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FOREWORD 

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 

API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANUFAC- 
TURERS, OR SUPPLIERS To WARN A N D  PROPERLY TRAIN AND EQUIP THEIR 
EMPLOYEES, AND OTHERS EXPOSED. CONCERNING HEALTH AND SAFETY 
RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS UNDER 
LOCAL, STATE, OR FEDERAL LAWS. 

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY 1I"LICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 

ITY FOR INFRINGEMENT OF LETERS PATENT. 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE. AGAINST LIABIL- 
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ABSTRACT 

The Clean Air Act Amendments of 1990 require that ozone nonattainment areas reduce total 

volatile organic compound (VOC) emissions by specified amounts, for certain milestone 

years. In addition, EPA may require similar reductions of nitrogen oxides (NO,) in the 

future. For most nonattainment areas, the controls required to meet these Reasonable Further 

Progress (RFP) milestones may be very costly. Therefore air pollution control plans must 

evaluate available emission control options in order to develop the most cost-effective 

strategy for meeting their RFP reduction targets. Because of local variations in the types of 

sources and emission rates, these strategies must be developed on an area-specific basis. An 

RFP analysis was performed for five different ozone nonattainment areas: Baltimore; Chicago; 

Houston; Philadelphia; and, Washington, D.C.. The first step in this effort entailed collecting 

VOC and NO, emission inventory information fi-om the various state agencies. Next, 

potential control measures were identified from an extensive literature review, considering 

both technical and economic constraints. In addition, emissions modeling was performed to 

estimate the effect of mobile source controls for each area. Cost-effectiveness rankings were 

developed and total progress toward RFP targets were estimated. Available controls range in 

cost-effectiveness from a net savings up to $500,000 per ton of pollutant. Controls of the 

currently unregulated non-road mobile source category are essential to meeting these long-run 

targets. Additional study of the feasibility of applying NO, controls to major point sources is 

crucial to assess total reduction potentials accurately. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: API Publ 326-1994 scan

http://www.avadocuments.com/doc/api-publ-326-1994-scan
http://www.avadocuments.com/doc/api-publ-326-1994-scan


A P I  PUBL*32b 9 4  I 0732270 0537842 479 = 

TABLE OF CONTENTS 

Page 

EXECUTIVE SUMMARY .................................... e5-1 

1.0 INTRODUCTION ............................................ 1-1 

Background ................................................. 1-1 
Purpose of Study ............................................. 1-2 
Approach .................................................. 1-2 

2.0 KEY SOURCE CATEGORIES WITHIN SELECTED OZONE 
NONATI'AINMENT AREAS ................................... 2-1 

Introduction ................................................. 2-1 
DataGathering .............................................. 2-2 
SourceCategorization ......................................... 2-4 
Major Source Categories ....................................... 2-5 

3.0 VOC AND NO. CONTROLS FOR POINT AND AREA SOURCES . . . . .  3-1 

Controls in Place in 1990 ....................................... 3-1 
InformationSources ........................................... 3-2 
Point and Area Source VOC Controls ............................. 3-3 

Summary of Selected VOC Control Measures . . . . . . . . . . . . . . . . . .  3-7 
Point and Area Source NO. Controls .............................. 3.15 

NO. Formation and Control ................................ 3-15 
Summary of Selected NO. Control Measures ................... 3-16 
Possiile Controls for Major NQ Source Categories . . . . . . . . . . . . . .  3-22 

Non-road VOC and N Q  Sources ................................. 3-27 
General VOC and NO. Controls ............................ 3-30 
Agriculture Equipment ................................... 3-32 
Rail ................................................. 3-33 
Airplanes ............................................. 3-33 
Marine Vessels ......................................... 3.34 
Lawn and Garden 3.34 ....................................... 
Industrial/Commercial Equipment ........................... 3-35 
Heavy Construction Equipment ............................. 3-36 
Summary of Potential Reduction for Non-Road Mobil Sources . . . . .  -3-37 

Market-Based Approaches ...................................... 3-42 

4.0 EMSSIOFJ REDUCTION STRATEGES FOR MOBIL SOURCES ...... 4-1 

Overview of Controî options .................................... 4-2 
State II Refueling Controls ................................ 4-2 
Reformulated Gasoline (RFG) .............................. 4-2 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: API Publ 326-1994 scan

http://www.avadocuments.com/doc/api-publ-326-1994-scan
http://www.avadocuments.com/doc/api-publ-326-1994-scan


~~ ~~~ 

A P I  PUBL*32b 9 4  0 7 3 2 2 9 0  0 5 3 7 8 4 2  305 M 

Enhanced and Expanded Inspection/Maintenance Programs . . . . . . .  4-3 
California Low Emission Vehicle (LEV) Program . . . . . . . . . . . . . . .  4-3 
Centrally Fueled Fleet Program ............................. 4-4 
Early Vehicle Retirement (Scrappage) ........................ 4-5 
Transportation Control Measures ............................ 4-5 

Baseline Mobil Source Emissions Estimates ......................... 4-6 
Emission Reductions From Additional Mobile Source Controls . . . . . . . . . .  4-9 

StageII ............................................... 4.10 
Reformulated Gasoiine (RFG) ............................. 4-11 
RFG - Complex Model Results ............................ 4-13 
Enhanced I/M and Evaporative Systems Check . . . . . . . . . . . . . . . . .  4-14 
Expanded I/M and Evaporative Systems Check . . . . . . . . . . . . . . . . .  4-15 
LEV/Tier II ........................................... 4-16 
Clean Fuel Fleet Programs ................................ 4-18 
Vehicle Scrappage Programs ............................... 4-19 

Costs and Cost-Effectiveness of Mobile Source Control Options . . . . . . . . . .  4-20 
Stage II Vapor Recovery Controls ........................... 4-21 
Reformulated Gasoline (RFG) ............................. 4-21 
Inspection/Maintenance (I/M) Programs ...................... 4-25 
Low Emission Vehicles/Tier II ............................. 4-30 
Clean Fuel Fleet Program ................................. 4-37 
Vehicle Scrappage Program ................................ 4-38 
Summary of Mobile Source Control Cost-Effectiveness . . . . . . . . . . . .  4-39 

