u r a l  gas use. The 
coe f f i c i en ts  o f  the  fuel-use equation are  g iven i n  Table 5-8. 

Streams i n  Categories 0 and E have s u f f i c i e n t  heat ing  va lue  t h a t  they 
requ i re  on ly  a small amount of fue l ,  f o r  f lame s t a b i l i t y .  The fuel 
requirement f o r  these streams was assumed t o  be equ iva len t  t o  0.19 MJ of 
na tu ra l  gas heat per  normal cubic meter of offgas, i.ndependent of offgas 
heat ing value. This fuel requirement was chosen because i t  i s  equ iva len t  t o  
t h a t  ca l cu la ted  according t o  the  Category C fuel  use equat ion f o r  offgas 
w i t h  a heat ing va lue  of 1.9 MJ/scm (which i s  t h e  c u t o f f  heat ing  value 
d i s t i n g u i s h i n g  Categories C and 0). Therefore, a composite graph of the  
f u e l  use equat ions f o r  Categories C and 0 versus o f fgas  heat ing  value would 
no t  be discont inuous a t  the  cutoff  heat ing value. 

For the  ch lo r i na ted  streams i n  Categories A1 and A2, Enviroscience d i d  
no t  develop heat and mass balance ca l cu la t i ons  f o r  the designated combusti on 
temperature of l l O O ° C ,  bu t  on ly  f o r  h igher  temperatures. Therefore, the 
fuel requirements were i n te rpo la ted  from the  curves f o r  980°C and 1200°C. A 
fue l  use equat ion was f i t t e d  t o  t h i s  i n t e r p o l a t e d  curve. This  equat ion 
ind ica tes  t h a t  ch lo r i na ted  offgas w i t h  a heat ing  value g r e a t e r  than 
3.5 MJ/scm requ i res  p r i m a r i l y  a u x i l i a r y  f u e l ,  f o r  flame s t a b i l i t y .  A t  t h i s  
c r i t i c a l  heat ing value, according t o  the fuel  use equation, the  amount o f  
fue l  requ i red  per  normal cubic meter of offgas i s  equ iva len t  t o  10 percent 47 
of the  offgas heat ing value, which i s  a t y p i c a l  a u x i l i a r y  fuel  requirement.
This heat ing value cons t i t u tes  the cutof f  between design Categories A 1  and 
A2. For Category A1 , the fuel-use equation discussed above was employed. 
For Category A2, the  fuel  requirement was assumed t o  be equ iva len t  t o  
0.35 MJ of na tu ra l  gas heat per normal cubic meter o f  offgas, independent o f  
offgas heat ing value. 

The assumption of a maximum heat exchange e f f i c i e n c y  o f  70 percent may 
be conservat ive fo r  some f a c i l i t i e s .  A thermal o x i d a t i o n  system employing 
regenerat ive heat recovery could achieve a pr imary heat exchange e f f i c i ency  
as h igh  as 85 t o  95 percent. Therefore, f a c i l i t i e s  able t o  employ such 
technology may have lower fuel  requirements. 



Several add i t iona l  conservative assumptions are b u i l t  i n t o  the fue l  use 
equations. The most important i s  the assumption o f  no oxygen i n  the of fgas.  rn 

This leads t o  maximum combustion a i r  requirements and a higher t o t a l  
i nc inera to r  i n l e t  f low t o  be heated t o  the combustion temperature. 

The natura l  gas p r i c e  used i n  the cost  equations was der ived by tak ing  
the natura l  gas p r i c e  projected fo r  the year 1990 weighted. geographical ly. 
This 1990 gas p r i c e  was then def lated t o  1980 do l fars .  The weight ing scheme 
was developed by taking ind iv idua l  gas p r i c e  pro jec t ions f o r  the year 1990 I, 

f o r  each o f  the  10 EPA regions. These pro jec t ions were weighted according 
t o  the percentage of the t o t a l  a i r  ox ida t ion  p l an t  capaci ty located w i t h i n  
each region. The 1990 natural  gas p r i c e  r e f l e c t s  the sumnation of the 
values f o r  each region. 

5.4 EMISSION CONTROL COSTS 6 


This sect ion discusses the estimated emission con t ro l  costs associated 
w i t h  cont ro l  by RACT of a t yp ica l  vent stream fo r  each design category. 
These emission cont ro l  costs are given i n  Table 5-10. The con t ro l  costs are 
broken down i n t o  de ta i led  components, i nc lud ing  a1 1 types o f  operat ing 
expenses, cap i t a l  charges, and heat recovery cred i ts .  

5.4.1 Major Contr ibut ing Factors t o  Control Costs o f  Typical  Streams 
T~T 

chlorinated,  d i l u t e  Category A1 stream shown i n  Table 5-10 are c a p i t a l  
charges and caust ic  costs. These account f o r  about 45 percent and 
28 percent, respect ively,  of the t o t a l  annualized costs. For the 
chlor inated,  concentrated Category A2 stream shown i n  Table 5-10, cap i t a l  
charges and caust ic  costs account f o r  about 214 percent and 135 percent, 
respect ively,  of the t o t a l  annualized costs: The sum of the  other 
cont r ibutors  i s  negative due t o  the very la rge  heat recovery c red i t .  For 
the d i l u t e  Category B streams which employ 70 percent heat recovery t o  
reduce f ue l  requirements, cap i ta l  charges account fo r  about 43 percent of 
the t o t a l  annualized cost. The moderately d i  l u t e  streams of Category C, * 
which cannot employ preheating o f  the offgas because of safety 
considerations, have the highest energy requirements of any category. .For 
the t yp i ca l  Category C stream shown i n  Table 5-10, gas costs account f o r  
about 55 percent of the t o t a l  annualized cost, wh i le  c a p i t a l  charges account 
f o r  about 28-percent. The VOC-rich streams i n  Category D requ i re  l i t t l e  
fuel, and cap i t a l  charges account f o r  about 52 percent of the t o t a l  
annualized cost  o f  the t yp ica l  stream shown i n  Table 5-10. The very r i c h  
streams of Category E, which are conservat ively assumed t o  be d i l u t e d  t o  
avoid exceeding a 980°C combustion temperature, consequently requ i re  a 
l a rge r  inc inera to r  volume per standard cubic meter of offgas. For t h i s  
reason and because o f  the greater gas expansion a t  the higher combustion 
temperature, cap i t a l  charges account f o r  about 50 percent o f  the t o t a l  
annualized cost  of the t yp ica l  stream shown i n  Table 5-10. 

5.4.2 Var ia t ion of Control Costs w i t h  Chanqes i n  Offgas Parameters 
The percentage of the t o t a l  annualized cost  due t o  cap i ta l  charges 

increases as offgas f lowrate decreases due t o  economics o f  scale. I n  



TABLE 5-10. TYPICAL EMISSION CONTROL COSTS FOR EACH DESIGN CATEGORY 

--
Typical Heat Natural 
Heatlng Typical Insta l  led Cap1 t a l  Recovery Gas Caustlc Operat1ng Annua I1zed 
Value Flowrate Capitrl Charges Ha intenance Credit Costs Costs Costs Costs 

Category (K)/scn) (scn/mln) ($1,000) ($lDO00/yr) (slD000/yr) (SIDOOO/yr) (11,000) (SIDOOO/yr) (SIDOOO/yr) (1,M)O/yr) 

alncludes 1646.000 o f  caustic costs. 



contrast ,  u t i  1 it i e s  and opera t ing  l abo r  are general l y  1inear func t ions  of 
f lowrate. For a g iven chemical manufacturing process, f l owra te  i s  expected 
t o  be roughly p ropor t i ona l  t o  capacity.  Therefore, t he  percentage o f  t o t a l  rn 

annualized cos ts  due t o  c a p i t a l  charges i s  a l s o  expected t o  increase hs 
capaci ty  decreases. 

Tota l  annual ized costs, as w e l l  as each c o n t r i b u t i n g  fac to r  t o  them, 
are  expected t o  be e s s e n t i a l l y  equal f o r  any two g iven streams w i t h  the same 
f lowrate and heat ing  value, b u t  d i f f e r i n g  VOC contents. (Such streams would 
have counterbalancing d i f f e rences  i n  non-VOC combustibles content.  ) e-

Tota l  annual i zed  cos t  ( f o r  nonchlor inated streams) i s  expected t o  
decrease as heat ing  value increases through Categories 0 and C, reaching a . 
minimum a t  the  low-heating value end of Category D. To ta l  annual ized cos t  
i s  expected t o  increase w i t h  increas ing heat ing  value through Categories D 
and E, due t o  g rea te r  combustion a i r  and d i l u t i o n  a i r  requirements and gas 
expansion a t  h igher  combustion temperatures. This increase i s  a t t r i b u t a b l e  @ 

t o  increased c a p i t a l  charges. For  ch lo r ina ted  Category A1 streams, t o t a l  
annual i zed cos t  decreases w i t h  increas ing o f fgas  heat ing  value. Annual i zed 
costs o f  Category A2 streams a r e  n o t  expected t o  be p a r t i c u l a r l y  sens i t i ve  
t o  v a r i a t i o n  i n  offgas heat ing  value. Due t o  h igher c a p i t a l  costs ' 

a t t r i b u t a b l e  l a r g e l y  t o  the  scrubber, ch lo r ina ted  streams are  i n  general 
more c o s t l y  t o  c o n t r o l  than nonchl o r i  nated ones. 

5.5 COST EFFECTIVENESS 
The cost-ef fect iveness values are  def ined as t o t a l  annual ized costs per  

annual Mg of VOC emissions con t ro l l ed .  The cos t  e f fec t i veness  i s  ca l cu la ted  
w i t h  respect  t o  base l ine  emissions. Uncontro l led emissions were defined as 
emissions from the  pr imary absorber vent. The est imate base1 ine con t ro l  
f r a c t i o n  of 58 percent  i s  der ived i n  Appendix 0. The cos t  effectiveness f o r  

e+ 

selected vent streams o f  a l l  design categor ies and w i t h  var ious  of fgas 
c h a r a c t e r i s t i c s  are  g iven i n  Table 5-11. 

5.5.1 Var ia t i on  o f  Cost Effect iveness w i t h  Changes i n  Offqas Parameters 
That p o r t i o n  o f  cos t  ef fect iveness a t t r i b u t a b l e  t o  u t i l i t i e s  and 

Loperat ing l abo r  i s  general l y  i n s e n s i t i v e  t o  v a r i a t i o n s  i n  o f fgas  f lowra te  o r  
capacity.  I n  cont ras t ,  t h a t  p o r t i o n  of cos t  ef fect iveness a t t r i b u t a b l e  t o  
c a p i t a l  charges i s  expected t o  decrease w i t h  increas ing f lowra te .  This 
e f f e c t  i s  ill u s t r a t e d  by the  th ree Category 8 streams i n  Table 5-11 which 
vary only i n  o f fgas  f lowra te .  However, vent  streams w i t h  f lowra tes  j u s t  
la rge enough t o  r e q u i r e  an a d d i t i o n a l  c o n t r o l  system u n i t  w i l l  have a 
correspondingly h igher  cos t  ef fect iveness.  The cos t  effect iveness of a 
Category 8 stream w i t h  a f l o w r a t e  o f  1,350 scm/min ( t h e  assumed maximum 
value) i s  expected t o  increase about 76 percent iftwo equipment u n i t s  a re  
empl oyed. 

Increases i n  VOC content  decrease cos t  e f fec t iveness i n  two ways. If 
non-VOC combustible content  remains constant, heat ing value w i l l  increase 

e
w i t h  increasing VOC content,  and t h a t  p o r t i o n  o f  cos t  e f fec t iveness a t t r i b u t -  
able t o  fuel requirements w i l l  i n  general decrease. Emission reduct ion  i s  
p ropor t iona l  t o  VOC content.  Therefore, cos t  e f fec t iveness i s  i nve rse ly  
propor t iona l  t o  VOC content  (apa r t  from the r e l a t i o n  o f  heat ing  value t o  VOC 
content) .  This e f fec t  i s  i l l u s t r a t e d  i n  Table 5-11 by the  p a i r s  of streams 
which d i f f e r  from each o ther  only i n  VOC content.  
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Cost effect iveness has a s i g n i f i c a n t  dependence on non-VOC combust ible 
content ,  al though the  r e l a t i o n  i s  weaker than t h a t  between c o s t  ef fect iveness 
and VOC content.  Streams which d i f f e r  i n  non-VOC combust ible content  b u t  Y 

n o t  i n  VOC content  must have d i f f e r e n t  heat ing  values. Among. vent  streams 
i n  t h e  s t a t i s t i c a l  p r o f i l e  (discussed i n  Appendix B), v a r i a t i o n s  i n  non-VOC 
combust ible content  a re  q u i t e  pronounced. Cost e f fec t iveness  general l y  
decreases w i t h  an increase i n  heat ing  value, i f  the  VOC content  i s  constant.  
However, cos t  e f fec t iveness  i s  expected t o  increase w i t h  increased hea t i ng  
values w i t h i n  t h e  boundaries of design Categories B and C, due t o  t h e  loss  + 

o f  p o t e n t i a l  heat  recovery from t h e  of fgas.  A cos t -e f fec t i veness  increase 
i s  a l s o  expected w i t h  increased hea t i ng  va lue  through t h e  range of Category E, 
due t o  t h e  i nc reas ing  d i l u t i o n  a i r  requirements. 

5.5.2 Tota l  Resource Effect iveness (TRE) Index 
The t o t a l  resource e f fec t iveness  (TRE) index of a vent  stream i s  

defined as the  c o s t  ef fect iveness of t he  stream d i v i d e d  by b1,600/Mg. The 
TRE index i s  a convenient,  dimensionless measure of t h e  t o t a l  resource 
burden associated w i t h  VOC c o n t r o l  a t  a f a c i l i t y .  It i s  independent o f  the  
general i n f l a t i o n  ra te .  However, i t  does assume f i xed  r e l a t i v e  cos ts  of t he  
var ious  resources, except f o r  n a t u r a l  gas (as discussed i n  Chapter 4) .  

The TRE index o f  a process vent  stream can be est imated according t o  rn 

t he  fo l l ow ing  equat ion: 

where : 
TRE = To ta l  resource e f fec t iveness  index value. 

FLOW = Vent stream f lowra te  (scm/min), a t  a standard temperature 
o f  20°C.*,** 

E = Hour ly  measured emissions i n  Kg/hr.* 
HT = Vent stream n e t  hea t i ng  value (MJ/scm), where t h e  n e t  enthalpy 

per  mole of offgas i s  based on combustion a t  2S°C and 760 mm Hg, 
b u t  t h e  standard temperature f o r  determin ing t h e  volume 
corresponding t o  one mole i s  20°C, as i n  t h e  d e f i n i t i o n  of 
FLOW. 

a, b, c, d, e, and f are c o e f f i c i e n t s .  The s e t  of c o e f f i c i e n t s  which 
apply t o  a process vent stream can be obta ined from Table 5-12. These 
c o e f f i c i e n t s  were obta ined by s u b s t i t u t i n g  the  numeric va lues f o r  a l l  
var iab les ,  except offgas f lowrate,  heat ing value; and VOC content ,  i n  t he  
cos t  and emissions equat ions g iven i n  Tables 5-5 and 5-9. The r e s u l t i n g  
equations were s u b s t i t u t e d  i n t o  the  cost-effect iveness equat ion g iven i n  d 

Table 5-9, which was then indexed t o  a constant cos t -e f fec t i veness  value as 
described above. The I R E  index equat ion s i m p l i f i e s  t o  the  s i x  terms shown 

*See Appendix H f o r  reference methods and procedures. 
**For a Category E stream, Flow should be replaced by "Flow x HT/3.6" when 
associated w i t h  the  f c o e f f i c i e n t .  



TABLE 5-12. COEFflCIERl$ Of THE TOTAL RESWRCE-EFFE~IVENESS (fRE) INDEX EOUATION 
-?/ 

u = Vent S t r e m  F lou ra te  ( semh ln )  1 b c d e f 

A2. FOR CHLORINATED PROCESS VENT STRUMS. IF 3.5 * NET HEATING VALUE ( W s c m ) :  

u = Vent Stream F lowrate  ( s w m i n )  a b c d e f 

u = Vent Stream F l o w a t e  ( s w m i n )  1 b c d e f 

U = Vent Stream F l o w a t e  (scm/min) 1 b c d e f 

0. FOR NONCHLORIMTED PROCESS VENT STREW, I F  1.9 * NET HEATIN6 VALUE (MJhca) 2 3.6: 

u = Vent ctream F l o w a t e  Iscm/min) a b c d e f 

E. FOR NONCHLORIMTED PROCESS VENT STREACIS, I F  3.6 e NET HEATING VALUE (MJ/scm) : 

A 
 U = O i l u t i o n  F l o w a t e  fscm/min) a b c d e f 



above. A t  l eas t  two of the  equation terms equal zero f o r  vent  streams i n  
any design category. The t e n  of the  gas use equation p ropor t iona l  t o  

ASsquared heating value i s  s u f f i c i e n t l y  i ns i gn i f i can t  t h a t  i t  was ignored i n  
construct ing the s imp l i f i ed  equation and t ab le  of coe f f i c i en t s .  

Table 5-12 i s  d iv ided i n t o  the s i x  design categories f o r  con t ro l  
equipment. Under each design category l i s t e d  i n  the table,  the re  are 
several i n t e r va l s  o f  of fgas f lowrate.  Each flowrate i n t e r v a l  i s  associated 
w i t h  a d i f f e r e n t  set  o f  TRE equation coef f ic ients.  The f i r s t  f lowrate 

@i n t e r v a l  i n  each design category app l ies  t o  vent streams w i t h  a f l owra te  
small e r  than t h a t  corresponding t o  the small e s t  cont ro l  equipment sys tem 
eas i l y  ava i lab le  wi thout  special  custom design. The remaining f lowra te  
i n t e r va l s  i n  each design category apply t o  vent streams which would be 
expected t o  use one, two, three, four, o r  f i v e  sets o f  con t ro l  equipment, 
respect ively.  

5.5.3 TRE Index Cutof f  Value and Impacts o f  the RACT Recomnendation 
TThe s s vent 

streams w i t h  an associated TRE index value of less  than 1.0. his TRE index 
c u t o f f  value corresponds t o  a cost  ef fect iveness o f  51600 per  Mg of VOC 
destroyed. Under t h i s  RACT recomnendation, three o f  the selected streams 
presented i n  Table 5-11 would not  reduce VOC emissions. These are the . 
chlor inated,  d i l u t e  Category A 1  stream and the Category B stream w i t h  a very 
low VOC content and the Category B stream w i t h  a low f lowrate .  Streams w i t h  
very low flowrates would tend t o  exceed the TRE index c u t o f f  value, even if 
t h e i r  fue l  requirements were small. Appendix D gives the procedure 
necessary f o r  convert ing the TRE index value o f  a f a c i l i t y  t o  f a c i l i t y  
cost effect iveness i n  $/Mg. a 

The estimated overa l l  impacts of RACT are presented i n  Table 5-13. The 
RACT involves a 98 percent VOC reduct ion f o r  the estimated 14 f a c i l i t i e s  
which would cont ro l  VOC emissions. An estimated 33 f a c i l i t i e s  would no t  
con t ro l  VOC emissions under RACT. These impacts were pro jec ted assuming the 
a p p l i c a b i l i t y  of the s t a t i s t i c a l  p r o f i l e  of offgas parameters (discussed i n  
Appendix B) t o  the 47 ex i s t i ng  a i r  ox idat ion f a c i l i t i e s  located i n  ozone I 

nonattainment areas. Any f a c i l i t i e s  i n  the p r o f i l e  t h a t  now use combustion 
con t ro l  o r  have changed processes were automat ical ly  considered not  subject  
t o  add i t iona l  VOC emissions con t ro ls  under RACT. The estimated overa l l  
annualized cost associated w i t h  RACT i s  $30 m i l l i o n / y r  and the estimated 
overa l l  cap i t a l  cost i s  $30 m i l l i o n .  
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APPENDIX A: EMISSION SOURCE TEST DATA 

The purpose o f  t h i s  appendix i s  t o  describe resu l t s  o f  t es t s  o f  
v o l a t i l e  organic compound (VOC) emissions reduct ion by thermal inc inerat ion.  
These t e s t  r esu l t s  were used i n  the development of the cont ro l  techniques 
guide1 i ne  (CTG) document for  a i r  ox idat ion processes o f  the synthet ic 
organic chemicals manufacturing indust ry  (SOCMI) . Background data and 
de ta i led  informat ion which support the emission leve ls  achievable are 
inc l  uded. 

Section A.l of t h i s  appendix presents the VOC emissions t e s t  data 
inc lud ing ind iv idua l  t e s t  descript ions. Section A.2 provides a sumnary o f  
NOX emissions from some of the tests.  Section A.3 consists of comparisons 
of various t e s t  r esu l t s  and a discussion explor ing and evaluat ing the 
simi 1 a r i  t i e s  and di f ferences o f  these resu l ts .  

A.l VOC EMISSIONS TEST DATA 
The tes ts  were aimed a t  evaluating the performance of thermal 

inc inerators  when used under var ied condit ions on the a i r  ox idat ion process 
waste streams. The resu l t s  o f  t h i s  study ind ica te  t h a t  98 percent VOC' 
reduction o r  20 ppmv by compound e x i t  concentration, whichever i s  less 
s t r ingent ,  i s  the highest cont ro l  l eve l  cu r ren t l y  achievable by a l l  n p  
incinerators,  considering ava i lab le  technology, cost, and energy use. This 
leve l  i s  expressed i n  both percent reduction and ppmv t o  account for  the 
leve l  i ng  off of e x i t  concentrations as i n l e t  concentrations drop. This 
leve l  can be achieved by inc inera to r  operation a t  condi t ions which include a 
maximum of 1600°F and 0.75 second residence time. The 98 percent leve l  can 
frequently be achieved a t  1 ower combustion temperatures. 

Three sets of t e s t  data are avai lpble.  These sets cons is t  o f  f i e l d  
u n i t  data from tes ts  conducted by EPA and by chemical companies and o f  
lab-scale inc inera to r  data from tes ts  by Union Carbide. 

A. l . l  Chemical Company Test Data 
These data are from tes ts  performed by chemical companies on 

inc inerators  a t  three a i r  oxidat ion units:- the Petro-tex ox idat ive 
butadiene u n i t  a t  Houston, Texas, the Koppers maleic anhydride u n i t  a t  
B r idgev i l l e ,  Pennsylvania, and the Monsanto a c r y l o n i t r i  l e  u n i t  .at Alv in,  
Texas. 

A. 1.1 .1 Petro-Tex Test Data 2 

1. ~ a c i l i t yand Control Device - The Petro-tex inc inera to r  for  the 
"0x0" butadiene process i s  designed t o  t r e a t  48,000 scfm waste gas 
containing about 4000 ppm hydrocarbon and 7000 ppm carbon dioxide. The use 
o f  the term hydrocarbon i n  t h i s  discussion indicates t h a t  besides VOC, i t  
may include non-VOC such as methane. The waste gas t reated i n  t h i s  system 
resu l t s  from a i r  used t o  oxid ize butene t o  butadiene. The waste gas, a f te r  
butadiene has been recovered i n  an o i l  absorption system, i s  combined w i t h  
other process waste gas and fed t o  the inc inerator .  The waste gas enters 
the inc inerator  between seven v e r t i c a l  Coen duct burner assemblies. The 
inc inerator  design incorporates f l u e  gas rec i r cu la t i on  and q waste heat 
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bo i l e r .  The bene f i t  achieved by r e c i r c u l a t i n g  f l ue  gas i s  t o  incorporate 
the a b i l i t y  t o  generate 3 constant 100,000 lbs /hr  o f  750 p s i  steam w i t h  
va r iab le  waste gas flow. The waste gas flow can range from 10 percent t o  
100 percent of design production rate. 

The inc inera to r  measures 72 feet  by 20 feet by 8 feet ,  w i t h  an average 
f i rebox cross-sectional area of 111 square feet. The i n s t a l l e d  cap i t a l  cost  

- was $2.5 m i l l i on .  
The waste gas stream contains essent ia l  l y  no oxygen; therefore,  

s i gn i f i can t  combustion a i r  must be supplied. This i nc i ne ra to r  i s  f i r e d  w i t h  
natura l  gas which suppl ies 84 percent o f  the f i r i n g  energy. The add i t i ona l  
required energy i s  suppl ied by the hydrocarbon contamination o f  the waste 
gas stream. Figure A-1 gives a rough sketch o f  t h i s  un i t .  

2. Samplinq and Ana ly t i ca l  Techniques Waste Gas 
The waste gas sampling was performed w i t h  in tegrated bags. The 

analysis was done on a Carle ana l y t i ca l  gas chromatograph having the 
fo l lowing columns: 

1. 6 - f t  OPN/PORASIL~ (8O/lOO). 
2. 40- f t  20 perkent SEBACONITRILE~ on gas chrom. RA 42/60. 
3.  4 - f t  PORAPAK N 80/100. 
4. 6 - f t  molecular sieve bx 80/100. 

Stack Gas @ 

The stack gas samples are co l lec ted  v i a  a tee on a long s ta in less  s tee l  
probe which can be inser ted i n t o  the  stack a t  n ine d i f f e r e n t  locat ions.  
These gas samples are co l lec ted  i n  30-50 cc syringes. 

The gas samples are then t ransfer red t o  a smaller 1 cc syr inge v i a  a 
small glass coupl ing device sealed a t  both ends w i t h  a rubber gromnet. The 

fi1-cc samples can then be in jec ted  i n t o  a chromatograph f o r  hydrocarbon 
analysis. A Varian 1700 chromatograph i s  used, having a 1/8-in. x 6 - f t  
column packed w i t h  5A molecular sieves and a 1/4-in. x 4 - f t  column packed 
w i t h  glass beads connected i n  ser ies w i t h  a bypass before and a f t e r  the 
molecular sieve column, con t ro l led  by a needle valve t o  s p l i t  the sample. 
The data are reported as ppm t o t a l  HC, ppm methane, and ppm non-methane 

@hydrocarbons (NMHC). The CO content i n  the  stack i s  determined by using a 
Kitagawa sampling probe. The 0 content i n  the stack i s  determined v i a  a 
Teledyne 0 /combustible analyze?. 

3.  ?est Results - Petro-tex has been involved i n  a mod i f i ca t ion  plan 
f o r  i t s  "0x0" inc inera to r  u n i t  a f t e r  star tup.  The f a c i l i t y  was tested by 
the company a f t e r  each major modi f ica t ion was made t o  determine the impact 
o f  these changes on the VOC dest ruct ion e f f i c iency .  The inc inera to r  showed 
improved performance a f t e r  each modi f ica t ion and the dest ruct ion ef f ic iency 
increased from 70 percent t o  we l l  above 98 percent. Table A-1 provides a 
summary of these t e s t  resu l ts .  The type o f  modi f icat ions made i n  the 
inc inera to r  were as fo l  1 ows: 

November 1977 L. 

Test data p r i o r  t o  these changes showed the inc inera to r  was not  
destroying hydrocarbons as wel l  as i t  should (VOC dest ruct ion e f f i c iency  as 
low as 70 percent),  so the fo l low ing  changes were made: 
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Figure A-I. Petro-Tex 0x0 unit incinerator. 
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1. Moved the duct burner baf f les  from back o f  the burner t o  the 
f ron t .  

2. I n s t a l l e d  spacers t o  create a continuous s l o t  f o r  supplemental a i r  
t o  reduce the  a i r  f low through the burner pods. 

3. I n s t a l l e d  p la tes upstream o f  the burners so t h a t  ductwork matches 
burner dimens ions. 

4. Cut s l o t s  i n  recycle duct t o  reduce e x i t  v e l o c i t i e s  and improve 
mixing w i t h  0x0 waste gas. . . 5. I n s t a l  l ed  balancing dampers i n  augmenting (supplemental ) a i r  
plenums, top and bottom. 

6. I ns ta l l ed  balancing dampers i n  three o f  the f i v e  sections o f  the 
recycle duct t rans i t i on .  

7. Cut opening i n  the rec i r cu la t i on  duct t o  reduce the o u t l e t  
ve loc i t i es .  

March 1978 
A f t e r  the November changes were made, a f i e l d  t e s t  was made i n  December 

1977, which revealed t h a t  the inc inera to r  VOC dest ruct ion e f f i c i ency  . , 

increased from 70.3 percent t o  94.1 percent. However, i t  s ti1 1 needed 
improvement. A f t e r  k c h  discussion and study the f o l  lowing changes were 
made i n  March 1978: 

1. Took the rec i r cu la t i on  fan  out  o f  serv ice and d iver ted the excess 
forced d r a f t  a i r  i n t o  the rec i r cu la t i on  duct. 

2. Sealed o f f  the 5-112-in. wide s l o t s  adjacent t o  the burner pods 
and removed t he  112-in. spacers which were i n s t a l l e d  i n  
November 1977. 

3.  I n s t a l  l ed  v e r t i c a l  ba f f l es  between the bottom row o f  burner pads 
It o  improve mixing. 

4. I ns ta l l ed  perforated p la tes between the f i v e  r e c i r c u l a t i o n  Qucts 
f o r  be t te r  0x0 waste gas d i s t r i bu t i on .  

5. Cut seven 3-in. wide s l o t s  i n  the recycle duct f o r  be t t e r  
secondary a i r  d i s t r i bu t i on .  

q r the March 1978 changes, a survey i n  A p r i l  1978 showed the 0x0 
inc inerator  t o  be performing very we1 1 (VOC destruct ion e f f i c i ency  o f  99.6 
percent) but  w i th  a high superheat temperature of 850°F. So, i n  Ju ly  1978, 
some s ta in less s tee l  shie lds were i n s t a l  l e d  over the superheater elements t o  
help lower the superheat temperature. A subsequent survey i n  September 
1978, showed the  inc inera to r  t o  s t i l l  be dest ruct ing 99.6 percent VOC and 
w i t h  a 1 ower superheat temperature (750°F). 

This study pointed out  t ha t  mixing i s  a c r i t i c a l  fac tor  i n  e f f i c i ency  
and t h a t  inc inerator  adjustment a f t e r  s tar tup i s  the most feas ib le  and 
e f f i c i en t  means of improving mixing and thus, the dest ruct ion e f f i c iency .  

A.1;1.2 Koppers Test Data 4 

1. F a c i l i t y  and Control Device - The Koppers inc inera to r  i s  ac tua l l y  
a b o i l e r  adapted t o  burn gaseous wastes from maleic anhydride un i t .  The 
b o i l e r  i s  designed t o  operate a t  a temperature o f  2000°F and a residence 



time of 0.6 second. Current operat ing parameters have not  been measured, 
bu t  i t  i s  the company's judgment t h a t  the b o i l e r  now operates somewhat below 
2000°F. The f lowrate  of waste gas t o  the b o i l e r  i s  usua l l y  32,000 scfm and 

.c
contains 350 Ibs /h r  benzene, 2850 I bs /h r  carbon monoxide, 22,100 lbs /h r  
oxygen, 6434 Ibs /hr  water, and 105,104 Ibs /h r  nitrogen. While these values 
are t y p i c a l  f o r  the system, they vary throughout the product ion cycle. The 
b o i l e r  i s  f i r e d  w i t h  natural  gas. 

2. Sampling and ~ n a l y t i c a l  Techniques - D i f f e ren t  methods were used 
for  i n l e t  and o u t l e t  sampling. Although in tegrated samples were used fo r  
the ou t l e t ,  gas b o t t l e  samples were used f o r  the i n l e t .  Such a sampling 
technique would l i k e l y  g ive  a low b ias  t o  the measured i n l e t  VOC 

' concentration. 
The i n l e t  concentrat ion was taken t o  be the average of a l l  maleic 

reactor  offgas measurements made. There were four  samples taken, and the 
resu l t s  were 600 ppmv, 1172 ppmv, 600 ppmv, and 964 ppmv fo r  an average of 
834 ppmv benzene. (These values are no t  b o i l e r  i n l e t  values since they were 
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co l lec ted p r i o r  t o  the in t roduc t ion  o f  the add i t i ona l  combustion a i r . )  This 
wide range of benzene values ind icates the great  deal of v a r i a b i l i t y  
inherent i n  e f f ic iency ca lcu la t ions employing such a sampl i n g  technique. 

For the June 1978 tes ts ,  samples of stack gas were taken i n  glass 
bo t t l es  by p l an t  chemists and analyzed a t  Koppers' Monroevi l le Research 
Center by d i r e c t  i n j e c t i o n  t o  a gas chromatograph w i t h  flame i on i za t i on  
detector. The November 1977 method used special ly-designed charcoal 
adsorption tubes, instead of impingers , i n  a United States Environmental 
Protect ion Agency-type sampling t r a i n .  The charcoal was e lu ted  w i t h  CS2 and 
the eluent analyzed by gas chromatography. 

3. Test Results - One t e s t  run of the Koppers data ind icates 97.2 
percent e f f i c iency  a t  1800°F. However, the e n t i r e  Koppers t e s t  i s  
disregarded as not  demonstrably accurate because of the poor sampl ing 
technique. Grab samples employed i n  obtain ing i n l e t  gas could g ive a low 
b ias  t o  the measured i n l e t  VOC concentration. Therefore, the ca lcu la ted VOC 
dest ruc t ion e f f i c i ency  would be a r t i f i c i a l l y  low. Table A-1 provides a 
summary of these t e s t  resu l t s .  

A.1.1.3 Monsanto Test Ilata5 
1. F a c i l i t y  and Control Device - The Monsanto i nc i ne ra to r  burns both 

l i a u i d  and aaseous wastes from the a c r v l o n i t r i l e  u n i t  and i s  termed an 
abiorber v e k  thermal ox id izer .  Two i den t i ca l  ox id izers  are employed. The 
primary purpose o f  the absorber vent thermal ox id izers  i s  hydrocarbon 

1Uemission abatement. 
A c r y l o n i t r i l e  i s  produced by feeding propylene, ammonia, and excess a i r  

through a f l u i d i zed ,  c a t a l y t i c  bed reactor. I n  the process, ac ry lon i  t r i l e ,  
ace ton i t r i l e ,  hydrogen cyanide, carbon dioxide, carbon monoxide, water, and 
other miscellaneous organic compounds are produced i n  the reactor .  The 
columns i n  the recovery sect ion separate water and crude a c e t o n i t r i l e  as 
l i qu ids .  Propane, unreacted propylene, unreacted a i r  components, some 
unabsorbed organic products, and water are emitted as a vapor from the 
absorber column overhead. The crude a c r y l o n i t r i l e  product i s  f u r t h e r  
re f ined  i n  the p u r i f i c a t i o n  section t o  remove hydrogen cyanide and the 
remai n i  ng hydrocarbon impuri t ies . 



The organic waste streams from this process are incinerated in the 
absorber vent thermal oxidizer a t  a temperature and residence time 
sufficient to reduce stack emissions below the required levels. The 
incinerated streams include ( 1 )  the absorber vent vapor (propane, propylene, 
CO,  unreacted ai r components, unabsorbed hydrocarbons), ( 2 )  1iquid waste 
acetoni t r i  l e  (acetonitrile,  hydrogen cyanide, acrylonitri l e )  , (3) 1iquid
waste hydrogen cyanide, and ( 4 )  product column bottoms purge (acrylonitrile,  
some organic heavies ) . The two separate acryloni t r i  le  plants a t  Chocolate 
Bayou employ identical thermal oxidizers. 

Each thermal oxidizer i s  a horizontal, cylindrical , saddle-supported,
end-fired unit consisting of a primary burner vestibule attached t o  the main 
incinerator shell. Each oxidizer measures 18 feet in diameter by 36 feet in 
length.

The thermal oxidizer i s  provided with special burners and burner guns. 
Each burner i s  a combination fuel-waste liquid unit. The absorber vent 
stream i s  introduced separately into the top of the burner vestibule. The 
flows of a l l  waste streams are metered and sufficient a i r  i s  added for 
complete combustion. Supplemental natural gas i s  used to maintain the 
operating temperature required to combust the organics and t o  maintain a 
stable flame on the burners during minimum gas usage. Figure A-2 gives a 
plan view of the incinerator. 

2. Sampling and Analytical Techniques 
Feed Stream and Effluent 

The vapor feed streams (absorber vent) to the thermal oxidizer and the 
effluent gas stream are sampled and analyzed u s i n g  a modified analytical 
reactor recovery run method. The primary recovery run methods are Sohio 
Analytical Laboratory Procedures. 

The modified method involves passing a measured amount of sample gas 
through three scrubber flasks containing water and catching the scrubbed gas 
in a gas sampling bomb. The samples are then analyzed with a gas 
chromatograph and the weight percent of the components i s  determined. 
Stack as 

Figure A-3 shows the apparatus and configuration used to sample the 
stack gas. I t  consists of a line of the sample valve to the small . 
water-cooled heat exchanger. The exchanger i s  then connected to a 
250 m l  sample bomb used t o  .collect the unscrubbed sample. The bomb i s  then 
connected t o  a pair of 250 ml bubblers, each with 165 ml of water in i t .  
The scrubbers, i n  turn, are connected to another 250 ml sample bomb used to 
collect the xrubbed gas sample which i s  connected to a portable compressor. 
The compressor discharge then i s  connected to a wet tes t  meter that vents to 
the atmosphere. 

After assembling the apparatus, the compressor i s  turned on and i t  
draws gas from the stack and through3the system a t  a rate of 0.2 f t  /.in. 
Sample i s  d5awn until a t  least 10 f t  have passed through the scrubbers. 
After 10 f t  has been scrubbed, the compressor i s  shutdown and the 
unscrubbed bomb i s  analyzed for CH C ' s ,  C H and C H the scrubbed bomb 
i s  analyzed for N 2 ,  a i r ,  0 , C02, ?Ad 20, an4  t i e  bubb?epsliquid is  analyzed 
for acrylonitrile, acetoni?riie, hydrogen cyanide, and total organic carbon. 
The gas samples are analyzed by gas chromatography. For the liquid samples, 







acry lon itri l e  and acetoni tril e  are analyzed by gas chromatography; hydrogen 
cyanide (HCN) i s  by t i t r a t i o n ;  and t o t a l  organic carbon (TOC) i s  by a carbon 
analysis instrument. 

