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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

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



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

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



~~ ~~~ 

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

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



~ ~~ ~ ~ 

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

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



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

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



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

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



~~~ ~ ~~ 

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

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



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

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



~ ~~ 

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. 

Es-3 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



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. 

ES4 
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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 

1-2 
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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.) 
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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 2-3. Major VOC Source Distribution 
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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 

2-17 
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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 
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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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from these sources.(CARB, 1990) Reductions in VOC emissions from consumer 
products can be achieved in several ways, including product reformulation, alternative 
and modified dispensing or delivery systems or product substitution. These controls can 
represent simiificant reductions in emissions from this source because few regulations 
exist to control this category. 

Deereasn !/Surface Cleaning. As with several of the previous categories, degreasing 

emissions are significant in all five inventories. Degreasing, or surface cleaning, includes 

three categories of cleaners: cold cleaners, which remove soils from a metal surface by 
brushlli& fhishing, or immersion while maintaining the solvent below its boiling point; 
open-top Vapor degreasers (OTVDs), which uses hot solvent vapor to clean and remove 
soils kom batch metal parts; and conveyorized degreasers, which clean and remove soils 
from metal parts using either cold or vaporized solvents in a continuous process. 

This category has been previously regulated under RACT requirements. EPA is 

developing a degreasing NESHAP and MACï standards for this industry which wiii 

require additional controls for degreasing operations. The SCAQMD has revised Rule 
1122 to further reduce emissions from degreasing by m h h k h g  workload requirements, 

SpeEifyinP maximum draft rates and proper handling procedures, and requiring 

installation of control devices.(SCAQMD, 1991a) The standards set by this nile may be 

appiied to other areas providing additional level of control. 

GraDhic Arts. Graphic arts operations are considered major sources in the non- 
attainment areas of Chicago, Philadelphia, and Baltimore. The graphic arts industry 

includes operations covering the flexography, lithography, and rotogravure industries. 

Rotogravure and flcxography printing are both covered under the 1978 CîG addressing 
the graphic arts industry. A draft CïG for offset lithography, due for finahation in late 
1993, discusses ink and cleaning solution reformulation. However, cleaning solutions 
used in all three industries do not seem to be covered by these niles and it m a y  be 

possible to regulate the VOC content, thus, reducing emissions. 
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Further control of the rotogravure and flexography industries would include the use of 

permanent total enclosures in addition to add-on controls. A more reasonable control 
scenario may be to adopt the draft RACT controls for offset lithography, which is not 
currentiy regulated. 

Industrial WWTF. VOC emissions from industrial wastewater treatment facilities are 
major sources in Chicago and Houston. Emissions occur when industrial wastewaters are 
treated to remove contaminants prior to final wastewater discharge. Several industries 

have been reguiated by the EPA for wastewater operations. The benzene waste 

operation NESHAP heavily regulated the petroleum industry as well as others. 

A prehinary draft CTG has been developed recommending putting limits on VOC 

concentrations in the wastewater and utilization of control technologies like steam 
stripping. Emissions from a steam stripper system must be controlled using carbon 
adsorption or incineration. The draft CTG is also proposing covering open tanks and 

surface impoundments. The MACI' standards developed by the SOCMI HON have also 

made an impact on wastewater sources. These reductions are now being implemented. 

There exists significant potential within wastewatex treatment operations to provide 
further emission reductions. Radian is uncertain *why industrial WWTFs are not major 

sources within the industrial areas of Baltimore and Philadelphia. 

Jandfills. Landfill gases were considered a major souce of VOC emissions in the 

Chicago inventory. Landfill gas is generated naturally by the aerobic and anaerobic 

decomposition of waste. Such gas consists primarily of methane and carbon dioxide, with 
VOCs making up less than 1 percent of emissions,. EPA has proposed regulations for 
new and existing municipal landfills, requiring lan.dñlls emitting greater than 167 tons per 

yeax of VOCS to design and install gas collection systems and combust captured gas- 

es.(STAPPA, 1993) A final rule is expected h the fall of 1993. 
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The available control strategy for reducing landfill gas emissions is a well-designed and well- 

operated gas collection system with a control device capable of reducing VOCs in the 

collected gas by at least 98 weight-percent. Energy recovery systems have also been 

demonstrated to achieve 98 percent emission control at landfills where their use is feasible. 

Again, Radian expresses uncertainties with the reporting practices within this category. 

Marine Vessel Loading. Of the five areas examined, Houston is the only area that includes 

marine vessel loading as a major source of VOC emissions. Marine vessel loading refers to 

the loading of tank ships and barges with volatile liquids. Evaporative emissions from marine 

vessel loading occur primarily as a result of displaced vapors from the vessel being loaded 

with petroleum liquid. 

Vapor balancing, refrigeration, carbon adsorption, incineration or a combination of these 

methods can be used to reduce VOC emission during loading operations. The EPA is looking 

into regulating this operation. Regulations have been adopted by individual states. 

Publicly Owned Treatment Works (POTWs). VOC emissions from POTWs were only 

considered major within the Chicago inventory. POTWs, commonly known as sewage 

treatment plants, treat domestic sewage and indusmal and commercial wastes received 

primarily through underground sewers. Few data are available for control of POTWs; 

The proposed methods of control include the development and implementation of emission 

reduction control programs at POTWs, including enclosures, add-on controls and/or process 

modifications. A second approach for controlling VOC emission is to implement sewer use 

and discharge regulations, applicable to all users, that emphasize waste minimization.(STAP- 

PA, 1993) Although emissions from POTWs are not reported within the Houston and 

Philadelphia inventories, Radian believes that POTWs may be a more significant source 

within these areas than reported. 
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Pesticide Auplication. Pesticide applications were considered major sources of VOC 

emissions in the inventories of Baltimore and Houston. Pesticides are widely used by 
agricultural and commercial enterprises to control insects, fungus, and other undesirable 

pests. 

Techniques for controlling VOC emission from pesticide application include: product 

reformulation, miniminnp the petroleum content of the formulations and substituting 

with waterborne or dry formulations; changes in application methods including dusting 

the soil rather than spraying, mbhking atomization of the particle spray, and 
incorporating the pesticide into the soil; and using alternative methods of controlling 
pests.(SCAQMD, 199 Id) 

Petroleum Refineries. The nonattainment areas of Chicago, Houston, and Philadelphia 

reported emission from petroleum refineries as a :major source. Petroleum refineries 
require a complex analysis of available control options. Controls for this industry vary by 
site and baseline level of control. The primary sources of VOC emission within a 

petroleum refinery include: fugitive leaks from vatlves, flanges, compressors and pumps; 
wastewater treatment facilities; storage tanks; and process vents. 

Petroleum refineries are a significant point source of VOC emissions and therefore are 

already subject to a variety of state and federal regulations. Available controls for the 

industry consist of: vapor recovery systems, extend and i n t e d  floating roofs, and 
improved primary and secondary seals for storage tanks emissions; improved inspection 
and maintenance programs for monitoring and relpairing sources of fugitive leaks; lower 

concentration limits for process vents and flares; and improved compliance to the 
existing regulations. 

plastic Parts Manufacturing. Plastic parts manufaicturing was considered a major source 
in the Chicago and Houston inventories. Radian has not evaluated control strategies for 

this source because of process uncertainties within the industry. Studies have been done 
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by the State of Michigan and Wisconsin into possible control alternatives for this 
indumy. To date, no information has been released about control options. Although, 
the production processes are similar to polymer manufacturing and SOCMI production, a 

direct correlation has not been made. 

Svnthetic Orpanic Chemical Manufacturine Industrv (SOCMI). SOCMI production was 

only considered a major source of VOC emissions in the Houston area. The SOCMI 
industry is very large and diverse, manufacturing hundreds of chemicals through a variety 

of Chemical processes. The primarily sources of VOC emissions come from wastewater 
treatment facilities, process vents, equipment leaks, storage tanks, and product transfer 

operations. 

Many documents have been developed to facilitate controls for this industry. A CïG for 

air oxidation processes was developed requiring control of process vents. The EPA has 
prepared draft CTGs for SOCMI reactors and distillation units, proposing further control 
of process vents. The draft CTG for industrial wastewater is applicable to the SOCMI 
industry as well as the draft CTG for volatile organic liquid storage. More recentìy, the 
SOCMI industry has come under stricter controls from several individual NESHAP 
requirements, as well as a NSPS for fugitive emissions. Levels of further control vary by 
site and are difficult to determine because of the complexity of the processes. However, 

Radian was able to make general assessments of control potentials for these sources by 

assuming a relative source breakdown and applying applicable controls to the individual 

components. 

Service Station Loadinp; (Stage I). Service station loading was only considered a major 
VOC emission source in Chicago and Philadelphia. Stage I vapor recovery systems are 

required for aii tank tnicks that deliver gasoline to service stations. The recovery system 
processes the gasoline vapors displaced from the stationary tank by the incoming fuel. 
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The SCAQMD has proposed a "fail-safe" stage I system that automatically shuts off 
gasoline flow any time the system is not functioning properly.(SCAQMD, 1991d) This 
fail-safe system is not commercially available at this time, therefore no further informa- 

tion is available. Although Stage I was only a major source in Chicago and Philadelphia, 

the other three nonattainment areas reported minlor VOC emissions levels for this 
category. 

Volatile Ornani 'c Uauid Sto r w  NOL)/Sto rage and Warehous ing. VOL storage is a 

major source category in the nonattainment areas of Chicago, Houston, and Philadelphia. 

Volatile organic iiquids are typically stored in above ground tanks. VOCs are emitted 
through tank breathing or diffusional losses, which result from changes in ambient air 

temperature and barometric pressure, and through liquid working losses, which result 
from the drspiacement of vapors as the tanks are iïlled. 

Several control documents have been developed for this category including CTGs and 

NSPS. Most recently, the EPA issued a draft CïG in late 1991 which gives guidelines to 

further control organic emissions from VOL storage in floating and fixed roof tanks. 
The draft CïG proposes vapor recovery systems, cxtemal and internal floating roof, and 

improved primary and secondary seals for existing VOL tanks. 

Undermound - S t o w  -e Tank Breathing. Underground tank breathing is only considered a 
major source of VOC emissions in Chicago and Plhiladelphia. Underground storage 
tanks at service stations are passively vented to the atmosphere through a vent pipe. 
Emissions from the vent pipe occur when vehicles are being fueled at the pump, when 

fuel is fiiled from a gasoline transport ushg a Stage I vapor balance system, and from 
diurnal temperature changes. 

The proposed control is a low pressure/vacuum (P/V) relief valve. P/V valves can be 

instaiied to maintah pressure within the tank(STAPP4 1993) This measure may even 

improve the control efficiency of the Stage I and Stage Xi systems. 
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POINT AND AREA SOURCE NO, CONTROLS 

Unlike VOC sources, which have been regulated for some time, by and large NO, sources are 

uncontrolled (with the significant exception of on-road mobile sources). The majority of NO, 

emissions are produced in older facilities which are currently uncontrolled. New NO, 

sources, although making up only a small percentage of NO, emissions, have been targeted by 

new source review (NSR) provisions defining Best Available Control Technologies (BACT) 

in many areas. While the CAA has mandated EPA to develop Alternative Control Tech- 

niques ( A O  documents and RACT levels for NO, sources emitting greater than 25 TPY, 

most of these documents are stiil in the draft stage. Therefore Radian had to rely on informa- 

tion from California, industrial pilot programs, equipment vendors, and Radian experts for 

information on NO, controls. (Final ACTS have been issued for stationary IC engines and 

gas turbines, and were consulted as part of this study -- see Appendix E on NO, controls.) 

The following provides background on the basics of NO, formation and control. 

NO. Formation and Control 

NO, formation occurs during the fuel combustion process for two reasons. First, nitrogen 

contained in the fuel itself may oxidize during combustion, forming "fuel NO,". Second, 

atmospheric nitrogen combines with oxygen under the high temperature conditions of 

combustion, to form "thermal NO,". While fuel NO, can be practically eliminated by use of 

low-nimgen fuels (e.g, natural gas), fuel burning will always produce some amount of 

thermal NO,.(Acurex, 1992) 

Formation of themal NO, can be lowered through either combustion modifications, or 

post-combustion treatment (flue gas treatment). Combustion modifications attempt to 

lower NO, by lowering the temperatures in the flame zone. One method is reducing the 

oxygen available for binding with nitrogen. However, by altering the stoichiometry or 

temperature of the reaction, many combustion modifications inadvertently raise HC and 
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CO emissions due to incomplete fuel combustion. Often this incomplete combustion can 

result in significant fuel efficiency losses as well.(LMOP, 1993) Therefore these factors must 

be considered when selecting a combustion modification for application. 

Flue gas treatment systems are of two types: catalytic and non-catalytic reduction. These 

controls attempt to reduce nitrogen to its molecular foIm after oxidation has already occurred, 

downstream from the combustion zone. Catalytic reduction uses a reducing agent (typically 

ammonia or urea) to react with NO, in the presence of a catalyst. Non-catalytic reduction 

relies upon urea or ammonia injection into the exhaust gas stream to remove NO,. In general, 

flue gas treatment has the potential to lower NO, emissions by greater amounts than combus- 

tion modifications, but at a much higher cost.(Acurex, 1992) 

Unlike VOC control options, which are highly source-specific, NO, control options are 

essentially the same for all sources. Regardless of the nature of the process, one must apply 

either combustion modifications or flue gas treatment o f  some sort to control NO, emissions. 

Therefore the following section will provide a brief description of the most commonly 

referenced combustion modifications and flue gas treatments. In addition, the next section 

will discuss the major NO, sources identified in the inventories, and the specific applications 

of the control technologies (e.g., use of combustion modifications on utility boilers). 

Summary of Selected NO. Control Measures 

Table 3-2 provides a list of the various NO, control strategies’ cost-effectiveness. 

Average dollars per ton values were calculated based on values found in the literature 

and Radian engineering estimates. These estimates prisent a substantial range in costs 

for two reasons. First, different studies employed differing assumptions regarding 

baseline emissions, control efficiencies, capital and operating costs, capital recovery 

period, and a host of other factors. For instance, it is (often difficult to define the control 

efficiency levei for combustion modifications because of the lack of data on pre-control 

emissions rates, and estimates will vary from study to study.(McGuire, 1993) Second, the 
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estimates were developed for a number of different source categories, with different 

retrofit costs, thereby further increasing the observed range. Therefore any ranking 
based on average rather than site-specific cost-effectiveness values are subject to some 

degree of inaccuracy. However, the general ordering of the table appears accurate, with 
the low-cost operational modifications (e.g., LEA and SCA) at the top, and the capital- 
intensive flue gas treatments at the bottom. 

castOFCt3Iitd 
(19935) 

Eiffedivcness (s/ton) 
StatianarySamce NQ controf catcgorics 

LawExcwsAir(LEA) 469% 

Staged combustion Air (SU) 1M5% suo-500 

Over-Fired Air (OFA) 1635% s415-/026 

o€ control 

Law N Q  Burner + Flue Gas Recircuiation 

Low N Q  Burner (LNB) 1840% 

Rue Gas Rtcllculation (FGR) %50% 

niei Switching (NG in coal boilers) 

80% 

up to 80% 

As noted above, there are few NO, control standards currently in effect for major point 

sources, such as utility and industrial boiler NSPSs. Therefore a wide range of control 
options will be avaiiable to these sources. Radian has attempted to evaluate most of the 

feasile control options available to these point source categories. The foilowing 

provides a brief description of these control options. A more detailed account can be 

found in the supplementary document. 
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Combustion Modifications. There are many possilble combustion modifications, in 

varying stages of development. Combustion modiiacations are available for most of the 
major NO, source categories evaluated in this study, though source-specific limitations 

exist. Sources can be retrofit with various combustion modifications, obtaining significant 

emissions reductions from uncontrolled levels at low costs. Many combustion modifica- 
tions can be combined to obtain even greater rediictions than either control alone. 

Typical reductions are in the 20 to 40 percent range, with cost-effectiveness values often 

less than S1,ooO per ton. If reductions greater than 50 percent are sought, flue gas 
treatments may be required, either separately, or in addition to, combustion modifica- 

tions, depending on the source type. 