.......................... 4-42 Transportation Control Measures (TCMs) 

5.0 EVALUATION OF STRATEGIES FOR MEETiNG RFP 
REQUIREMENTS ........................................... 5-1 

WMilestones .............................................. 5-1 
Analytical Approach .......................................... 5-2 

Adjusted Baseline and Target Reductions ..................... 5-2 
Projected Emission Levels ................................. 5-3 
Reductions from Controls ................................. 5-5 

1996 ROP Anaiyses . VOCs .................................... 5-10 
Baltimore ............................................. 5-10 

Houston .............................................. 5.11 
Chicago ............................................... 5.11 

Philadelphia ........................................... 5-16 

1999 and 2010 ROP Analyses - VOCs ............................. 5.22 
Potential N Q  Reductions ...................................... 5-23 

Baltimore ............................................. 5-27 
Chicago ............................................... 5.28 

Philadelphia ........................................... 5-32 
D.C. ................................................. 5-32 

D.C. ................................................. 5.20 

Houston .............................................. 5.28 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---

Full document details: API Publ 326-1994 scan

http://www.avadocuments.com/doc/api-publ-326-1994-scan
http://www.avadocuments.com/doc/api-publ-326-1994-scan


~ ~~ ~ ~ 

API PUBL*326 9 4  0732290 0537843 2 4 1  W 

Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-32 

GLOSSARY 

REFERENCES 

APPENDICES 

Appendix A - 1990 Emissions Inventories 
Appendix B - Utility N Q  Cost-Effectiveness Calculations 
Appendix C - VOC Control Measure Rankings 
Appendix D - Stationary Source VOC Control Measures 
Appendix E - Stationary Source NO, Control Measures 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---

Full document details: API Publ 326-1994 scan

http://www.avadocuments.com/doc/api-publ-326-1994-scan
http://www.avadocuments.com/doc/api-publ-326-1994-scan


Es- 1 

ES-2 

Es-3 
Es4 
Es-5 
ES-6 

2- 1 

2-2 

2-3 

2-4 

2-5 

2-6 

2-7 

2-8 

2-9 

2-10 

5-1 
5-2 

5-3 
5-4 

5-5 

5-6 

LIST OF FIGURES 

Page 

Rate of Progress Plans by City ............................. e5-5 

NO, Emission Reductions in Baltimore ...................... e5-6 

NO, Emission Reductions in Chicago ........................ 
NO, Emission Reductions in Houston ....................... e5-8 

NO, Emission Reductions in Philadelphia 
NO, Emission Reductions in D.C. 

e5-7 

.................... e5-9 

e5-10 ......................... 

VOC Emissions in the Baltimore Nonattainment Area . . . . . . . . . . . .  2-6 

VOC Emissions in the Chicago Nonattainment Area . . . . . . . . . . . . .  2-7 

VOC Emissions in the Houston Nonattainment Area . . . . . . . . . . . . .  2-8 
VOC Emissions in the Philadelphia Nonatrainment Area . . . . . . . . . .  2-9 
VOC Emissions in the D.C. Nonattainment Area . . . . . . . . . . . . . . . .  2-10 

NO, Emissions in the Baltimore Nonattainment Area . . . . . . . . . . . .  2-11 

NO, Emissions in the Chicago Nonattainment Area . . . . . . . . . . . . . .  2-12 

NO, Emissions in the Houston Nonattainment Area . . . . . . . . . . . . .  2-13 

NO, Emissions in the Philadelphia Nonattainment Area . . . . . . . . . . .  2-14 

NO, Emissions in the D.C. Nonatîabment Area . . . . . . . . . . . . . . . .  2-15 

1996 Rate of Progress Plans ............................... 5-25 
NO, Emissions Reductions . Baltimore ....................... 5-35 

NO, Emissions Reductions . Chicago 

N Q  Emissions Reductions . Houston ........................ 5-37 

NO, Emissions Reductions . Philadelphia ..................... 5-38 

NO, Emissions Reductions . D.C. ........................... 5-39 

........................ 5-36 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: API Publ 326-1994 scan

http://www.avadocuments.com/doc/api-publ-326-1994-scan
http://www.avadocuments.com/doc/api-publ-326-1994-scan


A P I  PUBLx32b 9 4  0732290 0537845 CIL4 

2- 1 

2-2 

2-3 

2-4 

3- 1 

3-2 

3-3 
3-4 

3-5 
3-6 

3-7 

3-8 

3-9 

3-10 

4-1 

4-2 

4-3 
44 
4-5 
4-6 

4-7 

4-8 

4-9 
4-10 

4-11 

LIST OF TABLES 

Pape 

Sources of Inventory Information ............................ 2-3 

Emission Cutpoints ...................................... 2-4 

Major VOC Source Distribution ............................ 2-16 

Major NO. Source Distribution ............................. 2-17 

Ranking of Stationary Source VOC Control Categories . . . . . . . . . . .  3-5 
Ranking of Stationary Source NO. Control Technologies 

Ranking of Stationary Source NO. Control Categories . . . . . . . . . . . .  3-27 

impact of Non-Road Sources on Total VOC Inventory . . . . . . . . . . . .  3-28 

Impact of Non-Road Sources on Total NO. Inventory . . . . . . . . . . . .  3-29 

Non-Road Mobile Source Controls . Baltimore . . . . . . . . . . . . . . . . .  3-38 

Non-Road Mobile Source Controls . Chicago . . . . . . . . . . . . . . . . . .  3-39 

Non-Road Mobile Source Controls . Houston ................... 3-40 

Non-Road Mobile Source Controls . Philadelphia ............... 3-41 

Non-Road Mobile Source Controls . D.C. ..................... 3 4 2  

. . . . . . . . . .  3-17 

Emission Factor Modeling Summary ......................... 4-8 

Comparison of Radian and State TPD Estimates ................ 4-8 

Mobile Source Control Scenarios ............................ 4-9 
VOC Reductions from Stage II ............................. 4-10 