3. Test Results - Monsanto's t e s t  r e s u l t s  show e f f i c i e n c i e s  wel l  
above 98 percent; however, the parameters a t  which i t  i s  achieved are 
con f iden t ia l .  A1 1 other known condi t ions are presented i n  Table A-1 . 
A.1.2 Environmental Protect ion Agency (EPA) Test Data 

The t P A  t e s t  study represents the most in-depth work ava i lab le .  These 
data show the combustion e f f i c i e n c i e s  f o r  f u l l - s c a l e  inc inera to rs  on a i r  
ox ida t ion  vents a t  three chemical p lants.  Data include i n l e t / o u t l e t  tes ts  
on l a rge  inc inerators ,  two a t  a c r y l i c  ac id  plants,  and one a t  a maleic 
anhydride plant .  The tes ts  measured i n l e t  and o u t l e t  VOC by compound a t  
d i f f e r e n t  temperatures, and the repor ts  include complete t e s t  resu l t s ,  
process rates,  and t e s t  method descript ions. The three p lants  tes ted are 
the Denka, Houston, Texas, maleic anhydride u n i t  and the Rohm and Haas, Deer 
Park, Texas, and Union Carbide, Taft, Louisiana, a c r y l i c  ac id  un i t s .  The 
data from Union Carbide include t e s t  r esu l t s  based on two d i f f e ren t  
inc inera to r  temperatures. The data from Rohm and Haas include resu l ts '  f o r  
three temperatures. I n  a l l  tests,  bags were used f o r  c o l l e c t i n g  in tegrated 
samples and a GC/FID was used fo r  organic analysis. 

A.1.2.1 Denka Test Data 6 

1 .  F a c i l i t y  and Control Device - The Denka maleic anhydride f a c i l i t y  
has a nameplate capacity of 23,000 Mglyr (50 m i  11 i on  1 bs/yr )  . The p lan t  was 
operat ing a t  about 70 percent o f  capaci ty when the sampling was conducted. 
The p l an t  personnel d i d  not  th ink  t h a t  the lower production r a t e  would 
ser ious ly  af fect  the v a l i d i t y  o f  the resu l ts .  

Maleic anhydride i s  produced by vapor-phase c a t a l y t i c  ox ida t ion  of 
benzene. The 1 i q u i d  e f f l u e n t  from the absorber, a f t e r  undergoing recovery 
operations, i s  about 40 weight percent aqueous so lu t ion  of maleic acid. The 
absorber vent i s  d i rec ted t o  the inc inerator .  The thermal i nc i ne ra to r  uses 
a heat recovery system t o  generate process steam and uses naturalZgas as 
supplemental fue l .  The s ize o f  the combustion chamber i s  2195 f t  . There 
are three thermocouples used t o  sense the flame temperature, and these are 
averaged t o  give the temperature recorded i n  the con t ro l  room. A rough 
sketch o f  the combustion chamber i s  provided i n  Figure A-4. -

2. Sampl ing  and Analy t ica l  ~echniques 
THC, Benzene, Methane, and Ethane 

The gas samples were obtained according t o  the Sgptember 27, 1977, EPA 
d ra f t  benzene method-. Seventy-1 it e r  aluminized Mylar bags were used w i t h  
sample times of two t o  three hours. The sample box and bag were heated t o  
approximately 66°C (150°F) using an e l e c t r i c  drum heater and insu la t ion .  
During Run 1 - I n l e t  , the var iac used t o  cont ro l  the temperature ma1 functioned 
so the box was no t  heated f o r  t h i s  run. A s ta in less s tee l  probe was 
inser ted i n t o  the s ing le  p o r t  a t  the i n l e t  and connected t o  the gas bag 
through a tee. The otker  leg  o f  the tee went t o  the t o t a l  organic ac i d  
(TOA) t r a i n .  A Teflon 1 ine  connected the bag and the tee. A s ta in less  
s tee l  probe was connected d i r e c t l y  t o  the bag a t  the ou t l e t .  The l i n e s  were 
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Figure A--4. Incinerator combustion chamber. 
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kept  a s  s h o r t  a s  p o s s i b l e  and not  heated. The boxes were t r a n s p o r t e d  t o  the 
f i e l d  l a b  imnediately upon completion of sampling. They were heated u n t i l  
the GC ana lyses  were completed. &. 

A Varian model 3440 gas chromatograph wi th  a Car le  gas sampling va lve ,  
equipped w i t h  two cm matched loops ,  was used f o r  the i n t e g r a t e d  bag 
a n a l y s i s .  The SP-1200/8entone 34 column was opera ted  a t  80°C. The 
instrument  has a switching c i r c u i t  which a l lows  a bypass around the column 
through a c a p i l l a r y  tube f o r  THC response. The response curve  was measured 

II
d a i l y  f o r  benzene ( 5 ,  10,  and 50 ppm s t anda rds )  w i t h  the column and i n  the 
bypass (THC) mode. The THC mode was a l s o  c a l i b r a t e d  d a i l y  w i t h  propane (20,  
100, and 2000 ppm s t anda rds ) .  The c a l i b r a t i o n  p l o t s  showed moderate 
n o n l i n e a r i t y .  For sample readings which f e l l  w i th in  the range of  the 
c a l i b r a t i o n  s t anda rds ,  an i n t e r p o l a t e d  response f a c t o r  was used from a 
smooth curve drawn through the c a l i b r a t i o n  po in t s .  For samples above o r  
below t h e  s t anda rds ,  the response f a c t o r  of  the n e a r e s t  s tandard  was 
assumed. THC readings used peak he igh t  and column readings  used a rea  
i n t e g r a t i o n  measured w i t h  an e l e c t r o n i c  d i s c  i n t e g r a t o r .  
C0-

Analysis  f o r  these c o n s t i t u e n t s  was done on samples drawn from the 
i n t e g r a t e d  gas -bag  used i n  THC, benzene, methane, and e thane .  Carbon 
monoxide a n a l y s i s  was done fol lowing the GC ana lyses  us ing  EPA Reference 
Method 10 (Federal  Reg i s t e r ,  Vol . 39, No. 47,  March .8, 1974).  A Beckman 
Model 215 ~ m l y z e r  was used t o  ana lyze  both the i n l e t  and o u t l e t  
samp 1 es . 
Duct Temperature, Pressure ,  and Veloci ty 

Duct temperature and pressure values were obta ined  from the e x i s t i n g  
rni n l e t  po r t .  A thermocouple was i n s e r t e d  i n t o  the gas sample probe f o r  the 

temperature while a water  manometer was used f o r  t h e  press.ure readings.  
These va lues  were obta ined  a t  the conclusion of the sampling period.  

Temperature, p re s su re ,  and v e l o c i t y  va lues  were obta ined  f o r  the o u t l e t  
. s t ack .  Temperature va lues  were obtained by thermocouple dur ing  the gas 

sampling. Pressure  and v e l o c i t y  measurements were taken according t o  EPA 
Reference Method 2 (Federal Reg i s t e r ,  Vol. 42 ,  No. 160, August 18 ,  1977).  
These va lues  a l s o  were obtained a t  the conclusion of  the sampling per iod .  

2. Tes t  Resul t s  - The Denka i n c i n e r a t o r  achieves g r e a t e r  than  98 
percent  reduct ion  a t  1400°F and 0.6 second res idence  time. These results 
sugges t  t h a t  the recommended 98 percent  con t ro l  leve l  i s  achievabqe by 
proper ly  maintained and opera ted  new i n c i n e r a t o r s ,  f o r  which the ope ra t ing
cond i t i ons  a r e  less s t r i n g e n t  than 1600°F and 0.75 second. Table A-1 P 

provides a summary of t h e s e  test  r e s u l t s .  

A.1.2.2 Rohm and Haas Tes t  ~ a t a '  
1 .  F a c i l i t y  and Control Device - The Rohm and Haas p l a n t  i n  Deer 

Park, Texas, produces a c r y l i c  ac id  and e s t e r .  The c a p a c i t y  of .this f a c i l i t y
has been l i s t e d  a t  400 m i l l i o n  i b s l y r  of a c r y l i c  monomers. Acry l ic  e s t e r s  
a r e  produced using propylene, a i r ,  and a l c o h o l s ,  with a c r y l i c  a c i d  produced 

C 

a s  an in te rmedia te .  Acry l ic  ac id  i s  produced d i r e c t l y  from propylene by a 
vapor-phase c a t a l y t i c  a i r  ox ida t ion  process .  The r e a c t i o n  product i s  
p u r i f i e d  i n  subsequent r e f i n i n g  ope ra t ions .  Excess a lcohol  i s  recovered and 



heavy end by-products are incinerated. This waste inc inera to r  i s  designed 
t o  burn offgas from the two absorbers. I n  addi t ion,  a l l  process vents (from 

" extractors,  vent condensers, and tanks) which might be a po ten t ia l  source of 
gaseous emissions are co l lec ted  i n  a suct ion vent system and n o n a l l y  sent 
t o  the inc inerator .  An organic l i q u i d  stream generated i n  the process i s  
a lso burned, thereby provid ing p a r t  of the f ue l  requirement. The remainder 
i s  provided by natural  gas. Combustion a i r  i s  added i n  an amount t o  produce 
s i x  percent oxygen i n  the e f f l uen t .  Waste gases are f l a r e d  dur ing 
maintenance shutdowns and severe process upsets.' The inc inera to r  u n i t  was 
tested because i t  operates a t  r e l a t i v e l y  shor ter  residence times (0.75-1.0 
seconds) and higher combustion temperatures (1 200"-1 560°F) than most 
ex i s t i ng  incinerators.  

The t o t a l  i n s t a l  l ed  cap i t a l  cost  of the inc inera to r  was $4.7 m i l  1 ion. 
The estimated operating cost  due t o  supplemental natu.ra1 gas use i s  $0..9 
m i l l i o n  Der year. 

2. ' sampling and Analy t ica l  Techniques - Samples were taken 
simultaneously a t  a time when propyl ene oxidations, separations, and 
es te r i f i ca t i ons  were operating smoothly and the combustion temperature was 
a t  a steady state. Adequate time was a1 lowed between the tes ts  conducted a t  
d i f f e r e n t  temperatures fo r  the inc inera to r  t o  achieve steady state.  Bags 
were used t o  c o l l e c t  integrated samples and a GCJFID was used f o r  organic 
analysis. 

3. Test Results - VOC destruct ion e f f i c i ency  was determined a t  three 
d i f f e r e n t  temperatures: 142S°F, 1510°F, and 1545°F. E f f i c iency  i s  found t o  
increase w i t h  temperature and, except for  142S°F, i t  i s  above 98 percent. 
Test r esu l t s  are sumnarized i n  Table A-1. These tes ts  were f o r  residence 
times greater than 0.75 second. However, theore t i ca l  ca lcu la t ions show- t ha t  
greater e f f i c i ency  would be achieved at-1600°F and 0.75 second than a t  the 
longer residence times, but  lower temperatures represented i n  these tests.  

A.1.2.3 Union Carbide (UCC) Test Data 8 

1. F a c i l i t y  and Control Device - The capaci t ies f o r  the UCC acrylates 
f a c i l i t i e s  are about 200 m i l l i o n  lbs /y r  of acrole in,  a c r y l i c  acid, and 
esters. Ac ry l i c  ac id  comprises 130 1 l i o n  l b s l y r  of th?s t o t a l .  - Ethyl 
acry la te  capacity i s  90 m i l  l i o n  l b s j y r .  Total heavy ester  capaci t ies (such 
as 2-ethyl -hexyl acry l  ate)  are 11 0 m i  11 i o n  1 bs jyr .  UCC considers bu t y l  
acry la te  a heavy ester. 

The f a c i l i t y  was o r i g i n a l l y  b u i l t  i n  1969 and u t i l i z e d  B r i t i s h  
Petroleum technology f o r  a c r y l i c  acid production. I n  1976 the p lan t  was 
converted t o  a technology obtained under l icense from Sohio. 

The thermal inc inera to r  i s  one o f  the two major con t ro l  devices used i n  
a c r y l i c  ac id  and acry la te  ester  manufacture. The UCC inc inera to r  was 
i n s t a l l e d  i n  1975 t o  destroy a c r y l i c  acid and acro le in  vapors. This u n i t  
was constructed by John f ink  Company for  an i n s t a l l e d  cost  of 53 m i l l  i on  and 
incorporates a heat recovery u n i t  t o  produce process steam a t  600 psig. The 
u n i t  operates a t  a r e l a t i v e l y  constant feed inpu t  and supplements the 
varying flow and fuel value of the streams fed t o  i t  w i t h  inversely varying 
amounts of fuel gas. Energy consumption averages 52.8 m i l l i o n  Btu/hr 
instead of the designed leve l  of 36-51 m i l l i o n  Btu/hr. The.operating cost  



i n  1976, excluding c a p i t a l  d e p r e c i a t i o n ,  was $287,000. The  u n i t  i s  run with 
n ine  pe rcen t  excess  oxygen i n s t e a d  of the designed three t o  f i v e  pe rcen t  
excess  oxygen. The combustor i s  designed t o  handle a maximum of  f o u r  
pe rcen t  propane i n  the ox ida t ion  feed. 

Ma te r i a l s  o f  cons t ruc t ion  of a non-return block va lve  i n  the 
600 ps ig  steam l i n e  from the b o i l e r  s e c t i o n  r e q u i r e s  t h a t  t h e  i n c i n e r a t o r  be 
opera ted  a t  1200°F in s t ead  o f  the designed 1800°F. The r e s idence  time i s  
t h r e e  t o  f o u r  seconds. 

2. Samplinq and Analy t ica l  Procedures - The i n t e g r a t e d  gas samples 
were obta ined  accordinq t o  the September 27, 1977, EPA d r a f t  benzene method. .Each i n t e g r a t e d  gas sample was analyzed on a Varian Model 2400 gas 
ch~omatographw i t h  FID, and a heated Car l e  gas  sampling va lve  w i t h  matched 2 
cm sample loops. A valved c a p i l l a r y  bypass i s  used f o r  t o t a l  hxdrocarbon 
(THC) ana lyses  and a 2 m ,  1 /8- in. ,  OD n icke l  column w i t h  PORAPAK P-S, 
80-1CO mesh packing i s  used f o r  component ana lyses .  

Peak area  measurements were used f o r  the indiv idua l  cmponent  ana lyses .  
A Tandy TRS-80, 48K floppy d i s c  computer i n t e r f a c e d  v i a  the i n t e g r a t o r  pu l se  
ou tpu t  of a Linear  Instruments  Model 252A reco rde r  acqu i r ed ,  s t o r e d ,  and 
analyzed the chromatograms.

The i n t e g r a t e d  gas samples were analyzed f o r  oxygen and carbon d iox ide  
by d u p l i c a t e  F y r i t e  readings.  Carbon monoxide concen t r a t ions  were obta ined  
using a Beckman Model 215A nondispersive i n f r a r e d  (IR) a n a l y z e r  using t h e  
i n t e g r a t e d  samples . A three-poin t  c a l i b r a t i o n  (1 000, 3000, and 10,000 ppm 
CO s t anda rds )  was used w i t h  a 1 inear - log  curve  f i t .  

Stack t r a v e r s e s  f o r  o u t l e t  f l owra t e  were made using EPA Methods 1 
through 4 (midget impingers) and NOx was sampled a t  the o u t l e t  using EPA 
Method 7. 

3. Tes t  Resul t s  - VOC d e s t r u c t i o n  e f f i c i e n c y  was determined a t  two 
d i f f e r e n t  temperatures .  Table A-1 provides a sumnary of these t e s t  r e su i  i s .  
Ef f ic iency  was found t o  i nc rease  w i t h  temperature.  A t  147S°F, the 
e f f i c i ency  was well  above 99 percent .  These tests were, aga in ,  f o r  
res idence  times g r e a t e r  than 0.75 second. However, t h e o r e t i c a l  c a l c u l a t i o n s  
show t h a t  g r e a t e r  e f f i c i ency  would be achieved a t  1600°F and 0.75 second 
than a t  the longer  res idence  times but  lower temperatures  represented  i n  
these tests. 

A 1  1 ac tua l  measurements were made a s  p a r t s  per mil l i o n  (ppm) of propane 
w i t h  the o t h e r  u n i t s  repor ted  der ived  from the equ iva l en t  va lues .  The  
va lues  were measured by d i g i t a l  i n t e g r a t i o n .  

The i n c i n e r a t o r  combustion temperature f o r  the f i r s t  s i x  runs was about  
1160°F. Runs 7 through 9 were made a t  an i n c i n e r a t o r  temperature of about  
147S°F. Only during Run 3 was the a c r o l e i n  process  opera t ing .  The higher  
temperature caused most of the compounds heav ie r  than propane t o  drop below 
the d e t e c t i o n  l i m i t  due  t o  the wide range of a t t e n u a t i o n s  used, nearby 
obscuring peaks, and base l ine  noise  v a r i a t i o n s .  The d e t e c t i o n  l i m i t  ranges 
from about 10 ppc t o  iO ppm, gene ra l ly  i nc reas ing  dur ing  the chromatogram,
and e s p e c i a l l y  near  l a r g e  peaks. Several o f  the minor peaks were d i f f i c u l t  
t o  measure. However, the compounds of i n t e r e s t ,  methane, e thane ,  e thy lene ,  
propane, propylene, acetaldehyde,  ace tone ,  a c r o l e i n ,  and a c r y l i c  a c i d ,  
dominate t h e  chromatograms. Only a c e t i c  ac id  was never de t ec t ed  in  any 
sampl e. 



The probable reason for negative destruction efficiencies for several 

1ight components is generation by pyrolysis from other components. For 

instance, the primary pyrolysis products of acrolein are carbon monoxide and 

ethylene. Except for methane and, to a much lesser extent, ethane and 

propane, the fuel gas cannot contribute hydrocarbons to the outlet samples. 


A sample taken from the inlet 1 ine knockout trap showed 6 mg/g of 

acetaldehyde, 25 mg/g of butenes , and 100 mg/g of acetone when analyzed by 
gas chromatography/fl ame ionization detection (GC/FID) . 

9
A.1.3 Union Carbide Lab-Scale Test Data 

Union Carbide test data show the combustion efficiencies achieved on 15 


organic compounds in a lab-scale incinerator operating between 800" and 

1500°F and .1 to 2 seconds residence time. The incinerator consisted of a 

130 cm, thin bore tube, in a bench-size tube furnace. Outlet analyzers were 

done by direct routing of the incinerator outlet to a FID and GC. A11 inlet 

gases were set at 1000 ppmv.


In order to study the impact of incinerator variables on efficiency, 

mixing must first be separated from the other parameters. Mixing cannot be 

measured and, thus, its impact on efficiency cannot be readily separated 

when studying the impact of other variables. The Union Carbide lab work was 

chosen since its small size and careful design best assured consistent and 

proper mi xi ng . 

The results of this study are shown in Table A-2. These results show 

moderate i-ncreases in efficiency with temperature, residence time, and type 

of compound. The results also show the impact of flow regime on efficiency. 


Flow regime is important in interpreting the Union Carbide lab unit 

results. These results are significant since the lab unit was designed for 

optimum mixing and, thus, the results represent the upper limit of 

incinerator efficiency. As seen in Table A-2, the Union Carbide results 

vary by flow regime. Though some large-scale incinerators may achieve good 

mixing and plug flow, the worst cases will likely require flow patterns 

similar to complete backmixing. Thus, the results of complete backmixing 

would be, relatively, more comparable to those obtained from large-scal e 

units. 


A. 2 NITROGEN OX IDES (NO,) EM1 SSIONS 

Nitrogen oxides are derived mainly from two sources: ( 1 )  from nitrogen 


contained in the combustion air called thermal NOx, and (2) from nitrogen 

chemically combined in the fuel, called fuel NOx. In addition, combustion 

of waste gas containing high levels of ni trogen-containing compounds also 

may cause increases in NOx emissions. For fuels containing low amounts of 

nitrogen, such as natural gas and light distillate oils, thermal NOx is by 

far the larger component of total NO emissions. By contrast, fuel NO 

can account for a significant in the combustion of heavy oifs, 

coal, and other high-nitrogen fuels such as coal-derived fuels and shale 

oils. 


Thermal oxidizer outlet concentrations of NOx were measured in seven 

sets of thermal oxidizer tests conducted at three air oxidation plants. 

Table A-3 provides a summary of the test results. The test.results indicate 
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TABLE A-2. RESULTS OF DESTRUCTION EFFICIMEYUNDER STATED 
CONOITIONS (UNION CARBIDE TESTS ) 

Residence Time/Compound 
0.75 second . S  & 1 . 5 - s  

Flow ,, Temparature Ethyl Vinyl 
Regime ( f )  Acryl a t e  Ethanol Ethyl e ~ e  Chloride Ethyl enb 

Compl e t e  1300 
Backmixi ng 1400 

Plug Flow 1300 99.9 99.9 - 99.5 90.2 97.3/99, 
1400 99.9 99.9 99.9 99.9 99.9/99 
1 SO0 99.9 99.9 99.9 99.9 99.9/99 
1600 99.9 99.9 99.9 99.9 99.9/99. 

a ~ h eresul t s  of the Union Carbide work a r e  presented a s  a s e r i e s  of equations. These 
equations r e l a t e  destruction efficiency to  temperature, residence time, and flow 
regime fo r  each of 15 compounds. The eff iciencies  i n  t h i s  tab le  were calculated 
from these equations. 

*b ~ h r e e  f 1 ow regimes a re  presented: two-stage backmixing , complete b a c b i  xing , and 
plug f1 ow. Two-stage backmi xing i s consider,ed a reasonable approximation of actual 
f i e l d  u n i t s ,  w i t h  cmpl e t e  backmixing and plug flow representing the extremes. 



TABLE A-3. SUMMARY OF RESULTS: NO, DATA 


Number of Sets Outlet  NO 
and/or i n  Flue d s  

Company Nurriber of Runs (P P ~ V) 

Union Carbide Set 1 
(6  

Set' 2 
(3 )  

Denka Set 1 

Set 2 

Set 3 

.. Monsanto Unit  1 

Unit 2 



t ha t  NO gou t le t  concentrat ions range from e igh t  t o  200 ppmv (0.01 5 t o  
0.37 g / h  ). These values could increase by several orders o f  magnitude i n  a 
poor ly  designed o r  operated un i t .  NOx samples were obtained according t o  
EPA Reference Method 7. 

*C 

The maximum o u t l e t  NO concentrat ion of 200 ppmv was measured a t  an 
a c r y l o n i t r i l e  p lant .  The gent stream o f  t h i s  p l an t  contains n i  trogeneous 
compounds. The NO concentrat ions measured a t  the  o ther  two plants,  whose 
vent streams do not  contai  n3ni trogeneous compounds, range from e igh t  t o  
30 ppmv (0.01 5 t o  0.056 g/m ). 

A.3 COMPARISON OF TEST RESULTS AND THE TECHNICAL BASIS  OF THE SOCMI 
A I R  OXIDATION EMISSIONS LIMIT 
This sect ion compares var ious t e s t  resu l t s ,  discusses data and f ind ings  

on inc inera to r  e f f i c iency ,  and presents the l o g i c  and t he  technical  basis 
behind the choice o f  the above con t ro l  l eve l .  

&A considerat ion o f  VOC combustion k i ne t i c s  leads t o  the conclusion t h a t  
a t  1600°F and 0.75 second residence time, mixing i s  the c r u c i a l  design 
parameter. Published l i t e r a t u r e  ind icates t ha t  any VOC can be ox id ized t o  
carbon d iox ide and water ifheld  a t  s u f f i c i e n t l y  h igh temperatures i n  the 
presence of oxygen f o r  a s u f f i c i e n t  time. However, the temperature a t  which 
a given l eve l  o f  VOC reduct ion i s  achieved i s  unique f o r  each VOC compound. 

* K ine t i c  studies i nd i ca te  t ha t  there are two slow o r  rate-determining steps 
i n  the ox idat ion o f  a compound. The f i r s t  i s  the i n i t i a l  react ion i n  which 
the o r i g i n a l  compound disappears. It has been determined t h a t  the i n i t i a l  
reac t ion  of methane (CH ) i s  slower than t ha t  o f  any o ther  nonhalogenated 
organic compound. ~ i n e e i c  ca lcu la t ions show tha t ,  a t  1600°F, 98 percent of 
the o r i g i n a l  methane w i  11 react  i n  0.3 seconds. Therefore, any nonhalogenatea 

bVOC w i l l  undergo an i n i t i a l  reac t ion  step w i t h i n  t h i s  time. Af ter  the 
i n i t i a l  step, extremely rap id  free rad ica l  react ions occur. F i na l l y ,  each 
carbon atom w i l l  e x i s t  as carbon monoxide (CO) before ox ida t ion  i s  complete. 
The ox idat ion o f  CO i s  the second slow step. Calculat ions show that ,  a t  
1600°F, 98 percent o f  an o r i g i n a l  concentrat ion of CO w i l l  r eac t  i n  
0.05 second. Therefore, 98 percent o f  any VOC would be expected t o  undergo 
the i n i t i a l  and f i n a l  slow react ion steps a t  1600°F i n  about 0.35 second. I 


It i s  very u n l i k e l y  t ha t  the intermediate f r ee  rad ica l  react ions would take 
near ly as long as 0.4 seconds t o  convert 98 percent o f  the organic molecules 
t o  CO. Therefore, from a theore t i ca l  viewpoint, any VOC should undergo 
complete combustion a t  1600°F i n  0.75 second. The ca lcu la t ions  on which 
t h i s  conclusion i s  based have taken i n t o  account the low mole f rac t ions o f  
VOC and oxygen which would be found i n  the actual  system. They have a lso 
provided fo r  the great decrease i n  concentrat ion per u n i t  volume due t o  the 
elevated temperature. But the ca lcu la t ions assume perfect  mixing of the 
of fgas and combustion a i r .  Mixing i s  therefore  i d e n t i f i e d  from a 
theoret ica l  viewpoint as the c ruc ia l  design parameter. 

The t e s t  resu l t s  both ind ica te  an achievable con t ro l  l eve l  of 98 percent 
a t  o r  below 1600°F and i l l u s t r a t e  the importance of mixing. Union Carbide 
resu l t s  on lab-scale inc inerators  ind icated a minimum of 98.6 percent 
ef f ic iency a t  1400°F. Since lab-scale inc inerators  p r i m a r i l y  d i f f e r  from 
f i e l d  u n i t s  i n  t h e i r  excel l e n t  mixing, these resu l t s  v e r i f i e d  the t heo re t i ca l  



The tests cited in Table A-1 are documented as being conducted 
on full -scale incinerators control 1 ing offgas from a i r  oxidation process 
vents of a variety of types of plants. To focus on mixing, industrial units 
were selected where all variables except mixing were held constant or 
accounted for in other ways. I t  was then assumed any changes in efficiency 
would be due t o  changes in mixing. 

The case most directly showing the effect of mixing i s  that of 
Petro-tex incinerator. The Petro-tex data show the efficiency changes due 
t o  modifications on the incinerator a t  two times after startup. These 
modifications included ( 1 )  repositioning baffles, ( 2 )  adjusting duct slots 
and openings in the mixing zone t o  improve exit velocity, (3)  installing new 
dampers, baffles and perforated plates, and ( 4 )  rerouting in1 et  combustion 
air .  These modifications increased efficiency from 70 percent t o  over 
99 percent, with no significant change in temperature. 

A comparison indirectly showing the effect of mixing i s  that of the 
Rohm and Haas test  versus the Union Carbide lab test  as presented in Table 
A-4. These data compare the efficiency of the Rohm and Haas incinerator in 
combusting four specific compounds with t h a t  of the Union Carbide l a b  unit. 
The lab unit clearly outperforms the R&H unit. The data from b o t h  units are 
based on the same temperature, residence time, and inlet stream conditions. 
The more complete mixing of the lab unit i s  judged the cause of the 
differing efficiencies. The six tests of in-place incinerators do no t ,  of 
course, cover every feedstock. However, the theoretical discussion given 
above indicates t h a t  any VOC compound should be sufficiently destroyed a t  
1600°F. More critical than the type of VOC i s  the VOC concentration in the 
offgas. This i s  true because the kinetics of combustion are not exactly 
first-order a t  low VOC concentrations. The Petro-tex results are for a 
butadiene plant, and butadiene offgas tends t o  be lean in VOC. Therefore, 
test results support the validity of the standard for lean streams. 

The EPA, Union Carbide, and Rohm and Haas tests were for residence 
times greater t h a n  0.75 second. However, theoretical calculations show t h a t  
greater efficiency would be achieved a t  1600°F and 0.75 second t h a n  a t  the 
longer residence times b u t  lower temperatures represented in these two 
tests. The data on which the standard i s  based are test data for simil.ar 
control systems: thermal incineration at various residence times and 
temperatures. I f  98 percent VOC reduction can be achieved a t  a lower 
temperature, then according t o  kinetic theory i t  can certainly be achieved 
at  1600°F, other conditions being equal. 

Four tehts at temperatures less than 1600°F are relied upon t o  support 
the 98 percent reduction requi rement . 



4 
TABLE A-4. RESULT COMPPRISONS OF LAB INCINERATOR vs. ROHM & HAAS 

INCINERATOR 

Rohm & Haas I n c i n e r a t o r  Union Carbide Lab I n c i n e r a t o r  

I n l e t  . O u t l e t  In1  e t  ~ u t l ~ t, 
Compound ( I  bs /hr )  (1 bs /h r )  (1 bs /h r )  (1 bs /h r )  

Propane 

Propyl ene 1  800b 1  5ob 142.9 5.6 

Ethane 10 375 0.8 3.9 . 
Ethylene -30 

TOTAL 2740 . 

% VOC Destruct ion:  68.4% 93.8% 

a ~ a b l e  shows t h e  d e s t r u c t i o n  e f f i c i e n c y  of the  four 1  i s t e d  compounds f o r  the 
Rohm & Haas (R&H) f i e l d  and Union Carbide (UC) l a b  i n c i n e r a t o r s .  The R&H 
r e s u l t s  are rneasu6ed; t h e  UC r e s u l t s  are ca lcu la ted .  Both se ts  of resu l  t s  
are based on 1425 F combustion temperature and one second residence time. 
I n  add i t ion ,  the  UC r e s u l t s  a re  based on complete backmixing and a  fou r -s tep  ,
combustion sequence cons i s t i ng  of propane t o  propylene t o  ethane t o  ethy lene 
t o  C02 and H20. These l a s t  two i tems are  wors t  case assumptions. 

b ~ r en o t  actual  values. Actual values are  con f i den t i a l .  Ca lcu la t i ons  w i t h  
ac tua l  values g i v e  s i m i l a r  r e s u l t s .  

a 
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APPENDIX B: STATISTICAL ANALYSIS 


B. 1 INTRODUCTION 
The purpose of this appendix is to describe the methods of statistical 


analysis used in the develqment of the control techniques guideline (CTG) 

document for the air oxidation unit process segment of SOCMI. The method of 

regulatory analysis developed for this CTG uses a national statistical pro- 

file, representing the air oxidation segment of SOCMI to project the energy, 

cost, and environmental impacts associated with VOC control using reasonably 

available control technology (RACT). 


8.2 STATISTICAL IMPACT ANALYSIS 

Typical ly, a CTG would be developed on a chemical -by-chemical basis. 


Because the processes used by a single chemical -producing industry to manu- 

facture a specific product do not differ greatly, it is possible to design a 

model plant that can be used to represent the emissions and control device 

requirements of typical existing sources covered in the CTG. This model, 

along with knowledge of the existing population of sources, would be used to 

determine the envi ronmental , energy, and cost impacts associated wi th RACT. 

Air oxidation facilities, however, use 36 types of oxidation processes 

(23 principal processes and 13 specialty processes) to manufacture 36 

different organic chemicals. Because of the number and diversity of 

facilities and processes in the air oxidation industry, a chemical-by- 

chemical development of CTG's would require large amounts of time, effort, 

and money. The unit process approach, on the other hand, allows development 

of a CTG that provides for RACT development for VOC emissions from a1 1 SOCMI 

air oxidation processes. This unit prgcess approach allows the resource- 

efficient statistical estimation of the RACT impacts for VOC emissions 

control from a1 1 air oxidation processes. 


In the unit process approach, no model plants are used for impact 

analysis. Rather, the information concerning existing air oxidation 

facilities is analyzed statistical ly and used to construct a national 

profile. This national profile replaces the traditional model plant and can 

be considered a statistical model of SOCMI air oxidation processes and 

faci 1 i ties. The national profile characterizes air oxidation processes 

according to national distributions of key variables (e.g., waste gas stream 

flow, heating value, and VOC content) that can be used to determine VOC 

emissions and the cost and energy impacts associated with RACT. RACT is 

therefore recomnended as a percent VOC emission reduction based on thermal 

oxidation as the single control technique. The RACT impacts are evaluated 

as impacts upon the entire population of affected facilities. 


8.2 .1  National Statistical Profile Construction 
The overall success of the statistical anarysis depends on the 


avai labi 1 i ty of an adequate sample size and dependable data. Thirty-six

chemicals are produced by air oxidation processes nationwide. The results 


, of the EPA Houdry Questionnaires contain data on 13 chemicals. These data 
consist of emission and production factors for 59 chemical plants, 

representing 36 percent of the total population. These results, along with 




the physical proper t ies  of the chemicals involved, form the basis o f  :he 
analysis. Table 8-1 l i s t s  the chemicals t h a t  are included i n  the data base. 

As noted, the data base f o r  CTG analysis has been der ived from EPA 
Houdry Questionnaires. The Houdry D i v i s i on  of A i r  Products and Chemicals, 
Inc., conducted an extensive survey of the petrochemical i ndus t ry  t o  provide 
data for  EPA t o  use i n  t h e i r  f u l f i l l m e n t  of t h e i r  ob l iga t ions  under the 
terms o f  the Clean A i r  Amendments o f  1970. The scope of t h a t  study incluaed 
most petrochemicals which f e l l  i n t o  one o r  more o f  the  c l a s s i f i c a t i o n s  o f  
(1) la rge  production, (2) h igh growth rate,  and (3)  s i g n i f i c a n t  a i r  po l l u -  
t i on .  The informat ion sought included indust ry  descr ip t ions,  a i r  emission 
con t ro l  problems, sources o f  a i r  emissions, s t a t i s t i c s  on quan t i t i es  and 
types o f  emissions, and descr ipt ions o f  emission con t ro l  devices then i n  
use. The p r i nc i pa l  source f o r  t h a t  data was the indus t ry  questionnaire 
cur rent  as o f  1972. The data base was updated i n  1979. 

Table 8-2 shows the actua l  data base used t o  construct  the nat iona l  
s t a t i s t i c a l  p ro f i l e .  Twenty-three d i f f e r e n t  processes are represented i n  
the data set. Due t o  the wide v a r i a t i o n  i n  processes used and i n  the types 
of cont ro l  devices present across the a i r  ox idat ion indust ry ,  only 
uncont ro l led emission factors and vent stream charac te r i s t i cs  are included 
i n  the data set. Since uncont ro l led emissions are subject  t o  the greatest  
uncer ta in ty  because of the d i f f i c u l t y  i n  de f in ing  what i s  a p o l l u t i o n  
con t ro l  device, a11 stream data represent the process stream e x i t i n g  the 
primary product recovery device. Figure B-1 shows the reference po in t  f o r  
data c o l l e c t i o n  w i t h i n  the a i r  ox ida t ion  process. Since many a i r  ox ida t ion  
f a c i l i t i e s  may have addi t iona l  con t ro l  equipment i n  place, these data are 
overstated estimates o f  the cur rent  emission factors.  Table 8-3 shows the 
a i r  ox idat ion offgas components spec i f i c  t o  each chemical represented i n  the 
data base. Table 8-4 shows the data vectors contained i n  the nat iona l  
s t a t i s t i c a l  p ro f i l e .  Tables B-5 and 8-6 show tabu lar  representat ions o f  the 
vector  d i s t r i bu t i on .  

8.2.2 Data R e l i a b i l i t y  
From the Houdry data, two assumptions must be made regarding the Houdry 

data r e l i a b i l i t y  f o r  t h i s  CTG analysis. F i r s t ,  the data contain a bias 
toward large-volume chemicals o r  those chemicals w i t h  s i g n i f i c a n t  a i r  po l l u -  
t i on .  This i s  not  considered t o  be a serious drawback t o  the CTG analysis. 
Second, because the chemical indust ry  as a whole i s  dynamic, the age of the 
Mudry  data presented a second source o f  bias. I n  a study prepared f o r  the 
Chemical Manufacturers Associat ion (CMA) , the 1972 Houdry data (updated i n  
1979) were compared t o  a. 1980 data base developed from recent indust ry  
contacts. Twenty-two p lants  are represented i n  both t he  CMA data base and 
' 5 2  data base used f o r  t h i s  CTG analysis. Emission factors were ca lcu la ted 
Tar each data vector  representing a p l an t  f o r  which data e x i s t  i n  both data 
bases. Two sets of 22 emission fac to rs  each, one set  f o r  each data base, 
were thereby obtained. These two sets were s t a t i s t i c a l l y  compared using the 
Wilcoxon signed-rank procedure. The resu l t s  of the Wilcoxon signed-rank 
procedure t o  t e s t  the s ign i f icance o f  the differences between the overlapping 
?or t ions of the two data bases snow tha t  the d i f ferences are not  s i gn i f i can t  
2 t  the 0.05 ieve l .  