JAIW Excess Air U A ) .  Low excess air is one of the most commonly used 

combustion modifications, controlling NO, :€onnation (20 to 30% typical) by 

limiting the amount of air available for oxidation. In addition, this &/fuel ratio 
adjustment improves the thermal efficiency of the burner, thereby lowering fuel 
costs. In fact, application of LEA can often lead to a cost savings in addition to 

the emissions reductions. For these reasons, LEA is often one of the first controls 
applied to uncontrolled units and is easiest to do as a retrofit technology.(Pechan, 
1991) For instance, Houston Light and Power has employed LEA on most of its 

boilers since the early 197Os, claiming NO, reductions of almost 50 percent 

(Carmine, 1993). 

Overfire Air (OFA). Use of overfire air in boilers and process heaters can reduce 
N Q  emissions in the i5 to 25 percent range.(BAAQMD, 1991c) This technique 

creates a secondary combustion zone above: the burners. The burner zone 
operates under fuel-rich conditions, lowering NO, foxmation, while the secondary 
zone completes the fuel burning. In the past there have been problems with OFA 

retrofits, especially on smaller boilers. In aiddition, OFA can result in fuel 

efficiency losses, increased ash formation (l?C-fired boilers), and accelerated 

watemali corrosion. Therefore, OFA is seldom used as a retrofit technique on 

3-18 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



~ ~ ~~ 
~ ~~ 

A P I  PUBL*32b 94 m 0732290 0537897 412 m 

small boilers, though it may be employed in new boiler conñgurations.(Acurex, 
1992) 

Flue Gas Recirculation IFGR). Flue gas recirculation lowers temperatures in the 

prime flame zone and available oxygen, and therefore NO, formation, in the 
combustion zone. (FGR is the equivalent of exhaust gas recirculation (EGR), 

commonly used in intenial combustion engines.) Use of FGR on California utility 
oil and gas boiiers has lowered NO, emissions by 40 to 65 percent (Acure? 1992). 

Unlike many other combustion modifications, FGR produces the greatest 
reductions for cleaner fuels such as ~niral gas. When used in conjunction with 

low-NO, burners, reductions can be as high as 80%.(Radian, 1993a) The typical 
package includes operating FGR with low-NO, burners. 

Burners Ou t Of Service (BOOS)/ Biased Burner Firing. BOOS refers to an 
operational modification where selected burners in a very large, multi-burner unit 
inject oniy air instead of fuel into the upper combustion zone. Biased burner 

firing varies the &/fuel ratio amongst different burner areas. Both of these 
techniques have the effect of creating rich and lean-bum fuel zones, lowering NO, 
emissions similar to OFA These modifications require almost no capital expendi- 

tures, so cost-effectiveness values are low. These combustion modifications are 

usually applied only to previously uncontrolled oil and gas-fired utility boilers. 
Boiler performance and peak load may be reduced in order to minimize increased 

HC and CO emissions.(Acurex, 1992) 

Mw-NO. Burners (LNB) . LNBs are considered a "second generation" combustion 

modification, applied to units already using one of the lower cost controls (BOOS, 
OF4 FGR). The burners make use of a longer fìame zone, air staging, fuel 
staging, or internal FGR to lower thermal NO, formation. Major advances have 

been made in LNB technology in the last few years, providing potential emissions 

reductions in the 50 percent (or more) range.(Acurex, 1992) The development of 
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"Ultra-LNBs" may reduce emissions even f i d e r ,  at similar costs.(LMOP, 1993) 
LNBs also have great retrofit potential. However, field testing has been limited, 
especially on smailer burners. Cost-effectiveness estimates vary considerably, but 
are usually in the S1,OOO to $2,000 range.(Acurex, 1992; Pechan, 1991; Radian 
calculations - see Appendix B). 

Naturai Gas R e b m  (NGR) or Fuel Sta9irg. This technique introduces natural 

gas above the primary combustion zone. NO produced in the primary zone passes 

through the natural gas zone and is destroyed. Emissions reductions are on the 
order of 40 to 60 pcrcent.(Acurex, 1992) lXs method is best used in cod-fired 
boilers, where gas can substitute for up to 15 percent of the heat input.(Kaplan, 
1992) The cost-effectiveness of this measure is directly tied to the cost differen- 

tial between natural gas and coal/oil. Given m e n t  gas and cod prices, NGR 
reduces NO, emissions for about $l,ûûû/ton.(See Radian calculations, Appendix 

B) 

Natural Gas CofirindSeasonal Fuel Switckb. Though not technically a 
"combustion modification", changing from ii more to a less polluting fuel can 

significantly reduce N Q  emissions. CoñriIig refers to the partial substitution of 

gas for another hei, while fuel switching entails a 100 percent switch, usuaily 

during the peak ozone season. This approiach is most common for uncontrolled 
cod-fired systems, where reductions can be: up to 80 percent.(Pratapas, 1993) As 
with NGR, the cost of these approaches vanes greatly with the cost of gas and 

coal. 

Other Controls. Other control options utilize the same emission reduction 
principles as the above combustion modifications. For instance, pre-stratified 

charge used in internal combustion engines creates a dud-combustion zone much 

like OFA Ignition-timing retard can be applied to intenial combustion (IC) 
engines to lower temperatures as well. Water or steam iqjection serves to cool 
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the combustion zone in gas turbines, similar to FGR. Finally, electrification of 
certain IC engines is similar to fuel switching, lowering emissions by avoiding the 

use of high emitting fuels. These controls are discussed in more detail in the 
supplemental documentation. 

Flue Gas Treatment. After the consideration of "first" and "second generation" 
combustion modifications, flue gas treatments must be applied to achieve further NO, 
reductions. Because these controls are applied after NO, formation has occurred, there 

is no risk of increasing HC and Co emissions, as with combustion modifications. 
However, there are other poilutants that may form as a result of applying flue gas 

technologies, su& as ammonium salts from ammonia slip. In addition, the application of 
flue gas treatments has both technical and economic limitations. First, both SNCR and 

SCR must operate within a specified temperature window, with a minimum flue gas 

residence time.(Acurex, 1992) Second, the flue gas characteristics must be compatible 
with the equipment. Also, because these controls are very capital intensive, they are oniy 
economical for larger sources. Therefore both cost and feasibility must be evaluated in 
order to assess the viability of flue gas treatments. The possible application rates for 

these techniques are assessed in Section 5. 

Selective Non-Catalwic Reduction (SNCR). SNCR uses urea or ammonia 

injected into the exhaust stream at 1600 - 1900°F to reduce NO to molecular 
nitrogen and water. This process can reduce emissions by 25 to 50 percent, with 

moderately large capital costs.(BAAQMD, 1991a) However, test facilities have 
had problems with ammonia "slip", where unreacted reduction agents are emitted 

fiom the stack. Also, because of the narrow temperature window, SNCR loses 
efficiency with variable boiler loads. In addition, some units have encountered 

significant retrofit difficulties, especiaily with coal boilers.(Acurex, 1992) SNCR 

may be combined with various combustion modifications to achieve lower emis- 

sions levels. 

3-21 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



~~ 

A P I  PUBL*326 9 4  E 0732290 0537'700 837 

Selective Catalytic Reductions (SCR). SCR uses ammonia in the presence of a 

zeolite or metai catalyst to reduce NO emissions. Generally, S C R  must be 
applied downstream of economizer before air preheat to be in the catalyst's 
temperature window.(McGuire, 1993) The reaction operates at lower tempera- 

tures than SNCR, from about 450 to 850":F, due to the presence of the cata- 

bt.(Acurex, 1992) S C R  is possibly the most effective single control that can be 

applied to NO, sources, with reported reductions over 80 percent.(Pechan, 1991; 
&ur- 1992) Even further reductions are possible in combination with combus- 
tion modifications. The same problems with variable boiler load, ammonia slip, 
and retrofit difficulties have been encountered with SCR as with SNCR. Similar- 
ly, application of SCR to small sources is (certainly not cost-effective. Further 
demonstration and development may be needed for full scale commercialization. 

Retrofit modifications can be difficult where the existing structure does not have 
adequate room for SCR hardware.(McGuire, 1993) 

Possible Controls for Maior NO. Source Categories 

Following is a brief description of the major NO, sources identified in this project, and 

potential control techniques. Please refer to Appendices D and E accompanying this 

report for a detailed analysis of potential emissiolns reductions and cost-effectiveness 

values. The analysis is based on retrofit requirements for existing sources rather than 
new sources. 

Chemical Manufacturine Facilities. ï3.k category encompasses several SIC codes. 
Houston is the only one of the five cities with significant NO, emissions from this 
category. Radian assumed that most chemical p1.ants have similar NO, sources, primarily 

boilers and process heaters. In addition, Radian assumed that oil or gas is the primary 

fining fuel, given Houston's high dependence on #these fuels in general. Although LNEk 
are beginning to penetrate the industrial market, by and large emissions remain uncon- 
trolled. Possiile retrofit controls include FGR on smaller sources, LNBs, BOOS and 

OFA, SNCR and SCR on larger units.(Pechan, 1991; LMOP, 1993) 
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Glass Meltinp Furnaces. Glass melting fumaces are used in the manufacture of 

container glass, flat glass, pressed and blown glass, and fiberglass, with container glass 
facilities being the most common. These furnaces can be significant sources of NO, due 
to the very high temperatures involved. This source category is only significant for the 

Chicago area. There are currently no controls placed on these sources outside of 
California. Possiile controls include various combustion modifications, electrical furnace 

boosting, SNCR, SCR, and various furnace modifications.(LMOP, 1993; SCAQMD, 
1991). 

~dustn~/Commercial/INtitutional Boilers - (Coal. Oil. Gas). These boilers are 

tupically 30 to 150 MMBtu/hr in size, with a few ranging up into the utility boiler size. 
They are used for a variety of applications, including steam and hot water production, 

small-sde electrical generation, and miscellaneous process needs.(LMOP, 1993) Coal- 

fired units typicaily have higher emissions than oil and gas units. According to the NO, 
inventones, these boilers are signiñcant sources in Chicago and D.C. However, we 
expect that these boilers are actually significant in ail cities, but their emissions may have 

been catalogued under an industry-specific source category, such as petroleum refineries 
or SOCMI (Houston). While newer, larger coal-fired units are subject to NSPS stan- 

dards, the vast majority of these boilers probably are operating at uncontrolled emissions 

ievels. Possible controls include most combustion modifications, SNCR, SCR, and 

seasonai fuel switching.(Pechan, 1991; M O P ,  1993) 

Stationary internal Combustion OC1 E nBnes. Stationary IC engines are used in a wide 
variety of applications, including electricity generation (usually standby), oil and gas 
p q i n g ,  agriculture, and refiigerator compression. These engines burn gasoline, natural 

gas, áieseì, or diesel/gas mixtures, and come in 2 and Cstroke configurations. They may 
&o be categorized as rich or lean-burn. In general 2-stroke spark-ignition engines and 

ìarge diesel engines are the higbest emitters in this category.&MOP, 1993) The NO, 

inventories indicate that IC engines are a signiñcant sources in Baltimore and Chicago. 

However, these sources art probably common in ail cities, and may be included in other 
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source categories such as oil and gas production. There are no current regulations 
affecting stationary IC engines in the study regioni, though there are extensive regula- 

tions governing their mobile counterparts. Possib1.e controls include pre-stratified charge, 
&/fuel adjustment, ignition timing retard, and 3-way catalysts for rich burn engines; 

air/fuel adjustment, timing retard, lean-bun combustion, exhaust gas recirculation, and 

SCR for lean-bum engines.(Acurex, 1992; LMOP, 1993; EPA, July 1993) 

bon  and St eel Manufacture. NO, emissions from iron and steel manufacturing come 

from a multitude of different processes, all having different uncontrolled emissions levels 
and retrofit/control potentials. The majority of these processes involve differing furnace 
types, excluding coke plant operations. This sourcz category is signifjicant in Baltimore 
and Philadelphia. There are currently no regulations governing these sources. Possible 

controis include LEA, BOOS, FGR, LNB, and flue gas treatments, depending on 
proœss.(LMOP, 1993; D A ,  1983; Pechan, 1991) 

Oil and Gas Production. NO, emissions from thisl category almost entirely originate 

from stationary IC engines and gas turbines used :for pumping gas and oil. Our evalu- 
ation is based on data for gas pipelines. We assuime that NO, sources are also similar 
for oil pipelines. Gas pipeline IC engines are more common but smaller than gas 

turbines, ranging from 50 to 10,OOO hp. Turbines range from 1,ooO to 30,000 hp. The 

total hp split between engines and turbines is about equal Mtionwide.(ACUIex, 1990) 
Turbines are becoming more common with time, given their higher efficiency and lower 

emissions rates (from five to ten times lower than IC engines). This source category is 
only significant for the Houston area, with most emissions located in remote areas. 

W e  there are NSPS standards for larger turbines, the majority of emissions from this 
category are uncontrolled. Potential controls include those noted above for IC engines, 

and water/steam injection, dry low NO,, and SCR. for turbines.(Acurex, 1990; Pechan, 

1991) 
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Petroleum Refineries. Process heaters and CO boilers are the primary sources of N Q  
emissions for this source category. This source category is a common one in major U.S. 
cities, including three in our study - Chicago, Houston, and Philadelphia. Process 
heaters are used extensively to promote chemical reactions requiring heat input, and 

burn either oil or gas. Typical heater sizes range from 30 to 100 MMBtu/hr, with some 
heaters up to 500 MMBtu/hr.(LMOP, 1993) While some process heaters have adopted 
LNB technology (especially in California), most remain uncontrolled. Potential controls 

for process heaters include BOOS, OFA, LNBs, and flue gas treatments.(Pechan, 1991; 

MOP, 1993; Radian, 1993a) 

CO boilers are industrial-sized boilers that burn the off-gas from fluid catalytic cracking 
Units, which contain significant CO concentrations, along with standard fuel. CO boilers 
emit much higher levels of NO, than comparable boilers. Due to retrofit limitations, CO 

boilers arc very difficult and expensive to control, and are cunently unregulated. Flue 

gas treatments may not be an option for these combustion devices as well.(Buening, 
1993) 

Residential Heating. Residential heating systems are used extensively in every urban 
area of the country, and consist of space heaters, warm air furnaces, and water heaters. 

These systems typically use ~ t ~ r a l  gas or distillate oil, with gas systems having lower 

emissions. Little control information is available on these units, and they are not 

regulateci. While the inventories only identify home heating systems as a major source 

for Chicago, we believe that this may represent an inaccuracy in the remaining inven- 
tories. (Home heating in Philadelphia has an anomalous value of 65 tpd, more than five 
times than Chicago value. We are still attempting to resolve this issue.) Control options 

are numerous, but generaily involve the introduction of new units, rather than 

retrofitting.(EPA, Feb 1992; BAAQMD, 1991; SCAQMD, 1991) 

Boilers (Co ai. Oil and Gas). Utility boilers, used for electricity generation, 

consistently represent the single largest point source of NO, emissions for ail cities 
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(excluding those areas heavily dependant on nuclear power, such as Philadelphia). In 
fact, utility boilers were the oniy point source category classified as a major source for all 

five cities, for both coal and oil/gas units. These boilers are greater than 250 

MMBtu/hr. In general, uncontrolled coal boilers emit twice as much NO, per Btu as do 

oil and gas boilers, primarily due to fuel NO,.(Acurex, 1992) Because of the importance 
of this source category to the total NO, inventory,, there is a substantial amount of data 
on industrial boiler controls. (In fact, the level of detail in the literature allowed Radian 

to develop cash flows for various boiler control options. See Appendix B for the results 

of this analysis.) b g e r  and newer coal boilers are subject to NSPS standards. in 
addition, some simple combustion modifications have begun to penetrate this sector, 
including E A  applied to many of Houston’s gas boilers.(Edison Electric, 1993) Never- 
theless, most utility boilers remain uncontrolled. Possible controls include most major 

combustion modifications, NGR, flue gas treatments, and fuel switching (for coal 
boilers).(Acurex, 1992, Pechan., 1991; Pratapas, 1993) 

Utilitv Turbines (Oil and Gas). Electric utilities traditionally have employed turbines as 
peaking units, commoniy operating at capacity factors of two percent or less. More 
recentiy iarger, base load combined cycle units have begun to penetrate the market, 
taking advantage of these units’ high efficiency rathgs.(Cannine, 1993) The uncontrolled 

N Q  emissions fiom both oil- and gas-fired turbines are quite low, often lower than those 

of uncontrolled tangentially-fired boilers.(Buening, 1993) Given their low emission 
factors, the srnail capacity factors of the peakers, and the rarity of the combined cycle 
units, turbines were not found to be significant sources of NO, in any of the five study 

areas and therefore were not evaluated in this study. Note however that riiany of the 

controls evaluated for îurbines in the oil and gas productions sector should also apply to 

utility turbines. 