VOC Reductions from Phase I Federal RFG ................... 4-12 

VOC and N Q  Reductions for Phase II Federal and California RFG . 4-12 

VOC Emissions Reductions from Phase I Federal RFG ........... 4-14 

VOC and NO. Reductions from Phase II RFG - Complex Model . . .  4-14 

VOC and N Q  Reductions from Enhanced I/M of Qht-Duty Fleet . . 4-15 

VOC and NO. Reductions from Expanded I/M of Heavy-Duty Fleet . 4-16 

VOC and NO. Reductions for E V s  ......................... 4-17 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---

Full document details: API Publ 326-1994 scan

http://www.avadocuments.com/doc/api-publ-326-1994-scan
http://www.avadocuments.com/doc/api-publ-326-1994-scan


~~~ ~ ~~ 

A P I  PUBL*326 94  O732290 0 5 3 7 8 4 6  T50 E 

4- 12 

4-u 
4-14 
4- 15 
4-16a 
4-17a 

4-16b 

41% 

4-18 

4-19 

4-20 

4-21 

4-22 

4-23 
4-24 

4-25 

4-26 

4-27 

4-28 

4-29 

4-30 

4-31 

4-32 

4-33 

4-34 

4-35 

4-36 

5-1 

5-2 

VOC and NO. Reductions from Tier II . . . . . . . . . . . . . . . . . . . . . . .  4-18 

VOC and NO. Reductions for Clean Fleet Program . . . . . . . . . . . . . .  4-19 

VOC Reductions for Scrappage Program . . . . . . . . . . . . . . . . . . . . . .  4-19 

Estimated Incremental Cost of Phase I and Phase II RFG . . . . . . . . .  4-23 

Cost-Effectiveness of Federal RFG .......................... 4-23 

Cost-Effectiveness of California RFG ........................ 4-23 

Cost-Effectiveness of Federal RFG . Ozone Season Weighted ...... 4-24 

Cost-Effectiveness of Catifornia RFG . Ozone Season Weighted . . . .  4-24 

Parameters Used in I/M Cost Model ......................... 4-26 

Inspection Costs ........................................ 4-28 

Cost-Effectiveness of Enhanced I/M Programs . . . . . . . . . . . . . . . . . .  4-30 

Cost-Effectiveness of Expanded I/M Programs . . . . . . . . . . . . . . . . . .  4-31 

Implementation Rates for California I E V  Programs . . . . . . . . . . . . .  4-31 

Costs for Meeting LEV Standards ........................... 4-32 

Average Per-Vehicle Cost for Meeting LEV Standards . . . . . . . . . . . .  4-32 

Cost Estimating Procedure ................................ 4-33 

Cost-Effectiveness of LEV Program .......................... 4-36 

Cost-Effectiveness of Tier II Program ........................ 4-36 

Cost-Effectiveness of Natural Gas Vehicle Program . . . . . . . . . . . . . .  4-38 

Cost-Effectiveness of Scrappage Program ...................... 4.39 

Cost-Effectiveness of Mobile Source Controls . Baltimore . . . . . . . . .  4-40 

Cost-Effectiveness of Mobile Source Controls . Chicago .......... 4-40 

Cost-Effectiveness of Mobile Source Controls . Houston . . . . . . . . . .  4-41 

Cost-Effectiveness of Mobile Source Controls . Philadelphia . . . . . . .  4-41 

Cost-Effectiveness of Mobile Source Controls . Baltimore . . . . . . . . .  4-42 
TCMs Included in the 1990 CAAA .......................... 4-43 

Potential Effectiveness of TCMs ............................ 4-46 

Required VOC Reductions and Attainment Deadlines . . . . . . . . . . . .  
Necessary Reductions from Re-Control Levels . . . . . . . . . . . . . . . . .  5-5 

5-1 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: API Publ 326-1994 scan

http://www.avadocuments.com/doc/api-publ-326-1994-scan
http://www.avadocuments.com/doc/api-publ-326-1994-scan


5-3 
5-4 
5-5 
5-6 
5-7 
5-8 

5-9 
5-10 

5-11 

5-12 

5-u 

~~ 

A P I  PUBL*32b 9 4  I O732290 0537847 997 I 

Rate of Progress Plan for Baltimore ......................... 5-12 

Rate of Progress Plan for Chicago ........................... 5-14 

Rate of Progress Plan for Houston ........................... 5-17 

Rate of Progress Plan for Philadelphia ........................ 5-19 

Rate of Progress Plan for D.C. ............................. 5-21 
ROP Target and Projected Shortfalls for 1999 and 2010 ........... 5-22 

N Q  Control Strategies for Baltimore ......................... 5-29 

Nq Control Strategies for Chicago .......................... 5-30 

NO. Control Strategies for Houston .......................... 5-31 

N Q  Control Strategies for Philadelphia ....................... 5-33 
NO. Control Strategies for D.C .............................. 5-34 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---

Full document details: API Publ 326-1994 scan

http://www.avadocuments.com/doc/api-publ-326-1994-scan
http://www.avadocuments.com/doc/api-publ-326-1994-scan


~ ~~ 

A P I  PUBL*32b 9 4  0732290 0537848 823  

EXECUTIVE SUMMARY 

Under the requirements of Title I of the 1990 Clean Air Act Amendments ( C a ) ,  all 

moderate and above ozone nonattainment areas must reduce their volatile organic 

compound ( V E )  emissions by 15 percent by 1996. Depending on the severity of the 

nonattainment status, a city may have to decrease emissions further, by three percent per 

year, until attainment is demonstrated. Once attainment is achieved, the City must 
implement a control plan designed to maintain those standards. In addition to the VOC 

requirements, specific NO, reduction requirements may be specified by EPA and the 
states in the future, based on the results of air quality modeling studies. These emission 
reduction targets are known as the Reasonable Further Progress, or RFP, requirements, 

and they present significant technical and economic challenges to state agencies and 

emission sources. 

The main purpose of this study is to provide air poilution control planners and other 

interested parties with a "menu" of possible control options, using the most up-to-date 

information and accurate anaiyses, for significant sources of VOCs and NQ. This 
menu provides a preliminary demonstration of how cost-effective packages of attainment 

strategies and control measures can be developed to meet RF'P targets and achieve 

attainment, as well as maintain standards after attainment. State agencies may be able 

to incorporate portions of this study's findings into their 1994 SIP revisions. Final 
determination of appropriate strategies should be based on the air quality modeling 
studies required by the CAAA. 

One set of control strategies alone cannot be identified that will allow aii nonattainment 

arcas to meet their RFP targets and achieve attainment in the most cost-effective 

manner. Site-specific variations in source distribution and emissions mean îhat different 

cities must be analyzed on a case-by-case basis. For this reason, API contracted Radian 

Corporation to evaluate five different cities: Baltimore, Chicago, Houston, Philadelphia, 

ES-1 
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and Washington, D.C. These cities are all severe ozone nonattainment areas (with the 

exception of Washington, D.C., which is serious), and all must develop a broad range of 
control measures. Various sections of this report may apply to other cities not included 

in the analysis. 

In order to develop site-specific control packages for VOC and NO,, Radian performed 

the following tasks: 

e 

e 

Identified major source categories from state inventories; 

Identified feasible control options from literature; 