TABLE B-1. LIST OF CHEMICALS FOR WHICH DATA HAVE BEEN OBTAINED 


Ethylene Oxide 

Hydrogen Cyanide 

Acetic Acid 

Acetaldehyde 

Phthal ic  Anhydride 

Dimethyl Terephthalate 

Phenol 

- Ethylene Dich lor ide  

Acryloni tri l e  

Cycl ohexanone 

Terephthal ic  Acid 

Maleic  Anhydride 

Formal dehyde 



TABLE 8-2. ACTUAL DATA BASE USED TO CONSTRUCT NATIONAL STATiSTICAL PROFILE 

Company 

Rohm & Haas 
Badi sche 
Badi sche 
N i pro 

Clark 
Dow 
Georgia Pac i f ic  
Monsanto 
Shel 1 
USS 

Du Pon t 
DuPont 

Eas tman 
Amoco/Standard 

Exxon 
Monsanto 
Stepan 

Conoco 
Diamond Shamrock 
Dow 
Ethyl 
Goodrich 
I C I  
Shel 1 
Stauffer 
Vul can 

Dow 
Koc h 
UCC 
PPG 
Eas tman 
American Cyanamid 
DuPont 
Monsanto 
Vistron 
Den ka 
Monsanto 
Koppers 
Reichhold 
Rei chhol d 

Location 

Deer Park, TX 
Freeport, TX 
Freeport, TX 
Augusta, GA 

Blue Island, I L  
Oyster Creek, TX 
P laquemi ne , LA 
Choc. Bayou, TX 
Deer Park, TX 
Haverhi 11, OH 

W i  lmington , NC 
Old Hickory, TN 

K i  ngspor:, TN 
Decatur, AL 

Baton Rouge, LA 
Texas C i ty ,  TX 
Mi l l sda le ,  I L  

Covenant, LA 
Deer Park, TX 
Freeport, TX 
Baton Rouge, LA 
Calvert  C i ty ,  KY 
Baton Rouge, LA 
Deer Park, TX 
Long Beach, CA 
Grismar, LA 

Freeport, TX 
Orange, TX 
Seadr i f t ,  TX 
Beaumont, TX 
Longview, TX 
New Orleans, LA 
Beaumont, TX 
Alv in ,  TX 
Lima, OH 
Houston, TX 
S t .  Louis, MO 
B r i dgev i l l e ,  PA 
Morris, I L  
El izabeth, NJ 

rB 

Process 

Methane/Ammonia Oxidation 
Cyclohexane Oxidation 
Cycl ohexane Oxidat ion a 

Cycl ohexane Oxidation 

Cumene Hydroperoxidation 
Cumene Hydroperox idation 
Cumene Hydroperoxi d a t i  on 
Cumene Hydroperoxi d a t i  on 
Cumene Hydroperoxidation 
Cumene Hydroperoxidation 

DMT p-Xylene Oxidation 
DMT p-Xylene Oxidation 

TPA p-Xylene Oxidation 
TPA p-Xylene Oxidation 

o-Xylene Oxidation 
o-Xylene Oxidation 
o-Xylene Oxidation 

Ethylene Oxychlor inat ion 
Ethylene Oxychlor inat ion 
Ethylene Oxychlori nat ion 
Ethylene Oxyth lor i  nat ion 
Ethylene Oxychlor inat ion 
Ethylene Oxychl o r i  n a t i  on 
Ethylene Oxychlor inat ion 
Ethylene Oxychlor inat ion 
Ethylene Oxychlor inat ion 

Ethylene Oxidation I 
Ethylene Oxidation I 
Ethylene Oxidation I 
Ethylene Oxidation I 
Ethylene Oxidation I 1  
Propylene Ammoxidation 
Propylene Ammoxidation 
Propylene Ammoxidation 
Propylene Ammoxi d a t i  on 
Benzene Oxidation 
Benzene Oxidation 
Benzene Oxidation 
Benzene Oxidat ion 
Benzene Oxidation 



TABLE 8-2 (concluded). ACTUAL DATA BASE USED TO CONSTRUCT 

NATIONAL STATISTICAL PROFILE 


Company 


Tenneco 

uss 

USS 

UCC 

Gul f 

Reichhold 

GAF 

Reichhold 

Borden 

Cel anese 

DuPont 

Georgia Paci fi c 

Monsanto 

Georgia Pacific 

Hercules 

Rei chhol d 

Tenneco 


Eas tman 


Location 


Fords, NJ 

Neville Island, PA 

Nevil'le Island, PA 

Charleston, WV 

Vicksburg, MS 

Houston, TX 

Calvert City, KY 

Moncure, NC 

Fayetteville, NC 

Bishop, TX 

Belle, WV 

Vienna, GA 

Choc. Bayou, TX 

Crossett, AR 

Wi lmington, NC 

Kansas .City, KS 

Garfield, NJ 


Ki ngsport , TN 

Process 


Benzene Oxidation 

Benzene Oxidation 

Naphthalene Oxidation ' 
Naphthalene Oxidation 

Methanol Oxidation I 

Methanol Oxidation I 

Methanol Oxidation I 

Methanol Oxidation I 

Methanol Oxidation I1 
Methanol Oxidation I1  
Me than01 Oxidation I I 

Methanol Oxidation I 1  

Methanol Oxidation I 1  

Methanol Oxidation I 1  

Methanol Oxidation I 1  

Methanol Oxidation I 1  

Methanol Oxidation I 1  


Acetaldehyde Oxidation 






TABLE 8-3. A1R OX IDATION OFFGAS COMPONENTS 

ACRYLONITRILE CYCLOHEXANONE 

Nit rogen N i t rogen 

Oxygen Carbon Monoxide 

Carbon Diox ide Cycl ohexane (vapor)* 

Carbon Monoxi de Cycl ohexanol (vapor) 

Water (vapor)  Cycl ohexanone (vapor)* 

Ammonia* "Unknown Organics ( t2+) l i  

Methane 

Ethane ACETALDEHYDE 

Ethylene 

Propane N i t rogen 

Propyl ene* Oxygen 

Acetaldehyde Carbon Diox ide 

Acetone (vapor)  Carbon Monoxi de 

Ac ro le in  (propena 1 )  (vapor 1 Water (vapor) 
Hydrogen Cyani de Hydrogen 
Acry lon i  tri l e  (vapor)* Methane 
Acetoni tri1 e (vapor)  Methyl Ch lor ide  

E thy l  Ch lor ide  
HYDROGEN CYANIDE Ethanol (vapor)*  

Ace t i c  Acid (vapor)  
" A i r "  Aceta 1 dehyde (vapor)*  
Hydrogen Cyanide* Argon 

ACETIC ACID 

N i  t rogen Ni trogen 
Oxygen Oxygen 
Carbon Diox ide Carbon Diox ide 
Water (vapor) Carbon Monoxide 
Carbon Monox ide* Hydrogen 



C 

TABLE 0-3 (Continued ) . A I R  OXIDATION OFFGAS COMPONENTS 

Argon Me thane 

Hydrogen Ethane 

Methane Ethylene 

Ethane Propane 

Butane* Propadi ene 
+

"C2 Hydrocarbons" Acet ic  Acid (vapor)" 

Methyl Iodide Di  ketene (vapor) " (CH2=C=O)2" 

Ethanol* Acet ic  Anhydride (vapor)* 

Acetaldehyde* 

Methyl Acetate 

Ethy l  Acetate 

MALEIC ANHYDRIDE 

Nitrogen 

O ~ Ygen 
Carbon Di ox i  de 

Water (vapor) 

Carbon Monoxide 

Forma 1 dehyde 

Formic Acid (vapor) 

Maleic Acid (vapor) 

Maleic Anhydride (vapor*) 

Benzene (vapor)* 

Xylene (vapor) 

"Other Organics (Est. Mol. W t .  50)" 

PHTHALIC ANHYDRIDE PHENOL 

Nitrogen Ni trogen 

Oxygen Oxygen 

Water (vapor) Water (vapor) 

Carbon Monoxide Carbon Dioxide 



TABLE 8-3 (Continued) . A I R  OXIDATION OFFGAS COMPONENTS 

PHTHALIC ANHYDRIDE PHENOL 

Carbon Dioxide Sodium Carbonate (pa r t i cu l a te )  

Argon Forma 1 dehyde 

Sul fur  Dioxide* Acetaldehyde 

Inorganic Sal ts (Magnesium and Calcium Acetone (vapor) 
Carbonates) ( pa r t i cu l a te )  Acetone (vapor) 

naHydrocarbons" Mesi ty l  Oxide 

Maleic Acid (vapor) (4-Methyl-3-Penten-2-One) 

Maleic Anhydride (vapor) (vapor) 

Benzoic Acid (vapor) Benzene (vapor) 

Phthal ic  Anhydride* Phenol (vapor)* 

l,2-Naphthoquinone (par t icu la te ,  vapor) Cumene (vapor)* 

Cumene Hydroperoxi de (vapor) 

a-Methyl Styrene (vapor) 

a ,a-Dimethyl Benzyl Alcohol 

(2-Phenyl-2-Propanol ) (vapor) 

Acetophenone 

Other Organics", "Oxidized 

Organics (var ious)"  (vapor) 

TEREPHTHALIC A C I D  & DIMETHY L TEREPHTHALATE 

Nitrogen 

Oxygen. 
Water (vapor) 

Carbon D i  ox ide ETHYLENE OXIDE 
Carbon Monoxide 

Methane N i  trogen 
Methanol* Oxygen 
Dimethyl Ether Carbon Dioxide 
Methyl Ethyl  Ketone (vapor)* "Oxides o f  N i  trogen" 



TABLE 0-3 (Concluded) . A I R  OXIDATION OFFGAS COMPONENTS 

TEREPHTHAL I C  A C I D  8 DIMETHYL TEREPHTHALATE ETHYLENE OX1 DE 

Methyl Acetate (vapor) Argon 
Acetic Acid (vapor)* Methane 
Acetal dehyde* Ethane 
p-Xylene (vapor)* Ethyl ene* 

Ethylene Oxide* 

"Part iculate  (Primari ly 
Carbon, small amounts of 

I ron,  Chlorine) 

*Product or  Feedstock 
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8.2.3 National Statistical Profile Use 

The actual use of the national statistical profile assumes that the 


distribution of offgas flow, mass emissions, and' stream heating value is 

chemical independent. Chemical identities are not considered in the 

profile, nor is there claimed to be a one-to-one correspondence between any 

one data vector and an existing offgas stream. It is assumed, however, that 

the overall proportions and distributions of the parameter values and data 

vectors are similar to those of the existing population of air oxidation 

facilities. Thus, since the national statistical profile contains 59 data' 

vectors, each data vector and associated impacts of pollution control 

represents 1/59 of the existing population to be analyzed for control. 


8.2.4 Calculation of Basel ine Control ~evel ' 
As mentioned earl ier, the data base was constructed from uncontrol led 


emission sources. However, some control is currently being applied to the 

sources as required by current State Implementation Plans (SIP's) or other 

regulations. In order to modify the collection of data vectors to account 

for existing control, an analysis of the SIP requirements and an adjustment 

of the profile is required. 


A weighted average of current control requirements appears to provide 

the closest approximation of current VOC control levels. The base1 i ne 

analysis assumes that the statistical profi le of data vectors adequately 

represents the population of existing air oxidation processes within each 

State. An annual emission value was calculated for each data vector from 

its hourly emission value. These values were sumned to give a total annual 

emission value for the profile. Each data vector was analyzed in order to 

estimate whether a plant with such offgas characteristics would be required 

to reduce VOC emissions by a given SIP. For each data vector determined to 

be subject to SIP control, the annual emission reduction under SIP was 

calculated. The total annual emission reduction associated with the given 

SIP was calculated as the sum'of these individual vector values. This 

emission reduction value was divided by the total emission value for the 

profile. The result was an estimated percent reduction of emissions for a 

given State. The national baseline was then calculated as a weighted 

average of the baselines for each State. In calculating the national 

weighted average, each individual State baseline control value was weighted 

by the estimated percent of nationwide nonattainment area missions from 

nonattainment areas located within the respective State. For each existing 

facility located in a nonattainment area, the plant capacity was multiplied 

by the appropriate emission factor from Appendix 0. The resulting plant 
emission estimates were summed according to State, and percentages 

calculated for each State to give the weighting factors. Analysis shows 

that the estimated baseline control level attributable to the existing SIP's 

is 58 percent. Consequently, a 58 percent VOC reduction from the uncon- 

trolled level is used as the baseline level for analysis of the RACT impacts. 
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APPENDIX C: EM1SS ION FACTORS 

The fo l lowing emission factors  and sample ca l cu la t i ons  a re  inc luded t o  
f o m  a bas is  f o r  t h e  v e r i f i c a t i o n  of VOC emission i nven to r i es  developed from 
emission source tes ts ,  p l a n t  s i t e  v i s i t s ,  permi t  app l i ca t ions ,  e tc .  These 
factors  and procedures should no t  be app l ied  i n  cases where s i t e - spec i f i c  
data a re  ava i lab le ,  bu t  r a t h e r  i n  instances where s p e c i f i c  p l a n t  informat ion 
i s  l ack ing  o r  h i g h l y  suspect. 

C. 1 VOC EMISSION FACTORS FOR EXISTING EQUIPMENT 
Table C-1 contains selected efyission f a c t o r s  f o r  each SOCMI a i r  ox ida t i on  

chemical process being considered. To prov ide un i fo rmi ty  across the 
var ious processes and t o  account f o r  the  d i f fe rences  i n  vent  streams inheren t  
among the  processes, a general emission p o i n t  common t o  a1 1 processes was 
selected. 

Several c r i t e r i a  were used when se lec t i ng  t h e  p o i n t  o r  po in ts  i n  any 
given process a t  which VOC emissions data would be gathered and incorporated 
i n t o  development of t he  emission f ac to r .  The data were generated p r i m a r i l y  
from t h e  p o i n t  a t  which the  bu lk  o f  the N from the  a i r  used i n  the  reac t i on  
was vented t o  t h e  atmosphere. The r e l e v a k  p o i n t  was p r i o r  t o  any combustion 
device and downstream from any o ther  product recovery o r  emission con t ro l  
device. 

Typ ica l  annual VOC emissions fo r  f o u r  se lected processes employing 
e x i s t i n g  and reasonably ava i l ab le  con t ro l  technology (RACT) equipment are 
given i n  Table C-2. 

,C. 2 PRECAUTIONS TO BE CONS IOERED WHEN UTILIZING EMISSION FACTORS 

C.2.1 Extreme Ranqe of Some Emission Factors 
I n  some cases, p l an t s  us ing a g iven process repor ted w ide ly  d i f f e r i n g  

emission factors. Such extreme ranges i n d i c a t e  emission v a r i a b i l i t y  inheren t  
t o  a process and/or inaccurate  data. Emission est imat ions der ived from an 
average of such a range of emission factors  may d i f f e r  s i g n i f i c a n t l y  froc. 
the actua l  emissions of any given p lan t .  

C. 2.2 Cost-Effectiveness Cutoff w i t h  Respect t o  RACT Equipment 
RACT would no t  i nvo l ve  reduc t ion  o f  the  vent  stream VOC concentrat ion 

by 98 percent o r  t o  20 ppm i f  the  t o t a l  resource e f fec t i veness  (TRE) index 
value (descr ibed i n  Appendix E) o f  t he  process vent  stream i s  above 1.0. 
The se lec t i on  o f  t h i s  l e v e l  was based on t he  o v e r a l l  resource use requ i red  
t o  destroy a u n i t  amount of process vent stream VOC us ing  thermal ox ida t ion .  
A l l  resources which are expected t o  be used i n  VOC c o n t r o l  by thermal 
ox ida t ion  are taken i n t o  account. The pr imary resources used are c a p i t a l
and supplementary energy. The t o t a l  resource effect iveness index i s  der ived 
and s p e c i f i c a l l y  defined i n  Chapter 5, "Cost Analysis." The TRE index value 
of a f a c i l i t y  i s  based on the  c h a r a c t e r i s t i c s  of the  offgas from the  f i n a l  
p iece of product recovery equipment. Therefore, the use of a c u t o f f  TRE 
index l eve l  i s  meant t o  encourage the use o f  product recovery techniques o r  
process modif icat ions t o  reduce emissions. A p l a n t  cou ld  add product 
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TABLE C-I. VOC MISSION FACTORS FOR SOCMI CHEMICALS ( A I R  OXIDATION P R O C E S S E S ) ' ~  


~ u u l d . k y d a  (Ylcker) 0.6 fo 2.3 1 .4  

Acrtaldrhyda ( e t h u ~ 1 )  Only one nponed  value -02 

- t i c  k i d  (Wlckar) . 7 t o  16 11 

A u t l c  Acld (butma) O n l y o n a n o o r u d v r l u e  7.0 

ketone ( h r t u l e s  currcn) 2 to  6 3.7 
k e t m  (Al l  led cuawm) 3 0 2 0  10 

Acwl l c  Acld 90 to 200 120 

k r y l o &  t r i l e  (Pmoena mmxidatfon) 98 to  210 11 0 

Anmraquinom Insu f f l c lm t  ln fonnt lon  avrl lable 

Lnza 1 denyde Insuff ic ient Infonmtlon available 

knzo i c  Acld Only om r rpor t ld  value 2.0 

1.3-8utadl ena 1.7 to 5 3.3 

p-c-8utyl Banzoic Acld lnsuf f ic lent  infonmtlon avail abl l 

n-Butyric Acid Only om n p o r u d  value .5  
Cmtonlc Acid I m u f f i c l r m  infonmtlon available 

Cyclohurnol 10 to 52 38 
Dllarthyl Tereonthr IrWTemohfhr Ii c  

Acld 2.4 CO I S  10 

Ethylem Olctrloride 6 to 36 12 

Ethylene Oxide 33 ta 79' 08 
Fonmldenw (metal oxide) 3 to  34 8 
FonmldMyda ( t i 1  wr catalyst) 3 t o  2zb 6.5 
GIyoxr 1 tnsufficfmt tnfonmtlon availanle 

Hydrogen Cymida . 6 t o 8  7 
Is0butyrI c Acid On1 y one reported v r l  ue 55 

Isophvlr 1 i c  Acid 2 t o  19 11 

n r l a i  c Pnhydride (benzene) 12 0 230 93 

l e l e l c  Pnkydrlde (butma) O n l y o n e r a w r W v r l w  19 

Phthrl lc Anhydride (xylem) 76 to 92 a5 
Phvlrli c  Anhydrlda (nrohvlr lene) 25 tn 34 30 
Propionic Acid (~ruoionrld.hyde) O n l y o m ~ r u d v r l u e  6 
Propylene Oxide (ethyl benzene) .2 t o  .7  .S  

'One stream with reported VOC orscent bela* de tu f lon  1 I m I t S  not incorporrted I n  range. 

'two streams with r c ~ o r t r d  VOC oarunt  bela* de tu f lon  l lm l ts  not Incorporated i n  range. 
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TABLE C-2. TYPICAL ANNUAL VOC EM1SS IONS FOR FOUR SELECTED PROCESSES EMPLOYlNG EXISTING 
AND RACT EQUIPHENT 

Plant 
Product ion 

Emission Factor In kg VOC 
Emi tted/hlg Product 

Average VOC Emiss ions 
i n  G a r  ( lb fy r )  Annual VOC fmission 

Reductions Resul t ing 
G9 /~ r  Existing RACT Existing RACT f ran RACT lmplementa-

Type of Plant (nnl lb/yr)  Equipment Equipment : Equipment Equipment t i on  i n  Gg/yr ( Ib /yr )  
-. - -.____-_--_ .---

Sma 1.1 Fomla1dehyde 

Large Fornlal dehyde 

0 

& S m a l l  Ethylene 
Dichloride 

Large Ethylene 
Dichl oride 

.-
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recovery equipment, and thereby be t rans fe r red  t o  the  RACT category o f  no 
fu r the io  con t ro l ,  by exceeding the  TRE cutoff.  It i s  therefore erroneous t o  
assume t h a t  RACT equipment w i l l  reduce by 98 percent VOC emissions i n  a11 

e
p lan ts  a f fec ted  by the  CTG. 

C.3 VOC EMISSION FACTORS AS APPLIED TO EXAMPLE PROCESSES 

C.3.1 Sample Calcu lat ion,  Hydrogen Cyanide P lan t  

C.3.l.l E x i s t i n g  Equipment 

E x i s t i n g  Equipment Gg Product = Mg VOC Emi t t e d / y r  by 
Emission Factor (kg/Mg) Produced/yr Exi s t i  ng Equipment 

(7 )  x (52.6 Gglyr )  = 368 Mg VOC Emitted by E x i s t i n g  Equipmentlyr * 

C.3.1.2 RACT Equipment 

( E x i s t i n g  Equipment Emission Factor (kg/Mg) ) x Weight 'Z VOC Emissions 
Expected t o  Remain A f t e r  RACT Equipment = RACT Equipment Emission 
Factor (kg/Mg ) e 

(7) x (.02) = .14 
RACT Equipment Emission Factor (kg/Mg) x Gg Product Producedlyr 

= Mg VOC Emit ted/yr by RACT Equipment 
(.14.) x (52.6 Gg/yr) = 7.36 Mg VOC Emit ted/yr by RACT Equipment 

C.3.2 P lan t  VOC Emission Reduction Ef f ic iency,  Hydrogen Cyanide Plant  

C.3.2.1. Total  Annual P lan t  VOC Emission Reduction 

Tota l  Annual Emissions Tota l  Annual Emissions ,- Tota l  Annual Emission 
from E x i s t i n g  Equipmenf from RACT Equipment 'Reduction 

1. 

C.3.2.2 Percent Reduction i n  Tota l  P lant  VOC Emissions 

Total  Annual Emission + Total  'Annual Emissions -- % Reduction i n  Tota l  : I 

Reduction from E x i s t i n g  Equipment P lan t  VOC Emissions 

(361 Mg VOC/yr) 5 (368 Mg VOC/yr) = 98% Reduction i n  Tota l  P lan t  VOC 
Emiss ions 



C.4 REFERENCES FOR APPENDIX C 


1. Memo from Galloway, J. ,  EEA, to SOCMI Air Oxidation File. 
.July 29, 1981. Calculation of baseline emissions level. 




APPENDIX 0: RACT CALCULATIONS 




APPENDIX' D: RACT CALCULATIONS 

D.1' INTRODUCTION 
This appendix presents ca lcu la t ions  and der f  vat ions re la ted  t o  the 

d e f i n i t i o n  and i m p l m n t a t i o n  o f  the  reconmended RACT (from t h i s  po in t  on 

the .reconmended RACT i s  simply re fe r red  t o  as RACT). 

D. 2 TOTAL RESOURCE EFFECTIVENESS 

RACT i s  based on i nc ine ra t i on  o f  c e r t a i n  process vent streams 

discharged t o  the atmosphere. The streams f o r  which RACT involves t h i s  ~i jC '  
reduct ion are those f o r  which the associated t o t a l  resource effectiveness 

[TRE) index value i s  less than 1.0. Thermal 'ox ida t ion  can reduce VOC 

emissions by 98 weight percent o r  t o  20 ppm"(vofume, by compound), whichever 

i s  less  s t r ingent .  An index value of TRE can be associated w i t h  each a i r  

ox idat ion vent stream for  which the offgas ' charac ter is t i cs  of f lawrate, 

hour ly  emissions and net heat ing value are k n m .  For f a c i l i t i e s  w i t h  a 

process vent stream o r  combination of process vent streams having a TRE 

index value which exceeds the cutoff l e v e l  o f  1.0, the r w v a i  of VOC us ing 
-. 

thermal i n c i n e k t i o n  i s  no t  required. . 
TRE i s  a measure of the -supplemental t o t a l  ' resource requirement per . . 

un i  t VOC reduction, assoc ia ted- r i th  VOC cont ro l  by t h e m 1  oxidation. A1 1 
resources which are expected t o  be used i n  VOC contro l  by thermal ox ida t ion  
are taken i n t o  account i n - t h e  TBE in&. The primary resoufces used are 

supplemental natural  gas, cap i ta l  , and r f o r  offbas conta in ing halogenated 

compounds) caustic. Other resources used inc lude labor, e l e c t r i c i t y  , and 
( fo r  offgas conta i ning ha1 ogenated comp'ounds) scrubbing and quench makeup 
water. 

The TRE index i s  derived from the cos t  effectiveness associated w i t h  

VOC' contro l  by thermal oxidation. i h e  ca l cu la t i on  o f  cost effectiveness and 
der iva t ion  of the TRE index are given i n  d e t a i l  i n  c h a p & =  5; The TRE index 
of a vent stream i s  defined as the cost-ef fect ivenesi  value of. the stream, 
d iv ided by a cost-effectiveness value o f  S1,600/Mg. The IRE index i s  a 
convenl ent, dimension1 ess measure of the t o t a l  resource buiden associated 
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with VOC control a t  a f a c i l i t y .  It i s  independent o f  the general i r t l a t i o n  

rate. However, i t  does assume fixed re la t i ve  costs of the various resources, 
@such as carbon steel and e lec t r i c i t y .  

States may choose to  establish a cost-effectiveness cutoff d i f fe ren t  
fran the $1,60O/Mg cutof f  recomnended i n  t h i s  CTG. Even i f  a State were to  

establish a d i f ferent  cost-effectiveness cutoff,  the exist ing TRE equation 
and coeff icients could s t i l l  be used provided that a correction factor i s  D 

applied. The correctfon factor would be equal t o  the exist ing TRE index ' 
mul t ip l ied by S1,600/Mg and divided by the desired cost-effectiveness 

cutoff. 
rC 

The d is t inc t ion  i n  RACT, between f a c i l i t i e s  wi th  a TRE index value 

above the cu to f f  level and those with a value below it, encourages the use 

o f  product recovery techniques or process m d i  f icat ions t o  reduce emissions . 
The values o f  offgas flowrate, hourly emissions, and net heating value used 

* 
to  calculate the TRE value f o r  a given f a c i l i t y  are measured a t  the ou t le t  

o f  the f ina l  product recovery device. Use o f  additional product recovery i s  

expected to decrease VOC emissions and increase the to ta l  resource effective- 

ness associated with thennal incineration o f  a vent stream. 
E 

The TRE index cutof f  level asso6iated wi th  RACT has the value 1.0. The 

TRE index o f  a process vent s t r e w  i s  calculated according to  the following 

equation: 

-
TRE [a + b (FLOW) 0*88 + c(FLOW) + d(ROW)(HT) + ~ ( F L O W ~ * ~ ~ ) ( H F * ~ ~ )+ 

H.E. 0.5 
f (ROW) I 

where : 
4.


TRE = Total resource effectiveness index value. 

FLOW = Vent stream flowrate (sun/rnin), a t  a standard temperature of 
2O0C.+,++ 

HT = Vent stream net heating value (MJ/scm), where the net enthalpy 
of per mole of offgas i s  based on combustion a t  25°C and 
760 nm Hg, but the standard temperature ?or determining the 

+See Appendix H fo r  reference methods and procedures. 
++For a Category E stream, Flow should be replaced by "Flow x HT/3.6" when 
.associated with the f coefficient. 



volume corresponding t o  one mole i s  20°C, as i n  t he  d e f i n i t i o n  
o f  FLOW.+ 

H.E. = Hour ly emissions repor ted  i n  kg/hr measured a t  f u l l  
opera t ing  f lowrate.* 

a, b, c, d, e, and -f are  coe f f i c ien ts .  The s e t  o f  c o e f f i c i e n t s  which 
- - a _ - 


apply  t o  a process ven t  stream can be obta ined from Table 0-1. -
Table 0-1 i s  d i v i d e d  i n t o  the s i x  design ca tegor ies  f o r  c o n t r o l  

equipment. These design categor ies  d i f f e r  i n  t he  amount o f  heat  recovery . 

achieved, i n  t h e  type of heat  recovery equipment used, and i n  the  use of 

f l u e  gas scrubbing f o r  of fgas con ta in ing  c h l o r i n a t e d  compounds. The amount 

and type o f  hea t  recovery used depends upon t h e  o f fgas  hea t ing  value.  These 

design categor ies  are  defined and discussed i n  d e t a i l  i n  Chapter 5. Under 

each design category l i s t e d  i n  Table 0-1, t he re  are  several  i n t e r v a l s  of 

offgas f lowrate.  Each f lowra te  i n t e r v a l  i s  associated w i t h  a d i f f e r e n t  se t  

o f  c o e f f i c i e n t s .  The f i r s t  flowrate i n t e r v a l  i n  each design category 

app l ies  t o  vent  streams w i t h  a f l o w r a t e  smal l e r  than t h a t  corresponding t o  

the smal les t  c o n t r o l  equipment system e a s i l y  a v a i l a b l e  w i t h o u t  spec ia l  

custom design. The remaining flowrate i n t e r v a l s  i n  each design category 

app ly  t o  ven t  streams which would be expected t o  use one, two, three,  four, 

o r  f i v e  sets o f  c o n t r o l  equipment, respec t i ve ly .  These f l o w r a t e  i n t e r v a l s  

are  d i s t i ngu i shed  from one another because of  l i m i t s  t o  p re fab r i ca ted  

equipment sizes. The f l o w r a t e  i n t e r v a l s  and maximum of fgas f l ow ra te  f o r  

each design category are presented and discussed i n  Chapter 5. 

D.2.1 De r i va t i on  o f  the  TRE Coef f i c ien ts  

The To ta l  Resource Effect iveness (TRE) o f  an of fgas stream i s  de f ined  
... as t he  cos t  e f fec t iveness of i n c i n e r a t i n g  the  VOC stream under cons idera t ion  

d i v i ded  by the  reference cos t  ef fect iveness ($l,6OO/Mg). The cos t  e f f ec t i ve -  
ness of t r e a t i n g  an offgas stream i s  determined by developing equations f o r  

the var ious annual cos t  components of the  i n c i n e r a t i o n  system. These 
components inc lude  annual i zed  c a p i t a l  costs,  supplemental gas costs,  l abo r  

costs,  e l e c t r i c i t y  costs,  quench water costs,  scrub water costs,  neu t ra l  i z a -  

t i o n  costs,  and heat recovery c r e d i t .  The development o f  each o f  the cos t  
component equations i s  summarized i n  Table D-2. 

*See Appendix.H f o r  re ference methods and procedures. 



Al. FOR CHLORIMTEO PROCESS VENT STREAMS, IF 0 2 N E T  HEAnR VALUE (W/scla) 2 3.5: C 

w = Vent Stream Flowrate (scdmln) a b c d e 

A2. FOR CHLORIMTEO PROCESS VENT STRW, IF 3.5 < N E T  HEATING VALUE (Wsca): 

Y = vent Strem Flowate (scm/mtn) a . b  c d e 
P 

0. FOR NONCHLORIMTED PROCESS VENT STRUMS, IF 0 2 N E T  HEATING VALUE (W/scla) 2 0.48: 

Y = Vent Stream Flowrate (scm/min) a b c d e 

C. FOR NONCHLORINATED PROCESS VENT STREAMS, IF 0.48 < N E T  HEATIffi VALUE (W/sca) 2 1.9: 

Y = Vent Strem Flourate (scm/mln) a b c d 

0. FOR NONCHLORIHATED PROCESS VENT STREAM, IF 1.9 < W E T  HEATING VALUE (W/sca) 2 3.6: 
P 

Vent Stream Flowate (scm/minl a b c d e f 

E. FOR WONCHLORIHATED PROCESS VENT STRUMS, IF 3.6 < N E T  HEATIffi VALUE (W/scm): 



MATHEMATICAL FORMULATION OF ANNUAL INCINERATOR COST COMPONENTS TABLE 0-2. 

Component Annual i r e d  Cost ( l ~ ~ $ / ~ r )  

l a .  Annual-ized Cap i ta l  (number of equipment u n i t s )  x ( e s c a l a t i o n  f ac to r )  
Cost, Taxes, Insurance, x ( c a p i t a l  recovery f ac to r  + taxes, insurance, and 

ah 


and Maintenance maintenance f ac to r )  x ( c a p i t a l  cos t  per  u n i t )  

l b .  Pipe Rack [ ( p i pe  rack leng th )  x ( cos t  per u n i t  l eng th )  x
G. 


( i n s t a l  l a t i o n  f ac to r )  x ( esca la t i on  f ac to r )  x ( r e t r o f i t  
c o r r e c t i o n  f ac to r )  x ( c a p i t a l  recovery f ac to r  + taxes,  
insurance and maintenance f a c t o r ) ]  

l c .  Add i t i ona l  Ductwork [(ductwork l eng th )  x  (d iameter o f  ductwork) x (convers i  on 
f ac to r )  x ( c o s t  per  u n i t  l eng th )  x ( e s c a l a t i o n  f a c t o r )  
( r e t r o f i t  c o r r e c t i o n  f ac to r )  x ( c a p i t a l  recovery 
fac to r  + taxes, insurance and maintenance f ac to r )  ] 

= 150 [ft.] x [(Flow x 35.314 x  4)Oo5 x  12 
00 x  3.42 

x 1.37-1.761 [ S / f t . ]  x 1.364 x 1.625 x 1.087 x 0.263 

+ 1000 $/ lo3 

2. Supplemental Natura l  (gas p r i c e )  x (supplemental gas requ i red  per  
Gas minute, per u n i t )  x (number of minutes per  year )  

x (number of equipment u n i t s )  

x 
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TABLE 0-2 (Continued). 

~omponent 

3. Operating Labor, 
Supervisory Labor, 
and Overhead Labor 

Supervisory Labor 

Overhead Labor 

where ~a in tenance  Labor 

MATHEMATICAL FORMULATION OF ANNUAL INCINERATOR COST cOMPONE 

Annual i r e d  Cost ( 1 0 ~ f / ~ r )  

Operating Labor = ( labor  wage) (1 abor hours per  equipment 
u n i t )  (number of equipment u n i t s )  

P 

= 9.79/1,000 [lo3$/man-hr] x l abo r  
[man-hr/yr] x N 

= 0.15 x (operat ing l abo r )  

= 0.80 (operat ing l abo r  + supervisory 1ab,@ 
+ mintenance 1 abor ) 

= 0.03 ( t o t a l  i n s t a l l e d  c a p i t a l  cos t )  

+ 150 x [(Flow x 35.314 x 4) 0.5 

2000 x 3.42 

4. E l e c t r i c i t y  Cost ( e l e c t r i c i t y  p r i c e )  x (pressure drop) x (average 
offgas f low r a t e )  x ( f l u e  gas:offgas r a t i o )  
x ( f an  equation conversion f a c t o r )  x (number of 
hours per year) + (fan e f f i c iency)  

@ 

O.O04136[kW/san-in H20] x 876Mhr/yr ]  i 0.6 

= (0.0604) x (S.0362) x AP x (0.77 x Flow) x f / o  

5. Quench Water Cost (water cos t )  x (average offgas flow r a t e )  
x ( f l u e  gas:offgas r a t i o )  x (water required 
per u n i t  f l u e  gas f low r a t e )  x (number o f  
minutes per year )  



3 * .  

- TABLE 0-2 (con t i  nued). MATHEMATICAL ' FORMULATION OF ANNUAL IN'CINERATOR COST COMPONENT 
. - - -. . . 

Component - Annual ized Cost ( 1 0 ~ $ / ~ r )  

6. Scrub Water Cost (water c o s t )  x (average o f fgas  flow r a t e )  x 
( f l u e  gas io f fgas  r a t i o )  x ( ch lo r ine  content  
o f ' f l u e  gas )  x (water required per  u n i t  
ch lo r ine )  x .  (number of hours per  y e a r )  

1 b/hr ch lo r ine  
0*0487[sct/nin f l u e  gas I 

x 0 . 0 l 9 2 [ l 0 ~ ~ a l / lb ch lor ine]  . 

= ($0.26) x (0.77 x Flow) x f / o  x (0.289) 

7. Neutra l izat ion Cost ( c a u s t i c  c o s t )  x (average offgas  flow r a t e )  
x ( f l u e  gas: offgas  r a t i o )  x ( ch lo r ine  
content  of f l u e  gas )  x ( c a u s t i c  requirement 
per u n i t  ch lo r ine )  x (number of hours per  
y e a r )  

= [$0.0515 $/1 b NaOH] x 0.77 x Flow[scm/min] 

1 b/hr ch lo r ine  
0*0487[~cf/min f l u e  gas I 

x l . l4 [ l  b NaOH/lb ch lor ine]  x 8760[hr/yr] 

1/1000[1031/$1 

= (50.0515) x (0.77 x Flow) x f / o  x (17.17) 
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TABLE 0-2 (Concluded) . MATHEMATICAL FORHULAT ION OF ANNUAL INCINERATOR COST COMPONE: 

Colnponent Annual ized Cost ( lo3$ o r )  

8. Heat Recovery Credit (gas price) x '(average offgas flow rate)  x 
(energy recovery per un i t  offgas flow rate)  
x (number of minutes per year) 

= ($4.33) x (0.77 x Flow) x (0.5256) x HRF 



The parameters t h a t  a re  -used i n  Table 3-2 o r  a re  requ i red  i n  the  

d e r i v a t i o n  o f  t h e  TRE equat ion a re  defined as f o l  lows: 

E = uncont ro l ' led  VOC emission r a t e ,  [kg /hr ]  

N = number o f  i n c i n e r a t o r  u n i t s ,  [-I 
Flow = t o t a l  design o f fgas  f l b w  r a te ,  [scm/min] 

f / o  = f l u e  gas t o  o f f gas  r a t i o ,  [-I 
' H ~  hea t ing  value of offgas stream [ l o  6J/scm]= 

HRF = heat recovery f ac to r  of offgas stream, [ l o  6i/scrn] 

AP = scrubber pressure drop, [ inches H20] 

' GI, G2 = coe f f i c i en t s  i n  the  supplemental n a t u r a l  gas 

equat ion w i t h  u n i t s  as fo l lows: 
. . .  -

6; C - I  
S u b s t i t u t i n g  t he  cos t  expressions of Table 0-2 i n t o  the  TRE equat ion 

d e f i n i t i o n  y i e l d s  t he  fo l low ing  de r i va t i on :  

TRE EQUATION DERIVATION 

Equation 1: 

TRE = Tota l  Resource = cos t  ef fect iveness of stream 
Effect iveness reference cos t  ef fect iveness 

= annual ized cos t  of stream [ l o 3 $/yrJ  + emissions reduc t i on  [Mglyr] 
8 1,60O/Mg 

Equation 2: 

annualized cos t  of c o n t r o l  [ l o  3 $/y r ]  = (annual ized c a p i t a l  cost ,  taxes, 
maintenance) + (annual ized p i pe  rack and a d d i t i o n a l  ductwork c o s t )  + 
(annual supplemental gas c o s t )  + 

(annual operat ing (annual 
1 abor , supervisory + e l  e c t r i  c i  t y  

1 abor , overhead 1 abor)  c o s t )  
annual quench annual scrub 

+ ( water cos t  ) + ( water cos t  1 

annual neu t ra l  i z a t i o n  annual heat  ' 
+ ( cos t  ) - (recovery c r e d i t  ) 



+ 150 x (Flow x 35.314 x 4)Oo5 x 12 x 1.37-1.763 x 1.364
C 00 x 3.42 

x 1.087 x 0.263 + 1000 


+ $4.33 x (Go + 0.77 x Flow x (Gl + G2 x HT))  

x 0.5256 

+ $9.79/1000 x 1.15 x ( labor fac tor)  x 1.80 + .024 x 


+ -024 x 150 x (Flow x 35.314 x 4)Oo5 x 12 x 1.37-1.76
1: 00 x 3.42 1 

x 1.364 x 1.087 + 1000 


+ $0.0362 x (0.0604) x AP x (0.77 x Flow) 

+ 60.26 x (0.77 x Flow) x f /o  x (0.00883) Category A only 

P+ $0.26 x (0.77 x Flow) x f /o  x (0.289) Category A only 

+ $0.515 x (0.77 x Flow) x f /o  x (17.17) Category A only 

- $4.33 x (0.77 x Flow) x 0.5256 x HRF . Category A only 

Equation 3: 

emi ssion reduction hourly uncontrol led number of days 
[ W Y ~ I  = (  emissions ) ( per year 1 


number of hours capacity 
( per day ) (u t i l i z a t i on1 

(VOC destruction eff iciency) 

E Ckg/hr] x 1 0 - ~ [ ~ g / k ~ ]365 [dayslyear]x 


24 [hours/day] x 0.77 x 0.98 



Equation 4: 

TRE = (annual i zed  cos t  of stream) r lO'$ lyr ]  
M -hr  

(1,600) [$Ins]  x E [ kg l h r ]  x 6.610 rk9]9-Yr 

= 0.0946 x (annual ized cos t  o f  s t r e a m ) r l ~ ~ $ / y r l  
- E [kg/hrJ 

x 1.364 x 1.087 x 0.263 I 1000 

+ N x 4.33 x (Go + 0.77 x ' F ~ o w / Nx (GI + G2 x HT)) 

x 0.5256) + N x 9.79/1000 x ( l abo r  f ac to r )  x 1.80 + .024 x 1.056 x 1.625 

x [(Cl + C2 (Flow/.N/0.95) 0*88] + .024 x 13.14 + .024 x 150 x 
-

(Flow x 35.314 x 4)Oo5 x 12 x 1.37-1.76 x 1.364 x 1.087 i 1000 
2000 x 3.42 . . 1 

+ 0.0362 x (0.0604) x AP x (0.77 x f l o w  x f /o)  

+ 10.26 x (0.77 x Flow) x f /o x (0.00883) 

+ 0.26 x (0.77 x Flow) x f /o (0.289) + 0.05.15 x f /o  

x (0.77 x Flow) x (17.17) 

- 4.33 x (0.77 x Flow) x 0.5256 x HRF]) 

Note: The terms contained i n .  brackets [ ] apply  t o  category A on ly .  