The following table presents a listing of the major NO, sources, with a range of the cost- 

effectiveness of applicable controls for each. 
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This table uses average cost-effectiveness values, based on the highest and lowest dollars 
per ton values found in the literature. However, because eacb source category typically 

has four or more control options available, and because these controls often vary in cost- 
effectiveness by over an order of mapitude, using average values for ranking purposes is 
not particularly instnictive. We can develop more insight regarding cost-effective control 
applications be referring to Table 3-2, which ranks specific control technologies by 

dollars per ton d u e s ,  independent of source categories. 

Tab 3-3. Ranking of Stationary Source N Q  Control Categories - by Source Type 

Fred 

Iron and Steel Manufaauring m90% -930  

Oil and Gas Production -95% 

Petroleum Refineries 3045% sUr14,3Ml 

Chemical Manufachiring (SOCMI, Others) 3045% $130-1430 

Utility Boiltrs - Od/Gas Fired 1743% s234-15,686 

hdd/Coaim&diaI/lastitutional B o i l e ~  - Oil/G= 590% S(5,900)-24,000 
F d  
StationaryICEngines o-90% S125-23,OoO 

Glass Melting Furnaces 595% S 5 7 0 - ~ 8 0 0  

Residential Heatina 29-100% 

NON-ROAD VOC AND Na SOURCES 
Non-road vehicles, while less numerous than their on-road counterparts, are still 
sipîñcant conîributors of VOC and NQ inventories in many nonattainment areas. Most 
of the categories within the non-road heading are currently exempt from any emission 

control requirements. Consequently, they produce far more pollution than similar 
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emission-controlled engines used in on-highway vehicles. For the purposes of reducing 
VOCs from non-road vehicles and engines, controls for lawn and garden and recreational 
marine engines need to be addressed because they represent the bulk of emissions. As 
for NO, controls, construction and agricultural equipment appear to hold the greatest 

potential. 

VûC emissions from non-road mobile sources account for between 5 and 20 percent of 
the total VOC emissions from the five nonattahunent areas included in our study. These 
sources account for a signincant portion of VOC emissions in each nonattainment area 
representing a possible source of further reductions. Table 3-4 illustrates the significance 
of non-road mobile sources relative to the total VOC emissions, broken out by categoq. 

Table 3-4. Impact of Non-Road Sources on Totall VOC Inventorv 

voc CBirrPo Washington Baltimore Whdelpbie : Houston 
(9b) (%) fsb) m 

Rail 0.47 0.06 0.U 0.03 0.05 

Airplants 0.66 0.44 0.84 137 0.83 

Commerd 0.03 0.00 0.U 0.78 0.93 
VwClS 

Lawn & Garden 4.% 127 532 6.11 5.29 

industrial 186 O 2 8  2.20 351 2.14 
Equipment 

Heavy Construction 1.m 2.25 1.16 3.15 150 
Equipment 

Picasure Craft 1-90 0.U 238 0.0 6-22 

TOTAL 10.87 1218 14.95 17M 
I 

As with the stationary sou~ces discussed in previcius sections, non-road sources are 

áistrihted differently throughout each nonattaixuinent area. The lawn and garden 
category registered signifícant levels in the Chica(go, Baltimore, and Houston inventories 

producing 62, 17, and 58 tons per day, respective:ly. These emissions values are greater 

than or equal to many of the large point source categories discussed eariier. Conversely, 
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Houston reported a 68 tpd VOC emission level from recreational pleasure crafts, which 

is disproportionally higher than the emission inventories for the other four cities. 

N Q  emissions from non-road sources also account for a significant proportion of the 

emission inventories for the five nonattainment areas. Non-road sources represent 

approximately i3 to 23 percent of the total NO, emissions for each area. Non-road 
sources, therefore, contribute a large amount to the total inventory. The relative 
percentage of non-road NO, sources for each of the five nonattainment areas is 
ihtrated in Table 3-5. 

Similar to the non-road VOC sources, non-road NO, sources account for a large 
percentage to the total inventory. The category, heavy construction equipment, repre- 

sents a notable source of NO, emissions in ail five inventories, producing 80, 87,29,74, 

and 98 tpd for Chicago, Washington, Baltimore, Philadelphia, and Houston, respectively. 
These emissions are comparable to other large industrial sources. Sources like railroad 

and commercial vessel also represent iarge sources of NO, emissions. 
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General VOC an d NO. Controls 
Non-road sources are very diverse in the size rating, combustion type, and usage 

patterns. The control measures for gasoline engines under 25 hp and diesel enghes over 
50 hp involve several changes in the design of the engine and the fuel storage system. 
The changes would result in a reduction of VOCs emitted during engine operation as 
weil as during refueling and storage. Possible engine improvements include: 

Combustion Modifications: 

a 

e Modifications to port timing; 

a 

Improvements to carburetion and fuiel injection systems; 

Adjustments to compression ratios amd to rated speed; 

e Changes in ignition timing and sparlkplug design; 

e Adjustments to engine cooling characteristics; 

a Recirculation of exhaust gases; 

a Changes to valve placement; 

Aftertreatment Controls: 

a Cataiyìic converters; and 

e Regeneration techniques. 

Examples of storage system improvements are: 

a Improvements to gasoline containers; 

a Leakless nozzles; and 

O Spouts and funnels. 
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Potential reductions in the VOC emissions were estimated assuming the foilowing 
efficiency improvements in engines: 

Exhaust emission reductions: 
Evaporative and crankcase reductions: 33% 
Refueling emission reductions: 50% 
(LMOCP, 1993) 

40% for 2-stroke, 70% for 4-stroke 

Changes in the N Q  inventory are based on overall control efficiencies resulting in a 15 
percent increase for gasoline engines and a 35 percent decrease for diesel engines over 

50 hp.(L;MocP, 1993) 

Proposed standards must take into account that certain engine design changes that 
decrease VOC emissions will cause an increase in NO, emissions. In addition, consumer 
maintenance of the engines wiil have a significant effect on whether the emission 
reductions achieved by designing more efficient engines are maintained over their useful 

lifetime. Because of the uncertainty associated with owner maintenance, Radian conser- 
vatively assumed a 50 percent nile effectiveness level for these controls (compared to the 

default level of 80 percent used for other sources). 

VOC emissions may be reduced further by the use of reformuiated gasoline. Additional 
reductions are also possible from increased use of electric motors or alternative fuels for 

the smaller engines used in utiiity or lawn and garden applications. The SCAQMD also 
.have looked into scrappage programs as a source of reductions. For example, replacing 

two-stroke engines with four-stroke engines would have the potential of M e r  reducing 
emissions. No long turnover time problem is addressed by these options. Since retrofit 

is not a good option, other controls are maintenance strategies. Implementation of the 
available controls will not show significant emission reductions by 1996 due to phase-in 

constraints. 

The EPA is proposing standards for NO, and smoke emissions from non-road 
compression-ignition engines greater than or equal to 50 horsepower. The goal of the 
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proposed rule is to reduce N Q  emission, from these sources by 35 percent by the first 

decade of the 21st century.(LMOCP, 1993) The dates for implementing the NO, 
standard will be staggered, depending on the horsepower of the engine, beginning with 

the 1996 model year. The standards explicitly exclude the following engines: large non- 
road CI engines previously regulated by the minirig industry; engines used in aircraft; 

engines used to propel locomotives; and engines ised in marine vessels. It is important 
to note that because these efforts focus primarily on new vehicles, very little if any 
emissions reduction can be expected prior to 1996. The EPA is looking at regulatory 

alternatives for locomotives and marine vessels. 

In addition, the EPA conducted a public workshop for off-road engines under 50 hp in 

March of 1992 and an exploratory meeting for sxtd off-road engine regulations in 

November of 1992. The EPA is currently workiqg with engine manufacturers, state 
regulatory agencies and health and environmental groups in order to propose regulations 

to cover gasoline engines under 25 hp.(INOCP, '1993). 

There are currently no existing regulations applicable to non-road sources in the five 

areas of study. States are prohiMed from developing standards or other requirements 

reiated to the control of emissions from non-road engines, but they may adopt federal 
regdations or an EPA-approved California progrm. 

Brief source descriptions are provided in this section for a number of non-road source 

categories providing potential control measures and cost-effectiveness estimates. 

Aericultural Eau ipment 

Agncuiturai equipment is a major source of NO, emissions in Chicago, Baltimore, and 

Houston. Agncultural equipment includes tracto:rs, cultivating and harvesting equipment 
such as combines, sprayers, balers, and tillers. Tile horsepower range covered by the 

different types of equipment is wide, under 10 foi: a typical tiller, between 50 to 100, and 
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larger for a typical combine. High hp equipment is typically equipped with diesel 
engines and low hp equipment with 4-stroke gasoline engines. 

Tbe control costs for VOC and NO, reductions are highly dependent on the usage rates. 
It is estimated that net savings of $960 per ton of VOC and NO, removed to a net cost 

of $240 per ton of VOC and NO, removed, though the feasibility and extent of appii- 

cation is unknown (LMOCP,1993). 

- Rail 
N Q  emissions from railroad locomotives are considered major in the Chicago, 

Baltimore, and Philadelphia inventories. Modem railway locomotives are h o s t  

cxclugvely diesel-electric. Individual locomotives range from under 1,ûûû hp to over 

7,000 hp. 

Implementation of the available control measures could provide a 55 percent reduction 
in N Q  emissions from railroad locomotives at a cost ranging from $1,328-1,648 per ton 

N Q  + HC(LMûCP, 1993) These estimates are based on previous Radian studies. 
Due to the engine manufacturer's practice of making new-technology components 

available for rebuilding older engines, it is feasible to get signinwit reductions on both 

new and existing engines. 

ksdims 
Airplanes account for signiñcant levels of VOC and NO, emissions in the inventories of 
Chicago, Baltimore, and Philadelphia. Pollutants are emitted from aircraft whenever the 

cngints are operating. The emissions characteristics vary as a function of both the type 

of aircraft and the operating mode. Aircraft emissions are affected by the throttle power 

setting, that is, the percentage of maximum power that the engines produce at any given 

timc. 
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After review of the literature, no information has been found for controlling emissions from 

aircraft engines. Aircraft are categorically exempt froin all emission standards and very little 

technology exists for controlling emissions. 

Marine Vessels 

Philadelphia and Houston reported VOC and NO, emissions from marine vessels as major 

sources. Marine vessels include ships, diesel-powered tug and towboats, passenger vessels, 

and commercial fishing vessels. The vast majority of large ships are now diesel powered, due 

to the high efficiency of the diesel engines. Vessels such as commercial fishing boats, small 

workboats, towboats, and similar vessels are typically powered by engines similar to those 

used in highway trucks, therefore similar control technologies are applicable. 

Application of the available control measures for marine vessels, intended to correspond in 

smngency to the 1988 on-road emission standards, have been estimated to reduce NO, 

emissions by up to 55 percent at a cost of $832-1,100 per ton of NO, + HC removed, though 

feasibility and extent of application is uncertain (Weaver, 1987). 

Lawn and Garden 

VOC emission for lawn and garden equipment are considered major sources in the inventories 

of Chicago, Baltimore, Philadelphia, and Houston. In fact, VOC emissions from lawn and 

garden equipment accounts for almost a third of all emissions from non-road sources. Lawn 

and garden equipment are generally used in numerous general utility applications. Equipment 

in the lawn and garden category includes: mowers, lawn tractors, string trimmers, snow 

blowers, chain saws and others. Equipment used in general utility applications includes: 

pumps, generators, compressors, and grinders. The vast majority of this equipment is 

powered by internal combustion engines less than 25 Iiorsepower including diesel, two-stroke, 

and four-stroke engines. 
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Review of the CARB Rule for lawn and garden equipment suggests that reductions of 
VOC emissions from exhaust gases based on redesign and replacement of engines to be 

approximately 40 percent for 2-stroke and 70 percent for 4-stroke gasoline engines. 

(LMOCP, 1993) Additional reductions can be achieved by the installation of catalytic 

convertors. The cost of redesign and manufacturing improvements will range from $160 

per ton VOC removed for above 50 cc, 2-stroke engines to $1,960 per ton VOC reduced 

for below 50 cc, 2-stroke engines.(LMOCP, 1993) The control costs for 4-stroke engines 

also fall within this range. Add-on controls are cost prohibitive and unproven to be a 

viable option at this time. The cost effectiveness of substituting electric lawn mowers for 
gasoline-fueled mowers is estimated by SCAQMD to be $2,700.28,000 per ton of VOC 
remwed.(UkíOCP, 1993) 

hdustrial/Commercial Eauiument 
In- equipment is considered a major source of VOC and N Q  emissions in 

Chicago, Baltimore, Houston, and Philadelphia The industrial equipment category 

mcludcs for the most part equipment used in manufacturing and warehouse applications. 

It encompasses a large variety of equipment, including aerial iifts, seif-propelled 

elevating platforms, sweepers, scrubbers, and forklifts. Because the industrial equipment 
category is so diverse, typicai horsepower ratings for the different equipment types cover 
a typical range of 50 to 100 hp. Most industrial equipment uses either diesel or 4-stroke 

gasolinc engines; however, some of them nm on liquid petroleum gas or compressed 

natural gas. 

Emission reduction potentials are consistent with those discussed above assuming an 
average retirement period for the equipment of 5 years. Because industriai equipment 
has a high usage rate, the fuel use reduction incurred by converting to a more efficient 
engine design can be substantial, representing a cost savings of approximately $1,220 per 

ton of VOC + NO, removed. (LMOCP, 1993) 
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Heaw Construction EauiDment 
Heavy construction equipment is considered a major source of VOC and NO, emissions 
in all five nonattainment areas. NO, emissions from construction equipment represents 
approximately 50 percent of the non-road NO, eniissions. The heavy construction 
equipment category includes road construction equipment such as asphalt pavers, 
building construction equipment such as cranes, and general supporting equipment such 

as non-highway trucks. Because the industrial equipment category is so diverse, typicai 

horsepower raîings for different equipment cover a wide range. 

Emission reduction potentials are consistent with the ones described previously providing 
a 40 to 70 percent reduction in exhaust emissions, a 33 percent reduction in evaporative 
and crankcase emissions and a 55 percent reduction in refueling emissions. The average 

retirement period for the equipment was assumed to be 5 years. The cost of controls 
range from a savings, based on high usage rates and fuel savings, of up to $660 per ton 
of VOC + NO, for diesel equipment, and a cost of up to $6,560 per ton of VOC + NO, 

for gasoline equipment.(LMOCP, 1993) 

Pleasure Craft. Chicago, Baltimore, and Houston reported pleasure crafts as major VOC 
emission sources. Pleasure craft, or recreational marine vessels, include outboards, 

inboards, stemdrives and personal watercraft. Thle vast majority of these vessels are 

powered by internal combustion engines less than 250 hp with 40-50 hp being typical. 
The types of engines used include diesel, 2-saoke,, and 4-stroke, where 2-stroke engines 
dominate outboard applications, while 4-stroke engines are used for inboard applications 

(LMOCP, 1993). 

Tbe possible control measures for recreational vessels differ from those for other 

sources. Examples of posnile engine modificatiom might include: 

3-36 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



~ ~ 

A P I  PUBLm32b 74 = 0732290 0 5 3 7 9 3 5  268 

e dual-intake stratified charge or lean burn fuel charge; 

0 exhaust gas recirculation; 

e electronic controls; or 

e turbo charging and intercooling. 

No control of VOC or NO, from diesel engines is recommended due to a small contribution 

to the inventory. 

Emission reduction potentials for recreational marine vessels are similar to those described in 

the previous section based on the engine type. The cost of control ranges from $160-1,960 

per ton of VOC reduced. All costs take into consideration fuel savings that will result by 

using the more efficient engine design. These estimated were developed using an average 

engine lifetime estimate of 27 years.(LMOCP, 1993) 

Summary of Potential Reduction for Non-Road Mobile Sources 

Non-road mobile source controls can provide small yet important emissions reductions 

for both VOC and NO, emissions. VOC reductions from non-road sources in the year 

2010 account for an average of 4 percent of the total inventory in that year. Due to 

phase-in limitations, significant reductions are not possible until after 1999. Tables 3-6 

to 3-10 represent the potential VOC and NO, emissions reductions from non-road 

mobile sources for the year 2010. The phase-in periods were accounted for in the 

calculations through the rule penetration estimate. Given the average lifetime of the 

equipment within each category, we assumed that 80 percent of the sources would be 

retrofitted or replaced with controlled systems by the end of the equipment life. Cost- 

effectiveness values found in the literature were given in dollars per ton of combined 

VOC + NO,. To break this down, we assumed a one-to-one correlation between VOC 

and NO, reductions and ratioed the cost-effectiveness values based on the actual 

inventory values for each nonattainment area. Given that a detailed source description was 

not available, especially for the split between diesel- and gasoline-powered vehicles, 
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the lowest control efficiency was applied to make a conservative estimate of VOC 
reduction potentials. We assumed that almost ali NO, emissions were produced by 

diesel vehicles, since the NO, emission factor for (diesel fueled vehicles issignificantly 

larger than the emission factor for gasoline fueled vehicles. Cost-effectiveness estimates 

yielding a net savings were represent as no cost far calculation purposes. 