e Model emissions reductions for mobile source controls for each site; 

e Conducted technical and economic assessment of options and determined 
cost-effectiveness rankings; and 

e Developed site-specific cost-effective control approaches. 

This report provides the initial results of Radian’s study. The body of the report 

discusses the potential control options in a general manner, while the appendices provide 

a more detailed analysis of costs, effectiveness, and application limitations. 

FINDINGS OF RFP ANALYSES 
Based upon Radian’s analysis, the cities of Chicago and D.C. should be able to meet 
their 1996 RFP milestones. In addition, Chicago and D.C. can do so in using controls 
with relatively low cost-effectiveness values (typically $1,000 to $2,000 per ton of VOCs). 

However, based upon the Dreliminary emissions inventories provided bv the states, the 

Houston, Baltimore, and Philadelphia areas may not reach their reduction targets, even 
after applying all available controls, regardless of cost. These shortfails may be the 

result of these cities’ relatively low emissions from mobile sources (a source categoq that 

experiences large percentage reductions by 1996). The shortfalls may also be the result 

Es-2 
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of errors in the emissions inventories received from the states. Figure ES-1 provides a 

summary of the progress made toward the 1996 RFT milestones, based upon the control 
strategy packages developed by Radian! 

Radian also estimated the potential NO, reductions available from on and non-road 

mobile source controls, as well as utiiity boiler controls, for each city in 1996, 1999, and 

2010. Radian adopted a three-tiered control approach for utility boilers, applying low- 
efficiency controls ñrst, then increasingly more stringent, and costly, controls thereafter. 

Potential NO, emission reductions were not estimated for other source categories due to 
a lack of information on technical feasibility. Nevertheless, Radian found that significant 
emission reductions could be achieved by applying controls to just these three source 
categories. Also, potential reductions become greater with time as controls begin to 

penetrate the non-road source category. Figures ES-2 through ES4 depict the NO, 
reductions that may be obtained in each city, for 1996, 1999, and 2010. 

CONCLUSIONS 
Based on the findings of this study, the available controls for VOC and NO, emissions 
have a wide range of cost-effectiveness values - anywhere from a cost savings to almost 

$500,000 per ton of pollutant. Even costs for a given type of control applied to a specific 

source category can be highly variable, dependant upon site-specific factors such as 
retrofit feasibiiity, local conditions, fuel cost, and a host of other factors. Nevertheless, a 

few general observations can sti l l  be made: 

a For those cities with relatively high emissions from their vehicle fieet, RFP 
targets for 1996 may be met without resorting to extremely high cost- 

effectiveness controls. For those cities with large point source and non- 

' Since the completion of this study in December of 1993, the state agencies in P e m s y b b  and Tuas have 
mised their inventories significantly. Based upon thcsc revisions the agenats antiapate meeting their 19% ROP 
targus. However, no speculation was provided regarding the likelihood of meethg later ycar milestones. 
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road inventories, 1996 RFP target attainment may require more stringent 
and expensive measures. 

e By and large the mandated mobile source controls, Stage II, RFG, and 

enhanced I/M provided the greatest boost toward meeting the 1996 RFP 
targets. Other mobile source controls, such as Clean Fleets and LEVs, 
cannot generate sigruficant reductions unid after 2000. 

a Without a downturn in economic growth, and barring major technological 
breakthroughs, most cities will not be able to meet their RFP targets for 
1999 and thereafter relying solely on VOC controls. It is likely that some 

form of NO,-for-VOC substitution will be needed to facilitate the process. 

e As of this time, non-road mobile sources are one of the last significant 

uncontrolled sources of VOC emissions. Therefore these sources must be 
addressed in the future in order to attain and maintain target emission 

levels. 

e With the probable establishment of NO, emission reduction targets in the 

near future, it is crucial to assess the feasibiiity of applying controls beyond 

the utility and on-road mobile categories. While Radian did find studies in 
the literature on controls for process heaters, IC engines, and other unregu- 

lated NO, sources, Radian found little to no assessment of the potential 
application rates of these new controls (Le., the percentage of sources that 

can be retrofit with controls considering technical and economic feasibility). 
A comprehensive technological assessment of retrofit potentials should be 

undertaken in this regard. 
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Section 1 

INTRODUCTION 

BACKGROUND 

Since the initiai passage of the Clean Air Act over two decades ago, emissions controls have 

become increasingly more stringent, and costly, for the largest sources of pollution. These 

sources include large point sources (e.g., petroleum refineries), and highway vehicles. The 

fmt controls applied were very cost-effective by today’s standards, often reducing emissions 

for little or no cost. However, as time progressed and the National Ambient Air Quality 

Standards (NAAQS) for ozone still were not achieved, more and more stringent and expen- 

sive controls had to be adopted in order to continue reducing emissions. 

Today, additional air quality regulations may mandate quite costly controls in order to meet 

new federal requirements. Under the requirements of Title I of the 1990 Clean Air Act 

Amendments (CAAA), all moderate and above ozone nonattainment areas must reduce their 

volatile organic compound (VOC) emissions by 15 percent by 1996 from adjusted 1990 

levels. Depending on the severity of the nonattainment status, a city may have to decrease 

emissions further, by three percent per year, until attainment is reached. Once attainment is 

achieved, the city must implement a control plan designed to maintain those standards. In 

addition to the VOC requirements, specific NO, reduction requirements may be adopted by 

EPA and the states in the future, based on the results of air quality modeling studies. These 

emission reduction targets are known as the Reasonable Further Progress, or RFP, require- 

ments, and they present significant technical and economic challenges to state agencies and 

emission sources. 

In order to comply with the requirements of the CAA, state air quality agencies must 

submit a State Implementation Plan, or SIP, demonstrating exactly how they intend to 

achieve the necessary emissions reductions. States must submit the SIPS to EPA by 

November of 1993. Revisions to the SIP for the serious and severe nonattainment areas 