Next, the  TRE equat ion i s  rearranged i n  t h e  form: 

Equation 5: 

TRE = -1 ( a + b(f1ow) 0*88 + c(f1ow) + d (f1ow)(HT) 
E 

+ e( f low)  0*88 ( H ~ ) ~ * ~ ~+ f (FLOW)O*~  



Coefficients o a through f are derived by substituting numeric val~es for 
all quantities except flow, HT, and E, and then collecting like algebraic 

. terns. Design categories B, C, and D always have the same expressions for 
the coefficients, while design categories A and E must be considered 
individually for some of the coefficients. Category A has costs associated 
with chlorine &nova1 that are unique among the design categories. Category 

E is unique because the offgas flow is diluted prior to incineration such 
that the variable "flow" is replaced everywhere in Equations 2, 3, and 4 by 
"flow x HT/3.65.Ia These special features of categories A and E lead to 
variations in the expressions for coefficients o a through o f. 

The term in the TRE equation involving coefficient - a is independent of 
flow. The expression for coefficient - a is identical for all design 
categories, and it consists of terms involving C1, Go, and a labor factor. 
If the operating flow rate is less than 13.5 sun/min, then the expression 
also includes a term involving C2 because in this case the fixed value flow 
= 13.5 sun/min is used in the annualized capital cost expression. 
- For design categories A, B, C, 0, and E: . 

- when flow c13.5 scm/min 

a = 0.0946 x 1.056 x 1.625 x 0.263 x N x C1 + 0.0946 x 13.14 x 0.263 - 1.76 x 150 x 1.364 x 1.087 x 0.263 x 0.0946 + 1000 + 0.0946 x 
4.33 x 0.5256 x G x N.+ N x 0.0946 x 0.00979 x 1.15 x (labor 
factor) x 1.80 + 8.0946 x .024 x 1.056 x 1&3 x C1 + 0.0946 x 
N x 1.056 x 1.625 x 0.263 x C20t8514/0.95) + 0.0946 x .024 
x 1.056 x 1.625 x C2 (14/0.95) 

= 0.0427 x N x C1 + .317 + 0.2153 x G 6 i8+ 0.00192 x N x (labor 
factor) +&8427 x N x cz x ( 14/0.98) + -003896 x cz x 
(14/0.95) 

- when flw >13.5 scm/min 
a = 0.0946 x 1.056 x 1.625 x 0.263 x N x C1 + 0.0946 x 13.14 x 0.263 - 1.76 x 150 x 1.364 x 1.087 x 0.263 x'0.0946 + 1000 + 0.0946 x 

4.33 x 0.5256 x G x N + N x 0.0946 x 0.00979 x 1.15 x (labor 
factor) x 1.80 + 8.0946 x .024 x 1.056 x 1.625 x C1 

= 0.0427 x N x C1 + 0.317 + (0.2153 x Go x N) +.(0.00192 x N 
x (labor factor)) + 0.003896 x C1 



The term i n  the  TRE equat ion i n v o l v i n g  c o e f f i c i e n t  -b depends on 

For design categor ies  A, B, C, and D, the expression f o r  

coe f f i c ien t  -b includes j u s t  one term t h a t  depends on C2, and there fo re ,  

coe f f i c i en t *  -b i s  "on-zero o n l y  when c o e f f i c i e n t  -a does n o t  . inc lude the  C2 

term ( i  .e., c o e f f i c i e n t  5 i s  non-zero on l y  when f low >l3.5 scm/mi n )  . 
Coef f ic ient  -b equals zero regardless of the  value o f  f l ow  f o r  category E. 
- For design categor ies  A, B, C, and D: 

- when f l ow  <13.5 scm/min 

b = O  

- when f l ow  ~ 1 3 . 5  scm/min 

\-0.88b = 0.0946 x N x 1.056 x 1.625 x 0.263 x C2 x 0.95 -0.88 

- For design category E: 

b = 0 ( a l l  f low values) 

The teim i n  t h e  TRE equat ion i n v o l v i n g  c o e f f i c i e n t  c depends on ( f low) .-
For design category A, the expression f o r  coe f f i c i en t  c inc ludes terms t h a t  -
depend on G1, AP, f/o, ( f / o )  x (AP),  and HRF. For design categor ies  B, C, 
and D, HRF = 0 and the corresponding term does not  appear i n  the  expression 

f o r  -c. Coef f i c ien t  -c i s  zero fo r  design category E. 

- f o r  design category A: 

= 0 .77 [0 .2153(~~-~RF)  +[0.000207(~P)f/o] +[O.Ogl x f / o ]  ] 

- For design categor ies 0 ,  C, and D: 



- For design category E: 

The term i n  the TRE equation involving coe f f i c i en t  d depends on the - 
(flow) x (HT) product. For design ca tegor ies  A, B ,  C ,  and D ,  the 
expression fo r  c o e f f i c i e n t  cons i s t s  of  just one tenn t h a t  depends on G2. 

r 

For design category E ,  the expression f o r  c o e f f i c i e n t  - d cons i s t s  of  terms 

depending on G2 and the (AP) x ( f /o)  product. 

- For design ca tegor ies  A,  B ,  C ,  and 0: @ 

d = 0.77 x 0.0946 x 4.33 x 0.5256 x G2 

= 0.77 x 0.2153 x G2 

- For design category E: 

= 0.77/3.65[0.2153 x G1 +(0.000207 x AP x f /o) ]  
u. 

The term i n  the TRE equation involving c o e f f i c i e n t  - e depends on the 
( f l o ~ ) ~ . ~ ~  x (HT) Oe8' product. This product a r i s e s  only i n  t h e  TRE 

expression f o r  category E. 
- For design ca tegor ies  A, B ,  C ,  and 0: 

e = 0 ( a l l  values of flow) 

- For design category E: 

o when flow ~ 1 3 . 5  scm/min 

o when flow >13.5 scm/min 



The term i n  t h e  TRE equat ion invo lv ing .  c o e f f i c i e n t  -f depends on 

(FIOW).O*~ C o e f f i c i e n t  f i s  zero  f o r  des ign ca tegor ies  A, 0 ,  C, D, and E 

when f low <13.5 scm/min. The va lue  of  c o e f f i c i e n t  -f i s  non-zero f o r  a l l  

design ca tegor ies  o n l y  ifflow a13.5 scm/min. 

- For d e s i ~ n  ca tegor ies  A, B, C, and D: 

f = 0  when f l ow e13.5 scm/min. 

- For design categor ies  A, B, C, D, and E: 

o  when f low >14 scm/min 

f = .0946 x 150 x  0.263 x 2000 -03 x 3.142 - O e 5  x 4Ow5 x 1.37 x 1.348 

x 12 x  1.625 x 1.087 x 35.314"~ x 0.95 W O * ~+ 1000 + 

.024 x 0.0946 x 150 x 2000-0*5 x 3.142 - O e 5  x 40e5  x.1.37 x 1.348 

x 12 x 1.625 x 1.087 x 35.314 '~~ x  0.95 - O o 5  r l 0 0 0  

0.2.2 Example Ca l cu l a t i on  of t he  TRE Index Value f o r  a  F a c i l i t y  

Th is  sec t i on  presents an example of use o f  t he  TRE index equat ion f o r  

determinat ion of t he  RACT category app l i cab le  t o  an i n d i v i d u a l  a i r  o x i d a t i o n  

f a c i l i t y .  It has been determined t h a t  the  a i r  o x i d a t i o n  process vent  s t r z a m  

has t he  f o l l o w i n g  c h a r a c t e r i s t i c s :  

1. FLOW = 284 scm/min (10,000 scfm). 

2. HT = 0.37 MJ/scm (10 Btu/scf) .  

3. Hour ly Emissions (E) = 76.1 kg/hr. 

4. No c h l o r i n a t e d  comppunds i n  t he  o f fgas.  

Because the re  a re  no c h l o r i n a t e d  compounds i n  t he  offgas, des ign Category A 

i s .  n o t  t he  app l i cab le  one. Categories B, C, 0, and E  a1 1  correspond t o  
nonch lor inated vent  streams. Because the offgas ne t  hea t ing  va lue  i s  
0.37 scm/min, Category B  i s  the app l i cab le  one. The o f fgas f l o w r a t e  i s  284 
scm/min, and the re fo re  the second f l owra te  i n t e r v a l  under Qtegory  8 i s  the  

app l i cab le  one. The coe f f i c i en t s  f o r  Category B, f l o w  i n t e r v a l  #2 are:  



The TRE equation i s :  
1-

TRE = H.E. [a + b(FL0W)0.88 + c(FL0W) + d(FLOW)(HT) + e(FL0W.0.88)(HT0.88) + 

r, 

TRE = (.01314)(16.61 + 0.239 (284)0.88 + (0.113) (284)-0.214 

TRE = 0.218 + 0.453 + 0.422 - 0.95 + 0 + 0 

TRE = 0.798 

Since the ca lcu lated t o t a l  resource ef fect iveness (TRE) index value of 0.742 
1 

i s  less than the c u t o f f  value o f  1.0, the appl icable RACT f o r  t h i s  f a c i  1 it y  

would be 98 percent VOC reduct ion o r  reduct ion t o  20 ppm. Ifprocess 

modi f icat ions o r  increased product recovery were introduced, .the product 

recovery vent of fgas percent VOC and heat ing value might be s u f f i c i e n t l y  @ 

decreased t h a t  the r e s u l t i n g  TRE value would exceed the  1.0 cutoff .  

0.2.3 Calcu lat ion o f  Cost Effect iveness f o r  a F a c i l i t y  

Because the TRE index i s  a cos t  e f fect iveness r a t i o ,  i t  i s  poss ib le t o  

ca l cu la te  cost  e f fect iveness f o r  any vent stream given i t s  TRE index value. 

The TRE index value of the f a c i l i t y  i s  m u l t i p l i e d  by the  indexing constant 

$1,60O/Mg. For the stream used i n  the example above, the  cos t  e f fec t iveness  
i s  found as fol lows: @ 



A TRE = 0.798 
Indexing constant = $1,60O/Mg 

Cost effectiveness = (0.798) (1,600) = $ 1 , 2 7 7 1 ~ ~  

- 0.3  RACT IMPLEMENTAT I ON 

For RACT implementation, two types of measurements are required. 

F i r s t ,  measurements must be made t o  evaluate the TRE index value f o r  a given 

plant. Offgas flowrate, hourly emissions, and stream net heating value must 

be determined. Second, ifa source must meet a 98 percent reduction or 

20 ppmv emission requirement, then measurements o f  VOC reduction e f f i c iency  

must be made. Appendix H i den t i f i es  the recomnended reference methods and 

procedures f o r  imp1 ementi ng RACT. 



- - -  - - - 

APPENDIX E: COST ANALYSIS SPECIAL TOPICS 

E.I INTRODUCTION^,^
The purchase cos t  estimates f o r  i nd i v idua l  pieces o f  con t ro l  equipment 

are discussed i n  t h i s  appendix i n  r e l a t i o n  t o  the  raw vendor data on which 
the  estimates are based. Independent vendor estimates are a1 so compared 
w i t h  the purchase costs. The method of est imat ing i n s t a l l e d  costs from 
component i n s t a l  l a t i o n  fac tors  i s  discussed. Graphs o f  the i n s t a l  l e d  costs 
f o r  several types of cont ro l  equipment, as a func t ion  o f  f lowrate,  are 
presented. Graphs are a lso  presented f o r  t o t a l  i n s t a l l e d  c a p i t a l  costs f o r  
the contro l  systems, and the der iva t ions  of c a p i t a l  cost  equations from 
these graphs are discussed. 

E. 2 CONTROL EQUIPMENT ' PURCHASE COSTS 

E.2.1 Thermal Oxidizer 
Enerw and tnvironmental Analysis, Inc., (EEA) obtained data from the 

three ven&rs which provided combGtion chamber cos t  data t o  Enviroscience. 
The three sets of vendor quotations agreed w i th  each other  wel l .  The 
Envi roscience purchase cost curve represents a conservative "envel ope" t h a t  
i s  higher than the vendor data f o r  a l l  equipment sizes. 

Vendor A quoted costs f o r  four equipment s izes f o r  each of s i x  
d i f f e r e n t  i nc ine ra t i on  temperatures. Vendor B quoted costs f o r  14 equipment 
s izes f o r  each of four d i f fe ren t  temperatures. Vendor C quoted costs f o r  
s i x  equipment sizes f o r  each of two d i f f e ren t  temperatures. These data 
cons t i t u te  an abundance of observations f o r  de r i va t i on  o f  reasonably 
accurate equations f o r  the r e l a t i o n  of capi ta1 cos t  t o  of fgas flowrate. 

EEA independently obtained data from two add i t iona l  vendors. Each o f  
these quoted costs f o r  two equipment sizes a t  one temperature. Thei r  
quotations essent ia l  l y  agreed w i t h  those of the vendors contacted by 
Envi roscience. 

E.2.2 Recuperati ve Heat Exchanger 
EEh obtained data from the two vendors which provided heat exchanaer 

costs t o  Enviroscience. The two sets of vendor quotat ions agreed withaeach 
other  wel l .  The Enviroscience purchase cost curve represents an average 
t h a t  i s  roughly equivalent t o  the vendor curves. 

Vendor A quoted costs fo r  four offgas f lowrates f o r  each of two leve l s  
o f  heat recovery. Vendor C quoted costs f o r  three offgas f lowrates fo r  each 
o f  two leve l s  of heat recovery. Because heat exchanger costs were quoted as 
funct ions o f  heat exchange surface area, these data actual  l y  represent e i  ght 
and s i x  d i f f e r e n t  equipment sizes, respect ively.  These data cons t i t u te  an 
adequate number of observations fo r  der iva t ion  of reasonably accurate 
equations f o r  the r e l a t i o n  of cap i ta l  cos t  t o  offgas f lowrate. 

EEA independently obtained data from two add i t iona l  vendors. One 
quoted costs f o r  two offgas flowrates. The other  quoted costs f o r  two 
offgas f1 owrates f o r  each of two temperatures. Their  quotations essent ia l  l y  
agreed w i th  those of the vendors contacted by Enviroscience. 



E.2.3 Waste Heat Boiler 
obtained da ta  fjom one vendor which provided waste heat boi 1er 

costs to Envi roscience. The Envi roscience pukhase cost curve represents 
this da t a  we1 1. 

The vendor quoted costs for 10 offgas flowrates for each of three 
different temperatures. These da t a  actually represent 30 different 
equipment sizes, and therefore constitute a n  abundance of observations for. 
derivation of reasonably accurate equations for the relation of capital cost 
t o  offgas flowrate. 

E.2.4 Fans - 
One vendor quoted costs for 13 sizes of fans. These d a t a  constitute a n  

abundant  number of observations for derivation of reasonably accurate 
capital cost equations. 

E.2.S Stack - 
One vendor quoted costs for four sizes of stacks. While these d a t a  

constitute a minimal number of observations for accurate interpolation 
between given stack sizes, the relatively low cost of stacks compared t o  the 
rest of the control system makes extra accuracy unnecessary. 

E.2.6 Ducts - Enviroscience used EPA 450/5-80-002 (The "GARD" Manual ) as i t s  source 
for duct costs. The source for the additional duct and the pipe support 
costs was a manual published by Richardson Engineering Services, Incorporated. 

D 

E. 3 INSTALLATION FACTORS 
The Envi roscience method of estimating instal led costs of combustion 

chamber, recuperative heat exchanger, and waste heat boi 1 er  from the ori g i  na 1 
vendor cost quota t ions  i s  discussed below and sumnarized in Table E-1. The 
component purchase costs represent interpolations of vendor quotations and 
are graphed as continuous functions of offgas flowrate. A factor of #! 

20 percent for "unspecified equipment" was added t o  the budget prices of the 
combustion chamber and waste heat boiler. This factor was omitted for the 
heat exchanger. Factors were then added for 10 aspects of installation, 
such as insulation and piping. These factors were expressed as percentages 
of the budget price of the equipment in question. The overall sum of these 
factors plus the factor of one for the original equipment and,  in two cases, I 

the factor of 0.2 for unspecified equipment was multiplied by a factor of 
1.35, which represented the impact of contingencies, fees, s i te  development, 
and vendor assistance. Because the original costs seemed low, several cases 
were vigorously recosted. I t  was decided by Enviroscience t h a t  the overall 
installation factor would be multiplied by 1.33 t o  achieve a better estimate. 
However, Enviroscience assumed t h a t  this factor of 1.33 was due entirely t o  
underestimates of the factors for the 10 aspects of installation. An 
a1 ternative correction factor was therefore calculated which, when mu1 t i p 1  ied 
by the sum of the 10 installation component factors, would result i n  the 
values of the same overall installation factor as given by the 1.33 
estimate. The values of this correction factor were 1.7 for the combustion I 

chamber, 2.1 for the heat exchanger, and 1.9 for the boiler. The values of 



----- 

TABLE E-1. INSTALLATION COMPONENT FACTORS ( I  OF BUDGET PRICE OF HAIN EQUIPMENT) 

Coubust ion  Chanlber Recuperat l ve  Heat Erchan e l b s t e  M a t  Bo l l e r  
Retrof IT ~ e tr o k  Retraf 4 t 

New Re t ro f i t  Special- New R e t r o f i t  Special Hew R e t r o f l t  Speclal 
l ns ta l l a t  ion Conponent Source Labor Expenses Source Labor Erpenses Source Labor Erpenses 

foundat ion 6 9 9 6 9 9 8 12 12 

Insulation 6 9 9 ' 2 3 3 2 .  3 3 

Structures 2 3 10 1 2 10 - - -
Erection 15 22 45 10 15 30 20 30 60 

Piping 20 30 60 10 15 30 

Pdint ing 

111struurnt s 

E lec t r ica l  

F i re  Protect ion 

Engineering. Freight and lanes 
m 
I TOIAL w Factors Combust ion  Chamber Hei t  Erchanaer W s t e  Heat Bo i l e r  

Budget Price 1 1 1 
Untpeclfled Equipment 0.2 0 0.2 

l o t d l  i ns ta l l a t i on  Coqment: New Source 1.04 

R e t r o f i t  2.09 

Contingencies. Fees. S i te  Development 1.35 1.35 1.35 

Overa I1  Correct ion Fac tor  1.33 1.33 1.33 

l o l a l  l ns ta l l a t i on  Component Correction 
Factor 1.7 2.1 1.9 

Over@ll Ins(a1.1at ion Fac tor :  H r w  Source 4.0 , . 2.5 3.5 

Re t ro f i t  6.5 3.5 5.3 

fur~lu las:  ( I )  Overall Hew Source Ins ta l l a t i on  F a c t ~ ~ .  (Budyet Pr ice Factor t Ul~specl f  i o r ~= ied  Equlpuert Factor t l o t a l  Hew Source l ~ ~ s t a l l r t  
Conponeat Factor) x Contingencies fac tor  x Overal l  Correction fac to r  
Exanq.de (Codust ion Chamber): 4.0 = (1  t 0.2 t 1.04) r 1.35 x 1.33 

(2)  l o t a l  l n s t a l l a t  lo11 Conpunent Correct ion Factor = ((Overal l  New Source l n s t a l l a t  Ion Factor I Cont i ~ ~ g e n c i e s  fac to r )  -
Budget Prlce Factor - Unspeci f i r d  Equi l r~ent  Fac to r )  I l o t a l  New Source Ins ta l  l a t  ton Compollent Factor 
Exaq le  (Coubustion Clmber): 1. I = ((4.0 I 1.35) - I - 0.2) I 1.04 

(3)  Overall Re t ro f i t  I ns ta l l a t i on  fac tor  = (UuJgrt Pr ice Factor t I b ~ s  ec t f l ed  Equ lpent  Factor t ( l u l d l  R e t r o f i t  lns ta l la t io r r  
Correct lo11 rdc tor f )  x Cont I l q e ~ ~ c i e s  Component Fac t o r  N 101.1 Ins ta l  l a t  ion Dl~tpiulal~t Factor 

Exdnyrle (Cualrustios Cl~dnhe~.): 6.5 - ( I  t 0.2 b (2.09 x 1. I ) )  x 1.35 



the final overall new source installation factor were 4.0, 2.5, and 3.5 for 
the combustion chamber, heat exchanger, and waste heat boiler, respectively. 

Retrofit instal lation factors were then developed from the new source 
factors. Because cramped plant conditions will make a longer time of 
installation necessary, the installation labor cost will increase. For each 
of the nine aspects of instal lation other t h a n  engineering, freight, and 

Ltaxes, i t  i s  assumed t h a t  50 percent of the component installation factor 
represents labor costs. These labor costs were assumed t o  double in each 
case. Therefore, each of the nine component factors was assumed t o  increase 
by 50 percent due to labor. Added expense was expected for four of the 
factors: structures, pi ping, erection, and electrical. Such expense might 
be due to a steel or concrete deck for the equipment, extra circuit breakers, 

a

and about 500 feet of extra ducting, piping, and electrical,  after inclusion 
of the labor increase, were doubled. The factor for structures for the 
combustion chamber and heat exchanger was assumed t o  increase t o  10 percent. 
The overall retrofit  installation factors, calculated as above, for the 
combustion chamber, heat exchanger, and boiler were 6.5, 3.5, and  5.3, 
respectively. t 

In order t h a t  the Enviroscience total installed cost curves could be 
used directly, one overall retrofit-to-new source correction factor was 
developed. The individual correction factors for the combustion chamber, 
heat exchanger, and boiler were 1.625, 1.4, and 1.514, respectively. I n  
order t o  give a conservative estimate of total installed costs, the value of 
1.625 was used for the retrofit-to-new source correction factor. I 


E. 4 INOIVIOUAL COMPONENT INSTALLED COSTS 
Instal led capital costs for a thermal oxidjzer designed for a 870°C 

(1600°F) combustion temperature and 0.75 second residence time are given i n  
Figure E-1. Recuperative heat exchanger installed capital costs are given 
in Figure E-2. Installed capital costs for inlet ducts, fans, and stack, .z 

for systems with and w i t h o u t  heat recovery, are given in Figures E-3 and  
E-4, respectively. The above equipment units constitute the components of a 
control system for nonchl ori nated vent streams. 

Figures E-5 and E-6 give the installed capital costs for a thermal 
oxidizer a t  1200°C (2200°F) and 0.75 second residence time and for a waste 

Lheat boiler, respectively. The installed capital costs of a scrubber 
including quench chamber are given in Figure E-7. Figure E-8 gives installed 
capital costs for ducts,. fans, and stack for a system employing a waste heat 
boi 1er. 

E. 5 TOTAL CONTROL SYSTEM INSTALLED CAPITAL COSTS 
bTotal  installed capital costs of a thermal oxidation system for control 

of nonchlorinated vent streams are given i n  Figure E-9. The design condi- 
tions are 870°C (1600°F) a n d  a 0.75 second residence time. Figure E-10 
gives the t o t a l  instal led capital costs of a thermal oxidation system for 
control of chlorinated vent streams a t  1200°C (2200CF). These conditions 
were corrected t o  10903C (2000°F) and a one second residence time. The a
combustion chamber volume correction factor of 1.14 represents the product 
of a temperature correctio$, combustion a i r  f l  owrate cortection, and  
residence time correction. 
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APPENDIX F 
MAJOR COMMENTS RECEIVED. ON THE DRAFT CTG 

S ix  l e t t e r s  w e e  rece ived as a r e s u l t  of an EPA request  f o r  comments on 
t he  d r a f t  CTG. Table F-1 g ives a l i s t  of t h e  comnenters and t h e i r  a f f i l i a t i o n s .  
Spec i f i c  comnents from these l e t t e r s  were grouped i n t o  the  f o l l o w i n g  sub jec t  
areas: 

1 )  A p p l i c a b i l i t y  o f  t h e  CTG; 
( 2 )  Recomnendation o f  RACT; 
(31 Cost es t imat ion  and cos t  effect iveness; and 
( 4 j  General. 
The f o l  lowing sect ions summarize a1 1 comnents rece ived by. t h e i  r sub jec t  

areas. The EPA response t o  each comment fo l lows each comment summary. 
Copies o f  each o f  t he  comment l e t t e r s  a re  g iven i n  Appendix G. 

1. APPLICABILITY OF THE CTG 

1.1 Comnent: Two comnenters ( # I ,  #4) r a i sed  quest ions concerning which 
c h e m i ~ u f a c t u r i n g  processes are addressed by t h i s  CTG. Both commenters 
s ta ted  t h a t  t he  ambigui ty of the  l i s t  of chemicals i n  t he  CTG made i t  
uncer ta in  which chemicals a re  covered. It was t h e i r  concern t h a t  because 
the  l i s t  i s  g i ven-as  "no t  exclusive," i t  does n o t  p rope r l y  de f i ne  which o f  
these chemicals a re  covered o r  may even tua l l y  be covered by the CTG. One 
commenter ( # I )  s t a ted  t h a t  EPA should present an a l l - i n c l u s i v e  l i s t  o f  
chemicals i n  the CTG t o  he1 p producers know ift h e i r  processes are covered. 

Res onse: The CTG i s  a gu ide l i ne  document f o r  use by S ta te  agencies 
Ti?--i n  esta i s h i n g  RACT. The f i n a l  determinat ion o f  RACT i s  l e f t  t o  the 

d i s c r e t i o n  o f  t he  Sta te  agency. However, i t  must be noted t h a t  the RACT 
recornendat ion and background in format ion presented i n  the CTG p e r t a i n  t o  
syn the t i c  organic  chemical s produced v i a  a i r  ox i da t i on  processes. 

The t h i r t y - s i x  (36) chemicals l i s t e d  i n  Table 2-1 represent  the a i r  
ox i da t i on  chemicals which t he  Agency has i d e n t i f i e d .  I t  i s  poss ib le  t h a t  
chemicals no t  inc luded i n  the l i s t  could be produced by newly developed a i r  
ox i da t i on  processes i n  the  fu tu re  o r  complete in format ion on a l l  chemicals 
produced by a i r  ox i da t i on  was no t  a v a i l a b l e  t o  the  Agency. Thus, i t  i s  
recomnended t h a t  any a i r  ox i da t i on  chemicals n o t  i d e n t i f i e d  by the Agency be 
covered by the recommended RACT. The suppor t ing in fo rmat ion  and equations 
f o r  RACT are app l i cab le  t o  a l l  . a i r  ox i da t i on  processes used i n  manufactur ing 
syn the t i c  organic chemicals. 

1.2 Comnent: One comnenter (#2)  s t a ted  t h a t  oxyhydrochl o r i na t i on /e thy l ene  
d i c h l o r i d e  p l an t s  should no t  be inc luded i n  the scope o f  t h i s  CTG. The 
cornenter based t h i s  view on the unique vent stream con t ro l  problems present 
i n  the ch lo r i na ted  so lven t  indus t ry ,  as we l l  as the l o c a t i o n  of the e x i s t i n g  
EDC p lants .  A l l  b u t  two affected EDC p lan t s  a re  loca ted  i n  Texas and 
Louisiana, where vent i n c i n e r a t i o n  i s  a l ready required.  One o f  the  
remaining two i s  loca ted  i n  Ca l i f o rn i a  and i s  a l ready sub jec t  t o  s t r i c t  
regu la t ion .  The l a s t  p l a n t  i s  located i n  Kentucky and the  commenter f e l t  
t h a t  i t  cou ld  be adequately addressed through the Kentucky S ta te  
Implementation Plan. 



TABLE F-1. LIST OF COMMENTERS AND AFFILIATIONS 

Comment no. Comnenter and a f f i l i a t i o n  

O r .  Robert A. Romano, Manager 
A i  r Programs 
Chemical Manufacturers Associa t i o n  

I" 

2501 M Street,  Northwest 
Washington, D.C. 20037 

Mr. M. M. Skaggs, Jr., P.E. 
Senior Envi ronmental Engineer 
Diamond Shamrock Chemicals Company 
1149 E l lswor th  Dr ive  
Pasadena, Texas 77501 

Mr.  0. E. Park, D i r e c t o r  
Corporate Envi ronmental Affai r s  
Ethyl  Corporation 
Post O f f i ce  Box 341 
Baton Rouge, Louisiana 70821 

Mr. J. D. Reed, General Manager 
Environmental A f f a i r s  and Safety 
Standard O i l  Company ( Ind iana)  
200 East Randolph Orive 
Chicago, I 1linoi s 60601 

Mr .  A. H. Nickolaus, Chairman 
CTG ~ubcomnl t t e e  
Texas Chemical Counci 1 
1000 Brazos, Su i te  200 
Aust i  n , Texas 78701-2476 

Mr .  0. C. Macauley, Manager 
Envi ronmenta 1 Af fa ir s  
Union Carbide Corporation 
Ethylene Oxide/Glycol D i v i s i o n  
Post Off ice Box 8361 a 

South Charleston, West V i r g i n i a  25303 



Response: The Agency acknowledges t h a t  unique vent stream control 
pmblems exist for ethylene dichloride plants because of the presence of 
ha1 ogenated compounds in thei r process vent streams . However, the Agency 
has accounted for this in the cost analysis for RACT. The analysis incor- 
porates in the TRE equation the cost associated with scrubbing incinerator 
flue gases containing halogenated compounds. This scrubbing cost incl udes 
the cost of a scrubber and auxiliaries, a quench chamber, makeup water, and 
caustic. Thus, the TRE index for a halogenated vent stream will accurately 
represent the cost of scrubbing incinerator flue gases. 

The cost associated with disposal of sodium chloride from the neutra- 
lized scrubbing water of halogenated vent streams i s  based on direct 
discharge which results in a negl igible expense. Thus, the Agency considers 
the cost associated with the disposal of sodium chloride t o  be negligible. 
All b u t  one existing a i r  oxidation facility with halogenated vent streams 
are located near the coast where the brine can be discharged either directly 
or indirectly t o  sa l t  water a t  relatively low costs. The remaining facil i t y  
will either sell the HC1 solution, or, i f  no market exists, will neutralize 
the wastewater w i t h  caustic and dispose of the brine solution in a nearby
freshwater river. Thus, brine disposal costs are expected t o  be insignificant 
for al l  facilit ies.  

Finally, i t  i s  important t o  note t h a t  the Agency considers i t  proper t o  
include EDC plants in the scope of this CTG even if only one (1) plant were 
t o  be affected. As stated in Chapter 1, €PA has permitted States t o  defer 
the adoption of RACT regulations on a category of sources of volatile 
organic compounds (VOC) until after the €PA published a control techniques 
guide1 ine ( C f G )  for t h a t  VOC source category. A1 t h o u g h  presently the on ly
EDC plant which may potentially be affected by the CTG i s  located within a n  
attainment area in Kentucky, there i s  a possibility t h a t  the area could 
experience a change in status t o  nonattainment. Thus, the CTG may be used 
t o  develop RACT t h a t  would affect this EOC plant. Also, the 1i s t  of 
chemicals in Table 2-1 is  intended t o  identify all  known a i r  oxidation 
chemicals without regard t o  control status. Plants a1 ready subject t o  
control would not be affected by the RACT recornendation in this CTG and 
would incur no costs. 
1.3 Comnent: Two cornenters ( # I ,  #4) stated t h a t  the draft CTG does not 
c l e a r m c a t e  which process vents are t o  be control led. One commenter 
( # I )  said t h ~ tthe CTG should be revised t o  specify t h a t  i t  i s  not  intended 
t o  cover vents resulting from a reactor bottoms stream i n  cases where the 
stream (which consists of liquids or solids w i t h  entrained a i r )  is ultimately 
passed through product purification operations. Another cornenter (#4 )  said 
t h a t  even though  discussions w i t h  EPA pointed o u t  t h a t  vents from product 
purification are not  covered under the CTG, the CTG i tself does not make 
this clear. 

Response: Process vents t h a t  result from the product purification of a 
reactor bottoms stream w i l l  not  be covered by this CTG. For example, l i q u i d
phase a i r  oxidation reactors have two process streams, one ~ l i q u i dand  one 
gaseous. The liquid stream usually contains the desired product and is 
taken t o  product purification. The gaseous stream containing nitrogen, 



unreacted oxygen, CO , and some VOC i s  sent t o  product recovery t o  collect 
reactants or additiozal product before being vented t o  the atmosphere. The 
TRE calculations should be applied to this offgas stream after  the final 
product recovery device. 
1.4 Comnent: Two comnters (#I,  #4) raised questions concerning the 
cal cu-of the t o t a l  resource effectiveness (TRE) index on processes 
with multiple vent streams or where the stream i s  sp l i t  af ter  leaving the 
process. For example, one case was given where a portion of the vent stream 
(i.e. ,  side stream) i s  taken for use as a transport gas and another case was 
where the stream i s  vented separately t o  the atmosphere from each of two 
scrubbers in series. Both comnenters requested these cases be clarified as 
to whether the TRE should be applied to the separate streams or t o  the 
combined stream. 

Res onse: If a side stream has a process use (such as a transport gas 
o r  a -5-gas b anket) the TRE should be calculated for i t  separately. This 
calculation i s  done separately because there i s  a possibility t h a t  the side 
stream will pick up  additional VOC contamination when used in process 
operations. For example, a side stream used as a gas blanket in a storage
facility containing a n  organic liquid may collect additional VOC from the 
evaporation of stored organics. 

If the side stream has no process use the TRE should be calculated on 
the combined stream. The measurement of parameters for the TRE equation i s  
made a t  the outlet of the final product recovery device where VOC i s  reclaimec 
for beneficial reuse. For the VOC recovery t o  be considered beneficial 
reuse, the material must be recycled, sold, or used in another part of the 
process. For example, consider a case where two scrubbers in series are 
both used t o  recover VOC for beneficial reuse and part of the total stream 
i s  vented t o  the atmosphere separately from each scrubber. The measurement 
of flow rate, heat content, and VOC emissions should be made a t  both vents. 
These measured parameters should then be combined f o r  use in the TRE 
equation. The measured flow rates and VOC emission rates would be added t o  
yield the aggregate flow and emission rate. The aggregate heating value can 
be obtained by calculating a weighted average for the separate vent streams. 

In cases where VOC from one of the two scrubbers in series i s  wasted, 
the measurement of parameters for the TRE equation for  t h a t  part of the 
stream i s  made a t  the inlet t o  the scrubber from which the VOC i s  wasted. 
These are added t o  the other measured parameters as previously described. 
In cases where the VOC from both scrubbers in series i s  wasted, the 
measurement of parameters for the TRE equation i s  made prior t o  the inlet  of 
the f i r s t  scrubber. If this were not  required, the owner or operator of a n  
affected facili ty could choose t o  use a scrubber t o  reduce VOC emissions,
comply w i t h  the standards by attaining a TRE index value above the 1.0 
cutoff, b u t  cause a negative environmental impact through the disposal of 
the recovered VOC t o  l a n d  or water. I f  the TRE value were t o  be calculated 
after a scrubber from which a l l  VOC was wasted, then €PA would be neglecting 
the need t o  l i m i t  the p o l l u t i o n  of land and water. To provide a means of 
compliance w i t h  the standards by the collection and dispqsal of VOC 
emissions would impede the improvement of envi ronmental qua1 i t y  . 