Table 3-6. Non-Road Mobile Source Controls - :Baltimore 

I 
Cost Effectivenafi Reductions 

(TPD) 

- L1 

7.0 

3.0 

- 
0.6 

- 
1.9 

Ud @J%) 

$0-7.411 

$954-1262 
- 

' 
' RekGn to thc total NQ inventory ia 2û10. 

Relative to the required VOC rcducîions in 2010. 
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Table 3-7. Non-Road Mobile Source Controls - Chicaeo 

b 
Relative to the rquired VOC reductions in 2010. 
Rtlotivc to the total NQ inventory in 2010. 
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Table 3-8. Non-Road Mobile Source Controls - Houston 

Agricultural 
Equipment 

Htavy 
construction 
Equipmeot 

Indutriai and 
Commercial 
Equipment 

Lawn & Garden 

Marine vtyels 

Reductions 
(TPD) 

4.6 

6 5  

16.0 

I l  323 (5.096) 

VM: 

Cost Effectiveness 

Sû-45,705 

S160-L960 

Cost Effectiveness Reductions 

38.0 50-7,659 

0.0 (sa*> 

5.1 SlJ&i-l,695 

758 (49%) 

Relative to the required VOC reductions in îû10. ’ Rtlativc to the total N Q  inventory in Ui10. 
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Table 3-9. Non-Road Mobile Source Controls - Philadelphia 

Year 2010 

Indusbinl and 
crmimercial 
Equipment 

Lawn & Garden 

Rail 

T0t.I 

voc 

5 5  

- I  - 
20.1 (ad%) I 

Reductions Cost Effectiveness 

1.9 

0.0 5832-lJOo 

RclatRz to the rquired VOC redudions in Zû10. ’ Rtlntivc to the total N Q  inventory in 2 û l O .  
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Table 3-10. Non-Road Mobile Source Controls - Washington .. 
Year 2010 I VOC l 

I 
Agricultural 

H=vy . 
CaMbuCtion 
Equipment 

I n M  and 
Commercial 
Equipment 

Lawn & Garden 1 
II Plcasprtcraft 

Reductions 
(TPD) 

I - 

35 I 
1.0 

21 s160-1,960 - - 
- I 0.0 - 
0.1 s160-1,960 - c 

- 13 Sl,385-/719 

245 (2.796) ' 
Relativt to the rquired VOC reductions in 2010. 

' Rclativc to the total NQ inventory in 2û10. 

MARKET-BASED APPROACHES 
Although beyond tbe scope of this report, Radian believes that market-based approaches 

to emission control may provide a cost-effective mechanism for meeting RF'P targets. 

Market-based emission control programs indude icmission fees and taxes, subsidies for 

control investments, bubbles, offsets, and marketable permit programs. AU of these 
approaches provide the a d  emission source with an economic incentive to lower 

emission rates, without specifying how the reductions must be achieved. For example, 

under an emission fee system, an emitter may chose among any number of control 

options to lower emissions and minimize costs. Ehksion reduction trading programs 
provide sources with the added flexibility of lower emissions beyond the fence line, 
further broadening the array of control opportunities. By providing sources with a 
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number of different control options such programs can lower the overall cost per ton of 
emission reductions compared to the technology-specific command-and-control approach- 

es discussed above. 

However, such programs can be particularly difficult to monitor, and adminiktrative and 
enforcement costs may be high. In addition, the overall impact of fee and subsidy 
programs cannot be known in advance without knowing the control costs of the sources 

themselves. (For example, if a tax of S1,ûûû per ton of pollutant is placed on a source, 

the source may find it cheaper to pay the tax than adopt controls at $2,000 a ton, if no 
other controls are available. In this case the tax does not lower emissions at all, though 

it does serve as a source of revenue.) For these reasons, great care must be taken to 
guarantee that market-based control programs result in reductions that are quantifiable, 

enforceable, surplus to other required reductions, and permanent. Only when a program 

meets all of these criteria can it be used toward meeting a citfs RFP targets. 
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Section 4 

EMISSION REDUCTION STRATEGIES FOR MOBILE SOURCES 

As depicted in Figures 2-1 to 2-10, on-road mobile sources are signiñcant contributors to 

both the VOC and NO, inventories of ail cities, ranging bom approximately 20 to 50 

percent of total emissions. While a number of controls have been adopted over the past 

WO decades as part of the Federal Motor Vehicle Control Program, further emissions 

reductions are stiii possible, and in fact necessary to reach attainment in ail five study 
meas. 

Titles I and II of the 1990 CAAA require the adoption of additional controls for on-road 

mobile sources. Title I focuses on reducing in-use emissions through better maintenance, 

controls on service station refueling emissions, reducing vehicle d e s  travelled, and other 
measures that could be implemented at the state or locai level. Title II focuses on 
reducing vehicle emissions through more stringent vehicle emission standards and fuel 

property specifications. These requirements must be adopted by the states in their SIPS 
to reduce mobile source pollution, with the god of attaining the NAAQS. The five study 

areas must adopt the following controls: 

e Refueling control measures (Stage ï I  and onboard vapor recovery); 

e 

a Enhanced inspection/maintence @/M) programs; 

Federal reformdated gasoline (excluding D.C.); 

e Centrdy fueled fleet programs; and 

a Transportation control measures (TCMs) (excluding D.C.). 

In addition to these mandated controls, states may consider other options to further 
reduce emissions, such as the California Low Emission Vehicle (LEV) prograq 

expanded fleet or I/M programs, and early vehicle retirement (scrappage) programs. 
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Washington, D.C. also may "opt-in" to those programs required of the other four cities, as it 

already has for RFG. Both the mandated and optional control measures are described below. 

OVERVIEW OF CONTROL OPTIONS 

Stane II Refueling Controls 

With this approach, service stations are required to install nozzles that capture vapors emitted 

as the vehicle is refueled. Stage II refueling emission control systems have already been 

adopted in several areas, including D.C. proper (but not the surrounding areas) to reduce 

hydrocarbon emissions, The amendments also require onboard refueling emission control 

systems, whereby refueling emissions are collected and consumed in the vehicle. (While 

Radian has evaluated the impacts of Stage II control systems, we have not estimated the 

impact of onboard controls due to the lack of an adequate model.) Both of these strategies 

control VOC but not NO, emissions. 

Reformulated Gasoline (RFG) 

The federal RFG program consists of the simple modid and Phases I and II of the complex 

model, with emissions reduction requirements in ozone precursors (VOCs and NO,) and 

toxics relative to a baseline fuel. Simple model (or early use of the Phase I complex model) 

RFG sales must commence in designated areas in 19915. VOC. NO, and toxics percentage 

reduction requirements increase in the year ZOO0 with the introduction of complex model 

Phase II RFG. In addition to opting in for federal RF;G, states could, with EPA's approval, 

adopt California RFG fuel standards. California RFG is expected to have greater emissions 

benefits (and be more costly) than federal RFG. In particular, early modeling results indicate 

that California RFG may produce greater NO, emission reductions (7.7%) than federal Phase 

II RFG (5.595, from Complex Model) (Schleyer, 1993;). 
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Enhanced and Expanded Inspectionhlaintenance Pronams 

In an I/M program, vehicles are periodically inspected, and those with evidence of emission 

control malfunction or tampering are required to be repaired. EPA requires that states 

exceeding the NAAQS for ozone implement vehicle VM programs targeting both VOC and 

NO, emissions. Senous (and worse) ozone areas must adopt legislation for enhanced I/M 

programs by 1992. 

Implementing an enhanced I/M program in place of the currently operating programs will 

require substantial changes. First, the basic operation must be changed from decentralized to 

centralized, with test and repair functions performed in different locations. Second, the 

emission test must be changed from an unloaded idle emission test to a transient loaded-mode 

test, following EPA's "IM240" test cycle. (A transient loaded-mode test uses a chassis dyna- 

mometer to simulate on-road driving, including accelerations and decelerations. This 

procedure allows accurate identification of vehicles that are high emitters in actual use.) The 

inspection also must include functional tests of the evaporative emission control system. 

These tests will include checking the gas tank for pressure leaks and the evaporative emission 

control system canister for proper purging of collected vapors while the vehicle is running. 

States may increase VM program emission reduction potentials further by testing more 

vehicles than required by EPA (e+, vehicles older than 1986 models, or heavy-duty 

vehicles). Radian's analysis evaluates both enhanced and expanded enhanced VM programs. 

California Low Emission Vehicle (LEV) Promam 

The CAA allows California to establish its own vehicle emission standards. Individual states 

may elect to adopt these alternate standards, if identical to those in California . California's 

standards involve the phase in of increasingly more smngent exhaust standards over the next 

decade because of its extremely severe ozone problem. The grams per mile (gpm) emissions 

standards may be met by gasoline- or alternatively-fueled light-duty vehicles and trucks. 

Beginning with the 1994 model year, a portion of the California vehicle population must meet 

Transitionai-LEV, or TLEV exhaust standards, approximately 50 percent lower than the 

national VOC standards (termed Tier I). Beginning with the 1997 model year, 25 percent of 
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vehicles must meet the LEV standards, approximately one third the Tier I VOC and one half 

the Tier I NO, standards. At this same time, Ulna-LEVs, or ULEVs, begin to penetrate the 

fleet, lowering standards even further. The next year Zero Emission Vehicles, or ZEVs, begin 

to be sold. These vehicles will be powered by electricity.' Other states may adopt the LEV 

program, using different phase-in dates, and weighted-average emission requirements across 

the different standards. Irrespective of the California LEV program, the federal government 

has the option of adopting similar standards (without ZEVs), termed Tier II, which may be 

mandated nationwide beginning with model year 2004. The EPA and the automakers 

currently are discussing the possibility of early adoption a modified version of these 

standards, Federai LEV or FLEV (Austin, 1993). Because of this interest, Radian has 

evaluated the cost-effectiveness of Tier II vehicles as well. 

Centrally Fueled Fleet Promam 

Centrally fueled fleet programs require the use of "c1e:an-fuel vehicles" in serious, severe, and 

extreme ozone and CO nonattainment areas (currently 21 areas, including all five study 

areas). "Clean-fuel vehicles" are any vehicles certified to meet the clean-fuel vehicle VOC 

and NO, emissions standards of Title II of the CAAA.. These standards may be met using 

alternative fuels such as methanol or natural gas, or through the use of RFG and cleaner 

vehicle technologies. This program will apply to fleets of 10 or more vehicles which can be 

centrally fueled. Vehicles garaged at personal residerices, emergency and other specified 

vehicles are exempt. Actual program phase-in will not begin until 1998. States can 

accelerate the phase-in of clean fueled vehicles by adopting a more aggressive schedule, or 

can increase the number of vehicles covered in order to increase emissions reductions. 

Radian evaluated emissions reductions for both the federal requirements and an accelerated, 

expanded schedule. 

ZEVs do not actually eliminate emissions associated with vehicle operation. but merely displace the emissions 
u) the electric utility used to charge the vehicle battery. Depending upon the fuel used by the utility, gpm-equivalent 
NO, emissions may be comparable to Tier I vehicles, though VOC emissions are practically eliminated. 

I 
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Early Vehicle Retirement (Scrappage) 

Although vehicle scrappage programs are not mandated by the CAA, this strategy may 

provide significant short-term emission reduction benefits. This approach addresses the fact 

that a large portion of mobile source emissions come from older, high-emitting vehicles. 

Therefore these programs attempt to take these vehicles off the road by first identifying them 

through registration records (age-based programs), or by emission testing (emission-based 

programs). Once identified, the state or other party can offer the vehicle owner cash for the 

rights to permanently destroy the vehicle. Emission-based programs are easily integrated into 

i/M programs, where a failed vehicle may be offered a scrap "bounty" as an alternative to 

making costly repairs. Because these older vehicles only have a limited remaining life, 

removing them from the road will only generate emission reductions for the period before 

which retirement would have occurred without incentive. Therefore EPA assumes that 

emission reductions resulting from these programs are valid for only three years. 

Transportation Control Measures 

The CAA requires severe/exmme areas to implement transportation control measures (TCMs) 

that will maintain vehicle miles travelled (VMT) at their 1990 levels. (Washington, D.C., a 

serious non-attainment area, need only consider adopting TCMs in its SIP.) By lowering 

VMT, vehicle emissions often are lowered as well. . _  

TCMs commonly include trip reduction ordinances, mass transit improvements, and 

infrastructure efficiency improvements. Because of problems with quantifying emissions 

reductions and enforceability, Radian only performed a qualitative analysis of TCM cost- 

effectiveness in this study. Therefore the cost-effectiveness of TCMs are not compared 

directly with those of other control options, but are considered separately at the end of this 

section. 
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The following sections evaluate the effectiveness and costs of both the mandatory and 

optional mobile source controls noted above, on a per-vehicle basis. Emission reductions 

and cost-effectiveness values are reported for incremental control applications (e.g., 
going from e n h a n d  to expanded enhanced I/M). We first describe how we determined 
the grams per mile emission factors for each measiure. We then provide a brief account 

of our cost estimates for these measures, and conchde by calculating cost-effectiveness, 
in dollars per ton of pollutant. These values then may be compared to the cost- 

effectiveness d u e s  for point and area source controls calculated in sections 2 and 3. 

BASEUNE M O B U  SOURCE EMISSIONS ESTIMATES 
In order to estimate VOC and NO, emissions from mobile sources, Radian used EPA's 
latest emission factor model, MOB-& to estimate emission factors in grams per d e .  

The model duates emission £actors for eight Merent vehicle types (e.g., cars and light 

tniclts, gasoline and diesel vehicles), considering bcal parameters such as ambient 
temperature, fleet age, fuel characteristics, and other factors. These values then are 
averaged across ali vehicle types to obtain a fleet-average emission factor for each city. 
Once the grams per mile factors are established, they can be multiplied by vehicle miles 
travelled values to detexmine total emissions (see Section 5). 

In order to aaxately d u a t e  the incremental reductions resuiting from mobile-source 

conir04 Radian needed to develop the most accurate "base case" emission estimates 

possible. (The base case scenario corresponds to ithe mobile source emission levels in 
1990, before CAAA or other controis were adopte:d.) To do this, Radian attempted to 

duplicate the total emissions values reported by the state agencies in their inventories, 

using the state's local parameter values as inputs into MOBILE& 
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However, it was impossible to duplicate the state values exactly for two reasons. First, 
not all of the states used the latest version of the MOBILE mode? -- Houston used the 
draft version of MOBLFS, and D.C. used MOBILE4.1. Therefore the reported values 
of these cities contained discrepancies with Radian's values, though Radian values should 

be more accurate since the later model was used. Second, the mobile source emissions 
inventory developed by the different state agencies used a áismbution of average speeds 

corresponding with different road links. (The emission factors themselves vary as a 

function of vehicle speed, and therefore road link.) Each type of road was assigned a 

specific VMT and an average speed of travel. Total aty-wide emissions were calculated 
by summing up the emissions for each link. It was impossible for Radian to exactly 

duplicate these link-based transportation emissions inventories because detailed link 
information was not available for three of the areas, and because we did not have the 

necessary post-processor programs used by the different agencies. Instead, Radian used 
a surrogate average speed that represented an emissions-weighted, link-based average, 

chosen to come as close to the reported VOC/NO, combination as possible. Radian 

then used these emission factors to estimate the incremental emission reductions 

associated with each control strategy. 

Table 4-1 provides a summary of the information used to generate each city's emission 
factors. Table 4-2 contains the comparison between Radian's emission estimates-and 

those generated by the state agencies, applying VMT factors to the gpm values to obtain 

totals in tons per day. 