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must be submitted one year later to demonstrate attainment based on air quality modeling. 

To develop these plans, the states can select from a broad "menu" of control strategies and 

options, covering the entire range of emissions sources, from point and area to on- and non- 

road mobile sources. Ideally, the state would evaluate all possible controls on the basis of 

contribution toward meeting the RFP and attainment targets, and choose to implement those 

that are the most cost-effective first. However, there are large uncertainties associated with 

both control efficiency and cost estimates. This point is particularly true for sources such as 

non-road mobile and large NO, sources, that have not been regulated up to this time. 

PURPOSE OF STUDY 

The main purpose of this study is to provide SIP planners and other interested parties with a 

"menu" of possible control options, using the most up-to-date information and accurate 

analyses available, for significant sources of VOCs and NO,. In addition, the study also 

demonstrates how cost-effective packages of attainment strategies and control measures can 

be developed to meet RFP targets, as well as maintain standards after attainment. State 

agencies may be able to incorporate portions of this study's findings into their 1994 SIP 

revision s. 

APPROACH 

One set of control strategies alone cannot be identified that will allow all nonattainment 

areas to meet their RFP targets and achieve attainment in the most cost-effective 

manner. Site-specific variations in source dismbution and other factors mean that 

different areas must be analyzed on a case-by-case basis. For example, factors such as 

temperature and average roadway speed have a significant impact on automobile 

emissions. Therefore mobile source control strategies also will have different impacts, 

depending on the area. For these reasons, Radian was asked to evaluate controls for 

five different cities: Baltimore, Chicago, Houston, Philadelphia, and Washington, D.C. 

These cities are all designated "severe" ozone nonattainment areas (with the exception of 

Washington, D.C., which is designated "serious"), and all must implement a broad range 
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of control measures. The cities provide a representative cross section of many of the 

ozone nonattainment areas in the U.S. Therefore, various sections of this report will be 

applicable to other cities not included in our analysis. 

In order to develop site-specific control packages for VOC and NO,, Radian performed 

the following tasks: 

O Identified major source categories from state inventories; 

e Identified feasible control options from literature; 

e Modeled mobile source control effectiveness for all five areas; 

e Conducted technical and economic assessments of options and determined 
cost-effectiveness rankings; and 

e Developed site-specific cost-effective control approaches. 

This report provides the results of Radian’s study. The body of the report discusses the 

potential control options in a general manner, while the appendices provide a more 
detailed analysis of costs, effectiveness, and application limitations. 
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Section 2 

KEY SOURCE CATEGORIES WIT" SELECTED 
OZONE NONATïAINMENT AREAS 

INTRODUCTION 
Detailed, accurate inventory estimates are critical to the development of effective control 

strategies and recommendations for meeting RFP requirements. State-generated 

emission inventories are the basis of all further analysis in our study. The inventories 

received by Radian from the individual states varied in the level of detail. Quality 

control checks were done throughout the analysis to determine inconsistencies in the 
inventories, but resources did not allow us to quanti.@ ail the possible discrepancies. 
Radian therefore acknowledges there are uncertainties witb the emissions estimates used 

in the analysis. 

The methods used by the states to generate values in the emission inventories varied 
with the type of source. Point source estimates were determined using one or more of 
the following methods: direct measurement from source testing or monitoring data; 
permits specifying allowable emission rates; and EPA-approved emission factors. Area 
source emissions were determined using similar methods. The EPA MOBILJE (release 5, 

Sa, or 4.1, depending on the location) emissions model was used to estimate mobile 

sources emission levels. Non-road mobile source emissions were estimated, primarily 

using emission factors. 

Developing an accurate control strategy analysis also requires a detailed source category 
breakdown. Therefore the accuracy of this analysis is limited by the degree of detail 
found in the inventories. For example, if an entry in an emission inventory aggregates 
chemical manufacturing and petroleum reñning activities, it becomes difficult to estimate 

what specific types of controls are applicable, and their relative contribution to total 

reduction potentials. Radian found vaxying levels of source category aggregation in the 

state inventories. 
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Uncertainties persist for many source categories, due to differences in the reporting formats 

among the states. For example, Chicago reported the Storage of Volatile Organic Liquids 

(VOLS) from all industries as a single source entry, whereas Houston included VOL storage 

within the Petroleum Refineries and Organic Chemical Manufacturing categories, separately. 

Another example of differing repomng practices is evident in the Graphic Arts and Printing 

and Publishing categories. For some of the inventones, emissions from all printing operations 

were reported within the Graphic Arts category, whereas for other inventories, a distinction 

was made between the two industries. (Graphic arts consists of flexography and rotogravure 

printing whereas printing and publishing includes lithography printing.) Similar differences 

were found with the Gasoline and Crude Oil Storage, Organic Chemical Manufacturing, 

Indusmal Wastewater, Coke Ovens and Coke By-products, Degreasing, and Fuel Combustion 

Categories. 

DATA GATHERING 

Five nonattainment areas were studied for this project: Baltimore, Chicago, Houston, 

Philadelphia, and Washington D.C. For each of these areas, Radian contacted the state 

agency responsible of generating the SIP emission inventory for that area. The main contacts 

in each city are given in Table 2-1. 

Radian asked each agency for the final (or most recent) version of their i990 SIP inventory, 

listing point, area and mobile source VOC and NO, emissions. Most agencies responded 

promptly to our request providing the necessary information to develop our data base. 

However, in some instances the inventories received were not the final inventories used 

in the November 1993 SIP submittals -- the Houston and Philadelphia data sent to Radian 

in September and October of 1993 have been revised significantly since that time. In these 