2. RECOMMENDATION OF RACT 
' 

2.1 Comnent: Two comnenters (#4, #5) said that the CTG does not fulfil 1 

its purpose of providing State and local. air pollution control agencies with 

the information they need to make their own assessment of RACT. The 

c o m n t e r  also sai.d that RACT requirements are dictated in Chapter 4 of the 

CTG without explanation of the basis for RACT or the alternatives 

considered. Several conmenters (#I, #2, #5; #6) voiced concern over the 

lack .of alternatives available for RACT. They said that the draft CTG does 

not adequately address alternative control technologies which may be as 

effective as thermal incineration. Other control methods identified by the 

comnenters for consideration as RACT are flares and catalytic incinerators. 


Res onse: The Agency be1 ieves that there is ample flexi bil i ty within 

the R Xi+- recomnendation described in the CTG document. The RACT recomenda- 
tion outlined in Chapter 4 of the CTG does not mandate that a specific 

control technique be used for an air oxidation facil ity. Rather, the RACT 

recomnendation sets percent reduction requirements and/or emission limits 

which have been demonstrated to be achievable by avai 1 able 'techno1 ogy, The 

RACT recomnendation permits the use of a1 ternative control techniques such 

as flares and catalytic incinerators, as long as the emission reduction 

requirements and/or 1 imi ts are achieved. Available data show that these 

devices are capable of achieving the emission reduction requirements 

out1 i ned in the RACT recomnenda ti on. 


In order to analyze the impacts of RACT, a technology or technologies 

- had to be identified that would be available to all potentially affected 

SOCMI air oxidation facilities and would achieve the largest feasible 

emission reductions at a reasonable cost. Thermal oxidation was the only 

technique that met both of these qua1 ifications for the industry as a whole, 

and thus it was selected for the impact analysis. The RACT recommendation 

would allow the use of any a1 ternative to thermal oxidation if the owner or 

operator of an air oxidation facility were to determine that another technique 

would be more appropriate. However, if an alternate technique is used the 

98 percent reduction or 20 ppmv emission limit specified in the RACT recommenda- 

tion must be met. 


The RACT recommendation has additional flexibility in that the emission 

reduction requirements or emission limits do not have to be met if a facility 

can maintain a TRE index greater than 1.0. The operator of a facility 

having a TRE index less than 1.0 may upgrade product recovery or modify the 

process to reduce emissions and raise the TRE index above 1.0. This would 

enable the facility to avoid the specific emission reduction requirements 

specified in the RACT recommendation. The benef i ts from compl i ance with 

RACT in this manner are: (1) lower control costs; (2) recovered products, 

by-products, and feedstocks; and (3) lower energy consumption. 


The Agency also believes that there is sufficient information within 

the CTG to enable State and local air pollution agencies to make their own 

assessments of RACT. As stated in Chapter 1 of the CTG, the purpose of the 

document is to review existing information and data concern'jng the cost of 

various control techniques to reduce emissions. Since the document is 

general in nature, it may not fully account for variations within the source 




category. However, this CTG provides a substantial information bacr for the 
State and local agencies t o  proceed with their own assessments of kACT. 

L 

2.2 Comnent: A observation was made by a comnenter.(#6)  t h a t  even t h o u g h  
athe ~ m u d e s  statement t h a t  RACT i s  no t  specifically t o  be met through 

the use of thermal oxidation (page 4-I), i t  i s  the cornenter's belief t h a t  
the criteria of 98 percent emission reduction or a VOC concentration of 
20 ppmv can only be met by t hem1 oxidation. Thus, the criteria do n o t  

.mallow industry a choice of alternative conttol technologies. 
Response: The Agency has determined t h a t  98 percent emi ssi on reduction 

can be met by several control techniques on streams for which these 
techniques apply. Available d a t a  show t h a t  efficiencies of 98 percent and 
above can be achieved by catalytic oxidation (Martin, N. ,  Catalytic
Incineration of Low Concentration Organic Vapors. U. S. Environmental 
Protection Agency, Research Triangle Park, North Carolina. 1981. 
EPA-600/2-81-017). In addition, tests have also shown t h a t  flares can 
achieve a t  least 98 percent destruction efficiency, (McDaniel, M . ,  Flare 
Efficiency Study. U. S. Environmental Protection Agency, Research Triangle 
Park, North Carol ina. September 1982. EPA-600/2-83-052). Final ly , the 
Agency believes t h a t  most steam generating units (e.g. boilers and process
heaters) can achieve a VOC destruction efficiency of a t  least 98 percent or 
reduction t o  20 ppmv provided t h a t  the vent stream i s  introduced i n t o  the 
flame zone. These units are generally operated a t  temperatures higher t h a n  
and residence times longer t h a n  those conditions necessary t o  achieve 
98 percent destruction efficiency. Also, i t  i s  t o  the economic advantage of 
the owners of faci l i t ies  using steam generating units t o  operate these units " 
with stable flowrates and adequate mixing so t h a t  maximum combustion 
efficiency i s  achieved. Therefore, there are many devices t h a t  can achieve 
a 98 percent destruction efficiency on streams for which they apply.  The 
appl icabi 1i t y  of these devices depends upon stream characteri s t ics and can 
only be determined on a case-by-case basis. 
2.3 Comnent: One commenter ( # I )  stated t h a t  while thermal oxidation is  the 

rn 

only method analyzed in the CTG as a candidate for RACT, i t  i s  n o t  true t h a t  
the control efficiency of thermal oxidation i s  much less dependent on 
process and waste stream characteristics t h a n  other control techniques, nor 
i s  thermal oxidation economical ly appl icable t o  a1 1 ai r oxidation processes. 
The commenter said t h a t  destruction efficiency of thermal oxidizers is  L 

dependent on flame stability, which in turn depends on the composition, 
heating value, and flowrate of the waste gas. In  addition, some process 
conditions will not lend themselves t o  efficient operation of thermal 
oxidation and,  therefore, other control techniques may be applicable and 
their use should be encouraged. 

C-Response: Available da ta  show t h a t  the control efficiency of thermal 
o x i d a t i o n  is  much less dependent upon process and waste characteristics t h a n  
are other control techniques such as catalytic oxidizers and various product 
recovery devices. The applicability and effectiveness of product recovery 
devices such as condensers, absorbers, and adsorbers may be greatly affected 
by the vent stream f 1owrate, water content, temperature; VOC concentration, I, 

and VOC properties such as sol ubil i ty, molecular weight, and 1 iquid/vapor 



equi l ibr ium. I n  general, where c a t a l y t i c  ox id izers  are appl icable,  i n f o r -
mation shows t h a t  98 weight percent des t ruc t ion  can be achieved. However, 
som a i r  ox idat ion vent streams may have cha rac te r i s t i cs  which would l i m i t  
the  appl l c a b i l  it y  o f  c a t a l y t i c  ox id izers.  For example, vent streams w i t h  
high heat ing value o r  vent streams w i t h  compounds t h a t  may deact ivate the 
ca ta l ys t  may not be su i tab le  fo r  applying c a t a l y t i c  ox id izers.  Catalysts 
can be deact ivated by compounds sometimes present i n  the waste stream, such 
as sul fur,  bismuth, phosphorus, arsenic, antimony, mercury, lead, z inc,  o r  
t i n .  Deact ivat ion of the ca ta l ys t  may a lso  occur a t  high temperatures. 

Thermal oxidat ion, on the other  hand, i s  much less  dependent on process 
and vent stream charac ter is t i cs  as described above, and i t  i s  the only  VOC 
contro l  technique t h a t  can achieve 98 percent emission reduct ion o r  20 ppmv 
out1 e t  concentrations fo r  SOCMI a ir oxidat ion processes. However, the 
RACT recornendation does not  discourage the use o f  other cont ro l  techniques. 
The RACT recomnendation would a l low the use o f  any a l t e r n a t i v e  t o  thermal 
ox idat ion provided t h a t  the 98 percent reduct ion o r  20 ppmv emission l i m i t  
speci f ied i n  the RACT recommendation i s  met. Also, the use o f  product 
recovery devices i s  allowed insofar as the owner o r  operator o f  an affected 
f a c i l  it y  may upgrade recovery equipment t o  ra i se  the TRE value above 1.0 and 
thus, avoid having t o  reduce VOC emissions by 98 percent o r  t o  20 ppmv. 

A1 though thermal ox id i ze r  ef f ic iency i s  dependent on flame s t a b i l  ity ,  
i t  i s  r e l a t i v e l y  easy t o  maintain flame s t a b i l i t y  so t h a t  98 percent destruc- 
t i o n  e f f i c iency  i s  ensured. The required eff ic iency can be a t ta ined when 
mixing of t he  VOC stream, combustion a i r ,  and hot  combustion products from 
the burner i s  rap id  and thorough. This enables the VOC t o  reach the desired 
combustion temperature i n  the presence of enough oxygen fo r  a s u f f i c i e n t  
per iod of time f o r  the ox ida t ion  react ion t o  reach completion. Chamber 
design and burner/baff le configurations provide the tu rbu len t  flow necessary 
f o r  good mixing. 

The cornenter 's concern tha t  thermal ox ida t ion  may not  be economically 
appl icable t o  a l l  a i r  ox idat ion processes i s  addressed by the inc lus ion  o f  a 
TRE c u t o f f - i n  the RACT recomnendation. 

2.4 Comment: Two commenters (#2, #6)  suggested t h a t  the c r i t e r i a  adopted 
as ~ ~ m e l a x e d .  It was the be l i e f  of one comnenter (#2)  t h a t  a 95 percent 
contro l  e f f i c i e n c y  should be adopted. As a r e s u l t  o f  the 95 percent cont ro l  
e f f i c i ency ,  the comnenter f e l t  t h a t  greater nationwide emission reductions 
would occur and gave two reasons t o  support t h i s  opinion. F i r s t ,  because 
the lower contro l  e f f i c iency  would a l low the use of c a t a l y t i c  ox ida t ion  and 
f l a r e s  f o r  RACT i n  add i t ion  t o  thermal inc inera tors ,  more process streams 
would requi re inc inera t ion  using the $1,60O/Mg cost-effectiveness c r i t e r i o n .  
Secondly, because today's higher costs fo r  natura l  gas would encourage 
design o f  many new thermal inc inera tors  t o  use a .more p o l l u t i n g  f u e l  such as 
o i l  o r  coal, the use of c a t a l y t i c  ox ida t ion  o r  f la res  would avoid add i t iona l  

no^* and pa r t i cu la te  emissions resul  t i n g  from the fuel. This commenter 
saso?*d t h  t the addi t ional  cost of achieving 98 percent cont ro l ,  as opposed t o  
95 percent, i s  not j u s t i f i e d  by the addi t ional  emission reductions achieved 
a t  98 percent contro l .  The commenter a lso sa id t h a t  i n  order t o  c o r r e c t l y  
examine cost effectiveness, one must compare the incremental cost t o  remove 
the l a s t  ton of a po l lu tan t ,  a s  wel l  a s  average cost ef fect iveness. 



Both  comnenters said t h a t  catalytic oxidation has not  been pr~,erly 
addressed as a RACT a1 ternative. One of these conmenters (#2)  f e l t  t h a t  the Ir 

text of the CTG makes i t  appear t h a t  the 98 percent emission reduction 
criterion was selected specifically t o  exclude catalytic oxidation. 

Res onse: Catalytic oxidation and flaring have not been excluded by 
the R 7d- recommendation. As indicated in the response t o  Comment 2.1, the 
RACT recomnendation does n o t  mandate t h a t  a specific control technique be @ 

used for an a i r  oxidation facility. The RACT reconmendation permits the use 
of a1 ternative control techniques, as long as the emission reduction 
requirements and/or 1 imi ts are achieved. Thermal incineration i s  not 
specifically required by the RACT recomnendation. I t  i s  merely the control 
technique upon which the RACT recomnendation and the impacts of RACT are 
based. The Agency expects t h a t  in some cases other control techniques, such ' 
as catalytic oxidation and flaring, will be used. As stated i n  the response 
t o  Comnent 2.2, where catalytic oxidizers and  flares are applicable, 
information shows t h a t  these techniques can achieve 98 percent destruction 
efficiency. 

In  determining the level of control which represents RACT, the Agency . rn 

examined emission da ta  from incinerators a1 ready operating within the 
industry as well as incinerator tests conducted by the Agency and  by 
chemical companies. The da ta  show t h a t  a l l  the new, well-operated 
incinerators were achieving 98 percent destruction efficiency. Also, a t  the 
1 ower temperature and shorter residence time associated with 1 ower 
efficiencies, some VOC may not come into contact with sufficient oxygen a t  a 
high enough temperature t o  enable the oxidation of VOC t o  proceed t o  . 
completion. As a result, there i s  .greater chance t h a t  partially oxidized 
organic compounds (e. g. , a1 dehydes) and carbon monoxide may be generated. 
Thus, the Administrator determined that 98 percent destruction efficiency 
represents RACT. 

One comnter  (#6) stated t h a t  by lowering the percent reduction a 

requi rement and,  consequently, a1 1 owing other less expensive control devices 
t o  be used, more process streams would require combustion using the 
S1,600/Mg cost effectiveness criterion and more emission reductions would 
occur. This assumption is  incorrect because the RACT recomnenda t i o n  
specifies t h a t  a 11 faci 1 i t ies calculate cost effectiveness using a n  equation 
based on thermal incineration, which i s  the only control technique I 

universally applicable t o  the industry. Thus ,  even though a facility using 
a less expensive device would have a lower projected cost effectiveness t h a n  
t h a t  projected using the equation based on thermal incineration, the higher 
value would be used to determine whether the costs of combustion are 
reasonable and a combustion device should be installed. 

The comnenter also indicated t h a t  the use of catalytic o x i d a t i o n  or I 

flares would avoid a d d i t i o n a l  SO NO , and particulate emissions resulting 
from thermal incinerators using 8 j l  of coal. However, the Agency believes 
t h a t  a t  least i n  the foreseeable future, virtually a l l  incinerators will use 
natural gas f o r  supplemental fuel. Most existing incinerators currently use 
natural gas and are expected t o  continue t o  use i t  because the price a n d  
availability have not  changed so d r a ~ t i c a l l y  t h a t  this :trend will n o t  

C 

continue. 



3. COST ESTIMATION AND COST EFFECTIVENESS 

3.1 Comnent: Four comnenters (#I ,  #2, #5, #6) quest ioned the  bas is  f o r  the 
cos t  est imates developed f o r  t he  CTG. A l l  f o u r  commenters s t a t e d  t h a t  t he  
cTG ignores subs tan t i a l  costs  assoc ia ted w i th .  t h e  -purchase, cons t ruc t ion ,  
and operat ion o f  a  thermal i n c i n e r a t o r .  Two comnenters ( # I ,  #5) mentioned 
t h a t  t he  d isposa l  cos t  of NaCl from scrubbers i s  n o t  i n s i g n i f i c a n t  as s ta ted  
i n  t he  CTG. One commenter ( # I )  mentioned t h a t  energy recovery (as steam) i s  
no t  feas ib le  i n  many processes, e s p e c i a l l y  where halogenated compounds a re  
present. Two o f  t he  comnenters ( #2 ,  #5) s ta ted  t h a t  the  costs  associated 
w i t h  t he  a d d i t i o n  of a thermal i n c i n e r a t o r  t o  an e x i s t i n g  process a re  
underestimated due t o  the  omission of costs  f o r  s i t i n g ,  b r i n g i n g  u t i l i t i e s  
and serv ices t o  t he  s i t e ,  and p i p i n g  and ins t rumenta t ion  connections. 
One c o m n t e r  (#5)  a l so  noted t h a t  t h e  150 f e e t  es t imated by t he  EPA f o r  
ductwork t o  t he  thermal i n c i n e r a t o r  i s  too shor t .  He f e l t  t h a t  due t o  
exp los ion hazard, many p l a n t  owners would no t  f e e l  comfortable l o c a t i n g  an 
i g n i t i o n  source so c lose  t o  a  process, and suggested t h a t  300 t o  500 f e e t  
would be a  more represen ta t i ve  f igure.  

Three comnenters (#2, #5, #6) s t a t e d  t h a t  t he  TRE index formula should 
be rev ised  t o  consider t he  omissions described above and o t h e r  costs such 
as: wastewater t reatment expenses, v a r i a b i l i t y  i n  the  cos t  of b u i l d i n g  
ma te r i a l s  (carbon s tee l  cannot be used f o r  cons t ruc t i on  i n  EDC p l an t s ) ,  down 
t ime . f o r  heat  recovery u n i t s  on thermal i nc i ne ra to r s ,  maintenance costs,  
opera t ing  suppl ies,  and o t h e r  c a p i t a l  and annual ized costs.  Estimates f o r  
a d d i t i o n a l  costs  g iven by one commenter (#5)  are: opera t ing  suppl ies  
(9-33 percent of opera t ing  l abo r ) ,  1aboFatory expense (10-20 percent o f  
opera t ing  l abo r ) ,  techn ica l  ove rs i gh t  (over  25 percent o f  ope ra t i  n'g 1  abor)  , 
and general p l a n t  overhead (50-70 percent o f  opera t ing  l a b o r ) .  The commenter 
recomnended t h a t  a  f ac to r  of 40 percent of opera t ing  and maintenance l a b o r  
be added t o  account f o r  these adm in i s t r a t i ve  and implementation costs. 

Another comen te r  ( t 2 )  gave the  f o l  lowing a d d i t i o n a l  c o s t  fac to rs :  
heat  recovery u n i t  down time, maintenance costs,  ope ra t i n  suppl i e s  
(20 percent of opera t ing  l abo r ) ,  and l abo ra to r y  expenses 9 15 percent o f  
operat ing l a b o r ) .  This commenter (#2)  a l so  s ta ted  t h a t  t h e  TRE formula 
should be rev ised  t o  a1 low a  company t o  use i t s  t r u e  cos ts  and thus take 
reg iona l  cos t  d i f ferences i n t o  cons iderat ion.  

One comnenter (45) s t a ted  t h a t  the  est imates f o r  annual ized costs  noted 
i n  t he  CTG are  too low. This comente r  gave a  comparison between h i s  
o rgan i za t i on ' s  est imates and the CTG estimates. By t h e i r  es t imat ion  ( i n  
June 1980 d o l l a r s ) ,  t o t a l  annualized costs w i l l  be $803,140, as compared t o  
the EPA est imate of $519,550. These costs  are  f o r  a  vent  stream w i t h  a  f l o w  
r a t e  of 284 SCMImin, heat content  o f  0.37 MJISCM, VOC emissions o f  
76.1 Kg/hr, and no ch lo r i na ted  compounds i n  t h e  o f fgas.  

Res onse: The procedure used i n  t h i s  cos t  ana lys is  was developed us ing 
i n p u t+-rom many sources, i n c l u d i n g  the Chemical Manufacturers Assoc ia t ion 
(CMA) and the Texas Chemical Counci l  (TCC). The procedure i s  s u f f i c i e n t l y  
d e t a i l e d  f o r  the purpose o f  t h i s  cos t  ana lys is ,  which i s  t o  develop cos t  
est imates t h a t  adequately represent con t ro l  costs a n t i c i p a t k d  t o  be i ncu r red  
by the m a j o r i t y  of p l an t s  i n  the indust ry .  The cos t  est imates developed f o r  



t h i s  standard, wh i le  no t  "worst case," are intended t o  be r e p r e s e r ~ a t i v e  f o  
the indus t ry  as a whole, and, therefore, should no t  s i g n i f i c a n t l y  under- 
estimate o r  overestimate the  costs f o r  any i nd i v idua l  f a c i l  ity .  The Agency 
bel ieves t h a t  i n  some cases both minor underestimates and minor 
overestimates may occur due to.  the. s i  te-speci f i c  nature o f  the  costs  
associated w i t h  i n s t a l  1  i n g  i nc ine ra to rs  a t  e x i s t i n g  fac i  1  it i e s .  However, 
the cos t  algor i thms should no t  r e s u l t  i n  any s i g n i f i c a n t  inaccuracies. 
A1 though several comnenters mentioned t h a t  some items were omi t ted i n  the 
cos t  algorithms, many of these items are a c t u a l l y  no t  omissions a t  a l l .  

The cost associated w i t h  disposal o f  sodium ch lo r i de  from the 
neut ra l i zed  scrubbing water o f  halogenated vent streams i s  based on d i r e c t  
discharge which r e s u l t s  i n  a n e g l i g i b l e  expense. This i s  be l ieved t o  be 
representat ive of the s i t u a t i o n  t h a t  a l l  a i r  ox ida t ion  f a c i l i t i e s  w i l l  face 
A l l  bu t  one e x i s t i n g  a i r  ox ida t ion  f a c i l i t y  w i t h  halogenated vent streams 
are located near the  coast where the  b r i n e  can be discharged a t  a r e l a t i v e l :  
low cost e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  i n t o  the ocean o r  i n t o  a brack ish 
stream. The remaining f a c i l i t y  w i l l  e i t h e r  s e l l  the HC1 so lu t i on  d i r e c t l y ,  
o r  i f  no market ex is ts ,  w i l l  neu t ra l i ze  the wastewater w i t h  caust ic  and dum~ -
the b r i n e  so lu t i on  i n t o  a nearby freshwater r i v e r .  Thus, b r i ne  disposal 
costs are expected t o  be i n s i g n i f i c a n t  f o r  a l l  e x i s t i n g  a i r  ox ida t ion  
f a c i l i t i e s  and no change i n  the cos t ing  procedures w i l l  be made. 

Two comnenters s ta ted  t h a t  the algor i thms have omi t ted s i g n i f i c a n t  
costs t h a t  w i l l  be incurred when adding cont ro l  devices t o  e x i s t i n g  
f a c i l i t i e s .  The costs i d e n t i f i e d  as being omit ted were f o r  s i t i n g ,  b r i n g i n s "  
u t i l i t i e s  t o  the s i t e ,  and p ip ing  and instrumentat ion connections. This 
statement, however, i s  inaccurate. S i t i n g  and p ip ing/ inst rumentat ion costs 
are a c t u a l l y  included i n  the cap i ta l  cos t  i n s t a l l a t i o n  fac to r .  Furthermore, 
the Agency be1 ieves t h a t  the cost  associated w i th  adding a con t ro l  device a t  
an e x i s t i n g  f a c i l i t y  i s  no t  underestimated. To account f o r  d i f f i c u l t i e s  
associated w i t h  adding a cont ro l  device t o  an e x i s t i n g  process, a  r e t r o f i t  
co r rec t i on  fac tor  of 1.625 was used i n  est imat ing. t o t a l  i n s t a l  l ed  c a p i t a l  
costs. This increases the t o t a l  i n s t a l l e d  cap i ta l  costs  by about 
63 percent. The costs f o r  b r i ng ing  u t i l i t i e s  t o  the  s i t e  are no t  included 
because the cont ro l  device (i.e., thermal i nc ine ra to r )  w i l l  most 1 i k e l y  be 
located i n  the prox imi ty  o f  the  process u n i t  where u t i l i t i e s  are r e a d i l y  
accessible. 

Two conen te rs  reconended the i nc lus ion  o f  a  fac to r  of 35-40 percent 
of operat ing and maintenance'labor t o  account f o r  heat recovery u n i t  down 
time, operat ing supplies, laboratory expenses, technica l  oversight,  and 
general p lan t  overhead. Some o f  these items have been incorporated i n  the  
maintenance labor  and mater ia l  s  factor ;  the  taxes, insurance, and rr 

admin is t ra t i ve  charges factor; and the operat ing l abo r  r a t e  which includes 
overhead. Also, even i f  the conen te r ' s .  f a c t o r  were incorporated i n  the 
cost algorithms, t o t a l  annualized costs would increase only  by about 
2 percent. 

Other factors and assumptions were included i n  the algor i thms t o  avoid 
underestimating costs incurred by f a c i l i t i e s  using combustion t o  cont ro l  . 
VOC. These assumptions were made t o  ensure t h a t  cont ro l  equipment s izes and 
suppl emental gas requi rements were no t  underestimated. F i  r s t  , vent streams 
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were assumed t o  contain no oxygen t o  maximize estimated combustion a i r  
requirements. Most streams, whi le  not  conta in ing 21 percent oxygen, have 
some smal l e t  percentage of oxygen present. Therefore, the assumption of no 
oxygen ensures t h a t  no underestimate w i l l  occur fo r  the equipment s ize, the  
combustion a i r  flow rate, and the amount .of supplemental natura l  gas needed. 
Second, actual  offgas flow r a t e  was i n f l a t e d  by 5  percent i n  ca l cu la t i ng  
costs, which i n f l a ted  gas consumption and equipment size- by 5  percent. 
Third, the temperatures and residence times assumed f o r  cost  est imat ion 
purposes ( 1  ,6OO0F/. 75 sec fo r  nonhal ogena ted streams, 2  ,OOO°F/l sec f o r  
halogenated streams) were higher than those condit ions genera l ly  necessary 
t o  achieve a  98 percent VOC dest ruct ion e f f i c i ency ,  as discussed i n  
Appendix A of the CTG document. These higher temperatures and residence 
times would r e s u l t  i n  a  l a rge r  equipment s ize  and higher gas consumption. 
Fourth, the  overa l l  i n s t a l l a t i o n  factors assumed f o r  new sources were 4.0, 
2.5, and 3.5 fo r  the combustion c'hamber, heat exchanger, and waste heat 
bo i l e r ,  respect ively.  These factors were a l l  h igher than the EPA GARD 
Manua 1  f a c t o r  of 2.17 (EPA-450/5-80-002). 

Upon evaluat ing a1 1  the pub1 i c  comnents, several changes were made i n  
the cost algorithms. The ductwork length used i n  the  cost analysis was 
changed from 150 feet t o  300 feet  and 250 f e e t  o f  pipebridge supports fo r  
the ductwork was added. The ductwork length increase was based on 
spec i f i ca t ions  provided by The Indus t r i a l  Risk Insurers ( I R I )  and the 
National F i  r e  Protect ion Association (NFPA) . These are groups which present 
recomnended distances fo r  safely 1  oca t i  ng combustion sources from process 
u n i t s  i n  chemical plants. An addi t ional  100 feet was added t o  the  I R I  and 
NFPA recomnendation t o  account f o r  rou t ing  the stream around equipment and 
t o  the perimeter of the process u n i t  before rou t ing  i t  away from the process 
un i t .  The 300-foot f igure  i s  bel ieved t o  be more representat ive of indus t ry  
condit ions, and i s  w i t h i n  the range recommended by the one indus t ry  
commenter on t h i s  item. 

The gas p r i ce  used i n  the cost algorithms was revised t o  r e f l e c t  the 
upward trend of nat ional  gas pr ices. Since gas pr ices are pro jected t o  r i s e  
more rap id ly  than i n f l a t i on ,  the Agency bel ieves i t  i s  important t o  use a 
1980 base-year gas p r i ce  tha t  w i l l  r e f l e c t  these r i s i n g  pr ices.  As 
explained i n  Chapter 5, the gas p r i ce  was projected fo r  the year 1990 
weighted geographically and then was def lated t o  1980 d o l l a r s  ( the  base year 
f o r  a l l  costs used i n  the  CTG document). This was done t o  obta in a  
representat i%e gas p r i ce  on a  nat ional  basis t h a t  would be incurred by 
f a c i l i t i e s .  

The labor p r i ce  and u t i l i t y  pr ices such as e l e c t r i c i t y ,  water, and 
caust ic  were also revised. These pr ices were revised t o  be more 
representat ive of 1980 costs, which the TRE equation i s  based on. Although
these pr ices were o r i g i n a l  l y  based on 1980 pr ices, f u r t h e r  examination 
showed tha t  more representative pr ices could be used. These pr ices have the 
same basis as the labor and u t i l i t y  pr ices f o r  NSPS's using the TRE concept. 

3.2 Comment: One comnenter ( # 5 )  stated tha t  the absence o f  design algorithms 
i n  t h m r e v e n t e d  h i s  organizat ion from properly comparing €PA cap i ta l  
cost estimates w i th  actual thermal inc inera tor  costs. He suggested t h a t  €PA 
have a construct ion f i rm perform a cost est imat ion on the example case given 
i n  Appendix E of the CTG. 



Res onse: The inc ine ra to r  cos t  a1 g o r i  thms , presented i n  Append1 x E are 
der ive7d-rom cost  equations o u t l i n e d  i n  Chapter 5. The under ly ing 
assumptions used i n  developing these cos t  equations are explained .in t h i s  
chapter and the  referenced documents. The cost  data i n  t h i s  CTG were based 
on the  two I T  Enviroscience thermal o x i d i z e r  evaluat ion documents t h a t  
s p e c i f i c a l l y  apply t o  a i r  ox ida t ion  processes [ (a )  Basdekis, H. S., 
Emissions Control Options f o r  the Synthet ic  Organic Chemicals Manufacturing 
Industry. Control Device Evaluation. Thermal Oxidat ion Supplement (VOC 
Contai n i  ng Halogens o r  Sul fur).. EPA-450/3-80-028d , November 1980. 
(b)  Blackburn, J. W. Emissions Control  Options f o r  the  Synthet ic  Organic 
Manufacturing Industry.  Control Device Eva1 uation. Thermal Oxidation. 
EPA-450/3-80-028d, Ju l y  19801. Envi roscience has been invol ved i n  designing 
these types of emission cont ro l  devices f o r  i ndus t r y  and was determined t o  
be q u a l i f i e d  t o  develop costs estimates f o r  t h i s  CTG. Furthermore, these 
procedures have been extensive ly  reviewed by indus t ry  and vendor 
representat ives and rev is ions  have been made where appropr iate.  

3.3 Comnent: A comnenter ( f 2 )  noted t h a t  the CTG used out-of-date costs 
and t  m e recent costs should be examined. The comnenter mentioned t h a t  
the cos t  factors used i n  the  proposed TRE formula have no t  been examined i n  
f i v e  years, even though they were i n f l a t e d  t o  1980 leve ls .  This cornenter 
f u r t h e r  s tated t h a t  adopting a CTG on outdated costs i s  poor s c i e n t i f i c  and 
technica l  pract ice.  The comnenter recomnended the  formula be rev ised t o  
a l low the  use of present and pro jec tab le  fu ture costs based on the date of 
appl icat ion.  

Res onse: The Agency has reviewed the  cost ing procedure and bel ieves 
t h a t  7?-t e cur ren t  costs are no t  outdated. As mentioned i n  the  response t o  
comnent 3.1, upon reviewing a l l  the  pub l i c  comnents, t he  gas, labor  and 
other  u t i l i t y  f ac to rs  were reviewed and necessary rev is ions  were made. 
These rev is ions  were made t o  ensure t h a t  costs most representat ive of 1980 
would be used and, where appropriate, pro jectable f u t u r e  costs would be 
incorporated i n  the cost  algorithms. Since natura l  gas pr ices  are r i s i n g  
more rap id l y  than i n f l a t i o n ,  the Agency bel ieves i t  i s  appropr ia te t o  use a 
base-year gas p r i c e  t h a t  w i l l  r e f l e c t  these r i s i n g  pr ices.  The labor  and 
other  u t i l i t y  f ac to rs  such as e l e c t r i c i t y ,  water, and caus t ic  were a lso 
revised and are now on the same basis as the  labor  and o ther  u t i l i t y  p r ices  
f o r  the new source performance standards using the TRE concept. The labor  
and other  u t i l i t y  pr ices are no t  expected t o  r i s e  more r a p i d l y  than 
i n f l a t i o n  and, thus, w i l l  not  af fect  the v a l i d i t y  of the  TRE equation. 

The equipment costs used i n  the algor i thms were based on the most 
recent data ava i lab le  when the cost ing was done. Costs were updated from 
1979 do l l a rs  t o  1980 d o l l a r s  using fabr icated equipment indexes f o r  chemical 
plants.  The Agency bel ieves t h a t  i t  i s  ne i the r  feas ib le nor necessary i n  
terms o f  accuracy of the TRE equation t o  con t i nua l l y  update equipment costs 
dur ing the development of the CTG. This i s  because equipment costs are not  
expected t o  r i s e  a t  a r a t e  s i g n i f i c a n t l y  higher than the general i n f l a t i o n  
rate.  General i n f l a t i o n  does not a f f e c t  the r e s u l t s  of the TRE equation. 
Regardless of whether i t  i s  expressed i n  1980 o r  1984 dol l 'ars,  the TRE 
equation y i e l d s  the same value. The TRE index value of a p a r t i c u l a r  stream 



represents the ratio of the cost-effectiveness associated with incineration 

of that stream to the cost-effectiveness cutoff of $1,60O/Mg. If the 

cost-effectiveness value' for a particular stream is increased due to general 

i nf 1 a ti on, the reference cost-effectiveness cutoff woul d experience the same 

increase since both values are based on the same cost assumptions. Thus, 

the ratio will remain the same, and the TRE index value will be unchanged. 

3.4 C o m n t :  One comnenter (#5 )  stated the cost-effectiveness cutoff of -
$ 1 , 6 0 b m  too high. The comnenter based this be1 ief on the fact that 

most VOC source control costs (in prior NSPS studies) have not exceeded 

$1,00O/Mg and questioned why EPA would propose a CTG that is more stringent 

than a NSPS. This comnenter also requested clarification of the base year 

dollan used in the CTG. It was not clear if the 1980 do1 lars were updated 

to current dollars in the CTG. If 1980 dollars are used, the comnenter 

pointed out that the cutoff of $1,60O/Mg becomes $1,97O/Mg when inflated to 

1984 do1 1ars. 


Response: The Agency be1 ieves that a cost-effectiveness cutoff of 
-$1,60d/~g (198Q dollars) is a reasonable upper limit for the application of 


the RACT recomnendati on. The Agency evaluated several factors in ana lyz i ng 

the RACT a1 ternatives. These included the energy, environmental (air and 

water qua1 i ty, sol id waste), cost, cost effectiveness and product price 

impacts associated with these a1 ternatives. The RACT a1 terna tive 

represented by a $1,60O/Mg cutoff was selected because of the potential for 


.- unreasonable economic impacts (i .e., increases in the price of chemical 
products) or unreasonable cost-effectiveness values at more stringent RACT 

1eve1 s . 

A1 though a facil i ty could theoretically incur a cost effectiveness as 

high as $1,60O/Mg, it is probable that lower cost-effectiveness values will 

be incurred. The reasons for this are (a) other less expensive control 

techniques are 1 ikely to be used by facilities.; and (b) the inherent flexi -
bil i ty within the recomnended RACT encourages the use of product recovery 

improvements that will reduce the cost incurred by individual fa.ci 1 i ties 

while also reducing the national energy impact. The RACT impact analysis 

assumes that incinerators will be used to reduce VOC emissions by 98 weight 

percent. However, many facilities may opt to use boilers, process heaters, 

flares, or catalytic oxidizers. When these devices are used, the costs of 

control may be reduced from the cost of thermal incineration. Furthermore, 

the RACT recommendation does not require the control of VOC emissions if a 

TRE index greater than 1.0 is maintained. The EPA be1 ieves that many 

facilities having TRE indexes of 1.0 or less will upgrade product recovery 

to reduce VOC and raise their TRE values above 1.0. This will also signifi- 

cantly reduce the costs of control incurred by the industry. To study the 

potential impacts of requiring air oxidation facilities to control VOC 

emissions using thermal incinerators, the Agency developed a statistical 

profile of facilities which is assumed to represent all existing air 

oxidation facilities. An analysis of these facilities indicated that the 

highest cost effectiveness that a facility will actually incur as a result 

of instal 1 ing a combustion device is about S1,000/Mg. This'analysis also 

shows that facilities in the statistical profile with cost-effectiveness 




values above $1,00O/Mg would be able t o  upgrade product recovery t o  achieve 
a TRE greater than 1.0. 

I 

3.5 Comnent: Two comnenters (65, P6) questioned. the inconsistencies of TRE 
f o n n u m  the tables o f  coeff ic ients i n  the CTG as opposed t o  the A i r  
Oxidation Processes D ra f t  Background In fomat ion  Document (BID). One comnenter 
(#6)  f e l t  t ha t  the wrong tab le  of coe f f i c ien ts  (page E-3 o f  the Ju ly  1981 
d r a f t  CTG) was p r in ted  i n  the CTG. Another comnenter (#5) sa id  t h a t  the 
inconsistencies between the BID and the CTG were caused by the use of 
d i f f e r e n t  annualized cost  factors.  Some of the d i f ferences i n  the cost  
factors are: 

BID CTG 
Operating Labor $13. Omr $ll.lmr 
E l e c t r i c i t y  S 0.026 16/ kwh $ 0.0490/kWh 
Natural as $ 4-78/65. 3 2.40/GJ 
Caustic Pr ice $ 0.0436/1b $ 0.0563llb 

Source: BID Table 8-7, Ju ly  1981 Draf t ,  CTG Table 5-7. 

One comnenter (#6) noted t ha t  a TRE index o f  1.0 i n  the CTG corresponds t o  a 
value o f  $1,60O/Mg, whi le  a 1.0 index i n  the B I D  corresponds t o  a value of 
$886/Mg. 

Res onse: There are v a l i d  reasons f o r  the difference between the set  
o f  TR E+Tcoe i c i e n t s  i n  Table E-1 o f  the Ju ly  1981 d r a f t  CTG and the set of 
coe f f i c ien ts  presented i n  the BID. The primary reasons f o r  the  difference 
are (1) a d i f f e r e n t  reference cost-effectiveness value used i n  the TRE 
equation f o r  the d r a f t  CTG; and (2)  a r e t r o f i t  cor rec t ion  factor  was 
incorporated i n  t h e n t o t a l  i n s t a l l e d  cap i ta l  cost component f o r  the TRE 
equation w i t h i n  the d r a f t  CTG. The r e t r o f i t  f ac to r  increases the cap i ta l  
cost by 62.5 percent t o  account f o r  d i f f i c u l t i e s  associated w i t h  adding a 
contro l  device t o  an ex i s t i ng  process. 