'These arcas may have since updated theit mobile source emission h a t e s  Using MOBILUa, though 
the rcsdts w ~ t  not avaiiabk for indusion in this report. 
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Spetd 

40.1 

4-03 

38.6 

30.0 

40.1 

Table 4-1. Emission Factor Modeh 

The D.C. speed value was used, assuming 
simiiar conditions. Only city without iink- 
VMT estimates. 

Aaual weighted speed 36 mph. Il €PA 
considers 405 for best link-based match. 
Also, oxygenated fuel fiaciion of 30% 
modelled. 

Modeling puformed for five different 
repionS, depending on IJM-ATP 
combinations. 

Actual weighted speed 25 mph. Radian 
found 30 produced dwwt match. 

Modeled five areas: D.C.; Md urban/rural; 
Va urban/rurai. 

Houston 

Philadelphia 

Washuigton, DC 

Draft 5 

Sa 

4.1 

Table 4-2. CornDarison of Radian and State TPD Estimates. 

Chicago 463.0 523.7 -11.6% -14.0% 

Houston îû9.6 235.7 -11.175 -126% 

Philadelphia I 2U.7 l 188.4 i332 I 151.7 I -155% 
Washington 224.4 2358 -4.996 239.9 253.6 -5.4% I I I I I ,  

The discrepancies between the tons per day estimiates generated using Radian-derived 

emission factors and the tons per day values reported by the states appear significant. 

However, Radian's emission factors were only useid to establish percent reductions for 

each control option, rather than to directly estimate tons per day reductions. The 
percentages were then applied to the state-denvecl emission estimates to determine final 
emission reduction potentials (see Section 5). Therefore Radian is confident that the 
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emission factors generated in our MOBILESa runs provide an accurate basis for 
estimating reductions for each control option. 

After establishing the base-case emission factors, Radian proceeded to evaluate the 
incremental emission reductions for each additional control option, on a per-vehicle 
basis. The following section discusses the potential emission reductions for each of the 

mobile source control options. 

EMISSION REDUCIIONS FROM ADDITIONAL MOBILE SOURCE CONTROLS 
The emissions inventories discussed in Section 1 were adjusted to account for the 

implementation of additional state and local mobile source controls. These adjustments 
were made by using MOB-a to generate site-specific emission factors for different 

control scenarios. Emission reductions were calculated incrementally for progressively 
more stringent controls by comparing new emissions levels with those of the previous 
level of control. The control options are listed below in Table 4-3, in order of applica- 
tion 

Table 4-3. Mobile Source Control Scenarios. 

I Base + StageII + RFG + EnhandI/M + Scrappage - 
Unlike the stationary source emissions and controls evaluated earlier, mobile source 

emissions vary substantiaiiy between areas, because of variations in emission levels with 
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temperature, fuel characteristics, local I/M program, and other factors. Therefore a 

city-by-city analysis was necessary to determine emission reduction values. In addition, 
the vehicle fleet in all cities is becoming cleaner with time, due to retirement of dirtier 
vehicles and their replacement with cleaner ones. Therefore the effectiveness of controls 

not only varies with location, but also with time. (For example, the effect of RFG on 
old, high-emitting vehicles is proportionally greater than on new, well-performing 
vehicles, so as the fleet becomes newer, the benefits of RFG decrease.) For this reason 

Radian estimated vehicle emission factors for the years 1994 - 2003, and 2010. The 

following tables present the estimates for three different target dates; 1996, 1999, and 
2010. 

To account for the effect of Stage Ki controls, the states' MOBILE5a input files were 

revised, assuming that Stage II was implemented i13 1993, that stations had up to 4 years 

to comply, and that controls had an efficiency of 90% both for light-duty, and heavy-duty 

gasoline vehicles. Table 4-4 presents the estimated incremental emission reductions 
bom Stage II controls. 

Table 4-4. VOC Emission Reductions (% per vehicle) from Stage II. 

Stage Ii controls wert prescat in the k h e  year of 1990 in D.C.-proper. bu! not in the surrounding 
m m t h h x a t  arcas of northern Virginia d muthern Muyland. 'Ihmfore incremeataí emission rsductions arc 
d y  aicul.ted for the addition of Stage il in these other mas. 
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In Philadelphia and Houston, the states chose to account for refueling emissions in the Area 
Source category, and not in the Mobile Source inventory. Therefore the effect of the Stage 

II option could not he seen for these two cities using the state’s MOBILE input files. In 
order to quantify these reductions, Radian ran another case for those two cities where 
refueling losses were calculated. We then estimated the incremental reduction in emissions 
frrmi applying Stage II in those two cities. 

Finally, note that the emission reductions become rehîively greater with time for Stage II 
controls. This OCCUIS because the controls generate a constant gpm emission reduction, 
regardless of when refueling îakes piace, and the overall fleet emission factors are lowering 

with time. Therefore, the relative percentage reductions associated with this conml actually 

inatase with time. Therefore Stage II controis become relatively more imporîant with time, 
and may prove to be a key air quaiity maintenance strategy in the future. 

peformulated Gas0 line íRF G) 
The inmenta l  reductions in VOC emissions resulting from the use of Phase I federai RFG, 

m addition to Stage II, are summarized in Table 4-5. Radian used MobileSa to estimate 
VOC reductions (no NO, reductions are projected by MO-a for Phase I RFG). Note 

that Pbase II RFG will replace Pbase I beginning in the year 2000. 

Note that the resulting emission reductions for Baitimm, Houston and D.C. are somewhat 

less than those for the other cities. Radian determined that these three cities currently have 

lower vapor pressure (RW) fuel (appIoximately 7.8 psi, based upon m n t  fuel specifica- 
tions) than for the other cities. Therefore these cities are using cleaner baseline fuels, 
resulting in mailer emission reductions upon introduction of RFG. 
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Table 4-5. VOC Emission Reductions (96 per vehicle) from Phase I Federal RFG. 

Emissions will decrease further in the year 2000, with the initiation of Phase II RFG sales. 

For the purposes of this study Radian used EPA's proposed Phase II emission standards from 

February of 1993 to estimate potential VOC and NO, reductions. These standards require a 

reduction of 
standard gasoiine (not Phase I fuel). Therefore Radian assumed this constant level of 
reductions for all cities. 

ly 30 percent for VOCs, and seven percent for NO,, relative to a 

Radianalsoc&mated the potentiai emission reductions associated with California RFG, 

assumed to be available outside of California by 2ooQ. Based on results from the complex 

model developed by EPA and the oil industry, this fuel may reduce NO, emissions by an 
additional seven to eight percent, relative to Phase II RFG. The model also predicts an 
additional four percent VOC reduction (Schleyer, 1993). Like Phase II gasoline, Radian 

assumed M o m i a  RFG will produce constant emission reductions, regardless of location 

(see Table 44). 

Table 4-6. VOC and NO, Reductions (96 per vehicle) for Phase II and California RFG 
; ., 1 ; ,,:::,,,,,,. -.,-,: '."': _,_.,: ,,,.,, I 

. . .  .I__ . . .  
. .... " +.. . 

. . . .  

4.3 

7.7 

*VduCS mcremmal to phrse II lmductions. 

W e  the intmdwiion of federal Phase II or California RFG in the year 2000 wiil gene& 

substantial emissiOn reductions, after this time percentage reductions will slowly decrease, as 
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RFG has less of an impact on cleaner, later technology vehicles. For this reason, RFG 

becomes slowly less cost-effective with time after the year 2000. 

RFG -- Complex Model Results 

In developing their ROP plans for 1996 the States are required to use the MOBILE model to 

estimate emission reductions from the use of RFG. However, this model does not provide the 

most up-to-date estimate of the likely reductions. EPA’s Complex Model, made available 

after the submission of the 1993 SIPS, provides a more accurate assessment of the potential 

emission reductions resulting from the introduction of Phase I and II RFG. For this reason 

Radian is presenting emission reduction results from the Complex Model as well as 

MOBILES, although the upcoming ROP analyses use the MOBLES results, as required of the 

states. It  is evident from the difference in emission reduction estimates that MOBILE5 

overestimates the reductions ootainable from Phase I RFG, and further emission controls may 

need to be adopted in order to make up for this shortfall in the future (see Section 5). 

The incremental reductions in VOC emissions resulting from the use of Phase I federal RFG, 

according to the Complex Model, are summarized in Table 4-7. Unlike the MOBILE models, 

the Complex Model does not calculate the impact of fleet turnover and other site-specific 

factors on emissions. The reductions are expressed in terms of percentages relative to a 

standard baseline fuel. The only difference between the emission reductions for the cities lies 

in the baseline RVP values (7.8 psi for Baltimore, Houston and D.C.). These percentage 

reductions predicted by the Complex Model were then corrected to reflect the emission spiit 

between evaporative and exhaust emissions predicted by MOBILES. (The ratio of 

evaporative to exhaust emissions calculated by MOBILE5 -- about 2/3 evaporative and 1/3 

exhaust -- are more representative of real-world conditions using Phase I RFG than the 

Complex Model’s estimate, about 1 /3 evaporative and 2/3 exhaust.) 

Note that the resulting emission reductions for Baltimore, Houston and D.C. are somewhat 

less than those for the other cities. Radian determined that these three cities currently have 

lower vapor pressure (RVP) fuel (approximately 7.8 psi, based upon current fuel specifica- 
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chicw 

Hapran 

Philadelphia 

D.C. 

tions) than for the other cities. Therefore these cities are using cleaner basehe fuels, 
rauhing in Smaller emission reductions upon introduction of RFG. 

15.2 

7.6 

13.9 

8.2 

Tabie 4-7. VOC Emission Reductions (76 Der vehicle) from Phase I Federal RFG. 
. . . . . . . . . .  . . .  . . .  . . .  ..................... . . .  . . . . . .  

, .. 
. .  

-,.;,; . ' :: .:.::.Y. , ' . .  :..... . .  
w "" 

1- 9.0 

Emissicms will decrease further in the year 2000, with the initiation of Phase II RFG. 
Radian used the percentage reductions required by EPA for northern and southern regions, 
mnxted for baseiine RVP levels (see Table 4-8). 

Table 4-8. VOC and NO, Reductions (%/vehicle) for Phase II RFG - Complex Model. 

VOC 

II I 7.5 Il 

UM and Evamratl 've Svstems Chez k 
The mCremenîai reductions in VûC and NO, emissioins from implementing an enhanced ï/M 

program tbaî meets D A ' S  enhand I/M requirements, as published in the Fedeml Regher, 

are * ed in Table 4-9. EPA's reqUirements include the following: 

e 

O 

O 

ïM240 tests (with EPA mmmended txpohts) on 1986plus vehicles; 

Ressure check of the evaporative system; 

Purge check of the evaporative system; 
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a 

0 Biennial testing. 

96% compliance rate; 3 % waiver xate; and 

h most cases the M O B W a  inputs used to generate these emission factors were taken from 
each state's records. As noted above, a single weighted-average speed was chosen for each 

city to approximate the total tons per day values produced by the states. 

Table 4-9. VOC & NO, Emission Reductions from Enhanced of Light-Duty Fieet. 

VOC 96 96 46 96 % 

1996 11.6 13.6 25.0 20.3 19.8 

1999 21.6 19.5 32.0 28.6 25.8 

mio 39.4 29.1 40.5 41.3 35.7 

NO, I I I I I 
1996 3.9 6.3 8.2 9.3 7.9 

1999 11.8 11.6 14.2 15.8 11.9 

2010 25 -6 18.5 20.5 23.7 18.7 

Unlike many of the other control strategies noted above, I/M programs may produce greater 

percentage emission reductions as time passes. This possibility results h m  the coL1stant 

increase in high and super-emxthn ' g vehicles in the fleet, regardless of the baseïine fiei  of 
controis. I/M programs iâemtiQ these higWsuper emitters for repair. in other words, 

although the average fleet vehicle is becoming cleaner with time, the total fiaction of "dirty" 
vehicles remains roughly the same from year to year, so relative anission reductions bccome 
greater for programs cleaning up these duty vehicles. For this reason, I/M programs may 

increase in relative importance over time. 

m d e d I f M a n  d Evamxative Syste ms Check 
The expanded I/M case is an expansion of the enhanced I/M program bcyond that required 

by EPA. Further emission reductions may be obtained by either perfoIming ïM24û tests on 
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Baltimore Chicago 1 Houston Philadelphia I Washin&n .. . 
P 

VOC % % % % % 

1996 8 5  4.1 12.3 8 -5 6.8 

1999 12.9 8.4 17.9 14.7 12.1 

2010 22.5 25.3 29.6 34.1 29.1 

vehicles older than required (Le., pre- 1986), or testing, heavy-duty gasoline vehicles. Radian 

chose to evaluate the impact of including heavy-duty gas vehicles in each city's VM program, 

knowing that significant VOC reductions could be obtained. 

The incremental emissions reductions, relative to an enhanced VM program, are presented in 

Table 4-10 below. First note that no NO, reductions were predicted by MOBILESa. Second, 

note that emission reductions are given for heavy-duty gasoline vehicles, rather than for "fleet 

average" light-duty vehicles as in Table 4-6. 

Much like the emission reductions resulting from enhanced I/M programs, the percent 

reductions for heavy-duty gasoline vehicles increase with time, due to the continual lowering 

of the fleet's baseline emissions. The implementation of more smngent federal standards for 

these vehicles in 1998 will further improve the effectiveness of such tests. 

LEVlT'ier TI 

The incremental reductions for VOC and NO, emissions from adopting the California Low 

Emitting Vehicles (LEV) program, beginning in 1994, are summarized in Table 4-1 1. The 

MOBILESa modeling runs assumed that an enhanced I/M program was in place. Radian did 

not model LEV emissions for EPA's maximum (or "appropriate") VM cases, because we feel 

that these scenarios are unrealistic (see Radian's Virginia Petroleum Council Report for 

further discussion). Furthermore, emissions reductions were estimated without the Zero 

Emission Vehicle (ZEV) component of the program for two reasons. First, it is unclear 
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whether ZEVs will be mandated outside of California or even 

never constitute more than ten percent of new model years under the LEV program, emission 

reduction estimates are impacted only slightly in 1996 and 1999, but become significant in 

later years. 

California. Second, as ZEVs 

Table 4-11 VOC & NO, Emission Reductions (% per vehicle) for LEVs (w/out ZEVs). 

Emission reductions also may be obtained from the adoption of the Tier II federal emission 

standards, which may be required starting in 2004. These standards are similar to the LEV 

standards, without cold-start controls or the ZEV component. 

Radian used a modified version of MOBLESa, developed by SAI Corporation for the Amen- 

can Automobile Manufacturers Association, to estimate the emission benefits of Tier II 
vehicles. Because of the late start date of this program, emission reductions are calculated for 

the year 2010 only. Table 4-12 presents the estimated reductions for the Tier II program. 
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Table 4-12. VOC and NO, Emission Reductions (% per vehicle) for Tier II. 
. .  

..,mat$BEs . . , j  ' .  'pp- '.; 

4.6 5.3 

7.6 8.0 

Clean Fuel neet p r o m s  

For a clean fuel fleet program, Radian assumed that existing fleet vehicles will be replaced 

by deüimed natural gas vehicles (NGVs). The exisíing gasoline vehicles (iightduty cars and 

trucks) were assumed to have an emission factor equivalent to an avemge Tier I vehicle 
subject to enhanced I/M, RFG, and Stage II vapor recovery programs. The VOC emission 

mtes for dedicated NGVs were based upon the CAAA 50,000 mile exhaust standards for 

clean fZæî vehicles. Note that Phase II standards, which are significantly lower than the 

Phase I standards, take effect in 2001. Table 4-13 provides a listing of the potential per- 

vehicle emission reductions for each city, for both Phase I and II vehicles. 

Radian öelieves that dedicated naairal gas vehicles can reasonably be expected to meet îheir 

VOC ceatifícaíion standards over Wir useful life duc: to their inherently low-emitting 

C h a U a I S b  * 'cs.(Radian, Dez 1992) Therefore potential emission reductions vary from city to 

city, depending upon each city's baseline Tier I vehicle emissions. However, NO, emissions 

should &erioraîe at a rate similar to gasoline vehicles. Therefore Radian assumed that NO, 
penmage reductions would be constant, colrresponding to the percentage difference in 
emission standards between the Tier I gasoline vehicles and the Phase II Clean Fieet 

standards. (Note that there is no W e m c e  between the Phase I Clean Fleet standards and 

the Ticr I NO, standards.) 