instances Radian’s analysis may not cover all of the pertinent source categories, and there 

may be some errors in the projection of future emissions levels. (Nevertheless, Radian 

believes that the cost-effectiveness values and long-term ROP analysis contained in this report 

are accurate and dependable.) 

2-2 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---

Full document details: API Publ 326-1994 scan

http://www.avadocuments.com/doc/api-publ-326-1994-scan
http://www.avadocuments.com/doc/api-publ-326-1994-scan


~ 

A P I  PUBL*32b 9 4  W O732290 0537863 03T W 

The first step in analyzing the data was to obtain a list of all the emission sources in all 
five areas. In order to do this, Radian chose the list which had the most detailed 

breakdown of emission sources, and proceeded to complete it with a few missing source 
categories. The most detailed list was the one developed by the Iilinois EPA for the 
Chicago nonattainment area, which was then entered into a spreadsheet. We reviewed 
the list of point sources in other cities to find the SIC code corresponding to the Chicago 
source categories, as several of these inventories were in database form, sorted by SIC 

code rather than by source category description. 

This procedure is not without its drawbacks. In some cases, the classification by SIC 

Code was done on such a broad basis that all the point sources in a category such as 
Chemicals and AUied Products were aggregated into one emission number. Given the 

purpose of this project, a more detailed breakdown was necessq in such cases because 
it was difficult to identQ appropriate control processes without knowing which manufac- 

turing processes were involved. Ln such cases, we attempted to disaggregate emissions 

estimates by consulting with industry experts. 

Table 2-1. Sources of Inventory Information 

city 

Baitimort Ab and Radiation Management Administration 

I 
Chicago I IUinokEPA 

Philadcìphia 

By and large, aU area source categories were the same for all cities (e.g. coating sources, 
solvent use, etc.). Radian completed the inventory compilation by entering on-road 
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mobile source emissions based on the state's MOBILE model runs, as well as non-road 
mobile emissions. 

The completed 1990 emission inventories used in our study can be found in Appendix k 

SOURCE CATEGORIZATION 
Due to the size of the emission inventories and the large number of source categories, 
Radian had to limit the number of categories for detailed review. This selection was 
done by calculating emission level "cutpoints," and evaluating controls for those sources 
above this level, specified in tons per year. This level was chosen so as to include 

approximately 95 percent of the total emissions inventory. Controls for all source 
categories with total emissions above this cutpoint were evaluated. The cutpoints used to 
determine these "major" emission sources are provided in Table 2-2. 

Table 2-2. Emission Cut~oints 

Washingion, D.C. 556.1 8 
Blltimm, Maryland 3235 2 6  

Philadelphia, Ptnas$vania m . 9  6 

Houston Texas 1103.1 10 

Total 1990 
NQ Inventory N Q  Cutpdnt 

1008.9 10 

863.7 20 
4305 5.9 

381.9 7 

WWdaY) (t-/day) 

13472 I u) 

Once the cutpoints were established for each city and the major sources were identified, 

Radian reviewed the available literature to determine possible control strategies. We 

found that not every source category emitting above the cutpoint level has the potential 
for further control. Open burning operations, for example, fell within our cutpoints for 
several areas, but no control can be explicitly applied to this source, with the possible 

exception of a burning ban. Also, the Chicago inventory has an entry for Other Industn- 
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al Processes which is included within the 95 percent level, for which we were unable to 

assess controls because of its non-descript characterization. Similar situations were 

found for Plastic Parts Manufacturing and Stage I systems, which were also above the 
cutpoint levels. Radian did not apply control estimates to these categories for lack of 
further informatioa 

Perchloroethylene dry cleaning also feil within the 95 percent level. However, perchloro- 

ethylene was removed recently from the list of photochemidy reactive chemicals and is 

therefore no longer considered a VOC. Therefore, Radian did not evaluate controls for 
this source since it is no longer classined as a photochemidy reactive emission. 

Figures 2-1 through 2-10, presented on the following pages, illustrate the VOC and NO, 

inventory breakdowns and provide a visual representation of the relative source conîri- 

butions for each city. 

Although there are some sources within the inventories that account for a large per- 

centage of total emissions, no one source can supply all the emissions reductions needed 
to meet the RF'P targets. It is important to understand that most nonattainment areas 
have aiready adopted regulations to limit VOC emissions from stationary sources to a 

great extent. Therefore, a broad-based, comprehensive control strategy package, 

including ail four source areas (point, area, on-road, and off-road) must be developed. 

MAJOR SOURCE CATEGORIES 
Table 2-3 provides a summary of the major VOC emission sources by site and Table 24 
illustrates the distribution of major NO, sources. Major sources were defined as any 
category emitting above a region's cutpoint level. If a source was considered major, an 
x" is shown in the table to illustrate the distribution of sources within each inventory. 
Sources denoted by an "o" are sources that were not documented in the emission 

inventory as major sources but for which, due to the industriai make-up of the region, 

seem to have been omitted from the inventory. 
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Table 24. Maior NO, Source Distribution 

X I I H 
statiooaryICEngincs X O O X 
SOCMI O X O 
Utility P m r  Generation X X X X X 

l l I Arasoor#s: 
X X 

As illustrated in Tables 2-3 and 24, the relative impact of each category on the total 

emission inventory varies by location. Much of this difference is explained by looking at 

the industrial and demographic make-up within each nonattainment area. For example, 
because Washington D.C. has iittle industrial activity within its boundaries, there is no 
signifícant chemical or petroleum refininn, manufacturing or production emissions. 
However, due to its ìarge popuiation, emission sources such as graphic arts, consumer 
products, and vehicle emissions have more of an effect on the inventory. Conversely, the 

industrial sectors in the Houston and Chicago areas account for a significant portion of 
their total emissions inventories. Similar observations can be made for other categories 

and nonattainment areas of study. It should be noted that if an “X” doesn’t appear, is 
may be a result of Radian’s inability to characterize or disaggregate the data. 

Severai source categories are common throughout all the inventones. Common catego- 

ries include Degreasing Operations, Consumer and Commercial Solvents, Utility Power 