A1 though no t  a primary cause f o r  the d i f ference i n  TRE coe f f i c ien ts ,  
the d i f ferent  cost  factors do account f o r  some var ia t ion .  However, as 
indicated i n  the responses t o  comnents 3.1 and 3.3, the gas, labor,  and 
other u t i l i t y  factors were revised. These rev is ions were made f o r  two main 
reasons: (1) t o  account fo r  the fact  tha t  natural  gas pr ices  are r i s i n g  
more rap id l y  than in f l a t i on ;  and (2)  t o  use labor  and other u t i l i t y  fac tors  
tha t  are more representative o f  1980 costs. The gas, labor, and other  
u t i l i t y  factors now have the same basis as the factors used i n  the a i r  
ox idat ion NSPS. The s l i g h t  differences between factors are due t o  the 
d i f fe rent  base year used i n  the CTG ( i  .e., 1980) compared t o  the NSPS (i.e., 
1978). 

There i s  a v a l i d  reason t ha t  TRE index w i l l  correspond t o  d i f fe rent  
cost-effectiveness values i n  the CTG and i n  the proposal BID. The 
ca lcu la t ion  f o r  determining a TRE index d i f f e r s  between the two documents 
a1 though the method used i s  essen t ia l l y  the same. I n  the CTG, the TRE index 
of a stream represents the r a t i o  o f  the cost-effectiveness o f  t ha t  stream t o  

- *a reference cost-effectiveness of $1,60O/Mg (i.e., the tost-effect iveness 
cutoff). I n  the B I D  the TRE index of a stream represents the r a t i o  of the 



cost-ef fect iveness of t h a t  stream . to  a d i f f e r e n t  reference cos t -e f fec t i veness  . 
hi^ reference cos t  ef fect iveness i s  $88,66O/Mg i e . ,  the  most expensive 

p l a n t  t o  c o n t r o l  i n  t h e  s t a t i s t i c a l  p r o f i l e )  d i v i d e d  by 100 o r  $886/Mg. 
Thus, i t  i s  c o r r e c t  t h a t  a TRE index of 1.0 corresponds t o  S1,600/Mg i n  t h e  
cTG and $886/Mg i n  t h e  BID. Both TRE indexes a re  c o r r e c t  and r e f l e c t  t he  
dif ferences re ference cos t  ef fect iveness values used, as w e l l  as t h e  f a c t  
t h a t  a r e t r o f i t  c o r r e c t i o n  f ac to r  was used i n  t h e  CTG. It should be noted 
t h a t  t he  Agency in tends t o  change t h e  reference cos t  e f fec t iveness used i n  
t he  BID t o  $1,90O/Mg (i.e. , the  cost-ef fect iveness c u t o f f ) .  Th is  change 
w i l l  cause t he  TRE index of 1.0 t o  correspond t o  $1 ,gOO/Mg. 

3.6 Comnent: One commenter (#6)  s t a ted  t h a t  measurements f o r  determin ing 
TRE s h i i e  based on t h e  emissions t h a t  a re  a c t u a l l y  be ing re leased t o  t he  
atmosphere, regard less of whether t he  l a s t  s tep  i n  t h e  process i s  ( a )  product  
recovery, (b )  energy recovery, o r  ( c )  a l ess  than i d e a l  e x i s t i n g  emissions 
con t ro l  device. 

Response: The measurement f o r  determining t h e  TRE index o f  a stream 
n u s t  be based on emissions e x i t i n g  the  f i n a l  recovery device where t he  VOC 
from t h a t  device i s  recla imed f o r  bene f i c i a l  use (i.e., recyc led  o r  so ld )  
r a t h e r  than f o r  waste disposal .  The reasons f o r  t h i s  a re  discussed i n  t he  
response t o  Comnent 1.4. 

Any e x i s t i n g  energy recovery device o r  emissions c o n t r o l  device t h a t  
combusts the  o f fgas  would be permi t ted by t he  CTG and no a d d i t i o n a l  con t ro l  
would be required.  Thus, f o r  cases (b )  and ( c )  mentioned by t he  commenter, 
where both  a re  combustion devices, TRE measurements would no t  be necessary 
because t he  f a c j l i t i e s  would a l ready be i n  compliance w i t h  t he  RACT 
requirement. Any e x i s t i n g  energy recovery device o r  emissions con t ro l  
device t h a t  does n o t  combust t h e  offgas would be requ i red  t o  measure f o r  t he  
TRE index a f t e r  t h e  f i n a l  product  recovery device where VOC i s  recla imed f o r  
benefic i  a 1 reuse. 

4. GENERAL 

4.1 Comment: One commenter (#4)  s t a ted  t h a t  h i s  o rgan i za t i on ' s  data 
ana lys is  i nd i ca tes  t h a t  fewer than 25 p lan ts  have the  p o t e n t i a l  t o  be 
c o n t r o l l e d  more e f f e c t i v e l y  under the  CTG than under present c o n t r o l s  and, 
therefore ,  he questions t h e  need f o r  the  CTG. 

Res onsz: The Agency be1 ieves t h a t  many f a c i l  i t i e s  have t he  p o t e n t i a l  
t o  be -*contro  l e d  more e f f ec t i ve l y  under RACT as o u t l i n e d  i n  the  CTG than 
under present controls..  Of t h e  four States i d e n t i f i e d  i n  t h e  CTG as having 
s t a t e  regu la t ions  app l i cab le  t o  SOCMI a i r  ox i da t i on  processes, none has a 
requirement more s t r i n g e n t  than the RACT recomnendation. Furthermore, even 
i f  fewer than 25 p lan ts  cou ld  be c o n t r o l l e d  more e f f e c t i v e l y  under RACT, t he  
Agency would pursue development of the  gu ide l ines  through p u b l i c a t i o n  o f  t h e  
CTG document. The reason f o r  t h i s  i s  t h a t  one a i r  ox i da t i on  f a c i l i t y  can 
emi t  a subs tan t ia l  amount (5,000 Mg o r  more) of VOC annual ly .  

4.2 Comment: Two commenters (XI ,  X2) questioned apparent ' con f l  i c t i n g  T I E  
c u t o f v a l u e s  i n  the  d r a f t  CTG. They noted t h a t  i n  Appendix D (page D-.1) ,
t h e  TRE c u t o f f  value used f o r  RACT i s  g iven as 2.9 bu t  i t  i s  g iven as 1.0 i n  
both  Sect ion 5 (page 5-28) and Appendix E (page E-1). 



.c Res onse: In ~ ~ ~ e n d i x  D (page D - l ) ,  the TRE cutoff of 2.9 is  a rypo-
graphica error, 1.0 i s  correct. The text has been revised to reflect this + 
correction. 
4.3 Comnt: Two connenters (11, #4) stated t h a t  ihe general description 
of t h m x i d a t i o n  Industry i s  vague and does no t  accurately detail the 
i ndustry . 

Response: Although the description of the Air Oxidat ion  Industry i s  
presented in a general way, the actual group of sources intended for 
coverage by this RACT i s  clear. The recomnended RACT i s  appl icable t o  those 
chemicals listed i n  Table 2-1 as well as any other synthetic organic 
chemicals which are produced by a i r  oxidat ion.  A description of an  a i r  
oxidation u n i t  process is  given on page 2-1. 
4.4 Comnent: One commenter (#I )  said t h a t  the discussion of Illinois State 
Regulations, in Chapter 3, was incorrect and should be clarified. The 
comnenter stated t h a t  the Illinois regulation actual1 requires VOC emission 
controls a t  one of three levels: (1) 8 pounds/hr, ( 2T 10 ppmv equivalent 

Imethane, or (3) 85 percent destruction. I t  i s  stated i n  the CTG t h a t  
Illinois limits all  VOC emissions t o  100 ppm equivalent methane. 

Res onse: I11inois State Regulations 1 i m i t  emissions of organic7e-materia t o  eight pounds per hour unless controlled by: ( a )  thermal or 
catalytic incineration capable of meeting emission 1imi t s  -of 10 ppm equivalent
methane, or 85 percent hydrocarbon destruction, ( b )  a vapor recovery system -
t h a t  adsorbs, absorbs, or condenses a t  least 85 percent of the uncontrol led 
organic material, or (c)  any other control device approved by the Illinois 
Agency as being capable of reducing uncontrolled organ.ic material emissions 
by 85 percent. The Illinois Regulations in the CTG have been corrected. 
4.5 Comnent: One comnenter (# I )  suggested t h a t  i n  Chapter 5, i t  should be 
clarified t h a t  (hourly emissions) i s  just the VOC emissions and "Flow""€'I 

is  the flow of the vent stream. 
Response: ?he text has been amended t o  clarify these terms. 

4.6 Comnent: A commenter (#2) said t h a t  NOx emissions from coal combustion 
are erroneously attributed to fuel nitrogen content on page A-20. These b 

emissions are conventional ly thought of as being independent of fuel 
n i t rogen . 

Res onse: Both  the Utility Boiler and the Stationary Gas Turbine 9-r
Background nfomtion Documents (BID) note t h a t  the contribution of NO, by
fuel nitrogen can indeed be significant when burning high nitrogen fuel. 
A d d i t i o n a l l y ,  i n  the July,  1979 Proceedings of the Second NO Control 
Techno1ogy Seminar hosted by the Electric Power Research 1nsfi tute, 
J .  J .  Marshal 1 and A. P. Selker of Combustion Engineering, Inc., presented a 
paper stating t h a t  fuel NO can account for 30 t o  75 percent of total NO, 
emissions i n  pulverized ~ 0 3 1firing. The text of the CTG was altered t o  
read, "By contrast, fuel nitrogen can account for a signif.icant percentage O

of t o t a l  NO emissions i n  the combustion of heavy oi ls ,  coal. and other high 
nitrogen f d l s ,  such a s  coal-derived fuels and shale oils." 



4.7 CO-nt: The f o l l o w i n g  general observat ions were made by four  cmnente rs  
(#I, 'm#6) on t he  J u l y  1981 &a f t  CTG. 

0 There i s  an apparent typographica l  e r r o r  on page E-3. L i ne  A2 
should read "For Ch lo r ina ted  Process Vent Streams, if3.5 FNet 
Heat ing Value (MJ/Nm3). "'(comnenter # l )  
P r i n t i n g  e r r o r s  on pages.3-17 t o  3-20 have r e s u l t e d  i n  the  0 
omission o f  one p o r t i o n  of t h e  t e x t  and d u p l i c a t i o n  of o t h e r  
por t ions .  One commenter (#2)  requested a rev i sed  copy of t he  
document and suggested t h a t  t he  comnent pe r i od  be reopened t o  
a1 low the  omi t ted  sec t i on  t o  be reviewed. (commenters #2, f 6 ) .  

o The CTG uses "Nm3" f o r  nermal cub ic  meters. Th is  i s  confusing 
s ince N i s  t he  standard symbol f o r  Newtons. (commenter #5) 

%:text was cor rec ted  td read ". . . if3.5 FNet Heat ing Value 
(MJ/Nm3). " 

o This s e c t i o n o f  the  t e x t h a s  b e e n c o r r e c t e d t o  i nc l ude  t h e o m i t t e d  
mate r ia l .  The comment per iod  was n o t  reopened because t he  omi t ted  
ma te r i a l  contains no con t rove rs i a l  in format ion.  

o Nm3 should n o t  be confused w i t h  Newtons, because t he  u n i t  Newton 
i s  n o t  used i n  t he  con tex t  of t he  CTG. 

4.8 Comnent: Three commenters ( # 2 ,  #3, #4). po in ted  o u t  the  fo l low ing  
*- e r r o r m b l  e 2-6. 

0 Diamond Shamrock s o l d  i t s  LaPorte, Texas EDC/VCM f a c i l i t y  t o  
B. F. Goodrich Corporat ion i n  1981. (cornenter  #2) 

o The c o r r e c t  corporate  name of Diamond Shamrock's Deer Park P lan t  
i s  Diamond Shamrock Chemicals Company. (comnenter #2) 

o The two E thy l  Corporat ion f a c i l i t i e s  manufacturin 1,2-dichloro-
ethane by a i r  o x i d a t i o n  a re  i n c o r r e c t  1 i s t i n g s .  9commenter t 3 )- The E thy l  Corporat ion 's  Baton Rouge, Louis iana 1,2- d i c h l  oro-  

ethane a i r  ox i da t i on  process u n i t  was shut  down i n  
January 1983. - The E thy l  Corporat ion 's  Pasadena, Texas 1,2-dichl oroethane 
u n i t  does no t  use a i r  ox idat ion.  

o AmocoStandarddoes no tmanu fac tu reace toneand  phenol i n  Richmond, 
Ca l i f o rn i a  and does no t  have a p l a n t  there.  (commenters P I ,  64) 

Res onse: ht e x t  has been changed t o  read B. F. Goodrich Corporation. 
o The t e x t  has been changed t o  read Diamond Shamrock Chemical s . 

Company. 
o These two Ethy l  p l an t s  were de le ted  from the  tab le .  
o The Amoco-Standard p l a n t  was de le ted from the  tab le .  



FOREWORD 

The f o l l o w i n g  memorandum examines the  po ten t i a l  o f  f a c i l i t i e s  w i t h  a 
TRE index below the cutoff t o  upgrade product recovery and r a i s e  t h e i r  TRE 
index above the  cutoff. It should be noted t h a t  t h i s  memorandum i s  based on 
a Ju ly  1981 d r a f t  o f  the CTG, which includes TRE coef f ic ients  based on a ,a 

c u t o f f  of 2.9 (equiva lent  t o  81,60O/Mg). I n  subsequent d ra f t s  of the CTG, 
the TRE index cutoff was changed t o  1.0, r e f l e c t i n g  a change i n  the 
reference cos t  effectiveness value used i n  the  TRE index equation. New TRE 
c o e f f i c i e n t s  were der ived t h a t  are based upon the TRE index c u t o f f  o f  1.0. 
The TRE index cutoff  of 1.0 i s  s t i l l  equiva lent  t o  S1,600/Mg. Thus, the 
change i n  the TRE index cutoff has no t  i nva l i da ted  the  examination presented -
i n  the memorandum. The fo l low ing  product recovery analys is  i s  based on the 
cos t ing  procedures se t  f o r t h  i n  the  Ju l y  1981 d r a f t  a t  the CTG and does no t  
r e f l e c t  the cos t ing  changes discussed i n  t h i s  appendix. However, these 
cost ing changes would no t  a l t e r  the r e s u l t s  t o  such an ex ten t  t h a t  the  
conclusions reached as a r e s u l t  of t h i s  analys is  would be d i f f e ren t .  



MEMORANDUM 


DATE: January 11, ,1984 

TO: Air Oxidation Processes CTG File 


FROM: Richard F. Pandullo 


SUBJECT: Analysis of Plants With the Potential to Apply Process 

Modifications to Raise their Cost-Effectiveness Values 

Above' the RACT Cutoff Point 


INTRODUCTION 


This memorandum describes an analysis performed to identify plants with 

the potential of applying process modifications to raise their cost- 

effectiveness values above the Reasonably Available Control Techno1 ogy 

(RACT) cutoff out1 ined in the Air Oxidation Processes Control Techniques 

Guide1 ines (CTG) document. The $1600/Mg ($  1980) RACT cutoff level is 
associated with a. total resource effectiveness (TRE) value of 2.9. In . 

areas where the RACT guidel ines are adopted, plants which have a TRE va1 ue 

below the cutoff may opt to upgrade existing recovery equipment or add 

recovery equipment to raise their TRE values and avoid the incineration 

requirement.. This analysis estimates the potential number of cases for 

which this option may be appl ied and describes qua1 i tatively the recovery 

changes that may be implemented if this option is applied. This analysis 

does not investigate potential process changes (e.g., changing physical 

reaction conditions , changing feedstocks or .catalysts) that, if adjusted, 
could change the TRE value. 


A rigorous engineering analysis on individual plants was not performed 

as detailed information regarding plant operations was in most cases unavail- 

able in the emissions data file. Instead, the best scientific judgement was 

used on the available data. This data included Houdry data reports, 

Hydroscience Product Reports on specific chemical processes, and the draft 

CTG document . 

The reactor process.vent stream characteristics for all fifty-nine 

plants from Table 8-4 of the draft Air Oxidation CTG document were examined. 
These data are sumrized in Table 1. TRE values were calculated for these 
plants to identify cases where the value was just below the RACT cutoff 

point of 2.9. TRE values are sumrized in Table 1 and the TRE equation 

used is presented in Table 2. Plants with TRE values above the cutoff point 

were eliminated from further analysis because they would not be required to 

use incineration if the RACT guidel ines were adopted. For Rlants with TRE 

values below 2.9, the VOC emission reductions needed to raise TRE values to 

the cutoff point were estimated. Focus was given to those plants where the 

VOC emission reductions needed to reach the TRE cutoff were.10~ to moderate 




(<70 percent). On the basis of data calculated and information gzthered, an -
' 

assessment was made t o  detenni ne whether process modif icat ions cou1d achieve 
the calculated VOC emission reductions. 

RESULTS 

Table 3 presents the r esu l t s  of t h i s  analysis. Twenty-four out of the * 
59 p lants examined were estimated t o  have TRE values above 2.9. These 
p lants were excluded from fur ther  analysis because i f  the RACT guidel ines 
were adopted they would be exempt from the inc ine ra t ion  requirement. 

Nine p lants were estimated t o  have TRE values below 1.0. Further 
n

analysis was not  performed on these p lants because i n  such cases a VOC 
reduct ion of 80 t o  90 percent i s  requi red t o  reach the TRE cuto f f  point .  
These emission reductions were considered not  l i k e l y  t o  occur w i th  modif i  -
cations t o  product recovery equipment. 

The analysis revealed t ha t  the remaining 26 p lants had TRE values above , 
1.0 and below 2--9. I n  t h i s  category, 7 p lants cu r ren t l y  use inc inera tors  
and 9 e i t he r  have been shut down o r  have changed processes. These p lants  
were excluded from the l i s t  o f  po tent ia l  cases f o r  process modif ications. 
It was estimated that .  two p lants present ly using water scrubbers (dlOO7, 
terephthal ic acid; 1902, cyc l  ohexanone) requi re 57 percent and 54 percent 
reductions t o  reach the cutoff point.  Another cyclohexanone p lan t  (4903) 
a lso present ly using a water scrubber was estimated t o  requ i re  a 64 percent 
reduction. This l eve l  o f  emissions"reduction i s  not  1 i k e l y  t o  be achieved 
because most of the  VOC emitted from these three p lants i s  inso lub le  i n  
water and, thus, would probably not  be co l lec ted by increasing the 
e f f i c iency  of the water scrubber. One add i t iona l  ' terephthal ic ac id  p lan t  
(#1004) using carbon adsorption was estimated t o  requi re a 39 percent 
reduct ion t o  reach the cu to f f  leve l .  A model p lan t  f o r  t h i s  chemical 
devel oped by Hydrosci ence ident i fies carbon adsogption as 97 percent 
e f f i c i e n t  f o r  VOC removal a t  t h i s  type o f  plant.  This p lan t  was determines 
t o  be a marginal but not l i k e l y  case because assuming the adsorber already 
achieves a 97 percent reduction, i t  i s  un l i ke l y  t9a3 an add i t iona l  ' 39 percent could be removed a t  a reasonable cost. 

1" 

Six p lants out  o f  59 surveyed were determined t o  have the po ten t ia l  f o r  
applying process modif icat ions t o  ra i se  t h e i r  respect ive TRE values t o  the 
cu to f f  point.  Two formaldehyde p lants (R1407 and #1420) using product 
absorbers with no VOC contro l  were estimated t o  requi re a 45 percent VOC .* 

reduct1.on. Two addi t ional  formaldehyde. p lants (11403 and #1404) were 
estimated t o  requi re a 1 percent reduction. The Product Report f o r  
formaldehyde manufacturing states t ha t  one manufacturer (wi t h  the same 
process charac ter is t ics  as those f o r  the 4 i n  question) uses a water 
scrubber f ~ l l o w i n g  the product absorber which achieves a 74 percent VOC 
reduction. It was assumed t ha t  these p lants could po ten t i a l l y  do the same a 

a t  a substant ia l l y  lower cost  than tha t  which would be a'ssociated w i th  
adding a thermal inc inerator .  

C 



One acet ic  ac id  p lan t  (#205) using a water scrubber was estimated t o  
~ q u i ma 51 percent reduct ion i n  VOC t o  reach the cu to f f .  The acet ic  ac id 
p lant  was considered a marginal, bu t  l i k e l y  case because the vent from t h i s  
scrubbar contains a soluble component (acetaldehyde) whic$ i s  present a t  a 
nuch higher concentrati on than the non-sol ub l  e cmponen t. Theref ore. 
modif icat ions t o  the scrubber t o  increase eff iciency (e.g., add i t ion  o f  
scrubber p lates)  could potent ia l  l y  reduce t h i s  soluble component by the 
required amount. 

One f i n a l  case where process modif icat ion could po ten t i a l l y  be applied 
i s  a t  a teraphthal ic  ac id p lant  (R1005) using absorption as a product 
recovery method. It was estimated tha t  a 20 percent VOC emission reduct ion 
i s  required t o  increase the TRE t o  2.9. It was assumed t ha t  t h i s  p lan t  
could achieve the reduction because a manufacturer using the same process 
and contro l  was found t o  achieve an addj t ional  36 percent VOC reduction by 
adddng plates t o  the ex is t i ng  absorber. 

SUMMARY 

Absorbers are pr imar i  1 y used as product recovery devices, but  can be 
applied fo r  the purposes o f  VOC control. I n  t h i s  analysis, i t  was determined 
tha t  four  p lants could po ten t i a l l y  add an absorber (water scrubber) and 2 
plants could modi f y  ex i s t i ng  absorbers t o  achieve the necessary VOC reduc-
t ion. Modif ication of an absorber i s  comnonly done by increasing the size, 
decreasjna the operating temperature, o r  increasing the number o f  plates i n  a 
column. ' 

It was ,assumed t ha t  a p lant  manager would decide whether t o  upgrade 
recovery equipment based on the f a c t  t ha t  the a l te rna t i ve  contro l  measure 
would be thermal incinerat ion. I n  general, the cap i ta l  and annualized costs, 
energy requirements, and s i t i n g  problems would be less s i gn i f i can t  f o r  
upgrading recovery equipment than f o r  applying thermal inc inerat ion.  I n  the 
l a t t e r  case, equipment f s  more complex and expensive, f u e l  requirements and 
other operating costs are higher, and prefaut ionary s i t i n g  measures t o  avoid 
explosion and f i r e s  are more r es t r i c t i ve .  The reason f o r  the precautionary 
measures i s  t ha t  an inc inera tor  has t o  be s i tua ted f a r  enough Away from other  
equipment i n  the p lant  so t ha t  leakages w i l l  not  introduce v o l a t i l e  compounds 
i n t o  the v i c i n i t y  of the inc inerator  and thereby increase the potent ia l  f o r  
explosions o r  f i res .  Thus, more ductwork i s  required and greater energy 
inputs are necessary t o  route offgas t o  the inc inerator .  I n  add i t ion  t o  the 
aforementioned r e l a t i v e  advantages of upgrading recovery equipment over 
applying therma.1 inc inera t ion  , there i s  another pos i t i ve  aspect associated 
w i th  the former. Upgrading recovery equipment can r e s u l t  i n  an economic 
benef i t  by increasing the amount o f  raw mater ial  s , products, and by-products 
recovered. 
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TABLE 1.' MlSSIGhS At13 COST EFfECT3ERESS DATA FOR PLANTS 

Hour!y :ht Offgas Cost a 
Y CPIant  Gnlssions Heat inc Value F T y r a t e  - Ef fect'veness 



TABLE 1. ( C O N 1  I N U E D )  

Hourly Net Wcgcs Cost 
P l a n t  Emissions Heatinq Value f lawrate TRE ~ f f e c t i v e n e s s ~  

Number (Kg/hr) (~l/d)( b 3 / d n )  (fm) 

a tos t -€ f f ec t iveness  i n  S 1980 (s& page 5-25, d r a f t  Air Oxidat ion CTG 
doctrnrnt ) . 

b lnc ina ra t ion  is employed to cont ro l  VOC (only  determined f o r  p l a n t s  marked 
w i t h  ( e ) ) .  

C ~ o s s i b l ecase  f o r  applying process modlf lcat lons t o  r a i s e  TEE t o  cu to f f  
polnt.  

d ~ r o ~ e s shas bean shu t  dawn o r  changed (only determined f o r  p l a n t s  marked 
with (a ) ) .  

'f 1a n t  was consided f o r  expanded a n a l y s i s  t o  determi ne whether  possi  b l  e c a s t  
f o r  applylnq process moulf icat ions (1  .e.. Houary d a t a .  Hydroscience Ptaduct  
Report, and SRI d i r r c t o y  were examtned). 



TABLE 2, EQUATION FOR CALCULATING TRE VALUES 


TRE = 1 [a + b(F1ow) + c(F1ow) + d(F1ow) HT + e(F1ow) O o e 8  +r 0.88
W T )  . 1 

where: E = emissions, (kg/hr)
Flow = offgas f lowrate,  (Nm h i n f  
HT = net heating value, (MJ/Nm) 
a,b,c,d,e = constants from Table 5-12, d r a f t  a i r  oxidation 

CTG document 



TABLE 3. SUMMARY OF RESULTS FOR 59 PLANTS EXAMINED 


No. P lan ts  Category Remarks 

24 T R E > 2 . 9  . 
. .  

Excluded f rom f u r t h e r  ana l ys i s  because 
a re  a l readyexempt  f r o m i n c i n e r a t i o n  

. ,  

r equ i  rement. 

TRE < 1.0 Excluded f rom f u r t h e r  ana lys i  s  because 
p l a n t s  r e q u i r e  80 t o  90 percent reduc- 
t i o n s  t o  r a i s e  TRE values t o  cu to f f  
po in t .  

1.0 < TRE < 2.9 Considered f o r  expanded ana lys is  because 
p l a n t s  r e q u i r e  r e l a t i v e l y  small  VOC 
reduct ions t o  r a i s e  TRE values t o  cu to f f  
po in t .  

S ix teen (16)  p l a n t s  use i n c i n e r a t o r s ,  
have been shut down, o r  have changed 
processes. P lants  u s i n g  i n c i n e r a t o r s  
were excluded because i t  was assumed they 
were a l ready  a f f e c t e d  by another 
regu la t ion .  

Two (2 )  p l a n t s  ($1007. terephtha.1 ic a c i d  
and #9O2, cyclohexanone) use water 
scrubbers and requ i  r e  approximately 5 5  
percent reduct ions t o  a t t a i n  t he  TRE 
c u t o f f  po in t .  Another cyclohexanone p l a n t  
(#903) us ing  a  water scrubber requ i res  a 
64 percent reduct ion.  These were excludea 
because most VOC emi t ted  from these p l a n t s  
i s  i nso lub le  and would probably n o t  be 
co l lec ted .  

One (1) t e r e p h t h a l i c  a c i d  p l a n t  (ti004) 
uses carbon adsorpt ion t o  achieve a  
97 percent VOC reduc t ion  (based on model 
p l a n t ) ;  t h i s  p l a n t  needed a 39 percent 
reduc t ion  t o  reach t he  c u t o f f  po in t .  I t  
was deemed u n l i k e l y  t h a t  an a d d i t i o n a l  
39 percent cou ld  be a t t a i n e d  a t  a 
reasonable cost. 
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TABLE 3. SUHMARY OF 59 PLANTS FROM PROFILE (Continued) 

No. Plants  Category Remarks 

4 7  

1.0 < TRE <2.9 Two (2)  fony ldehyde p lan ts  (# I407 and 
Rl420) us ing product absorbers w i  t h  no 
add i t i ona l  VOC cont ro l  were estimated t c  
requ i re  a 45 percent VOC reduct ion t o  
reach the c u t o f f  po int .  Two (2)  o ther  
formaldehyde p lan ts  (#I403 and 41404) a 

were estimated t o  requ i re  a 1 percent 
reduction. The formaldehyde product 
repo r t  s ta tes  t h a t  one manufacturer uses 
a water scrubber fo l low ing  the product 
absorber which achieves a 74 percent 'JGC 
reduction. It was assumed t h a t  these 
p lan ts  could p o t e n t i a l l y  do the same a t  a 
subs tan t i a l l y  lower cos t  than t h a t  asso-
c ia ted  w i t h  adding a thermal i nc ine ra to r .  

One (1)  te rephtha l i c  ac id  p l a n t  (=1005) * using absorpt ion needs a 20 percent VOC 
reduct ion t o  reach the  cutof f  po int .  
This p l a n t  was determined t o  have the 
po ten t i a l  f o r  process modi f icat ions 
because a manufacturer i n  the indus t ry  
us ing the same process and cont ro l  

C

achieved a 36 percent VOC reduct ion by 
adding p la tes  i n  the absorber. 

One ( I )  ace t i c  a c i d  p l a n t  (r205) uses a 
water scrubber and needs a 51 percent VGC 
reduction. This p l a n t  was determined t o  , 
be a marginal, bu t  1 ik e l y  case fo r  
process modi f icat ions based on the fac t  
t h a t  the vent from t h i s  scrubber contains 
a soluble component and the  so luble 
component i n  the offgas i s  present a t  a 
h igher  concentrat ion than the non-soluble- 
component. 
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APPENDIX G: PUBLIC COMMENT LETTERS ON THE DRAFT CTG 




CHEMICAL MANUFACTURERS ASSOCIATION 
Apr i l  26, 1984 

Mr. Robert Rosensteel  
Chemicals and P e t r o l e u  Branch 
M r r i o n s  Standards and 

Eagineering Divis ion (HD-13) 
UaSa Ewiroamental  P ro t ec t ion  Agency 
Research Tr iangle  Park, NC 27711 

Re: CMA informal comments on = A ' s  Draf t  Control  Techniques Guideline 
(CTG) Documant f o r  c o n t r o l  of V o l a t i l e  Organic Compound k i s s i o n s  
from A i r  Oxidation Processes i n  t he  Synthe t ic  Organic Cherrical 
Plrnuf ac tu r ing  Industry .  

Dear M r .  Rosensteel: 

The Chemical Manufacturers Association (W),a nonprof i t  t r a d e  
a s soc i a t ion  vhose member companies represen t  more than 90% of t h e  
production capac i ty  of bas i c  i n d u s t r i a l  chemicals v i t h i n  t h i s  country,  
s u b d t s  the  fo l lov ing  informal c o m e n t s  on = A ' s  Dra f t  Control  
Techniques Guidelines (CTG) Documant f o r  Control  of V o l a t i l e  Organic 
Ccmtpound Emissions from Afr Oxidation Processes i n  t h e  Synthe t ic  Organic 
~ h & c a l  Manufacturing Industry ,  49 Federal  Regis te r  6077 (Elarct 5 ,  
1981). Our commentq~subrtdtted today do not  address  ' a l l  t he  i s s u e s  
covered i n  t h i s  CTG: Therefore,  we reserve  the  r i g h t  t o  submit 
add i t i ona l  coman t s  a s  p a r t  of the  f u t u r e  regula tory  a c t i v i t y  on thLs 
matter.  These comments were prepared a f t e r  d e l i b e r a t i o n  and 
consul ta t ion  among CMA maberg .  

Many CHA member canpanics use o r  a n t i c i p a t e  us ing  chemical man-
ufactur ing a i r  oxidat ion u n i t  processes t h a t  could be covered by the  
proposed CTC.' Accordingly, CMA has a d i r e c t  and v i t a l  i n t e r e s t  i n  the  
content of t he  d r a f t  CTG as i t  w i l l  a f f e c t  t he  fntplementation of the  
proposed A i r  Oxidation ~ e vSource Performance Standard. 

To the  ex ten t  t h a t  t he  d r a f t  CTG document e s t a b l i s h e s  a pattern f o r  
f u t u r e  EFA con t ro l  techniques gufdel ines ,  C l U  is concerned t h a t  i n  
numerous r e spec t s ,  a s  descr ibed i n  t he  f o l l w i n g  parcgraphs, the  d r a f t  
document is t echn ica l ly  unsound. CMA has s i x  p r inc ipa l  concerns v i t h  
the  d r a f t  CTG: 

G-1 

Formerly Manutacturlng Chemtsts Assoc1a11on-Serwno the Chemttal Indur?ru C@--r ? a 7 7  
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1. Inadequate genera l  d i scuss ion .  

Tha genera l  d i s cuss ion  covering t h e  A i r  Oxidation I n d u s t r j  is 
vague. It does no t  adequately  d e t a i l  h a t  t h e  i ndus t ry  i s  o r  where 
it is. Some of t h e  i n f o m a t i o n  t h a t . 1 ~  presen ted  i s  incorrec:  and 
misleading. For exasp la ,  on page 2-6, Amoco-Standard O i l  is l i s t e d  Hb 

a s  manufacturing acetone and phenol. The s ta tement  i s  not c o r r e c t .  
& a h ,  on page 2-13; bmaco-Standard O i l  is l i s t e d  aa producing 
acetone and phenol i n  Riclamnd, Ca l i fo rn i a .  Amoco no t  on ly  does 
not  nranufrcmre these  m a t e r i a l s ,  but  t h e r e  i s  no Amoco-Scandara O i l  
f a c i l i t y  i n  Richmond, Ca l i fo rn i a .  

C 

The chemicals covered by t h i s  CTC have been l i s t e d  i n  an inappro- 
p r l a t e  vay. The l i s t  i s  given a s  no t  being exc lus ive .  This  
creates a c e r t a i n  e u n t  of u n c e r t a i n t y  as t o  vhich chemicals a r e  
covered. This  ambiguity can be e a s i l y  taken c a r e  of by g iv ing  an 
a l l - i nc lus ive  list f o r  which this CTC app l i e s .  This  has been done 
i n  t h e  p a s t ,  a s  i n  t h e  VOC Equipment Leaks (Fugi t ives )  NSPS. The @ 

burden should be on t h e  Agency t o  d e c l a r e  beforehand what chemicals 
w i l l  be con t ro l l ed  and no t  f o r  t h e  regula ted  commmity t o  guess 
vhkther  o r  no t  they a r e  covered. On page 3-29, in a d i scuss ion  of 
e x i s t i n g  s t a t e  r egu la t ions ,  t h e  document un fo r tuna te ly  
mis represen ts  t h e  regula tory  s i t u a t i o n  in I l l i n o i s .  I n  f a c t ,  t h e  

m

I l l f n o i s  r u l e  r e q u i r e s  .mi in ions  t o  meet one of t h r e e  c o n t r o l  
levels: 1) 8 pounds/hour, 2) LO p p  equiva len t  methane, o r  3 )  85: 
des t ruc t ion .  We recommend t h e  Agency c l a r i f y  t h e s e  po in t s .  

2. Inadequate d e f i n i t i o n  of ven t s  con t ro l l ed .  
1 

The presen t  language in t h e  d r a f t  C I C  does not  c l e a r l y  i n d i c a t e  
vhich ven t s  are:to b i  con t ro l l ed .  A r e a c t o r  system may have a 
bottoms stre= vhich Ls l i q u i d  o r  s o l i d  v l t h  en t r a ined  a i r .  This  
stream is processed through product p u r i f i c a t i o n  opera t ions  vnich 
may subsequently have a small vent.  This  CTC vas not  intended t o  
cover t hese  vents ;  it m a  intended t o  cover v e n t s  from t h e  vapor #i 

stream of t h e  reac tor .  The document should be rev ised  t o  so 
r e f l e c t  t h i s  po in t .  

The document, a s  p re sen t ly  v r i t t e n ,  does not  address  t h e  s i t u r t i o n  
&ere t h e  r e a c t o r  vapor stream is vented from more than one p lace .  

dFor example, t h e  gas may vent  through two scrubbers  i n  a s e r i e s .  
The vents  should be t r e a t e d  s e p a r a t e l y  f o r  c a l c u l a t i n g  the  T o t a l  
Resource Ef fec t iveness  (TIE) index. This needs t o  be c l a r i f i e d ;  
o then r i s e ,  h igh ly  e f f i c i e n t  mult i -s tage product recovery 
technologies  o r  con t ro l  techniques may be unnecessar i ly  
discouraged. A s i m i l a r  s i t u a t i o n  occurs  when a e s i d c  s t ream is 
dravn of f  of the  vent f o r  some o the r  purpose, s'uch a s  use  a s  a 

P 

conveying gas. The inc lus ion  of ven t s  from o t h e r  u ses  could be 
u n r e a l i s t i c a l l y  r e s t r i c t i v e  i n  c a l c u l a t i n g  t h e  TRE index and 
prescr ib ing  con t ro l  requirements . 



3, Inadequate consideration of alternative control technologies. 

ma.CTG states, "Tha choice of t h e m 1  oxidation as the single 
control techni que for analysis yielda conservat ive es timates of 
margy, economic, and enviroamental Impacts since thermal oxidation 
is relatively expensive and energy-intensive." While agreeing with 
&is statement, it is not true that the control efficiency of 
t h a d  oxidation is much less dependent on process and waste 
stream conditions than are other control techniques nor is thermal 
oxidation economically applicable to a11 Synthetic Organic Chemical 
~ u f a c t u r i n g  Industry (SOCHI) air oxidation processes. 
Destruction efficiency vill dapend an flame stability vhich, in 
turn, depends on composition, heating value and flov rate of the 
waste streaa. Variations in these must be taken care of vith 
auxiliary fuel. Some process conditions vill not lend themselves 
to efficient operation of thermal oxidation and, therefore, other 
control techniques should be used and encouraged. The draft CTC 
does not adequately address altenzativa technology strategies which 
might be more effective; we strongly recomnrend the draft CTC be 
modified to address this matter. 

4. Unrealistic economic considerations. 

The economic impact of emission controls are underesthated. 
First, the draft CTG ignores the costs of siting, utilities, 
samrices, connections and RbD. The addition of a thermal oxidizer 
to an existing facility can sd;nctinus be facilitated by using . 
existlng semrices. However, many times the unit must be placed at 
some distance from the vent source and requires considerable 
expenditure for siting, utilities and connections. The cost 
a w r y  also assumes that the disposal cost of NaCl from scrubbers 
is insignificant. If the disposal is even possible, a discharge 
permit is generally required which will require monitoring and 
control for pH, total dissolved solids (TDS) and orgaaics. The 
cost of such treatment and disposal is not insignificant. The 
analysis also assumes substantial energy credit in many cases. 
In many processes, especially halogenation, energy recovery 1s not 
feasible. Ln other processes where energy can be recovered as 
stem, the steam generated vould be low'pressure steam which m y  
have no economical use within the process. For these reasons, the 
costs asaociated vith thermal oxidation have been understated. It 
will cost considerably more than the EPA estimate to accomplish the 
mission reductions proposed in this document. We recornend EPA 
reconsider these economic costs and correct the m G .  