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Table 4-13. VOC and NO, Reductions (96 per vehicle) for Clean Fleet Rom 

Vehicle S- P r o m s  

The emission reductions for scrappage programs assume thaî the vehicle to be scrapped falls 

mt0 the "very high" anission category (Le., > = 4.8 gpm VOC), as debed by'MOBILESa. 

It also assumes that the age of the repiacemeit vehicie quais the average age of the vehicie 

fleet (it., appro-1~ 8 years) and îhat this vehicle mcets the requirements of an 
enhanced I/M program. Therefore the emission improvement is determined from the very 

high emitter gpm level, and the fieet-average repiacement vebicie, fnim MOBILESa. The 

emission benefits also assume that the vehicle being SMaPped has fairly low miieage 

auxmuhion rates and would continue to be driven for three years, as per EPA guiciance. 

Table 4-14 Summarizes the per-vehicle emission reduction estimattS foreachcity. Notethat 

no NO, anission benefits are expected from a scrappage program. 

Mie 4-14. VOC Emission Reductions (96 per vchiclt) for Scrappage Program. 
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COSTS AND COST-EFFECTNENESS OF MOBILE SOURCE CONTROL OPTIONS 

Calculating the cost-effectiveness of mobile source controls entails some unique 

considerations. Unlike many stationary source contnds, which provide a constant yearly 
reduction fiom a specified emission basehe, mobile source controls wiil vary in their 
effectiveness over time due to vehicle deterioration and ever-changing new vehicle emission 
standards. In addition, percentage reductions for mobile controls will vary fipm city to city, 

so separate cost-effectiveness esbates are needed for different sites. Finally, unlike most 

Stationary source controls, many mobile source controls reduce both VOC NO, 
emissions. In this case, some method must be chosen to partition costs across these Werent 

pollutants (e.g., doliars per ton of VOC, NO,, or some combination of the two). 

For these xrasons Radian calculated the costeffectiveness of mobile source contmk in a 

number of different ways. Values are reported for each city for both a "short-run" and a 

"long-run" case. The shrn-run cases, covering the years 1994 to 2003, account for the 

yearly Variation in baseke emission factors during this @od. This case considers the 
yearly costs and emission reductions made in an effort to reach atraiament. The long-run 

cases cvaiuaîe the costeffectiveness of contmls designed to maintain air quality standards, 

once achieved. These values differ from one another because of differing investment cost 

ami emission reduction profiles over time. 

Radian also caicuiated the costeffectiveness of the niobile source controls for dollars per ton 
of VOC and NO,. Differing combinations of these tien ominaton may be appropriate for 

different nonaüainment areas, depending on the relative Unportance of VOC and NO, to 

azone folmaton. However, because the relaîive imjmiance of these two poilumîs will not 

be known with more certainty until UAM computer models are completed, Radian chose not 
to report the cost-effectiveness values for weighted combinations of pollutanîs. However, the 

resulthg costcffcctivcness values easily can be comlbined to reflect different wcightings, if 

necessary. 
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The costeffectiveness calculations did have several common features, however. First, all 
costs and emission reductions were discounted at six percent to obtain net present values.3 

Second, ai l  calculations were performed over a ten year period (either 1994-2003, or 2010- 

2019). Third, all costs used in the calculations were expressed in 1993 dollars. Finally, any 
labor costs were increased at a two percent per year level, to reflect the real rise in wages 

(though fuel costs were assumed to stay constant, in red terms). 

Foilowing is a description of the estimated cost and costeffectiveness for additionai state or 

local controls and more Stringent emission standards. The assumptions behind these costs are 

prtstntcd. 

II Vamr Reco V eV Control S 
Radianestimated the costeffectiveness of Stage II vapor recovery ccmmls to be $2,800 per 

ton of VOCs, independent of location. This value is based on an analysis performed by API, 

assaming regionai implementation across a nonatrainm ' ent area. Costs could be slightly lower 
if exemptions for specified "hardships" had been allowed. 

Conclusion: Uncontroíîd refueling cmiss.ions remain constant over time per mile of vehicle 

travel, while most other mobile source emissions decrease with f lea  turnover. Therefore 
this source of eaniSsions becomes relatively more imprîant to the mobile source inventory 

with time, and Stage II controls should prove to be a cost-effective maintenance as well as 
atrainmentstrategy. 

The cost for Phase I xefonnulated gasoline (RFG) was estimated to be $0.109 per gaiion. in 
addition, a $O.M8 per gaiion fuel cconomy penalty as a result of the oxygen content 

'Not aii nct present value cost-effdvcncss calculations discount emissionS reductions, as Radian does in 
this study. Howcvu, discountiog costs without a ccirresponding discounting of emisSion reductions will result 
in biasing cost-cfftctivtness values toward those controls that produce reductions later in time. R a b  
bclims that this bias is not appropriate, Considering the goal of meeting RFF' dcadlinw in a timely fashion. 
See Secban 5 for a further disciission of this topic 
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requirement was assumed, bringing the effective totai to $0.137. Phase ïï estimates bring the 
cost up to $0.176 per gallon. Table 4-15 summari7es the National Petroleum Council 

estimates used here. The price for California RFG was estimated to be between 0.14 and 
0.20 dollars per gallon, with an average value of 0.165 (Mid-Atlantic Universities 
Txansportation Center, 1993). 

Total costs for the feded RFG program weze estimated assuming Phase I fuel was sold from 

1994 to 1999, and Phase II thereafter. Radian also assumed that Caiifornia RFG would not 
be available before the year 2000 outside of that state (Energy and Envhnmental Analysis, 

1988). Per-vehicle costs were detexmined using average mileage accumulation rates (about 

10,ooO miles per year), and future fuel economy estimates (about 31 MPG - projected fleet 
average values for the year 2000). Costs and emission reductions were estimated for the ten 
year period ending 2003. 

Tables 4-16a and 4-17a provide the costeffectiveness estimates for RFG programs for the 

five cities, for the MOBIZIES emissions reduction estimates.' The "short-nui" values reflect 

the cost-effectiveness of Phase I and II RFG over the 1995-2004 time frame, while the "long- 

run" values are for the year 2010 - strictly Phase II tmst-effectiveness. (we present both 
short and Iong-nui values to provide an estimate of the cost-effectiveness of RFG as both an 
attainmenî and a maintenance strategy.) Note that the values for federal RFG are very high 

for NO,, due to the small reductions of this pollutant., Also note that all california RFG 

estimates are incremental to the implementation of the federai program. Finally, the Variance 

from city to city can be explained in part by the diffelring baseline RVPs - those cities with 

low RVP p i i n e s  such as Houston obtain less inmmental benefit from adopting RFG than 
other cities such as Chicago. Additional variance is due to the Mering final RVP values 

&ween cities (7.1 psi for Houston, Baltimore and D.C.; 8.0 for Chicago and Philadefphia). 

' C h i a h h g  dollar per ton values for RFG using the maire uptodate Compk Model emission 
reductions generally yields costs two to three times the value of the short-run MOB= figures, for both 
VOCs and NQ. Dollar per ton values for long-term costs are about 50 to 100 percent higher than for 
MOBILES. 
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Stationary Source Controls 

Refining Costs Bi Oxygenates 

Logistics and Other 

Table 4-15. Estimated Incremental Cost of Phase I and II RFG (1993 cents). 

2.9 5.0 

5.3 7.0 

1.1 1.1 

Retail Marketing Regulations 1.7 1.7 

Fuel Economy Penalty 

TOTAL 

Table 4- 16a. Cost-Effectiveness of Federal RFG (1 993$/ton). 

2.8 2.8 

13.7 17.6 

Table 4-1 7a. Cost-Effectiveness of California RFG (1 993$/ton). 

NO, 

Long-Run 

VOC I 143.629 I 56.689 I 133,917 I 60,334 I 156.864 II 
~~ 

35.697 28,668 34.533 4 1.376 41.631 

VOC 

NO, 

144.909 64,694 137.826 68,9 13 158,500 

35.585 30,110 36,928 42,24 1 42,547 

The above calculation assesses the cost-effectiveness of RFG assuming both costs and 

benefits (emissions reductions) accrue over an entire year.' However, because RFG control 

Radian assumed that all other studies of point and area source controls used in this analysis performed their J 

cost-effectiveness calculations in a similar manner. as per EPA guidance. Therefore in order to accurately compare 
values, Radian calculated all of its mobile source cost-effectiveness values in the same fashion. 
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costs do not a m e  outside of the ozone season when the fuel is not sold, this method of 

caiculaîion overestimates the dollar-per-ton value relative to other controls. (AU other 
controls accrue costs even when there is no corresponding benefit - e.g., winter months). 

in order to compare the costeffectiveness of RFG with that of other controls calculated in 

the above fashion, Radian xecaicdami the costeffectjiveness of both federai and california 
RFG. First, Radian assumed that ozone redudion benefits were oniy possible six months of 

the year (this value will vary in acûxaíiîy from city to city). Given this assumption, oniy 50 
percent of the costs are needed to operate an RFG pri~gmm for the same amount of emissions 

Iieductions, compared to other controls. Therefore the doliar-per-ton values caicuiated above 

are divïdeú by two to provide an accurate relative coinparison with other costeffectiveness 
values. These values are pruvided in Tables 4-16b and 41% below, for federal and 

california RFG, rtspeCtively. 

Table 4-17ò. Cost-Effectiveness of Cal RFG (1993$/ton) - Ozone-Season Weighted. 
_. . . . . . . ,. . .... .... . . ..I ' :. :. ':':.&e ., . .: 

. .  .. .i _. 

I II VOC 71,915 28,345 66,959 30,167 78,432 

I 17,849 l 14,334 l 1'7,267 l 20,684 I 20,816 II 

21,274 I VOC 72,455 32,347 68,913 34,457 

17,793 15,055 18,464 21,121 
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Conclusion: ILI general, federal RFG is more cost-effective than california RFG for VOC 
reduction, while California RFG produces comparable or superior cost-effectiveness numbers 
for NO,. Choice between the two fuels should depend upon appropriate. weighting factors 

b e e n  the two pollutants. By and large, the short- and long-ruo VOC cost-effectiveness 

values are similar for each fuel, though NO, values become much lower for federal RFG 
with the introduction of Phase II in the long-run cases. Finally, note that RFG is most cost- 

effective for cities having high-RVP baseline fuel (Baltimore, Chicago, and Philadelphia). 

€ E u  
Radian d u a î e d  the cosi of two Merent UM scenarios: 

Enhanced YM as required by EPA; and 

e Expanded enhanced UM, including heavyduty gasoline vehicles. 

The costs for the expanded UM program were incremental to the costs for the enhanced ï/M 

Scenario. 

The costs for both UM ScclIaTios are based on privaîely-operated biennial programs with ten 

year capital recovery periods. The inspection fee for the UM programs was calculated using 
a qmad&c& model that Considers equipment, labor, land, and operating and mainmm 

costs. The model also accounts for the effect of financing, taxes, and profit marpins. 

Table 4-18 presents the assumptions used to calculate the fee for both enhanced and expanded 
ixqxaim. (Enhanced costs only M e r  from expanded c o k  in the equipment category - 
$30,000 vs. $500,000 (Marko, 1993) per dynamometer, respectively). Raáian assumed that 
ïM24û tests were performed dong with innovative purge and pressure tests of the 

cvapaîive emission control system approved by EPA. We also assumed that program costs 

will be roughly similar in aii five cities. 
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The estimated costs for enhanced and expanded inspections are presented in Table 4-19, 

which also breaks down the different factors contributhg to the overaii inspection cost. 

Short-run costs for both programs (calculated over the 1994-2003 time period) include capital 
recovery factors, and are therefore higher than long-run costs (2010 values), which include 
only labor and O&M costs, plus contractor profit maigin. As with RFG, both short and 

long-run values are presented to refiect differences in attainment and maintenance Strategies. 

The enhanced programs are dominated by labor costs, whereas the expanded programs are 
more heavily weighted toward equipment cost recovery and O M .  For both the short- and 

long-run cases, expanded (heavy-duty) tests are more costly than standard enhand tests. 

The average inspection cost per vehicle considers the number of vehicles that require retests. 
Consequently, the avenge inspection cost per vehicle varies depending upon the failure rate. 

The first year of the enhanced program will witness a very high M u r e  rate which will 
deciine during subsequent years due to the effectiveness of fleet repairs. Radian estimated 

the fírst year failure rate to be approximately 50 %, based on the high emitter category sizes 

and high emitter identification rates assumed in EPA's MOBILE5 model. This figure 
mcludes both exhaust and evaporative system failures. Radian used emission deterioration 
rates found in MOBILE5 to determine the incrementail gniwth in the high emitter categories 

over the two-year pend between testing. By the second year 

Table 4-18. Paxameters Used in I/M Cost Model (Enhanced and ExDanda. 
. .  ._ ' .  , ;+. . . , -11 . .  

. .  . . .  
. ... . ..._.. . . . .  

. <  

. .  

PR0GRAMOHA;RACTPtlSTZCS ' ' _  " ' ' 

Lanes per station ! 4  '1 
Land per stabon ( a u s )  ' I  II 

O (1 acre plot, 4 iancs) 

O (each additional position) 

- 
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Bldg. capaaty factor 2 

Equipment down-time 0.10 (fraction of time) 
a 

c . .  ' '  

. .  . . .  . .. , .  . . .  . . .  . .  . .  GENiE&At:pRmwu-a ' .  . _  . .  : ' ' . .  

LANE THROUGHPUT 
I 

Limiting time per Ln (Min) I 4 5  

Lane cffiacncy factor I 0.85 

EQUIPMENT COSTS (S) 

Prtssmt meter 600 

Gas cap tester 600 

Purge quipment 3m 

Dynamometer 30,OOo (enhand) / m,OOo (wp=w 

Driver's aid monitor 1zsoO 
i 

ECONOMIC P- 
Discount rate (real) 0.06 

Equip. dcpdation rate& Oí! (straight h e  m r  5 years) 
r 
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. .  
. . .  

- '  , 
O2 (staight h e  over 5 years) 

0.02 

0.04 

0.1024: 

0.10241 

0.40 

0.01 

- 

- 
- 

Table 4-16. (Continued). 

Bi& depreciation rate/yr 

Inflation rate 

Nominal interest rate 

Afta tax profit margin 

Corporate income tax rate 

Property tax rate 

of testing, the failure rate drops to about 23 percent. A steady-state failure rate was 

achieved by the third year of testing (year five of tlhe biennial program) at approximately 

19 percent. Thus, the overall cost per vehicle (including testing and repair) decreases 

over the first years of the program, reflecting reduced failure rates. 

Table 4-19. Inspection Costs (1993%/vehicle). 
. . .  . ... . . . .  . . . . .  . .  

Vehicle 

estimates from the Federal Register NPRM for exhaust ($120), as well as purge ($70) and 

pressure ($38) faiiure repairs. Radian believes that nzpíiir costs for heavy-duty gas vehicles 

costs depend on the type of failure identified. Radian used EPA cost 
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in au expanded program will be similar to those for lightduty vehicles noted above. Radian 
assumed that exhaust repairs consisted of 50% labor and 50% parts. A real rise of 2% per 

year in labor wages was assumed for the calculation. Radian believes EPA’s repair cost 

k a  are low, with repair costs for marginal emitters possibly being much higher. 

In addition to repair costs, Radian also included inconvenience costs and fuel economy 

benefits d î i n g  h m  evaporative system repairs. An inconvenience cost estimate of $15 

per test was derived from D A ’ S  background support document for the enhanced I/M nile. 

Instituting the evaporative system checks is assumed to cause a fuel savings apjmximaiely 

equal to the evaporative emission reductions - 0.14 g/mi. Assuming fleet average VMT, this 
COIIWpOndS to a cost savings of about 55 cents per year. Inconvenience costs and fuel 
Savings anz caicuiated in the same way for light- and heavyduty vehicles. 

nie estimated inspection cost is added to repair, inconvenience, and fuel cost estimates to 

obtain a final cost estimate, discounted over time. The emission reductions are then 
discounted and combined with net present costs to determine cost-effectiveness values. 

Tables 4-20 and 4-21 provide a listing of the cost-effectiveness estimates for enhanceà and 
cxpded UM programs, by city. 