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Generation, and On- and Off-Road Mobile sources. These categories are generic, and 
are essential to urban activity, independent of geographic location. 

There were also several sources that were unique to each area. For instance, Chicago 

was the only area that had Coke Production, Iron and Steel Manufacturing, and Textile, 

Polymer, and Resin Manufacturing as major sources of VOC emissions. Likewise, Oil 

and Gas Production is only significant in the Houston inventory. 
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Section 3 

VOC AND NO, CONTROLS FOR POINT AND AREA SOURCES 

Once the major source categories for each nonattainment area were identified, Radian 
looked for possible technologies for controlling VOC and NO, emissions. Determination 

of the baseline level of controls for each area of study was the ñrst step in i d e n m g  
further control alternatives. Next, numerous documents and reports were reviewed and 

experts were consulted to determine feasible control measures. Finally, stationary source 

control options were reviewed to provide estimates for control efficiencies and cost- 
effectiveness. 

CONTROLS IN PLACE IN 1990 

The ñrst step in developing accurate and comprehensive control strategies for point and 

area sources was to determine the baseline level of controls for each of the five non- 
attainment areas included in the study. This infomation was gathered horn a variety of 
sources, including: EPA’s Control Technology Guideline (CTG) documents that provide 

possi’be technologies for meeting the reasonably available control technology ( R A 0  

levels being adopted in nonattainment areas; the Bureau of National Affairs @NA) 

reference guide, used to determine the individual states’ regulations; the STAPPA report, 

whicb provided a detailed description of both current state and federal as well as 
proposed regulations; and personal contacts with industry representatives, EPA officials, 
and Radian experts. 

For the development of emission reductions estimates, it was assumed, unless explicitly 

noted, that the baseline controls already adopted in the various regions had a 100% rule 
penetration. We are aware that in practice this would not be the case, but this assump- 

tion provides a conservative baseline and ensures that the study wiii not overestimate the 

potential reductions from further controls. Rule effectiveness is another factor that 

states use to account for uncertainty in the ability of the nile to control the targeted 
source. The EPA guidelines employ an 80% rule effectiveness value for sources that are 
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currently regulated. States may show an increase in the rule effectiveness value, 

representing increased compliance or application rates, as a method of increasing 

emission reductions. 

INFORMATION SOURCES 
Much of the information gathered for OUT analysis of further controls came from the 

following sources: 

U.S. EPA control techniques guideline (CTG) documents describing 
regulatory alternatives and reasonably available control technology ( R A 0  
alternatives for ozone nonattainment areas; 

Background information document (BIDS) for proposed/promulgated new 
source performance standards (NSPS) and National Emission Standards for 
Hazardous Air Pollutants (NESHAP), denning control techniques above 
CrG-RACT level; 

The South Coast Air Quaiity Management District (SCAQMD) Final Air 
Quaiity Management Plan providing model regulations applicable through- 
out the five areas of study; 

The Bay Area Air Quaiity Management District (BAAQMD) Clean Air 
Plan providing additional regional regulatory alternatives; 

The State and Territorial Air Poilution Program Administrators (STAPPA) 
list of control measures for meeting the RF'P requirements of the Clean 
Air Act; 

Lake Michigan Ozone Control Program (LMOP) document providing an 
evaluation of possible VOC and N Q  control measures; and 

Studies performed by Radian for government or private industry. 

Each of these documents provided vaiuable information for determining the 1990 

baseline level of control, regulatory activities, impending legislation, incremental control 

options, and cost-effectiveness estimates. 
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POINT AND AREA SOURCE VOC CONTROLS 
After establishing baseline control estimates for many of the VOC emis 

~ ~~~~~ 

ion soi rces, it 

became evident that a majority of the large point source categories were already 
regulated to varying degrees. These reguiations ranged from R4Cî-level controls to the 
more rigorous National Emission Standards for Hazardous Air Pollutants (NESHAP) 
control requirements. Petroleum refining is an example of a large point source currently 
under multiple reguiations. Within this industry, regulated activities include RACI'-level 

stanàards for storage, transfer, and shipping of petroleum products, process vents 

throughout fádities, wastewater treatment facilities, and leaks bom valves, flanges, and 
compressors. in addition, the industry is also subject to the Benzene NESHAP and the 
Benzene Waste Operations NESHAP regulations which provide even more stringent 

control requirements for toxins and VOCs as a whole. Similar levels of control and 

reguiations were found for the SOCMi industry. Additional controls for the SOCMI 
industry through the Hazardous Organic NESHAP (HON), and refineries and petroleum 
marketing terminais through MACT requirements will result in additional VOC reduc- 
tions. Finally, federal New Source Performance Standards and varying degrees of state 

regulations affect the baseline level of VOC control for numerous source categories. 

Industries for which regulations are not currentiy in effect provide the greatest potential 

for further control. The Clean Air Act Amendments of 1990 required the development 

of thirteen new CTGs by November 1993. The sources targeted by these new control 

documents are widely available for further control since littie or no regulation has been 
developed in the past for them. The 13 new CTGs cover: 

o SOCMi Distillation o Autobody Refinishing 

o SOCMI Reactors o Batch Processing 
o Wood Furniture Coating o VOL Storage Tanks 
o Plastic Parts: Business Machines Cleanup Solvents 

o Plastic Parts: Other o Aerospace Coatings 
o Offset Lithography o Ship Building and Repair 
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O Industrial Wastewater 

In addition to the thirteen new CTG documents, other Federal control programs have 
been, or are being, developed to control VOC emissions at a national level. These 
measures cover: 

e Marine Vessel Loading; 

e Consumer and Commercial Products; 

e 

e Adbesives. 

Architectural and Industrial Coatings; and 

The EPA has also produced alternative control documents (ACïs) for the following 

sources providing possible control alternatives, including: 

Halogenated Solvent Cleaners; 

e Traffic Markings; 

e Automobile Refkishing; 

e Organic Waste Process Vents; and 

e Pesticide Application and Bakeries. 