Unclear use of TRE cutoff. 

We strongly support the cbncept of using the TRE index for defining 
appropriate control technology. Nevertheless, additional 
clarification is needed. Examples and explanations of h w  to use 
and apply the TRE need to be included. On page 5-26, it should be 
clarified that "E" (hourly emissions) in just the' VOC emissions and 
"Flow" is the total flov of the vent stream. 



Om page 0-1, t h r  documrnt statrs tha t  reasoaably avai lable  a 

control  tachnology (RACT) t aqu i r r s  no add i t iona l  control  Fn a 
r i t w t i o n  where the TBE is g rea t r r  than 2.9. Then on page 
E-2, in a discussiua of the  m,the cutoff  i f  given a s  1.0. 
This is conhrning, A TBE trrtoff ca lcula t ion is a reasonable 
approach t o  .ttoluating a l t e rna t i ve  control  techniques and 
detarmining i f  control  is necesiary. CMB rac-ends tha t  the " 
dra f t  CTC be c l a r i f i e d  a s  t o  the  intended use of the TRE Index 
and iden t i fy  the " no addi t ional  controln RACT cu tof f .  

6. T m o g r a ~ h i c a l  e r r o r  on Page E-3. 

It appears t he r r  is a typographical e r ro r  on page E-3. K e  bel ieve * 
tha t  l im A2, should raad: 

* For p l o r i n a t e d  Process Vent St ream.  i f  3.5 Net Hearing Value 
( W h  1." 

B 

We submit these c m e n t s  f o r  your serious consideration and appro-
p r i a t r  revision and development of a revised "CTC f o r  Control o f  
Vola t i le  Organic Compound h i s s i o n s  from Illr Oxidation Processes I n  the  
Synthetic Organf c Chauical Honufacturing Indurtrp. * We vould be pleased 
t o  discuss our informal camments v i t h  the Agency's persounel o r  furefsh 
fu r the r  supporting data. For addit ional  infomuation, please do not & 

hes i t a t e  t o  c a l l  me  a t  (202)887-1178. 

s i nca rAY your. 

Robert R. Romanor Ph.D. 
Manager - Afr Programs 



Dimnod Shamrock 
Chemicals Company 

Mr .  Robert Rosensteel 
Eaissi  ons Standards and Engi neerf ng D i  v i  ti on (MD-1 3)
Enviranmental Protection Agency 
Research Triangle Park, North Carolina 2771 1 

RE: Draft Control Techniques 
Guideline (CTG)
Air Oxidation Processes in :he SOCMI 

Dear M r .  Rosensteel : 

The attached are comnents submf t ted by D i  amnd Shamrock Chemi ca 1s 
Company on the above referenced draft CTG. Ye appreciate the opportuaity t o  
review this  document. We hope that our comnents w i  11 be carefully 
considered and acted on by your office. Should you have any questions on 
our submission, please contact me a t  (713) 476-1247 or tne letterhead 
address. 

Senior Envi ronmental Engi neer 

m / b h
Attachment 



COmENTS ON MARCH, 1984 DRAFT DOCUMENT ENTITLED 

'CONTROL OF VOLATILE ORGANIC COMPOUND MISS IONS F R O h  

AIR OX.IDAT ION PROCESSES IN SYKTHETf C ORGAN1 C 

MANUFACTURING INDUSTRY" 

the Diamond Shamrock- Corporation, owns and operates 29 domestic plants i n  ;, 

states. One of these p1 ants  is-  an oxyhydrochlori nati on p l a n t  producing 

1,2dichloroethane (EDC) in Oeer Park, Texas. These comnents are gubmi ttec 

because of the impact that this d r a f t  CTG could have on our Oeer Park @ 

operations. The comnents made below are divided into two sections - 
Technical Comnents and Cost Analysis. 

DSCC supports the concept of using sound technical data i n  t h e  

development of  these CTG's, as well as the use of cost effectiveness 
C 

indexing, i n  determining when they should be applied. To this end, we 

complement the technical work done t o  date on this document and on the 

development of the TRE concept. We believe i t  i s  imp'erative t h a t ,  where t h .  
*V 

EPA is  formulating major new VOC erni ssions reductions, the EPA should a1 so 

provide the technical means to ob ta in  these reductions. The result 

othewi se w i  11 be (and has been) i nequi tab1 e across-the-board requi red 

reductions, which generate widely varying costs per t o n  i n  the different 

affected industries and facil i t ies.  

I t  i s  w i t h  some regret, therefore, t h a t  we must raise several serious 

objections t o  this d r a f t  document. A t  least two viable control schemes wet€ 

either omitted or not seriously considered i n  d r a f t i n g  this document. In " 



enpjrlcat flaws. These t*o areas of deficiency form the bulk of o u r  

cwents  on this prapo~al .  They should be seriously addressed and undergc 
-additional public review before the CTG is finalized. 

Techni ca 1 Comnents 

1. A 952 control efficiency should be adopted as RACT. 

This dra f t  document proposes t o  use 98% as  the control efficiency which 

qual i f ies  as R.A.C.T. This f igure was selected because i t  seems t o  be 

achievable in  at1 conventional l y  f i red  vent gas incinerators. The reason 

why 98: was selected over some nominally lesser  figure (such as 95%) was no 

stated. I f  a s l igh t ly  lower figure was selected instead, the regulated 

companies would have a choice of three acceptable control schemes instead o 

only one. These three options would include thermal oxidation, ca t a ly t i c  

incinerati on, and' f lares .  The 95: f igure suggested in our cMwnts  shoul d 

be reviewed by €PA and revised up or down in  such a way as to  include a1 1 

three technologies. 

We recommend that  the  EPA choose a f igure such as 952 as  the selected 

RACT control efficiency. Such a revi sionl would a1 low the affected companies 

t o  choose between the a1 ternatives based on a proper blend of capital 

ava i lab i l i ty ,  operating costs,  and process requirements. Allowing a wider 

choice of control a1  tetnatives would allow more f a c i l i t i e s  to  meet the less  

than $1,60O/Mg. c r i t e r i a .  Since more f a c i l i t i e s  probably would be 

ins ta l l ing  controls,  greater emissions reductions would result .  T h u s ,  

selecting a 95: cut-off figure would be bet ter  for both the regulated 

camunity and  the regulators. 
m 



nr 


2. Flares should be included as one of the control measures. 

Flares are a very economical and eff icient  means of control1 ing off-gas ven , 

emissions of hydrocarbons. Recent work conducted by the €PA and CMA h a v e  

demonstrated the high organic destruction efficiencies of f fares. Flares 

are much less expensive t o  construct and maintain than are "thermal L 

oxidation' units (incinerators). I t  makes l i t t l e  sense, i f  a flare may be 

erected for 6100,000 and produce a 953 control efficiency,. t o  require a 
C

$5,000,000 incinerator t o  be installed in order t o  achieve a 98: efficiency 

The last 32 of reductions come a t  an e x t r e d y  high price. As our coments 

below explain, such a1 ternative control schemes should be compared t o  
P 

detenni ne the cost per additional ton  removed. 

3. Catalytic Incinerators Should Qualify as RACT. 
Ir 

The development of effective catalytic incineration techno1 ogy duri ng the 

mid-to-late 1970's was a very important technological advancement. Thi s 

technology a1lowed vent gases t o  be efficiently destructed a t  one-third o r  , 

less of the energy input necessary for thermal incineration. The text o f  

the subject draft makes i t  appear t h a t  the 98% figure was selected 

specifically t o  exclude catalytic incineration. The additional 1 - 3:
 &. 

removal efficiency provided by thennal incineration i s  only achieved a t  the  

expense of large quantities of energy consumption. This decision seems t o  

be totally a t  odds with a national energy policy which spends over $40 
& 

b i  11 ionlyear attempting t o  conserve energy (DOE).  

#' 

The emission reductions represented by 98% (over 95:) efficiency a r e  

not likely t o  result i n  any detectible environmental'benefits. Since the 



4 

"low costn gas of the past is no longer available, at least some of the 

newly constructed thermal incinerators wi 1 1  burn either fuel oi 1 or coal. 


The So2. NOxs and particulate emissions from these units are likely to 

be quite large compared to this 1 - 3% VOC reduction. If only a few of 

these units could be encouraged to use catalytic incineration (over thermal 


incineration) , some quite measurabl e envi tonmental impacts may be avoided. 

we believe that the EPA should be encouraging, not discouraging, catalytic 

i nci nerati on. 


OHC-EDC plants should not be included in this CTG. 

We fail to understand why OHC-EDC plants, are to be regulated under this CTG. 


The chlorinated solvent industry presents fundamentally different vent 


control problems from other non-halogenated processes noted. Additionally, 


all but two of the affected EDC plants are presently located in Texas and 


Louisiana, where vent incineration is a1 ready required (per this Draft). 


One of the other two plants is located in California and is already subject 


to very stringent regulation. We believe that the lone remaining facility 


in Kentucky would best be addressed through that State's SIP process ( i f  

there is environmental cause to do so). 


NO,. Em4 ssions from coal combustion are i nde~endent of fuel nitrogen. 
n 

NO, bissions from coal combustfon are erroneously attributed to fuel 


nitrogen content on Page A-21. These emissions are conventionally thou~n: 


of as being independent of fuel nitrogen. Technical literature as recenr 2s 

August, 1982 provides support for the AP-42 position (see "A Promising 


NO;-Control Technology", Environmental Proaress, August, 1982, Page 


167-177). If the EPA has new data which revises this position, OSCC wouic 

be most interested in reviewing it. 




6. Gross omissions exist a t  ?ace 3-18. 

~ a t e r f a lwas ornftted from this  draft i n  the catalytic incineration section 

(Pages 3-17 t o  3-19). Since this  section was of primary importance t o  O X :  

we request that. we be sent a revised copy of this  document and t h a t  the 

comnent period be reopened t o  allow review of this section. The nature of * 

the omission makes dt impossible for us t o  speculate how much material was 

omitted. the fact that the pages are sequentially numbered ( w i t h o u t  any 
I 


numbers being missing) indicates that everyone reviewing this  document w e i ~  

unable t o  review this important section. 

7. Table 2-6 contains inaccurate infomation. 

Diamond Shamrock corporati on sold i t s  ?a Porte, Texas EDC/VCM faci 1i t y  t o  3 

F. Goodrich Corporation during 1981. Please cortect this entry, as we1 1 as, 

the corporate name ( t o  Diamond Shamroci Chemicals Cornpany) of our Deer P a r k  

Plant. 

L 

8. The Draft document ~rovides conf? i c i n g  TRE index cutoff values. 

The Draft document states,  i n  Section 5 and Appendix E, that a l l  plants w i t !  

r*a TRE index less t h a n  1.0 would be reaui red t o  instal l  RACT. Appendix 0 

states that this cut-off value will be 2.9. We are unable t o  resolve this 

discrepancy, b u t  we feel t h a t  any contr3l costs beyond the presently 
C 

proposed S1,600/Mg. would be excessive. 



Cost Effectiveness Coments 

The Index f o m l a ,  as proposed, i s  fatally flawed. 

DSCC strongly supports the concept of selecting national and s tate a i r  

emissions control regulations based on cost impact', A cost .per u n i t  of 

production schcnw would certainly Seen to be the most equitable means of 

analyzing a i r  pol1-ution control strategies. Such a scheme would a1 low a 

clear examination of' the resources being invested in control 1i ng these 

emissions. Costs incurred in controlling emissions are passed on t o  the 

consumers. A cost per unit of production guideline would present urch 

regulations in their true light - they are a tax on the consumer. Short of 

the adoption of this alternative approach, regulations should be based on a 

cost per t o n  of additional pollutant removed. 

The TRE approach seems t o  be a plausible means of assessing the cost 

effectiveness of the proposed controls. As presented in th i s  d r a f t ,  

however, the TRE has fou r  significant flaws. These flaws include outdated 

costs, a lack of f lexibil i ty,  ignored expenses, and an inability t o  look a t  

the incremental cost aspects of the alternatives. These concerns are 

di scussed be1 ow. 

1. Out-of-Date Costs 

The cost factors used i n  this proposed fonnula  have n o t  been examined 

i n  five years ( a l t h o u g h  they were uniformly inflated t o  1,980 levels). The 

market forces o f  the  past five years have been unparalleled i n  our country's 

history. Adopt ing  a CTG based on such ou tda ted  costs i s  poor scientific anc 

technical practice. The formula should be revised t o  allow the use of the 



present and reasonably projectable future costs, based on the d a t e  of 

appl ication. 

2. The TRE formula is unacceptably inflexible. 

The TRE fonnula also erroneously assumes that labor and energy costs are 

unifonn nationwide. . I t  seems indefensible t o  require a company t o  calculate 

their "control costs" based on $1 l.lO/hour wages and S2.40/MCF gas prices 
CI 

when they are actual ly paying $18. W/hour and S5.67/MCF. Energy, 1abor ,  and 

electricity costs a l l  probably vary by a factor of a t  least  tw fold within 

the EDC producers group alone. The use of the TRE formula should be revised 
C 

t o  allow a company t o  use i t s  true costs. If the regulation i s  intended t o  

measure the "cost effectivenessu of the regulation, the TRE formula must bs 

changed in this  way. a+ 


3. The TRE index formula simply ignores several exoenses. 

The TRE index ignores or virtually ignores several costs. These significant 

costs should be included in the revised CTG. These costs include the 

fol 1owing: 

a )  Wastewater treatment expenses (steam, neutral ization expenses, 

equipment, labor, etc.);  

b )  Carbon steel could not reasonably be used in the majority 

of the affected EDC plants; 

c)  Heat recovery u n i t  downtime (15%); 

d )  Maintenance costs (should be a t  least 10% per year). 



e) Operating Supplies (20% of operating labor); 

f) Laboratory Expenses (1 5% of operating labor; and 

g) Utll it y  hookup, s i t e  development, pr6cess connection p i  p i  ng , and 

land costs. 

~he;e  costs should be included in the final TRE fonnula. 

4. Incremental Cost Effectiveness 

The TRE fonnula f a i l s  t o  examine the cost effectiveness problem from a 

logical standpoint. To look a t  cost effectiveness correctly,  one must 

compare the cost required t o  remove the l a s t  ton of a pollutant as well as 

the average cost per ton (present proposal ). This problem can best be 

understood by looking a t  the fo1 lowing example. T) Assum that  control 

Strategy A w i  11 remove 952 of a 1,000 TPY VOC source's emissions a t  a cost 

of $475,000 per year. Thus, Strategy A has a cost per ton removed of 

S500/ton and removes 950 TPY. 2) Assume that  control Strategy B removes 

98% of a 1000 TPY source a t  a cost of S1,500,000 per year. Thus, Strategy 8 
. . 

has a cost per ton removed of $1,520 (removes 980 TPY ) and a1 so easi l y  fa11s 

w i t h i n  the CTG. 3) Note, however, that  the l a s t  30 TPY were removed a t  a 

cost of 51,025,000 per year, or a t  a cost of $34,167 per ton! 

The above example demonstrates the problems associated w i t h  not 

comparing incremental control costs of the various control schemes. The 

removal of the l a s t  30 tons i s  obviously a very poor investment of 

resources, and i s  unlikely t o  contribute t o  any discernable environmental 

improvement. The above example shows precisely why ca ta ly t ic  incineration 

should be re-examined as being RACT, and why we support the use of a 95: 

o r  simi la r  technical l y  supportable control 7 i m i  t. 



DSCC strongly supports the development of cost-based a i  r pol 1u t i  on 

control regutations, bu t  we are just as strongly opposed t o  the use of  

faulty *cost effectivenessY evaluation procedures. We request an impart i a 

review of the data i n  this Draft CTG and i n  other EPA a i r  programs offices- 

fma an Incremental cost standpoint. We be1 leve that once these economics 

are re-examined, I t  will be obvious that the cost of  going from a 95: t o  C 
I 

98: control efficiency i s  extremely high. We, therefore, request t h a t  RAC. 

be set  a t  a l&el that will allow catalytic incinerators and flares t o  alsl 
L 

be considered. Such a level would allow impacted companies t o  select the 

control method best (most economical ly)  suited t o  their operational set t inf  

By allowing the use of the strategy best f i t ted t o  individual operations, @ 

the EPA should reduce the number of companies avoiding control t h r o u g h  t h e  

TRE escape fonnula. Such an approach might also avoid some of the SO2, 

NO,, and TSP emissions which wil l  result from thermal incineration by 
*C 

allowing the use of catalytic controls. 



ETHYL CORPORATIOX 
ConmBAir E2mRomncrrr 

March 28, 1984 


mission Standards and Engineering Division (MD-13) 

Environmental Protection Agency 

Research Ttiangle Park, North Carolina 27711 


Re: Guideline Seties -- Control of Volatile Compound 
Emissions from Air Oxidation Processes in 

Synthetic Organic Chemical Manufacturing 

Industries Draft Document 


Attention: Hr. Robert Rosensteel: 


Dear Hr. Rosensteel: 


This document lists two Ethyl facilities in Table 2 4 ,  
page 2-18, as ~anufacturing sites for 1,2 Dichloroethane by the 

air oxidation process. This is incotrect. 


In January, 1983, the 1,2 dichloroethane air oxidation 

process unit in Baton Rouge, Louisiana was shut down. The 

manufacture of 1,2 dichloroethane at Pasadena, Texas does not 

enploy air oxidation and uses alternative technology. 


Please incorporate these changes in future revisions 

of the document. 


Sincerely, 


D. E. Park, Director 


cc: J. W. Parson 

W. P. Gafford 




April 1 9 ,  1984 

&mission S tanda rb  and Engineering Division (?a-:3) 
hviroonruatal Proteczion Agency 
Rue=& Triaagle Park, NC 27711 
A t t a t i o n :  &. Robert Rosus t ee l  

Sir :  

Control Techzriques Guideline Document; A i r  Oxidation Processes i3 the 
Sprthetic Organic Chemical Hanufactuzing Induszry; Drafz 3ocuplen= fc: 
Public Review; 
L9 Federal Resister  8077,- !!arch 5 ,  198k 

Standard O i l  Campany (Indiana), on behalf of i ts Aatoco scbs id ia r ies ,  
appreciates t h i s  opportunity t o  comment on the  t:afz Coazrol Techiques Z 

Guideline Documat for  vo la r i l a  orgaaic coaipouzld em is sf or.^ from sir 
oxidation processes hi the synthetic organic cheaical manzfacturhg 
hidustry. As indicated in the Federal Register nczice, Csr;=rol Tech3iaue 
Guideline (CTG) Docunrents are meant as informations: ma=erial for  use 'cy 
the  s t a t e s  in determining the  appropriate controls for  various s=a=tcnay  
sources in nonattainrncnt areas. Both the  s t a t e s  cnd indcssry use tkese 
docunraats t o  determine which sources a r e  subjeer t o  conrrol under 
emissions reduction program. Therefore, the  doc*tments ms= be accurzte acc 
clear. Our review has sham t h i s  documenr t o  be de f i c i e s t  in botk Znese 
a r e u  . 

P 

This CTG focuses oa the vo la t i l e  organic compouc control :echnicues fot 
a i r  oxidation un i t  process v u x s  in the  synthezic arganic cbemical 
mamafacturiag industry, md  corrcludes t ha t  the,-ai oxidazion i s  the czly 
demonstrated t 8 e h n 0 1 0 ~  universally applicable. it. t h r s  a r l p s i s ,  zke 
document never fu l ly  axplairu the  scope of t he  ;otential  regula=ron. 

bNeither tbe  chemicals produced bp the  a i r  oxiaarion 7rocsss nor che 
emission po ia t s  potent ia l lp  subjact t o  cwtro ;  cre c lear ly  enumetrcec. T'e 

1.publbhad list of chemicals (page 2-2)  is describei  cs no t  exclwive." 
Thus, i f  a p lant  does not produce any chamical on =he l i s z ,  it cruao= be 
cer ta in  t h a t  it is not covered. In  addition, rhe aescrt,:ion of =he -
industry which does appear in the docaam.nt is not compie=eLy accuzrte. :or 

Ln 

oxample, "Amoco-Standard O i l "  is l i s t e d  as a procccer. of ecetone (?age 
2-6) .  Ia fac t ,  Amxa does not have any plants uki tb  prc&te acerone. fz 
view of these deficiencies,  the  CTG caanot be co:siderei =lfec=ive g-~:==ce 
f o r  tha s ra tes .  We s u g ~ s s t  t h a t  EPA include a 1:st of c:lzarcals , s:.=:,ar 
t o  t ha t  published for  the New Source Perfomance Standarcs from S C C X  
D i s t i l l a t i on  ljnirs (L8 Federal Register 57538) ,  a the  f r z a l  guidance A. 


aocmmt  . 

1 



fi
PAGE 2 

~ 1 ~ r i b . din t h i s  document, :he need f o r  app l i ca t ion  of thermal 
o x i b = i o s  = e & o l o a  t o  PrOCe" V-tS is dete=fo.d by tha  8SSoCiated t o t a l  
r e source -e f f i c t i~en ta r  index (TRf) calcula ted  f o r  a given u n i t .  That is ,  

o d d a t i o n  is recommtndad o d p '  wharr t h a  process f lowrata,  VOC 
m i s s i o m ,  corrosion p roper t i e s ,  ne t  haa t i ag  value,  and economics combi=le 
t o  its appl ica t ion  ,*r e ~ s o n a b l e . "  Rwever,  t h e  documcnt f a i l s  t o  

t h e  vents  for  vhich t h i s  ca lcu la t ion  should ba made. For awl., 
Fiaure 2 -1  (page 2-31) i l l u s t r a t e s  a vapor phase a i r  oxida t ian  process. 
There appear t o  be two vents f o r  gases leaving t h e  u n i t :  one described as 
"off gas" and one from t h e  product p u r i f i c a t i o n  sec t ion .  From discussions 
wi th  t h e  Agency, we understand t h a t  t h e  vent fzom t h e  producr p ~ i f i c a t i o n  
s t e p  would not  be covered by t h i s  regulat ion.  Hwever,  t h e  CTG i t s e X  does 
not  make t h i s  d i f f e r e n t i a t i o n  of vexts  c l e a r .  

This lack of c l a r i t y  is f u r t h e r  compounded by mult iple-step process stream 
vents.  For example, of f  IES it frequent ly  s p l i t  a t  t h e  end of a u n i t  
process. Some gas passes through r s c x b b a r  and is venred. The o ther  
port ion i s  used as  a c a r r i e r  gas,  and passas t h o u g h  t o  a s forage  vesse l  

- and scrubber before venting. T h u ,  t h e r e  a r e  e s s e n t i a l l y  NO vents f o r  one 
process straam. These atmospheric vents  e i t h e r  could be ca lcula ted  
indiv icual ly  and added rogether o r  could be ca lcula ted  as a =it by adding 
t h e  f l o u r a t u ,  emissions, and heat ing waluu befor. app l i ca t ion  of t h e  TRE 
equation. Agaixi. althougn discussions with t h e  &cnc? have led  us t o  
believe t h a t  the  venrs snould be ca lcula ted  i ad iv idua l ly ,  we can f ind no 
jus r i f i ca t ion  f o r  ch i s  in  the  document. We urge EPA t o  c l a r i f y  t h e  means 
for appl ica t ion  of the  T X  calcula t ion  ia t h e  f i n a l  document. 

In conc lus~on ,  Stcndard Oi!  Company (Indiana) bel ieves t h e  Cn; documenr f o r  
VQC emissions from a i r  oxidation processes does not provide adequate 
guidance f o r  s t a t e s  t o  use in developing t h e i r  cont ro l  s t r a t e g i e s .  
Furthexaore, our analys is  of th. da ta  indica tes  t h a t  fever  than 25 p lan t s  
have t h e  po ten t i a l  :o be cont ro l led  more e f f e c t i v e l y  under t h e  CX'G 
guidelines than under p r a s m t  cont ro ls .  We, therafora ,  quest ion t h e  need 
for t h i s  ? a r t i c u l a r  CTG and sugaest t h a  Agency conceatrate  i ts resources a 
developxq regular ions vrzh more po ten t i a l  benef i t .  

Sincerely,  

J. D .  Read 



A p r i l  9 ,  1 9 8 4  

EMISSION STANDARDS AND ENGINEERING D I V I S I O N  (NO-13)  
U.S . ENVIRONMENTAL PROTECTION AGENCY 
RESEARCH TRIANGLE PARK, N.C. 2 7 7 1 1  

ATTN: MR. ROBERT ROSENSTEEL 

RE: COMMENT ON THE DRAFT c TG' DOCUMENT, A I R  
OXfOATION PROCESSES I N  THE SYNTHETIC 
ORGANIC CHEMICAL MANUFACTURING INDUSTRY 

D e a r  M r .  R o s e n s t e e l  : 

B e c a u s e  t h e r e  was a c o u p l e  weeks  d e l a y  i n  g e t t i n g  c o p i e s *  
t h e  s u b j e c t  CTG f r o m  t h e  L i b r a r y ,  Texas  C h e m i c a l  C o u n c i l  (TCC) m e n  
c o m p a n i e s  a r e  l a t e  i n  r e v i e w i n g  and g e t t i n g  comments  i n  f o r  s u b m i t  
t o  t h e  EPA. TCC r e q u e s t s  an  e x t e n s i o n  u n t i l  May 1 s t  f o r  t h e  s u b -
m i s s i o n  o f  comments.  

Thank  y o u ,  

A. H. N i c k o l a u s  @ 

C h a i r m a n ,  CTG S u b c o m m i t t e e  

c c :  3 .  0 .  Cox - Exxon 
R .  R .  Romano - CHA 



A p r i l  2 4 ,  1 9 8 4  

- EMISSION STANOAROS & ENGINEERING G I V I S I O N  (MO-13)  
ENVIRONMENTAL PROTECTION AGENCY 
RESEARCH TRIANGLE PA8K. N.C. 2 7 7 1 1  

A t t n :  M r .  R o b e r t  R c s e n s t e e l  ( 2 )  

RE: Comments  o n  the D r a f t  CTG; 
A i r  O x i d a t i o n  P r o c e s s e s  

D e a r  Mr .  R o s e n s t e e l  : 
L 


~ t t a c h e d  a r e  c o m m e n t s  b y  t h e  T e x a s  C h e m i c a l  C o u n c i l  o n  : 
s u b j e c t  C o n t r o l  T e c h n i q u e  G u i d e l i n e .  

S i n c e r e l y  y o u r s ,  

Q-%-
A .  H. N ~ c k o l a u s  
Cha! r m a n ,  CTG S u b c t m m i  t t e e  

C C :  J. 8.  Cox - E x x 3 n  - T. E .  L i n g a f e l t e r  - D O W  
R .  R .  Romano - C I f A  
TCC F i l e s  

AHN/cgh  
A t t a c h m e n t  



ON THE DRAFT CONTROL TECHNIQUE GUIDELINE ( C T G !  

A I R  OXIDATION PROCESSES I N  THE SYNTHETIC O R G A N i C  

pCHEMICAL MANUFACTURING I N O U S T R Y  ( s o c n l  ) . nrRcn. l a s d  

The T e x a s  C h e m i c a l  C o u n c i l  (TCC) i s  an  a s s o c i a t i o n  a f  63 , 
c h e m i c a l  c o m p a n i e s  h a v i n g  m o r e  t h a n  70,000 e m p l o y e e s  i n  Tcxas anc  
r e p r e s e n t i n g  a p p r o x i m a t e l y  9 0 s  o f  t h e  c h e m i c a l  i n d u s t r y  i n  t h e  S t ? :  
O v r r  259; o f  t h e  n a t i o n ' s  a l r  o x i d a t i o n  p l a n t s  a r e  l o c a t e d  i n  T s x a s  : 
t h e  p r o p o s e d  CTG i s  o f  v i t a l  c o n c e r n  t o  U S .  

C 

I. . C o n c e r n s  

The TCC's m a j o r  c o n c e r n s  a r e :  

o The d r a f t  CTG d o e s  n o t  f u l f i l l  i t s  s t a t e d  p u r p o s e  ( ? a g e  C 

1-1) o f  p r o v i d i n g  ' S t a t e  and  l o c a l  a i r  p o l l u t i o n  c a n t r o .  
a g e n c i e s  w i t h  a n  i n i t i a l  i n f o r m a t i o n  b a s e  f o r  p r o c e e d V c 2  

ew i t h  t h e i r  own a n a l y s i s  o f  R e a s o n a b l y  ~ v a i l a b l  C c n t r c '  -
T e c h n o l o g y  ( R A C T )  f o r  s p e c i f i c  s t a t i o n a r y  s o u r c e s "  (un;+,--. 
l i n i n g  a d d e d ) .  No b a s i s  f o r  t h e  d e t e r m i n a t i o n  o f  R A Z T  i :  
g i v e n ;  ~ n s t e a d  RACT r e q u i r e m e n t s  a r e  d i c t a t e d  w i t h o u t  e 

e x p l a n a t i o n  i n  C h a p t e r  4.-
0 The $1,60O/Mg a n n u a l  c o s t  c u t o f f  ( 3 1 , 4 5 0 1 t o n )  i s  e x -

c e s s i v e l y  e x p e n s i v e  and, o n  t h e  a v e r a g e ,  e x c e e d s  t h e  cos: * 
o f  s u p p o s e d l y  m o r e  s t r i n g e n t  New S o u r c e  P e r f o r m a n c e  
S t a n d a r d s  (NSPS) . 

a The c o s t  c u t o f f  i s  u n d e r s t a t e d .  I.: i s  i n  J u n e ,  1 9 8 0  
d o l l a r s  and i s  e q u i v a l e n t  t o  $1,97O/Mg t o d a y .  F u r z h e r ,  . 
c o s t - s  a r e  u n d e r e s t i m a t e d .  The T o t a l  R e s o u r c s s  E f f e c t i v z -
n e s s  (TRE) c a l c u l a t i o n  i g n o r e s  i t e m s  o f  a p p r e c i a b l e  c o s t  s 
t h a t  i t  u n d e r e s t i m a t e s  a c t u a l  c o s t s  b y  50%.  TCC e s t i ~ a t e s  
t h e  a c t u a l  c u t o f f  c o s t  i n  c u r r e n t  d o l l a r s  t o  b e  S 2 , 9 5 0 / ? ! ; .  

a T h e r e  a r e  i n e x p l i c a b l e  i n c o n s i s t e n c i e s  b e t w e e n  t h e  f a c t o r s  
u s e d  f o r  t h e  TRE c a l c u l a t i o n  i n  t h i s  CTG and t h o s e  u s e d  j n -
t h e  r e c e n t l y  p r o p o s e d  A i r  O x i d a t i o n  NSPS .(Refer.ence 1) .  : . '  



R e c o m m e n d a t i  o n s  

- a EpA s h o u l d  e x p l a i n  how t h e y  a r r i v e d  a t  t h e i r  RACT d e f i -  
n i t i o n  a n d  p r o v i d e  m o r e  g u i d a n c e  t o  s t a t e s  o n  how t h e y  
e x p e c t  t h e m  t o  a p p l y  i t  t o  I n d i v i d u a l  s i t u a t i o n s .  

- a A n  a n n u a l  c u t o f f  c o s t  i n  t h e  r a n g e  o f  $SOO/Mg i n  c u r r e n td o l l a r s  i s  r e c o m m e n d e d  a s  b e l n g  c o n s i s t e n t  w i t h  e x i s t i n g  
S t a t e  I m p l e m e n t a t i o n  P l  a n s  a n d  a v e r a g e  NSPS c o s t s .  

a T h e  T R E  c a l c u l a t i o n  s h o u l d  i n c l u d e  t h e  c o s t  e l e m e n t s  
- d i s c u s s e d  i n  S e c t i o n  I 1 1  C .  

8 T h e  f a c t o r s  u s e d  i n  t h e  CTG a n d  NSPS TRE c a l c u l a t i o n  s h o u l d  
b e  c o n s i s t e n t .  TCC r e c o m m e n d s  t h e  f a c t o r s  f r o m  . T a b l e  8 - 3  
o f  t h e  P o l y m e r I R e s i n  NSPS ( R e f e r e n c e  8 ) .  

1 1 1 .  D f s c u s s i o n  

A .  T h e  D r a f t  C T G  D o e s  Not  ~ u l f i l l  I t s  S t a t e d  P u r p o s e .  

A f t e r  n o t i n g  t h a t .  S t a t e  Imp1 e m e n t a t i o n  PI  a n s  ( S I P S )  m u s t  
i n c l u d e  RACT, t h e . i n t r o d u c t i o n  t o  t h e  CTG s t a t e s  ( p a g e  1-1) 
t h a t  " t h e  p u r p o s e  o f  CTG d o c u m e n t s  i s  t o  p r o v i d e  S t a t e  a n d  
l o c a l  a i r  p o l l u t i o n  c o n t r o l  a g e n c i e s  w i t h  a n  i n i t i a l  f n f o r -
m a t f o n  b a s e  f o r  p r o c e e d i n g  w i t h  t h e i r  own a s s e s s m e n t  o f  
RACT f o r  s p e c i f i c  s t a t i o n a r y  s o u r c e s "  ( u n d e r l i n i n g  a d d e d ) .  -
T h e  CTG d o e s  n o t  d o  t h i s .  I n s t e a d .  RACT r e q u i r e m e n t s  a r e  
d i c t a t e d  w i t h o u t  e x p l a n a t i o n  i n  c h a p t e r  4 .  ' N O  b a s i s  i s  
g f v e n  t h e r e  f o r  t h e  d e f i n i t i o n  o f  RACT, w h a t  a l t e r n a t ' v e s ,  
i f  a n y ,  w e r e  c o n s i d e r e d  i s  n o t  m e n t i o n e d ,  w h a t  c o s t  g u i d e -
l i n e s  were f o l l o w e d  i s  n o t  e x p l a i n e d ,  a n d  n o  g u i d a n c e  u s e -
f u l  t o  " S t a t e  a n d  l o c a l  a i r  p o l l u t i o n  c o n t r o l  a g e n c i e s  ... 
f o r  p r o c e e d i n g  w i t h  t h e f r  own a n a l y s i s  o f  RACT ..." i s-

s u p p l  i e d .  F u r t h e r ,  i t ' s  v r r t u a l l y  i m p o s s i b l e  f o r  a S t a t e  
t o  s h o w  t h a t  a n y  d i f f e r i n g  s t a t e  r e g u l a t i o n  i s  w i t h i n  5; o f  
E P A ' s  RACT w h i c h ,  we u n d e r s t a n d ,  w a s  r e q u i r e d  f o r  t h e  1 9 7 9  
S I P S .  T h u s  t h e  € P A  i s ,  i n  e f f e c t ,  r u l e - m a k i n g  w i t h o u t  
g o i n g  t h r o u g h  t h e  r u t  e - m a k i n g  p r o c e s s .  

8 .  T h e  61 ,60O/Mg C u t o f f  ( 1 1 , 9 7 O / M g  I n  C u r r e n t  D o l l a r s )  I s  Too 
H i g h .  

€PA h a s  u s e d  a 1 1 , 6 0 O / M g  c u t o f f  i n  J u n e ,  1 9 8 0  d o l l a r s  a s  
t h e  a n n u a l  a b a t e m e n t  c o s t  w h i c h  i s  e q u i v a l e n t  t o  a T R E  
I n d e x  o f  1 . 0 .  T h u s ,  u s i n g  t h e  s t a n d a r d i z e d  TRE c o s t  c a l c u -
l a t i o n ,  a n y  v e n t  s t r e a m  w i t h  a n  a n n u a l  a b a t e m e n t  c o s t  l e s s  
t h a n  L 1 , 6 0 0 / M g  ( J u n e ,  1 9 8 0  d o l l a r s )  m u s t  be a b a t e d .  T h i s  
c o s t  i s  t o o  h i g h .  



C l a r i f i c a t i o n  of what kind of d o l l a r s  t h e  € ? A  i s  
. t a l k i n g  about i s  needed be fo re  d i s c u s s i n g  w h j  t n e i r  
c u t o f f  f i g u r e  i s  t o o  h igh.  The d o l l a r s  in t h i s  C T G  " 
a r e  June ,  1980 d o l l a r s .  This i s  n o t  made c l e a r  i n  : 
t e x t  and i s  mis leading s i n c e  t h e  normal presum?tion 
t h e  absence of a s p e c i f i c '  no te  i s  t h a t  t he  d o l l a r s  2 
c u r r e n t  with t h e  p u b l i c a t i o n  d a t e .  Using t h e  f m p l i c  
G N P  d e f l a t o r ,  $1,60O/Mg in  June , ' 1980  5ecomes a b o u t  -
$1,97O/Mg n o w .  An a p p r e c i a b l e  d i  f f e rence !  

r3In d i s c u s s i n g  the  c u t o f f  f o r  t h e  Air  Oxidation NSPS 
(Reference  3 )  E P A  admits  t h a t  ' i n  p r i o r  source  c a t e -
g o r i e s  f o r  which NSPS have been developed,  V O C  max'z 
e s t ima ted  con t ro l  c o s t s  have g e n e r a l l y  n o t  exceeded 
$1,000 per  megagram.' Why then i s  E P A  proposing a C 
t h a t  i s  more c o s t l y  than supposedly more s t r ' n g e n t  S ,  
Source Performance S tandards?  In t h e  Air O x i d a t  i o n  
NSPS E P A  f e . l t  ob l iga t ed  t o  j u s t i f y  t h e i r  proposed 
c u t o f f  f i g u r e .  Sure ly  they  owe t h e  publ ic  as  nuch 
he re .  I n c i d e n t a l l y ,  TCC found EPA's NSPS e x p l a n a t i c  
t o t a l l y  unconvincing as  was expla ined  by  our comnsnt 

Li.n Reference 4. 