Conclusion: The Cost-effectiveness of VûC reductions for enhanced and expanded UM 

programs are roughly comparable within each city, ranging from about $6,000 to $20,000 
per tan. However, total reduction potentiah for the enhanced program are much larger for 

the enhanced progxam than for the expanded component, simply due to the relatively small 

munber of heavyduty versus lightduty vehicles. Also, VûC and NO, values are very 

similar for enhanced programs within the same city. Note thai no values ate reported for 

NO, for expanded programs, as resulting NO, reductions are vcry small. Note also that 
long-run cost-cf€ectiveness values are significantiy less than short-xun values, because no 
fmther capital mxvcry is necessary at this point, thereby lowering costs. This cost drop 
occu1s in vite of rising labor wage rates. Finally we observe a wide Variation in dollar per 
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ton values across different cities, with Philadelphia having the lowest values, and Baltimore 

and Chicago the highest (in general). 

Low Emission Vehicles/Tier II 
california LEV Program. Radian estimated costs to meet the different emission standards 

established by the California LEV program. The LEV program includes the following 

vehicle types: 

e 

e 

0 ultra-low emission vehicles 0. 

Transitional low emission vehicles 0; 

Low emission vehicle (LEV); and 

Table 4-22 provides the phase-in schedule for the different vehicle types. Table 4-23 

presents the estimated cost to comply with these emission standards, and Table 4-24 presents 
the weighted cost, in constant 1993 dollars, for compliance with the standards. All costs are 
incremental to Tier I vehicles. 

Table 4-20. Cost-Effectiveness of Enhanced I/M Prcgxams (1993$/ton). 
t 

i- Bdthn#@ ChiCpQD 3bwtoa D.C. l 
VOC 19,339 16,936 11,036 8,329 13,364 

19,105 15,143 14,685 15,915 20901 

VOC 8,505 10,354 '7,938 5,538 9,526 

5,670 6,615 '7,217 7,217 9,160 

4-30 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



API PUBLx326 74 I 0732270 0537752 135 I 

Table 4-21. Cost-Effectiveness of Expanded I/M P r o m s  í1993$/ton). 

~ VOC 17,420 18,687 13,897 7,172 14,040 

L-rk- 

VOC 11,238 8,193 9.073 3.937 7.470 

Tabie 4-22. Implementation Rates for the california LEV Program. 

n 1994 I 10% I I i I O205 

1995 15% 0.231 

1996 20% O 2 2 5  

Radian did not estimate the incremental costs for zero emission vehicles (ZEVs). At 
this time, there is a wide range of estimates on the cost for ZEVs. Estimates by the 

State of california are as low as S1,ûûû per vehicle, while those by the automakers are as 
high as $20,000 per vehicle (Austin, 1993). Furthermore, there is uncertainty as to 

whether or not the automakers will proceed with plans to comply with ZEV require- 
ments. GM has shelved its pians to place its electric vehicle, the impact, into production 
and recently, there have been reports that Ford's electric vehicle program may be 

terminated. As a result of these concerns and uncertainties, Radian did not estimate the 

cost for Z E V s .  In addition, the cost-effectiveness analysis does not include any emission 

reductions from ZEVs. 
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Transitional Low Emission Vehicles (TLEVs) 

Low Emision Vehidts (LEVs) 

sz24 

$486 

Table 4-24. Average Per-Vehicle Cost for Meetin€! California LEV Standards' (1993s). 

a22 

34 

45 

137 

254 

375 

492 

501 

Su) 

538 

Not including Z E V s  

Table 4-25 presents the assumptions behind the cost for W s ,  LEVs, and W s .  The 

estimated cost for TLEVs is based upon estimates by the Automotive Consulting Group 

(ACG). Theseestimates were adjusted for increased volume of california Vehicles. By 
increasing the volume of the W o m b  vehicles, engineering and investment costs for each 

vehicle are reduced. As shown, Radian estimates than TLEVs will cost $224 above the price 

of a standard Tim I vehicle. 

The estimated cost for W s  assumes that the foliowing items must be adáeú to the TLJWs: 

Increased catalyst loading; 
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0 Hydrocarbon trap for 50% of the vehicles (those with 6 or more 
cylinders); 

o Additional sensors and controls; and 

o Packagmg and assembly of additional components. 

Table 4-25. Cosí Estimating procedure 
I - 

Cart Buis: ACG cort cáimrtw d j d  for incru& volume of Cdifornia vehicles. 

ACG atbate (4 cylinder): $298 (ACG, 1992) e 

o CorporUe vrrkble coá (CVC): 298 f 2.06 = $145 

e Plus muk-pp for engineering 
d mvcament (55%): s 79 

Coat Brris: TLEV cost plus the following (ACG, 1992) 

I n d  cualya i d  ($125) 

Hydrourbon Trip 6200) (50% of vehicles; % with 6 or more cylinders) 

senron/controlp ($55) 

e E s t i m ~ 4  CQSI for .dditional 
components (ACG, CA d y ) :  $348 

- CVC 448 i 2.06 = $169 

- + 55% Mark-up s 93 
I 

subtotal $262 

II o Tarl LEV Cost: $486 

4-33 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



A P I  PUBL*326 94  O732290 0537955  9 4 4  

C. ULEVS 

Cost Basis: LEV costa plus incremental cost for e1tctrii:ally h d  catalysts (EHCs) on all vehicles 
with 6 or more cylinders and hydrocarbon eap on di +cylinder vehicles (ACG, 1991; ACG, 1992). 

o EHC cost (ACG, CA only): 

cvc 5822s 2.06 = 

+ 55% Mark-up 

subtotal: 

o Hydrocarbon Trap 
(ACG, CA onìy): 

cvc 200; 2.06 = 

- + 55% MarL-up 

submal: 

o incnmentrl Cost: 

o LEV coa: 

T d  ULEV Cost: 

$822 

$399 

$219 

s 97 

$618 

$200 

5 53 

fi50 

ao9 

S486 

$795 

Again, these costs were based upon ACG estimates, ,adjusted for increased volume by 

California vehicles. Tomi LEV costs are estimated to be $486 per vehicle. 

The estimated cost for ULEVs assumes that eleztricilly heated cataiysts @ElCs) will be 

required on all vehicles with 6 or more cylinders, and hydnx#rbon traps will be required on 
all 4-cylinder vehicles. Costs for EHCs include required engine modifications and an 
additional battery. "he energy requirements for an IXC preclude using a single battery on 
these vehicles. In addition, ali the controls requued for TiEVs and LEVs will be required 

for ULEVs. The estimated cost for ULEvs is $795 per vehicle. 

Once the LEV program has been fully implemented, the weighted cost per vehicle (using the 
projected implementation rates established by the Staîe of California) are $538 per vehicle. 

In our study for the Virginia Petroleum Council on the cost of the LEV program in norhem 
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Virginia, Radian estimated a low cost of $337 per vehicle and a medium cost of $645 per 
vehicle (Radian, 1992). 

No fuel economy penalty is assumed for complying with TLEV or LEV standards. A fuel 

economy penalty of 1.5 76 is assumed for complying with ULEV standads (ACG, 1991). 
This assumes that electrically heaîeú catalystequipped vehicles have a 3% fuel economy 

penalty and that these devices are used on 50% of these vehicles. This penally is included in 

the Cost-efFecîiveness estimate for the LEV program. Overall, fuel emnomy penalties are 
very small. 

Because the LEV program is phased in over time, with increasing numbers of lowerdtting 
vehicles being aäded to the fleet, the costeffectiveness values were not caículated on a per- 
vehicle basis, as with the other control strategies. (The same is true with the Clean Fieet 
analysis - see below.) Instead Raáian determined the costs and emission reductions 

associated with the incremental additions to the fleet each year, over a ten year period for the 
short-run calculation. However, the vehicles purchased in year ten do not have the chance to 
'rccover their costs" through exttnded emission reductions as do the vehicles purchased in 

year 1. For this reason the dollar per ton values in the short-run are significantly higher than 
in the long-run, which calcuíates the costcffcctiveness of purchasing one fleet-average LEV 

vehicle pnce the U m m  is fully im~lemcnted. Radian believes it is necessary to evaluate 
costeffectivcness in this fashion when detenninui~ the value of co ntrols ID meebng RFP 
&miíines as weil as their value as a maintenance strategy after aminment is achieved. The 
resulting cost-effeztiveness values are presented in Table 4-26. 

. .  

Vehicles . Radianbaseditscostestimates for Tier II vehicles on the figures 
calculated for the IIEV program. Radian b e b e s  that vehick will be able to meet the Tier 

11 emission standards using T & E V  technology, plus the increased catalyst loadings required 
in IEVs. Tier 11 vehicles will not be required to meet stringent cold-start standanis and will 

therefore not require EBCs. For this reason Tier II vehicles also wiii not suffer a fuel 

economy penaity. Combining W costs with the cost of catalyst loading yields 
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a total cost eStimate of $349 per vehicle, relative to Tier I vehicles. Table 4-27 presents the 
cost-effeCtiveness values for Tier II vehicles, using îbe SAI model emission redudion 

estimates. Assuming that Tier II vehicles will not become available until after the year 2000, 

Radian only calculated values for the long-run scenario. 

Conclusion: The dollar per ton values calculated for the LEV and Tier II programs are very 

high, ranging from about $44,OOO up to close to $500,000. in g e n d  NO, values are lower 
than those for VoCs, and long-run values are lower than those for the short-n'n. Though 

somewhat lower than the LEV values the Tier II values are also very high. The reader 

should note that these cost-effectiveness values are based upon 
reductions incremenîs (typically .02-.04 gpm) taken from MOBILESa outputs. Given the 

inherent uncertaiunties in emission factor modelling, the d i h g  dollar per ton values could 

be significantly lower (or higher), depending upon the accuracy and precision of the emission 
factor model at hese small increments. 

small emission 

Table 4-26. Cost-Effectiveness of california LEV Pnogram (1993$/ton). 

I 55,158 I 86,671 I 101.123 I 75,842 I 60,674 

Table 4-27. Cost-Effectiveness of Tier II Program (11993S/ton). 
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Clean Fuel Fleet Program 

Radian evaluated the cost-effectiveness associated with a clean fuel fleet program assuming 

natural gas vehicles (NGVs) operating over a 10-year period. Conversion to bi-fuel or 

dedicated natural gas operation cumntly costs about $3,500 per vehicle, although future 
OEM vehicles may be produced for as iittie as $l,OOO more than a comparable gasoline 

vehicle (Papayoti, 1992). These costs assume use of state-of-the-art gaseous fuel injection 
systems. Radian also assumed that vehicles participating in such a pmgram are likely to be 

high-mileage fleet vehicles (20,000 or more miles per year) that are retired after five years. 

Thus, a second NGV purchase is quired in year six of the program. 

Fuel cost savings also d t  from an NGV program. Cmmtiy, natural gas costs 

approximaieAy 4oC per gasoline-equivalent gaiion less than gasoline. Assuming that gasoline 
and natural gas prices rise roughly together, fuel savings is dependent only on the vehicle’s 
yearly VMT. Radian found that vehicles travelling appmximately 25,000 to 30,000 miles a 

year will break even on their investment after five years, given a discount rate of six percent. 
(This is especially true of lightduty trucks, which have lower mpg ratings than cars.) 

Table 4-28 pmvides cost-effectiveness estimates on a per vehicle basis, using baseline vehicle 

emission factors from MOB-a for each city. 

Conclusion: The cost of VOC reductions ranges from about $19,ooO to $31,000 in the 
short-run, and from about $7,000 to $11,ooO in the long-run. Long-run values are lower 

because of the aduption of the Phase II Clean Heet standards in 2001. No significant NO, 

x#hiuions occur during the short-run for NGV programs. However, NO, reductions will be 
obtained in the long-run, with the implementation of the Phase 11 Clean Fleet standards in 

2001. The rtsulting NO, reductions are of a constant percentage relative to Tier I vehicles, 
so tbe costcffdvcness values shown are the same for alt cities. 
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Table 4-28. Cost-Effectiveness of Natural Gas Vehicle (NGV) Program (1993$/ton). 

Vehicle Scxamae e Promm 

Radian estimated the costs of an early vehicle retirement program for ail five cities. We 

assumed that a scrapped vehicle would continue to operate for an additional three years. 

Thus, the cost-effectiveness was caìculaîed for a three~year period. In order to compare 
cost-cíiectiveness values for the scrap programs with those of other progxams, we projected 

tbe costs and emission reductions expected over a ten year period, assuming that a new 
vehicle was scrapped in years four and seven to compensate for the loss of emission "credits" 

after three years. 

The scrappage program cost estimates are based on the recommen&tions of the Virginia 

subcommittee on scrappage and the UNOCAL analysis performed by R a b  (Radian, 1991). 

The vehicle owner will be paid $700, and an additional $100 per vehicle will be required for 

P r o g r a m  
for $3,000, and would have a final liquidation value ;after three years of $2,250. mese 
values for the replacement vehicle are speculative, and should be refined before proceedbg 

with a scrappage program.) 

tion. Radian assumed that the replacement vehicle would be purchased , . . _  

Radian anticipates significant fuel savings from a mtppage program, since the repiacement 

vehicle will consume much less fuel than the retired vehicle. According to the UNOCAL 

report, the average mpg of the retired vehicles was 12.1. If we assume a fl- average 

vehicle, the replacement will have an average mpg of about 27 (the 1986 CAFE standards). 
For the purposes of calculating the fuel savings benefit resulting from scrappage, Radian 
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evaluated totai savings based on a 5,500 mileage accumulation rate (average value for 
scrapped vehicle (Radian, 1!3!31)), and a fuel cost of $1.20 per gaiion. Although the 

replacement vehicle can be expected to travel several thousand more d e s  a year, the actuai 

fuel savings is calculated only relative to the baseline level of travel. 

Table 4-29 presents the cost-effectiveness estimates for a vehicle scrappage program in each 

city. 

Table 4-29. Cost-Effectiveness of Scrappage -gram (1993$/ton). 

13,644 I 15,621 I 12,444 16,600 12,455 II 
I 10,033 I 10541 10,070 I 10,750 I 10,108 

Conchision: Because the average replacement vehicle becomes slowly cleaner with time 
while the "clunkers" retain their very-high emission status, saappage p r o m s  become 

slowly more cost-effective with b e .  However, the cost-effectiveness levels themselves axe 

highly uncertain, being sensitive to vehicle "bunty", he1 costs, replacement vehicle 
costs and depreciation rates. All of these factors wiii vary widely from city to city, with 

variaiions in local vehicle resale markets and fuel costs. Therefa a more site-specific 

analysis should be undertaken before adopting a vehicle scrappage program in any pañicuiar 

arm. 

Summ-, of Mobile Source Control Cost-Effectiveness 
Uniilce staîionary source controls, mobile source conmis are highly variable from one area 

to another. Tables 4-30 through 4-34 provide a summary of the costeffectiveness of the 

VûC and NO, controls evaiuated in this section, for each of the five cities. A complete 

ranking of control options, for both Stationary and mobile sources, is provided for each city 

m Appendix c. 
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RFG. 

Wornin RFG* 

Enhandm 

Expand8dm 

LEV 

Table 4-30. Cost-Effectiveness of Mobile Source Corimls - Baltimore. 

9,742 37,904 10,142 15,500 

71,915 17,849 72,455 17,793 

19339 19,105 8,505 5,670 

17,420 NA 11338 NA 

423,440 134350 144,461 55,158 

. p J 9 3 @ y m w '  . , 
..\ . . w m  . .  

. . . .. . .  
i . ..._ . . .. , . . .  :. . .... 

. . . .  . . . '  ""' ' yoc 
" .... 

. .  , .  ._/,,,,_.. . .  ,._ . ,- :: : I.. '.' 

. .. . .,I:.. >- 

, . ..i ..... . .. 
, '"Y(#: 

Staple II I 2.802 I NA I 2.802 I NA 

Stage II 

RFG* 

Wornin RFG* 

En)imccdI/M 

Expanded 

LEV 

2,802 N.A 2,802 NA 

3302 30,440 3,915 13,115 

28,345 14,334 32,347 15,055 

16,936 15,'143 10354 6,615 

18,687 NA 8,193 NA 

154,642 141,204 202,246 86,677 

Table 4-31. Cost Effectiveness of Mobile Source Controls - Chicaeo. 

. . . . . . . . , . 

56,156 II Tier II NA NA 1%,547 

II NGVs I 7,998 I 17,430 11 
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Table 4-32. Cost Effectiveness of Mobile Source Controls - Houston. 

Table 4-33. Cost Effectiveness of Mobile Source Controls - Phüaàebbia. 