This information was used to develop incremental control options above and beyond 

those already in place, and to determine the applicability of available VOC controls. 
Radian compiled detailed descriptions of control methods, control efficiencies, and cost- 

effectiveness estimates for the VOC categories listed in Table 3-1. Detailed analysis of 
each source category can be found in the supplemental documentation. 
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Table 3-1. Ranking of Stationarv Source VOC Control Cateeories 

cwt of control ($/ton) 
E~ectmntss of 

s~somccvocconb.&categorits ~ t r o l  

Traffic/Maintenancc Paints 40-53% S(1,W 

EmMlWed Asphalt 50% $100 

Undcxground Storage Tank Brcathhg 80-100% $10-230 

Dtgrtasing 

o Reformulation 

e Rtdu# oil ¿idlate content 

e Pressurc/vaa~um valves 

a Altmiativt solution/optratinp 
20-40% $2-368 

requùwnents 

a Gas colltction systems 
tPniinllr 79% $500-930 

Oil and Gas Production @-lam (process fW ( T a w  
e Tanks, dehydratorg fugitive, and dependent) s7xl 

pneumatic (Pneumatic) 

ûrganic Chemical Manufacturing - Others 20% ssoo-&O00 

Pesticide Applicatiao 3045% SkW 

e Add-on controls 

a Change formulation and appli- 
cation 

Refarmulation 
(1OO)-3,4OO 

o I I 28% Consumer and CommcrOal Products 

510% m -- 
Indpstrial Machinery and Equipeni Coating 530% iESui0 

CQml ttchnologies e 

e improved transfer efficiency and 
reformulation 

Misdanmus Metal Parts Chathg 2530% woo 
e Improved &er efficiency and 

reformulation 
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coá of cantto1 (Sfton) 
EWvmess of (19935) 

stationary sourct voc coatrds Catcgorits 

Buk Gasoline Terminais 70% S;?m 

Vesscl Ladmg - híarine 80-98% a500-8,000 

COntrOl 

O Improved vapor recovery units 

e Vapor control devices 

Petroleum Rehenes 2734% S42-6,067 
o Control tank and fugitive emis- 

SiOnS 

paper - 1% s5,Ooo 

Automobiie Re- 43% s478-7,000 

O Low-ahnt coatings 

o Control preparation, coating 
operation and gun cicaning 

Organic chemical Manufachiring - Synthetic 7745% s210-10,032 
O WWT, proctss vents, equipment 

icaks,andtanks 

Storage and Warehousing 60-9596 sml2J20 
o Vapor recovery units, internai/- 

cx&emai roofs, and seals 

Volatilt Organic liquid Storage 60-95% s12o-wsu) 
O Vapor recovery units, internai/- 

external roofs, and seals 

Auto and Light Truck Surfacc Coating 20-3096 S17,400-19,Ooo 

Coke ovtn Batteries 12% 

O Add-on controls 

Table 3-1 presents a list of the VOC control options' cost-effectiveness. For those 
options with a range of dollars per ton values, the average of the range was used for 

ranking purposes. The "average" cost-effectiveness values given above assume that 
retrofit costs are evenly dismiuted between the high and low ends of the cost range. In 
actuality, the dismiution of costs across all sources within a category may be weighted 

near either end, aEd may have a "clumpy" distribution, reflecting a variety of unit 

configurations, fuel types, waste stream flow rates and concentrations, etc. Thus each 

source category wouid require detailed model plant breakdowns to precisely estimate 
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cost-effectiveness values, a task beyond the scope of this study. Therefore, because of 
the large uncertainties associated with the above figures, the reader should consider 
these rankings a rough approximation of their true order. In addition, due to site- 
specific factors these rankings wiii change somewhat from city to city. 

Summaq of Selected VOC Control Measures 
Brief source descriptions with accompanying control strategies are provided in this 

section for a representative number of source categories. Although a description is not 
given for every major source category, complete control descriptions are provided in the 
supplementary document for further review. 

Architectural and Industrial Maintenance (AIM) Coatines. AIM coatings are a 

substantiai source of VOC emissions in all five inventories providing a prime candidate 
for reductions. ATM coatings are used for both commercial and residential applications 

as surface coatings for homes, buildings, and other structures. "'he AIM coating category 

contains more than 35 types of specialty coatings as well a fiat and non-fiat paints. VOC 
emissions occur primarily from the evaporation of organic solvents from the coating 
during application and drying. 

The EPA is currentiy conducting negotiations providing for the development of a 

national rule. This nile will detennine VOC limits for AIM coatings at a federal level. 

In the interim, adoption of the 1989 California model rule ìimiting the VOC content of 
the coatings can serve as an estimate of the magnitude of reductions which can be 

expected for this category. 

J3ui.k Gasoline Terminals. Bulk gasoline terminals are major sources of VOC emission 

in the inventories of Chicago, Houston, and Baltimore. These terminais serve as the 

major distribution points for gasoline produced at refineries. The majority of VOC 
emissions occur during loading of delivery tank trucks, as the entering gasoline displaces 
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the vapors into a collection system. The collected vapors are then routed to a vapor 
processiag system. 

VOC emissions from gasoline bulk terminals can be controlled through the use of 
available control technologies such as vapor balancing, carbon adsorption, thermal 
oxidation, or other vapor recovery systems (SCACZIvíD, 1991a). 

Surface Coatinp ODerations. Surface coating operations are major source contributors to 

ail five nonattainment areas. Several industries have significant VOC emissions from 
surface coating operations, including Auto & Light Truck Coating, Can Coating, 
Furniture Coating, Paper Coating, and Misc. Products Coatings. VOC emissions occur 
during both the application processes and drying (operations. 

Emisinon reductions are possible through three primary methods: reformulation to 

water-borne coatings, higher solids coatings, radiaiion curable coatings, or powder 

amtings; alternative application methods like high transfer efficiency application 

methods, high-volume low-pressure (Hvrs) sprayers, or further use of electrodeposition; 

and add-on controls including adsorption, absorption, or incineration (technology depend 
on factors like exhaust concentration, flow rate, and other factors) @PA, 1978~). Most 
of these technologies are applicable to surface coating operations independent-of the 

inctustry. 

Consumer and Commercial Products. Consumer and commercial products are large 
cornibutors in ail five emission inventories providing a prime candidate for additional 

controls. They consist of those items sold to retail customers for household, personal or 
automotive use, along with the products marketed by wholesale distriiutors for use in 

commerciaì or institutional settings. 

California has led the way in regulating these industries. CARB has developed the 

Phase I, Phase II, and Deodorants and Antiperspirants regulations to reduce emissions 
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