The $1,60O/Mg f i g u r e  i s  a l s o  o u t  o f  l i n e  with presen
S t a t e  R A C T  r e g u l a t i o n s .  In 1982 Texas h a d  t o  r e v i s e  
t h e i r  ozone SIP f o r  Har r i s  C o u n t y  t o  provide a d d i t ' c  
a1 reduc t ion  of V o l a t i l e  Organic C o m p o u n d  ( V O C )  I" 

emiss ions .  They f i r s t  prepared a l i s t  o f  emi t t ' ng  
s o u r c e s ,  next  they es t imated  abatement c o s t s  ( 2 e f e -
rence  2 ) ,  and then regula ted  t h o s e  wi th  the  lowest  
c o s t .  Addit ional  r e g u l a t i o n s  f o r  t h e  chemical i n d u s  
t r y  were in t h e  $200-$300/ton range with t h e  h ighes t  
being $832/ton f o r  vents  from carbon black manufactu* 
ing - a  maximum equ iva len t  t o  S810/Mg I n  J u n e ,  1980 
do1 1 a r s .  

C. The T R E  C a l  cul a t i o n  Underestimates Actual Costs .) 

The TRE c a l c u l a t i o n  ignores  c a p i t a l  a n d  a n n u a l  i terns o f  
a p p r e c i a b l e  c o s t  so t h a t  i t  underes t imates  ac tua l  c o s t s .  



1. C a p i t a l  C o s t s  

f p A ' s  e s t i m a t e s  o f  c a p i t a l  c o s t s  a p p e a r  t o  b e  r e a s o n -  
a b l e  f o r  t h o s e  e l e m e n t s  t h e y  c o v e r .  I t ' s  t h o s e ' t h e y  
d o n ' t  t h a t  make t h e i r  e s t i m a t e s  l e s s  t h a n  a c t u a l  i n -  
many c a s e s .  P a g e ' s - 9  o f  t h e  CTG s t a t e s  t h a t  E P A ' s  
c o s t s  " d o  n o t  i n c l u d e  t h e  p r o v i s i o n s  f o r  b r i n g i n g  
u t i l i t i e s ,  s e r v i c e s ,  o r  r o a d s  t o t h e  s i t e ,  t h e  S a c k u p  
f a c i l i t i e s ,  t h e  l a n d ,  ...' o r  t h e  p r o c e s s  p i p i n g  and  
i n s t r u n e n t a t i o n  i n t e r c o n n e c t i o n s  t h a t  may be  r e q u i r e d  
w i t h i n  t h e  p r o c e s s . g e n e r a t i n g  t h e  w a s t e  gas  f e e d  t o  
t h e  t h e r m a l  o x i d i z e r . '  Y e t  a1 1 t h e s e  f a c i l i t i e s ,  and 
o t h e r s ,  a r e  r e q u i r e d  t o  make a s y s t e m  t h a t  w i l l  
o p e r a t e .  

TCC c o m p a r e d  c a p i t a l  c o s t s  f o r  a c t u a l  f l a r e  s y s t e m s .  
a g a i n s t  t h o s e  e s t i m a t e d  b y  t h e  EPA i n  t h e  p r e l i m i n a r y  
d r a f t  P o l y m e r / R e s i n  NSPS ( R e f e r e n c e  5 )  and f o u n d  t h a t  
EPA 's  e s t i m a t e s  f o r  i n t e r m e d i a t e  s i z e d  s y s t e m s  w e r e  
a b o u t  2 5 2  l o w .  S i m a r i l y ,  p i p i n g  c o s t s  on  a c o m p a r a b l e  
b a s i s  w e r e  121 t o  2 5 2  b e l o w  a c t u a l .  TCC n o t e d  i n  
t h e s e  comparisons t h e  i m p o r t a n c e  o f  i t e m s  n o t  i n c l u d e d  
i n  t h e  e s t i m a t e .  Then on M a r c h  9, 1984 ,  as  p a r t  o f  
t h e i r  comments  ( R e f e r e n c e  6 )  on  t h e  p r o p o s e d  D i s t i l -  
l a t i o n  U n i t  O p e r a t i o n s  NSPS, TCC p r o v i d e d  a  d e t a i l e d  
e s t i m a t e  f o r  a f l a r e  s y s t e m  f o r  o n e  o f  EPA's  s a m p l e  
c a s e s .  TCC 's  e s t i m a t e  c o m p a r e d  t o  EPA 's  was: 

M I  ( 1 s t  Qtr. 1 9 8 4 )  

F l a r e  5 5 4 0  

P i p i n g  

N e c e s s a r y  I t e m s  N o t  
I n c l u d e d  by EPA 

T o t a l  

C o s t s  e s c a l a t e d  f r o m  C E  F a S r i c a t e d  E q u i p m e n t  I n d e x  
o f  2 4 4  i n  1 9 7 8  t o  e s t i m a t e d  3 3 1  i n  1 s t  Q u a r t e r  1 9 8 4 .  



- - .  T h e - m a g n i t u d e  o f  n e c e s s a r y  i t e m s  n o t  fnc:,:ec! :.: 
e s t i m a t e  i s  d i s t u r b i n g .  T i m e  a n d  t h e  z:s?nc- o f  

6 .  - - I  de.s fgn  a l g o r i t h m s  i n  t h i s  CTG h a v e  prever . :=e J ,, & 

f r o m  m a k i n g  a s i m i l a r  e s t i m a t e  and c o ~ p z r :  son 
t h e r m a l  i n c i n e r a t o r s ,  b u t  s u c h  an i n d e ? e n c z n ;  ?:: ; -a:  
n e e d s  t o  b e  made.' We u r g e  t h e  E P A  t o  h a v e  t h e  ex=;' 
c a s e  i n  A p p e n d i x  E e s t i m a t e d  b y  a l a r s e  cons;rdc,s;cn 
f i r m  t h a t '  b o t h  d e s i  n s  and  b u i l d s  c h e m i c z ?  5 :  z n c s .  -+ -; II The e s t i m a t e  s h o u  d i n c l u d e ~ h o s e  2 1 s n e r t s  L l . z t  
a r e  n e c e s s a r y  t o  make t h e  s y s t e m  o p e r a b l e .  

I n  t h e i r  e s t i m a t e ,  EPA a l l o w s  f o r  o n l y  iSO f e e t  a =  
d u c t w o r k  b e t w e e n  t h e  s o u r c e  a n d  t h e  t h e r c z l  c x ' c ' z e r .  
TCC b e l i e v e s  c o s t s  s h o u l d  b e  e s t i m a t e d  b i s e d  on ,239 t- 
500 f e e t  o f  d u c t w o r k  w i t h  p i p e  b r i d g e .  9 n  dune  1, 
1 9 7 4 ,  a n  e x p l o s i o n  o c c u r r e d  a t  a c h e m i c a l  p l a n :  ! n  
F l i x b o r o u g h ,  E n g l a n d ,  k i l l i n g  2 8  p e o p l e  ana c ~ ~ s ! : s  
o v e r  80 m i l l i o n  d o l l a r s  i n  damage. I t  wzs C Z U S S C  ::/ 

l e a k a g e  o f  c y c l o h e x a n e  v a p o r s  f r o m  an o x i d z t ! c n  - 7 : :  I 

and  t h e i r  s u b s e q u e n t  i g n i t i o n  b y  a s o u r c e  some 
d i s t a n c e  away, The p o t e n t i a l  f o r  s u c h  a 3 2 s s : v e  e x -  
p l o s i o n  fr,om t h i s  t y p e  o f  p r o c e s s  had  n o t  $ s e n  f u i l y  
a p p r e c i a t e d  b y  t h e  c h e m i c a l  i n d u s t r y .  A s  a res:::, . . 
many o w n e r s  w o u l d  b e  u n w i l l i n g  t o  l o c a t e  a n  : ; c :  : : c c  
s o u r c e  a s  l a r g e  as an i n c i n e r a t o r  as c l o s e  t o  ~ - : C ? S S I  

b u i l d i n g s  a s  150  f e e t .  Thus  300-500 f e e t  weald 3 0  3 
m o r e  r e p r e s e n t a t i v e  f i g u r e ,  

2. A n n u a l  C o s t s  1) 

E P A  i g n o r e s  s e v e r a l  i t e m s  o f  a p p r e c i a b ; e  ccs: - -  - - -  . - >  

e s t i m a t e  o f  a n n u a l  c o s t s .  These  i n c l u d z :  c ? x z r : - ;  
s u p p l  i e s ,  1 a b o r a t o r y  c o s t s ,  e n g i n e e r i  n ~ / e n v !  r o - r r : r :  
o v e r s i g h t ,  a n d  some g e n e r a l  p l a n t  o v e r h e z d  i t e m s .  : 

- - C  . c o m p a r i s o n  o f  a n n u a l  c o s t s  as  e s t i m a t e d  ! n  t n j s  
and b y  TCC i s  g i v e n  i n  a t t a c h e d  T a b l e  1. Z : s c : . s s - c r  
o f  c o s t  e l e m e n t s  n o t  i n c l u d e d  b y  EPA i s  ~ ' v c ' n  : s : z 3 * .  

a, O p e r a t i n g  Supp l  i e s  
I* 

I n  a d d i t i o n  t o  m a i n t e n a n c e  m a t e r i a l s ,  c ? e r ? : r T :  
s u p p l i e s  a r e  a l s o  n e c e s s a r y .  These z n c l  u c s  ~ J C -  

i t e m s  as  c h a r t s ,  l u b r i c a n t s ,  t e s t  c h e m i c & l  s ,  
p e r s o n a l  s a f e t y  e q u i p m e n t  , c u s t o d j  a1 s u p ? ?  ' ? s  , 
and  s i m i l a r  m a t e r i a l  s w h i c h  c a n n o t  be  c o n s ;  : ? : e ~  
r a w  m a t e r i a l s  o r  m a i n t e n a n c e  and r e p z i r  zEt : r : -  
a l s .  A t  one l a r g e  T e x a s  S O C H I  ? l a n t  t h e s o  
f a c t o r s  r a n g e d  f r o m  9 - 3 3 1  o f  o p e r a t ' n g  1 5 3 ~ -  = g r  
s i x  S O C M I  p r o c e s s e s .  F o r  t h e  p o w e r h g u s e ,  - : c : a r  
w e r e  15-202  o f  o p e r a t i n g  l a b o r  o v e r  a t 3 r e e  ~ e z r  
p e r i o d ,  See a l s o  R e f e r e n c e  7 ,  page 2 0 1 .  C 



b.  Laboratory Expense 

some l a b o r a t o r y  expense i s  incur red  b y  t h i s  regu-
l a t i o n  a n d  needs t o  be allowed f o r .  Reference 7 
recommends 10-202 of o p e r a t i n g  l abor  f o r  t h i s ... 

c .  Technical Over s igh t '  

I t  may come as a s u r p r i s e  t o  t h e  E P A  b u t  t he  Code 
o f  Federal  Regulat ions  i s  n o t  widely read by  
product ion foremen a n d  s u p e r v i s o r s .  Thus some 
e n v i r o n m e n t a i / e n g i n e e r i n g  o v e r s i g h t  i s  needed f o r  
t r a i n i n g ,  monitoring'  o v e r s i g h t ,  f i l  i n g  required 
r e p o r t s ,  t echn ica l  adv ice ,  e t c .  T o t a l  t e chn ica i  
c o s t s  (mechanica l ,  chemica l ,  environmental ,  e t c . )  
run over 2 5 %  of ope ra t fng  l a b o r  f o r  many S O C M I  
processes .  

d .  General P lan t  Overhead 

~ e n e r . a lp l an t  overhead cove r s  a host  o f  oper-
a t i o n s  a n d  s e r v i c e s  necessary  f o r  p lan t  ope ra t ion  
a n d  t h e s e  a r e  es t imated i n  Reference 7 (page 2 0 3 )  
t o  be 5 0 - 7 0 Z  o f  t h e  t o t a l  of opera t ing  labor  g lus-
supe rv i s ion  p l u s  maintenance.  Some o f  t hese  have 
been d e t a i l e d  above a n d  we presume some o t h e r s  
a r e  included in t h e  EPA's l l . lO /hour  ( J u n e ,  1 9 8 0  
d o l l a r s )  l abor  r a t e .  Remaining unaccounted f o r  
p lan t  overhead c o s t s  i nc lude  s a f e t y  s e r v i c e s ,  
p l an t  . p ro tec t ion ,  c e n t r a l  machine shops,  s t o r e s ,  
sten'ographic a n d  mai  1 s e r v i c e s ,  purchasing,  
accounting o.ther t h a n  p a y r o l l ,  e t c .  

Recommendation 

The Petroleum Refining F u g i t i v e  B I D  (Reference 9 )  
adds a 40% o f  ope ra t ing  a n d  maintenance 1 a b o r  
f a c t o r  t o  cover a d m i n i s t r a t i v e  a n d  implementation 
c o s t s .  The T C C  recommends a s i m i l a r  f a c t o r  be 
included here t o  cover i tems ' b '  ~ h r o u g h ' d '  
above. 



0. T h e r e  re 1 n e x p l  i c a b l e  I n c o n s i s t e n c i e s  Be tween  7 r C O G  : 
The P r o p o s e d  A i  r O x i d a t i o n  N S P S .  Ir 

The c o s t  b a s i s  f o r  b o t h  t h e  CTG and NSPS a r e  j d e n t i c a l  5~ 
f o r  t h e  same e x a m p l e  v e n t  s t r e a m  t h e y  a r r i v e  a t  d i f f e r e n t  
c o s t s .  

B 

A f r  O x i d a t i o n  A i r  O x i d a t l o  
N S P S  C T G  

C o s t  E f f e c t i v e n e s s ,  f / M g  8 0 0  61 ,136 
C o s t  B.ase Y e a r  Dec, 1 9 7 8  J u n e  1 9 8 0  

C o s t  E f f e c t f v e n e s s ,  $ /Mg 1,095 1 1 , 4 0 0  
I n d e x e d  t o  C u r r e n t  D o l l a r s  1 s t  Q 1 9 8 4  1 s t  Q 1 9 8 4  

These d i f f e r e n c e s  a r i s e  f r o m  t h e  u s e  o f  d i f f e r e n t  c c s t  
P 

f a c t o r s  i n  t h e  TRE c a l c u l a t i o n ,  The f a c t o r s  a r e :  

N S P S  B I D  T h i s  CTG E n v i  r o s c i e n  
T a b l e  8-7 T a b l e  5-7 ( 2 e f e r e n c e  6 

C o s t  Base Year  Dec. 1978  J u n e  1 9 8 0  Dec. 1 9 7 9  

G ; e r a t i n g  L a b o r ,  $ / h r .  13.08 
i n c l  udes  O v e r h e a d s ?  Yes 

11.10 
Yes 

b l 5 . 0 0  
N o t  S p e c i f ! -P 

E l  e c t r i c i t y ,  $ / K W H  0.02616 0.049 0.03 

! ; ~ t u r a l  f z s ,  $/GJ 4.78 2  - 4 0  2.00 

S c r u b b i n g  ' A a t e r ,  S /1000 g a l .  0.22 0.79 0.25 rn 

A l t h o u g h  t h e s e  a r e  f o r  d i f f e r e n t  b a s e  y e a r s  t h e y  c a n n o t  b s  
r e c o n c i l e d  b y  a n y  l o g i c a l  i n d e x i n g  scheme. Most  a r e  s a i d "  
t o  h a v e  b e e n  i n d e x e d  f r o m  E n v i r o s c i e n c e  d a t a  g i v e n  i n  . 
a e f e r e n c e  10 .  T h e s e  a r e  shown b u t  t h e y  d o n ' t  make t h i n g s  
any c l e a r e r .  

O b v i o c s l y  a c o n s i s t e n t  s e t  o f  f a c t o r s  s h o u l d  b e  u s e d  b u t ,  
T C C  recommends n o n e  o f  t h e  above.  More  ' r a t i o n a l  and m o r e  
s o u n d l y  b a s e d  f a c t o r s  a r e  s u p p l i e d  i n  t h e  P o l y m e r / a e s i n  -

N S P S  ( a e f e r e n c e  9 )  and TCC recommends th.em. They a r e :  -



P o l y m e r / R e s i n  B I D  
T a b l e  8 -3  

C o s t  Base Y e a r  J u n e  1980 

O p e r a t i n g  L a b o r  
- $ 1 8 / H o u r  

( I n c l u d e s  L a b o r  R e l a t e d  Ove rhead )  

E l e c t r i c i  t y  $ 0 . 0 4 9 / ~ W H  

N a t u r a l  Gas $S -67 /GJ  ( $ S . ~ ~ / M M B T U )  

st earn 

Wate r  P r i c e  

$13.62/Mg ($6 .18 /1000  Lb .) 

$ o . 0 7 9 / n 3  (SO.~O/IOOO Gal  .) 

E. M i  s c e l l  aneous  

1. The CTG u s e s  " ~ m ~ "  f o r  n o r m a l  c u b i c  m e t e r s .  T h i s  i s  
c o n f u s i n g  s i n c e  'Nu i s  t h e  s t a n d a r d  symbol  f o r  
Newtons ,  a. u n i t  o f  f o r c e ,  i n  t h e  I n t e r n a t i o n a l  Sys tem 
o f  U n i t s  p e r  t h e  A m e r i c a n  S o c i e t y  o f  T e s t i n g  and 
M a t e r i a l s  " S t a n d a r d  f o r  M e t r i c  P r a c t i c e . "  TCC recom-  
mends t h i s  be changed  t o  s o m e t h i n g  l i k e  "scm" a s  was 
done  i n  t h e  D i s t i l l a t i o n  O p e r a t i o n  NSPS. 

2. The CTG s t a t e s  t h a t  sod ium c h l o r i d e  d i s p o s a l  c o s t s  a r e  
i n s i g n i f i c a n t  i n  a l m o s t  a l l  e x i s t i n g  p l a n t s .  Maybe 
t h a t ' s  why t h e y  h a v e  s c r u b b e r s  a l r e a d y .  B u t  t h e  C T G  
i s  n o t  a imed  a t  t h e s e .  I t ' s  f o r  p l a n t s  t h a t  d o n ' t  
h a v e  s c r u b b e r s .  I n  g e n e r a l  t h e  d i s p o s a l  o f  d i l u t e  
b r i n e  s t r e a m s  i s  n o t  cheap  u n l e s s  t h e  p l a n t  i s  l o c a t e d  
n e a r  s a l t  w a t e r  and c a n  g e t  a p e r m i t  t o  dump i t s  
b r i n e .  The A i r  O x i d a t i o n  NSPS mentioned deep w e l l  
d i s p o s a l  as  an a c c e p t a b l e  means. , O p e r a t i n g  c o s t s  f o r  
t h e s e  r a n g e  f r o m  3 -6  S/1 ,000 g a l l o n s .  If t h e  c o s t  o f  
t h e  s c r u b b i n g  w a t e r  a t  79 c e n t s  ( ? )  p e r  1,000 g a l l o n s  
i s  s i g n i f i c a n t  enough  t o  be  i n c l u d e d  i n  t h e  c o s t  
e q u a t i o n s ,  t h e n  c e r t a i n l y  t h e  3-6  $ /1 ,000  g a l l o n s  cos: 
f o r  d i s p o s i n g  o f  t h e  r e s u l t a n t  b r i n e  s h o u l d  be 
i n c l  uded  a1 so. 

I V .  C o n t a c t s  f o r  O u e s t i o n s  

I f t h e  € P A  has  q u e s t i o n s  a b o u t  any  o f  o u r  comments t h e  TCC w i l l  
be  g l a d  t o  t r y  t o  answer  them;  c o n t a c t  A.  H. N i c k o l a u s  o r  3 .  8 .  
Cox i n  c a r e  o f  t h e  Texas  C h e m i c a l  C o u n c i l ,  1000  B r a r o s ,  S u i t e  
200, A u s t i n ,  Texas 78701 .  We c a n  b e  r e a c h e d  b y  phone: A .  H .  
N i c k o l a u s ,  512 /572-1277  (Du  P o n t  - V i c t o r f  a, Texas)  and J .  0 .  
Cox, 713 /425-1046  ( E x x o n  C h e m i c a l  - Bay town ,  Texas) .  

A H N  C -- 
. .. . . . . , . . "- ------ 
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TABLE 1 

ANNUALIZED COSTS FOR AN EXAMPLE VENT STREAM 

S t r e a m :  284 SCM/Min. ( .10,000 SCFff) 

0.37 MJ'/SCff ( 1 0  BTU SCF) 

76.1 K g / H o u r  V O C  E m i s s i o n s  

NO C h l o r i n a t e d  Compounds i n  t h e  O f f - g a s  

J u n e ,  1 9 8 0  D o l l a r s  

EPA TCC 
E s t i m a t e  E s t i m a t e  N o t e s  

I n v e s t m e n t ,  1 ,000 $ 

L a b o r  R a t e s ,  $ / H o u r  

A n n u a l  C o s t s ,  1 , 0 0 0  $ .. 

A- O p e r a t i o n s  

L a b o r ,  2,133 H o u r s  

a M a i n t e n a n c e  

- L a b o r  & S u p p l i e s ,  32 I n v e s t m e n t  
M a t e r i a l s ,  3s I n v e s t m e n t  . 
U t i l i t i e s  

E l e c t r i c i t y ,  .049 $/KWH ".. N a t u r a l  Gas 

O p e r a t i n g  S u p p l i e s ,  1 5 %  M a i n t e n a n c e  

E n g i n e e r i n g ,  E n v i r o n m e n t a l  L a b o r a t o r y  
..~ A n a l y s i s ,  and  G e n e r a l  Pl a n t  O v e r h e a d  

T a x e s  8 52  I n v e s t m e n t  

C a p i t a l  R e c o v e r y ,  16 .32  I n v e s t m e n t  

- 
T o t a l ,  1 ,000  d . 



T a b l e  1 

1. C a l c u l a t e d  f o r  C a t e g o r y  B p e r  T a b l e  5.5 i n  CTG. I n v e s t m e n t  ;
P 

TCC e s t i m a t e  has been i n c r e a s e d  b y  15% t o  p a r t l y  a l l o w  f o r  
o m i t t e d  i t e m s  i n  E P A ' s  e s t i m a t e .  

2. EPA l a b o r  r a t e  - f r om CTG Tab1 e  5-7. ' TCC r a t e  f r o m  R e f e r e n c e s  
and 9 where  $18.00 p e r  h o u r  " i n c l u d e s  wages p l u s  40 p e r c e n t  f a  
1  a b o r  r e 1  a t e d  a d m i n i s t r a t i v e  and o v e r h e a d  c o s t s "  ( u n d e r '  i . n i n g  
added) . 

3. We presume t h e  o p e r a t i n g  l a b o r  man-hours  o f  2,133 man-hour / .ye_ 
f rom T a b l e  5-7 i n c l u d e  an a l l o w a n c e  f o r  d i r e c t  s u p e r v i s i o n  as 
was done i n  R e f e r e n c e  8. 

4 .  M a i n t e n a n c e  l a b o r  p l u s  m a t e r i a l s  f a c t o r  o f  6 1  s p l i t  50 /50  
. be tween l a b o r  and m a t e r i a l s .  See R e f e r e n c e  7, page 201. -

5. I n t r a s t a t e  n a t u r a l  gas I n  Texas i n  1980  was a b o u t  42.60/MHBTU 
b u t  b y  1983 had I n c r e a s e d  t o  n e a r l y  $4.00, an i n c r e a s e  o f  abo 
50% w h i l e  o v e r a l l  c o s t s  i n c r e a s e d  a b o u t  201. S i n c e  e n e r g y  col 
a r e  s t i l l  e x p e c t e d  t o  i n c r e a s e  f a s t e r  t h a n  t h e  g e n e r a l  econom. 
t h e  $5.'67/65 ( $ S . ~ ~ / M M B T U )c o s t  f a c t o r  f r o m  Re fe rence  8 ,  Ta51 
8-3 has been used h e r e  f o r  t h e  TCC c a l c u l a t i o n .  $2.40/GJ was 
used  f o r  t h e  EPA e s t i m a t e  p e r  CTG T a b l e  5-7. These r a t e s  w e r  
used t o  c a l c u l a t e  e l e c t r i c a l  and n a t u r a l  gas  c o s t s  p e r  f o r m u l  
on CTG page E-5. b 

6. Taken as 15: o f  m a i n t e n a n c e  l a b o r  and m a t e r i a l s  p e r  R e f e r e n c e  
page 201. 

7 .  Pe r  t h e  d i s c u s s i o n  u n d e r  S e c t i o n  C2 above ,  t h e s e  have been t a  
as 40% o f  o p e r a t i n g  p l u s  m a i n t e n a n c e  l a b o r .  



UNION CARBIDE CORPORATION 
ETHYLENE OXlDE/GLY COL DIVISION 

, - P.O. SOX ~ 1 SOUTH C ~ A R L Z S T O N ,WCSTVIRGINIA 

W. Robert R~smstecl 
U. S. Environlnental Protect4 on Agency 
North Carol t na Wtual Buil ding 
411 W. Chapel H i l l  S t r e e t  (Room 730) 
Durham, N,C. 27701 

Mr. Rosenstetl: 

Union Carbide Corporation, a major producer of synthet ic  organic 
cheml cal s by a i r  oxi da t i  on processes, submits the  at tached comnents on EPA 's 
d r a f t  control technology guide1 ine (CTG) documnt f o r  control of vol a t i t  e 
organic compound emissions from a i r  oxidation processes i n  the synthetic  
organic c h e d  cal manufacturing industry. 

Out submission of these comnents has been delayed several days beyond 
the o f f i c i a l  April 19 due-date because the d ra f t  CTG was not avail  able frcm 
the EPA unti l  a shor t  time before t h a t  date. (w copy of the document arrived 
uith l e s s  than a week remaining,) men I ca l led  you on Aprff 19, you sa id  
t h a t  comncnts woul d b e  cons1dered as  1ong as  mey were mailed w i  t h i n  about a 
week a f t e r  April 19. 

We would welcome the opportunity to discuss these comments w i t h  
If  you have any questions, p1 ease ca l l  me (304) 747-2346. 

you. 

Very truly yours, I 

0. C. Macauley
fnvi tonmental Aff a1rs Manager 



UNION CARSIDE CORPORATION 

CDmD(TS ON 'EPA'Sa DRAFT "CTG' DOCLIMENT FOR CONTROL OF 

1. Ye note wording on pages 4-1 and 4-2 t h a t  p1 aces mtrl c t l  ons on what 
cons t i tu tes  a proper polnt  i n  an ex l s t i ng  process u n i t  f o r  defining the YOC 
content  of the eafsslons.  Uhlle we can see t h a t  an e f f o r t  has been made 1 n 
the t e x t  to define the emissions polnt  In a f a i r l y  broad way, i t  seem 
logical  to us  t o  broadm the deflnl t i on  still fu r the r ,  Simply s t a t ed ,  f t a 


seems loglcal  t h a t  the evaluation of the c o s t  f o r  e f fec t ing  a fu r the r  
reduction In e n d  sslons s h o d  d s t a r t  w l  th h a t  i s actual  1 y be1 ng eml t t e d  .by 
the exi s t l n g  f ac l l  l t y ,  regardless  whether the 1 a r t  s t e p  In  t he  process i s  
a )  product recovery, b )  energy r ecovey ,  o r  c )  wen a less-than-ideal ( bu t
already ex i s t i ng )  emissions control device. 

2, We feel t h a t  the  RACT recomnended i n  Chapter 4 does no t  adequately consider  
and make provl sion fo r  use of c a t a l y t l c  oxldation as an at t e rna t i  ve to 
t h e m 1  0x1 da t i  on f o r  emf sslons control , We ask t h a t  cl a r t  fyi ng add1 tl ons 
be made to supply sta- agencies w l t h  accurate and appropriate guidance i n  

Mthis rrgard  and t h a t  overly r e s t r f c t i v e  c t f t e r l a  be relaxed, 

Ye f ind no f a u l t  w i t h  the preceding discussion i n  Chapter 3 - hissfon 
Control Techniques, inasmuch a s  it: 

a, Cited c a t a l y t l c  oxidation a s  the second most comnon form of emissions 
Pcontrol for  an oxldation process. 

b. Properly described the role of c a t a l y t l c  oxidation under pressure a s  a 
means of enhancing energy recovery. 

c. Properly defined a e  range of  reduction e f f i c i enc i e s  f o r  c a t a l y t i c  
ox1 da t l  on. 

The problem l i e s  i n  the  RACT i t s e l f ,  where the  a l t e m a t l v e s  to meeting the 
TRE cri teri on a r e  on1 y a ) a reduction e f t1  ci ency of 98': (presumably based 
on the exis t fng e d s s i o n s  r a t e )  o r  b )  reduction of  VOC to 20 ppm. The t e x t  

Eon page 4-1 is som-at ambiguous i n  regard to these a1 t e m a t l  ve c t i  teri a 
of 98% reduction o r  20 ppn, However, their treadtment a s  c t i t e r l a  i s  
brought out. qul te expl i c i  tly on pages €01 4 and €01 5. 

We strongly question the  apparent premlse f o r  these resfrlctlons, namely
t h a t  thennal oxidatlon is the only technology t h a t  i s  universal1 

aapplicable. The t e x t  on page 4-1 includes a statement d R A m  
recomnendati on i t se l  f woul d not  specf fj thennal ox1 da t i  on a s  the only VOC 
control method." In 1i g h t  of t h a t  statement, we a r e  puzzled by the  
restrictions neqrerthel e ss  imposed by the criterf a. These c r f t e r i a ,  a s  
Chapter 3 points out, can be met oaly by thermal oxidatfon, 

I 



we have anphasi zed ear l  f er in  comnentf ng on the NSPS, our concern I s 
m a t  proper cognltance 1s not  befng trkcn of t h e  c o s t  e f f u t l v c n e s s  of 
catalytic oxidation, when i t  f s  appl icable .  The c o s t  advantages accrue 
corm rtduced ( o r  even zero)  requircmtntt  f o r  suppl anen-ry a i r  and/or fuel 
urd f r o m  lwer i n v e s ~ tand operational a t t en t ion .  

Accordingly, we urge t h a t  the  RACT c r i t e r i a  be modified i n  appropriate 
conformance w i t h  the tcxt fn Chapter 3.. .'.. L. 

Other conracnts t h a t  we w i  sh to brlng to the Agency's a t t e n d o n  Invol ve e r r o r s  
f nconsI stmdes. 

Pr in t ing  e r r o r s  on pages 3-18, 3-19, and 3-20 have r e su l t ed  1n the aniss lon 
of  me p o d o n  of the Qxt  and the duplfcation o f  o the r  portions. 

Even. though the TRE fonmrl a and the  t a b l e  o f  coeffI  de n t s  i n  the CTG appear 
to be Ident ica l  withathe formula and c o c f f i c i e n t s . i n  the BID f o r  the NSPS, 
then fs an inconsistency i n  the monetary de f ln i t fon  of  the fndcx. 

The CTG defines a TRE Index of 1.0 a s  corresponding to Sl600/Mg
destroyed. 

The 810 f o r  the NSPS specifies a value o f  $886.60 f o r  a TRE Index of 
1.0. (This $886.60 value, Inc identa l ly ,  corresponds to the value of  
a900 f o r  a TRE Index of 2.2 t h a t  1s  c i t c d  fn  the  p r e a d l e  of the 
pub1 f shed standards. ) 

We a r e  puzzled a s  t o  haw such divergent values can r e s u l t  from what 
appears to be the same fonnula and s e t  of c o e f f l c i t n t s .  

We a1 so f a i l  to detect i n  the table of coe f f i c i en t s  the changes we 
would expect to see as  a r e s u l t  of the r e t r o f i t  f a c t o r  of 1.625 thdc  i s  
discussed e a r l i e r  In the text .  

(The thought strikes us t h a t  perhaps the wrong tab1 l of coeff i  dents 
has been pr inted I n  the CTt report. However, i f  t h a t  is the case,  the 
example In the append1x i s  a1 so i n  e r ror .  ) . 
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APPENDIX H. REFERENCE METHODS AND PROCEDURES 

H.1 INTRODUCTION -
This appendix presents the reference methods and procedures recomnended 

f o r  implementing RACT. Methods and procedures are i d e n t i f i e d  for  two types 
o f  RACT implementation: (1) determination o f  VOC dest ruct ion e f f i c i ency  for  
evaluating compliance w i th  the 98-weight percent VOC reduct ion o r  20 ppmv 
emission l i m i t  speci f ied i.n the recomnended RACT; and (2) determination of 
offgas flowrate, hourly emissions, and stream net  heating value for 
ca lcu la t ing  a TRE index. A l l  reference methods i d e n t i f i e d  i n  t h i s  appendix 
refer  t o  the reference methods speci f ied a t  40 CFR Part  60 - Appendix A. 

H. 2 VOC DESTRUCTION EFFICIENCY DETERMINATION 
(a) The fol lowing reference methods and procedures are recomnended for  

determining compl iance w i th  the percent destruct ion e f f i c i ency  specif ied i n  
the recomnended RACT. 

(1)  Reference Method 1 o r  lA ,  as appropriate, f o r  se lec t ion  of the 
sampling s i te .  The control  device i n l e t  sampling s i t e  f o r  determination of 
vent stream molar composition o r  t o t a l  organic compound destruct ion 
e f f i c i ency  sha l l  be p r i o r  t o  the i n l e t  o f  any control  device and a f te r  a1 1 

devices.rec0v?8Reference' Method 2, 2A, 2C, o r  20 as appropriate, for 
de temi  n a t i  on of the vol umetri c f1 owrate. 

(3) Reference Method 3 t o  measure oxygen concentration for the a i r  
d i l u t i o n  correction. The emission sample shal l  be corrected t o  3 percent- 
oxygen. 

(4) Reference Method 18 t o  determine the concentration o f  t o t a l  organic 
compounds (minus methane and ethane) i n  the control  device o u t l e t  and t o t a l  
organic compound reduction eff iciency of the control  device. 

H.3 TRE INDEX DETERMINATION 
(b) The fol lowing reference methods and procedures are recommended +or 

determining the offgas f lowrate, hourly emissions, and the ne t  heating value 
o f  the as combusted t o  ca lcu late the vent stream TRE index value. 

(13 Reference Method 1 o r  lA ,  as appropriate, f o r  se lect ion of the 
sampling s i te .  The sampling s i t e  f o r  the vent stream f lowrate and molar 
composition determination prescribed i n  (b)(2) and (3)  sha l l  be p r i o r  t o  the 
i n l e t  o f  any combustion device, p r i o r  t o  any post-reactor d i l u t i o n  of the 
stream w i th  a i r ,  and p r i o r  t o  any post-reactor in t roduct ion of halogenated 
compounds i n t o  the vent stream. Subject t o  the preceding r e s t r i c t i o n s  on the 
sampling s i t e ,  i t  shal l  be a f t e r  the f i n a l  recovery device. Ifany gas 
stream other than the a i r  oxidat ion vent stream i s  normally conducted through 
the recovery system of the affected f a c i l i t y ,  such stream sha l l  be rerouted 
o r  turned off  whi le the vent stream i s  sampled, but sha l l  be routed normally 
p r i o r  t o  the measuring of the i n i t i a l  value o f  the monitored parameter(s) f o r  
determining compliance w i th  the recomnended RACT. I f  the a i r  px idat ion vent 
stream i s  normally routed through any equipment which i s  not  a p a r t  of the 
a i r  oxidat ion f a c i l i t y  as defined i n  Chapter 4, such equipment sha l l  be 



bypassed by the  vent  stream wh i l e  the  vent  stream i s  sampled, bu t  s h a l l  no t  
be bypassed dur ing  the  measurement of  t he  i n i t i a l  value o f  the  moni tored 
parameter(s) f o r  determining compl iance w i  t h  t h e  recommended RACT. 

(2)  The molar composition of t he  vent  stream s h a l l  be determined as 
fo l lows: 

( i )  Reference Method 18 t o  measure the  concent ra t ion o f  a l l  organics, 
i n c l u d i n  those conta in ing halogens. 

( l i q  ASTM D1946-67 (reapproved 1977) t o  measure the concent ra t ion o f  
carbon monoxide and hydrogen. 

( i  ii) Reference Method 4 t o  measure the  content  of water vapor, if 
necessary. 

(3)  The vo lumetr ic  f lowrate  s h a l l  be determined us ing  Reference 
Method 2, 2A, 2C, o r  20; as appropr iate.  

( 4 )  The ne t  heat ing value o f  t h e  vent  stream s h a l l  be ca l cu la ted  us ing 
the  f o l l ow ing  equation: 

n- Z CiHi 
H~-Kl i= 1 

where : H~ = Net heat ing value of the  sample, MJIscm, where the  net' 
enthalpy per mole o f  offgas i s  based on combustion a t  
2S°C and 760 mm Hg, b u t  the  standard temperature f o r  
determining the volume corresponding t o  one mole i s  
20°C, as i n  the d e f i n i t i o n  of QS (offgas f lowrate) .  

where standard temperature f o r  g-molelsun i s  20°C. 

= Concentration o f  sample component i,ppm, as measured by 
@


Reference Method 18 and ASTM 01946-67 (reapproved 1977), 
repor ted on a wet basis. 

= Net heat of combustion of sample component i, kcal lg-mole 
based on combustion a t  2S°C and 760 mm Hg. The heats of 
combustion o f  vent stream components would be requ i red  t o  be 
determined using ASTM 02382-76 ifpub1 ished values are no t  a 


ava i l ab le  o r  cannot be ca lcu la ted.  
(5 )  The emission r a t e  o f  t o t a l  organic compounds i n  the process vent 

stream s h a l l  be ca lcu la ted  using the f o l l ow ing  equation: 
n 

EToc ' K2 ( 2i = lCiMi) Qs 
a 


where: = TOC emission r a t e  o f  t o t a l  organic compounds (minus methane 
EToc and ethane) i n  the sagple, kg/hr. 
K p  = Constant, 2.494 x 10- (l/ppm) (g-mole/scm) (kg/g) (min/hr) ,  

where standard temperature fo r  (g-mole/scm) is 20°C. 

Mi = Molecular weight of sample component i ,  g/g-mole. 
Qs = Vent stream f lowrate  (scm/min), a t  a standard temperature 

of 20°C. 



(6 )  The t o t a l  vent stream concentration (by volume) o f  compounds 
containing halogens (~Pmv, by compound) sha l l  be suned  from the indiv idual  
concentrations of compounds containing ha1 ogens which were measured by 
Reference Method 18. 
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