I 16,600 I NA I 10,750 I NA II 
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CORtmt 
MWUrp 

Stage II 

RFG* 

Table 4-34. Cost Effectiveness of Mobile Source Controls - Washington. 

J9f)3$fim ESBwt*runf 1493VTun (;Lang-rm) 

HO* VOC NO* -- 
2.802 NA 2,802 NA 

1O,7 16 44,205 9.590 18,532 

Expanded IN 

LEV 

California RFG* I 78,432 I 20,816 I 79.250 I 21.274 

14,040 NA 7.470 NA 

384.151 120,166 15 1,684 60,674 

~~ ~~~ ~~ 

Enhanced IN 1 13,364 I 20,301 I 9,526 I 9,160 

Tier I1 

NGVs 

NA NA 393,094 43.677 

30,429 NA 10.407 17.430 

Scrappage 12,455 NA 10,108 NA 

TRANSPORTATION CONTROL MEASURES (TCMs) 

The 1990 Clean Air Act Amendments (CAAA) have significantly expanded the role of 

transportation control measures (TCM) in meeting air quality goals. This section discusses 

the use of TCMs in meeting the air quality goals for the subject cities. Little region-specific 

data on TCM emission reductions and cost-effectiveness were available. To compensate for 

this lack of data, we have gathered representative data from other cities to characterize the 

range of emission reductions and cost-effectiveness that could be expected from TCM 

implementation. 

Section 108(b) of the CAAA lists i6 TCMs that must be considered as potential control 

measures when developing Rate-of-Progress (ROP) and Attainment Plans. These measures 

are listed in Table 4-35. TCMs can be classified into two general areas, those involving 

transportation systems management (TSM), and those addressing travei demand management 

(TDM). TSM measures are designed to improve effisciency of the transportation system 

infrastructure. Examples of such improvements include park-and-ride lots, high occupance 

vehicle (HOV) lanes, and public transit system improvements. TDM measures are generally 
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regulations, programs, or ordinances designed to reduce travel demand or shift the mode of 
travel away from the single-occupant vehicle to more efficient, multiple-occupant vehicle 

modes of travel (carpools, vanpoois, or public transit). in general, TDM measures tend to 

be less capiial-htensive than most TSM measures. Because of the variety of p0tentk.l 

TCMs, there is a great degree of interaction between TSM and TDM measures. 

Acanaîe analysis of the effects of TCMs is more difficult than many other control measures, 
because TCMs address changes in travel behavior. Most TCMs a ~ !  designed to pmvide 
more effkknt alternative modes of transportation. However participation by 

Table 4-35. TCMs Included in the 1990 CAAA. 

1. Trip RedPCtion ordinrncss 

2. Employcr-Baaed Trinrport.tion M.nrgement Progrurrs 

3. worksch#fpkch.ngar 

4. --wide Ridahue incentives 

5.  Improved Public Transit 

I 6. High Occupmcy Vehick h e s  

7. Tnffic Flow improvements 

8. pulcmg uliiigement 

9. puk4nd-Ride/Fringe Pukmg 

10. Bicycle and Padeariin Musmes 

11. Spe~klitsd T d  Senices 

12. Vehicle use LimiUri4eatricti- 

13. A c c e l e d  Vehicle Retirement 

14. Downtown Ama Vehicle 

15. Resuictio~~ Extended Vehicle Idling 

16. Extreme Low-TemDemfnre Cold Start Minimiuti oll 
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the general population is usually voluntary. This provides a large amount of uncertainty in 

the predictions of TCM effectiveness relative to other control measures. such as reformulated 

gasoline or LEV programs. 

Under the CAA, the use of TCMs to meet air quality goals varies based on the classification 

of the non-attainment region. All of this study’s areas except Washington, D.C, are classified 

as Severe non-attainment areas. Washington, D.C. is classified as a Serious non-attainment 

area. While serious non-attainment areas must consider TCMs in the development of their 

Rate-of-Progress Plans and Attainment Plans, severe areas are required to adopt TCMs to 

offset any emission increase resulting from growth in vehicle miles travelled (VMT) and 

vehicle trips. In addition, Severe areas must adopt rules requiring all employers with 100 or 

more employees to implement trip reduction plans to reduce commute-related VMT. The 

programs must increase average employee vehicle occupancy by at least 25 percent above the 

current area average. 

For this project, we have gathered available data on the development of TCMs for the areas 

of: Baltimore, Chicago, Houston, New York, Philadelphia, and Washington, D.C. For those 

areas where data were available, rnost of the local agencies were stiii in the early stages of 

analyses of potential TCMs, their emission reduction potential, and cost-effectiveness. No 

data were located for New York City. Of the remaining areas, only Washington, D.C. had 

developed TCM cost-effectiveness data in response to the CAA for the preparation of the 

ROP Plans due November 15, 1903. 

All of the areas had some existing or planned TCMs in place. These projects were planned 

and budgeted in response to other legislative mandates primarily designed to address traffic 

congestion. The most important of these mandates are the Congestion Management and Air 

Quality (CMAQ) provisions of the Intermodal Surface Transportation Efficiency Act 

(ISTEA). Most regions have aire.ady developed congestion reduction plans, which must be 

coordinated with their SIP under the CAA. These existing projects are being included in the 

early years of the ROP plans as TCMs. The specific measures included from each area vary, 

4-44 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



~ 

A P I  PUBL*32b 9 4  H 0732290 05379bb 72T 

but generally include improvements in commuter park-and-ride lots, traffic signal 

synchronization, and public transit system improvements. 

Future potential TCMs in the subject cities are being considered as measures to meet the ROP 

goals in later years. In most cases, they have been included as contingency measures to be 

implemented if the ROP Plan fails to achieve the required emission reductions. At this time 

however, the analyses on these measures have not been completed and little emission 

reduction or cost-effectiveness data were available. 

Because of this lack of data, we gathered available data on TCM implementation in other 

cities. These were assembled to provide an estimate of the potential emission reductions and 

cost-effectiveness ranges that could be expected for the subject cities. In addition to the data 

from Washington, D.C., we gathered data from San Diego, Los Angeles (South Coast Air 

Basin), San Francisco/Oakland/San Jose (Bay Area), Phoenix, and Sacramento. 

A summary of the data from these cities is presented in Table 4-36. This table groups the 

TCMs from each area into eight categories: 

o Travel Demand Management Measures - Trip Reduction Ordinances. 
These are local governmental regulations or ordinances designed to shift 
commuters away from single-occupant vehicles toward more efficient 
modes of travel. Such ordinances are required under the CAA for 
employers with more than 100 employees in Severe and Extreme non- 
attainment areas. 

o Travei Demand Management Measures - Mode Shift Strategies. These 
are programs designed to shift travel to multiple-occupant vehicles, such 
as carpools, vanpools, or public transit. 

e Travel Demand Management Measures - Goods Movement. These are 
local governmental regulations that control the movement of delivery 
vehicles, and seek to shift their activity away from periods of peak 
congestion and toward hours of lighter traffic flow. 

O Travel Demand Management Measures - Miscellaneous. A variety of 
TDM strategies are presented here, including pricing strategies for 
registration fees, employer-provided parking, and direct gasoline or 
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VMT taxes. Work hour and work place altematives such as 
compressed or flexible work weeks, and telecommuting are presented 
here also. 

Transportation Systems Management Mkasures - Traffic How improve- 
ments. These projects improve the efficiency of the transportation 
system rather than attempting to reduce VMT (the assumption here is 
that decreased stoplstart driving and inc:reased vehicle speeds WU d t  
in lower emissions for the same W. Note however, that this is not 
always the case). Fiojects in this category include signai 
synchronizaton, installation of trafñc cperaîíons control systems, 
incident (accident) response systems, arid gened highway Capacity 
improvements. 

Table 4-36. Fbteníial Effectiveness of TCMs. 

1. S i m  Reiarch, 1991. Ji4etbadolonies for ûuantifvine tbe Emission Reductions of TrpnsDortati 'on 
Contra1 Mtasures, Thlt  7-1. 

2. Rankings .rt d e s  of ranicings for individual control mtisuns. Differpit mkings within a 
conml nxasuze category relrte the d i f f m t  emission i.eduction potcatinls or rates of reduction for 
Îndividual mersures. 
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4. High cost effectiveness implies low cost per ton of poliutants duced. Low cost effectiveness implies 
high cost per ton reduced. 

a Transportation Systems Management Measures - Mode Shift Strategies. 
These projects include facility construction or improvement projects 
designed to discourage use of single-occupancy vehicles. Strategies in 
this category include constniction of HOV lanes, bicycle facilities, 
rail/feny or other bransit systems, and park-and-ride lots 

0 Land Use Control Measures. These are longer tem projects to aiter 
land use pattenis to duce the need for vehicle travel. These projects 
include placement of higher density housing near transit facilities, and 
growth management to direct development towards integration of 
housing and work sites. 

The daîa in Table 4-36 were developed by Merent agencies using differing methdologies. 

Daia from Sanamento are not included because the estimated emission reduction data were 

not provided on a basis consistent with the other cities. One item to note is that the 
projected year for which the emission reductions are stated varies between areas, generally 
dependent upon the expected date of attainment. Further, the methods for calculating cost- 

effectiveness results varied. Some regions included both reactive organic gases (ROG) and 

nitrogen oxiáes (NO3 and carbon monoxide reductions in the calculations, while others 
attributed the full cost of the measure to ROG or NO,, or just ROG only. Finally, it could 

not always be determined whether the cost-effectiveness results were presented in constant 

dollars, what year was used as the constant, or what discount rate was used. 

From these data, we can expect to derive only very genexal conclusions about the potentiai 

unission reductions and costeffectivenas of various TCMs. Extrapolation of the results to 

the spe!ciñc study areas is not possible due to the imporîance of site-specific fáctors. For 

example, the effectiveness of installing HOV lanes could differ in separate anas depending 

upon whether wmmute panenis are centralized or spread-out geographicaily, the present 
a b i  of the existing freeway to support the lanes, and availability of support facilities such 

BS park-and-ride lots. 
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The above example also points out the potential for different TCMs to interact with each 

other in beneficial or detrimental ways. As noted, HOV lanes and park-and-ride lots would 

be mutually beneficial, perhaps increasing their effectiveness together more than the 

individual measures separately. A s  an example of detrimental interaction, the construction of 

additional highway capacity migh.t reduce transit use through reduced congestion leading 

current transit users back into their automobiles. With the exception of some of the LA TCM 

initiatives, the results in Table 4-36 do not account fcir interactions between multiple TCM 

alternatives. 

From these data, the following conclusions can be made: 

e Trip reduction ordinances, mandated far some areas by the CAA, have 
relatively high emission reduction potentials, and better cost 
effectiveness result!; than other potentiai TCMs. 

0 Many of the TSM alternatives requiring significant capital expenditures, 
such as HOV lanes, park-and-ride lots, and transit improvements, appear 
to have reasonable emission reduction potential, but the cost 
effectiveness result!; are poorer than other TCMs. 

e Direct pricing strategies, such as emission-based registration fees, VMT 
taxes, and gasoline taxes, have high emission reduction potential, and 
good cost-effectiveness results. However, such measures are politically 
unpopular and can be regressive to lower income groups unless 
structured correctly. 

e in  general, TDM and TSM mode shift strategies have low-to-medium 
emission reduction potential and tend to have poorer cost effectiveness 
results compared to other TCMs. 

These results are summarized in ?'able 4-34 which presents emission reduction potential, rate 

of reduction, and estimated cost effectiveness for eight general TCM categories. The table 

provides general rankings (low/mediurn/high) for each of the three variables. The emission 

reduction potential and rate of reduction rankings are based on software and analysis 

methodologies developed for the San Diego Association of Governments (Sierra Research, 

1991a). These methods were used for analysis of the San Diego and Phoenix TCMs shown 

in Table 4-36. The cost effectiveness results reflect the conclusions drawn from the data 
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analyzed for this report. Rankings are only provided where generalized conclusions were 
supported by the available data. Note that the rankings only reflect effectiveness of a 

category of TCMs relative to other TCMs. Table 4-36 does not p o m y  TCM effectiveness 
reiative to other non-TCM control options. 
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. .  
;Areri Attainl?WntDate ' J. ' '~pdnctfbn h m  ~aselin~i . 

Baltimore 200s 42% 

Chicago 2007 48% 

Houston 2007 48% 

Philadelphia 2005 42% 

Section 5 

EVALUATION OF STRATEGIES FOR MEETING RFP REQUIREMENTS 

RFP MILESTONES 

According to the CAA, each of the five areas evaluated in this report must achieve certain 

reductions in their VOC inventones by specified dates, referred to as milestones. All of the 

areas must achieve a 15 percent reduction from their adjusted 1990 baseline inventories by 

1996, and a further 9 percent by 1999. Depending upon the severity of the ozone 

designation, some cities must continue to lower their VOC emissions by an average of 3 

percent per year until the specified attainment deadline. In addition to these reduction 

requirements, EPA specifies that these nonattainment areas provide for a 3 percent 

contingency level of controls to be implemented upon failure to meet any RFP milestone. 

Table 5-1 provides a listing of the percentage reduction requirements and attainment deadlines 

for each of the five areas. 

Table 5- 1. Required VOC Reductions and Attainment Deadlines. 

The above reduction requirements relate to VOC emissions. The CAA does not specify NO, 

reduction requirements, though they do allow for substitution of NO, reductions for VOCs 

after the 1996 milestone. The substitution ratio will be determined by EPA based upon the 

UAM results prepared by the states. These ratios will vary depending upon the relative 

contribution of VOCs and NO, to the formation of ozone in each of the areas. Note that no 

NO, substitutions will be permitted for the 1996 milestone, with or without modeling results. 

5- 1 
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ANALYTICAL APPROACH 

In order to evaluate cost-effective approaches to meeting RFP milestones, Radian developed 

several spreadsheets to project emissions and track controls for each significant source 

category, for each city, for both VOC and NO,. Projected emissions and controls were 

evaluated for the milestone years 1996 and 1999, as well as the year 2010. The target dates 

allowed Radian to evaluate controls for both attainment and maintenance strategies. This 

section describes the general methodology used by Radian to project future emissions, 

determine required RFP reductions, and design cost-effective control options. 

Adjusted Baseline and Tarpet Reductions 

To calculate the emission reduction targets, a baseline must be determined; 1990 has been 

designated by the CAA as the base year for target calculations. The baseline emission 

inventory is calculated by first estimating the stationary (point and area) source contribution 

to total emissions. These emissions should be representative of typical summertime 

conditions during which ozone formation is most common. 

The mobile source contribution to the baseline inventory is determined from EPA's 

MOBILE5a model, and 1990 vehicle miles travelled i:VMT) estimates for each area. The 

CAA specifies that the beneficial effects of turnover of the pre-1994 fleet and certain future 

RVP fuel requirements should noi. be applicable to the reduction targets. Thus the baseline 

estimate is "adjusted" by incorporating the emission reductions resulting from fleet turnover 

and future RVP regulations. To CIO this, MOBILESa is run for each milestone year, 

accounting for controls pre-dating the CAAA (e.g., basic IN) and RVP changes, but 

excluding all other CAAA requirements. The resulting emission factors are then multiplied 

by the VMT estimates for 1990 to obtain the total mobile source emission estimates. Thus 

while there is only one stationary source baseline for each target year, there are multiple 

mobile source baseline -- one to be used for each target year. Each of the adjusted mobile 

source emission estimates are added to the stationary source baseline to obtain the total 

adjusted baseline for each target year. 
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Once the adjusted baseline emission levels are determined, target emission levels for 
VOCs are determined in the following manner. First, the 1996 baseline is multiplied by 
85% to obtain the target emission level for 1996. The 1999 target level is based on a 

three percent per year (or nine percent total) reduction from the 1996 target level. Thus 
there is a total reduction of 24% (15+9%) from the 1999 baseline. As noted in Table 5- 

1, final target levels vary with attainment date. 

Proiected Emission Levels 

After detennining target emission levels for each milestone year, Radian estimated the 

likely growth in emissions from each source category from 1990 to each target year. For 
point, area, and non-road mobile sources, this growth is due to increased economic 

output over time. Although there may not be a strict one-to-one relationship between 

economic production and resulting emissions (e.g., due to improved efficiency), EPA 
believes that production changes are the best surrogate measure for changes in 
emissions. Therefore Radian employed growth factors taken from the Bureau of 

Economic Analysis' growth factor model, BEAFAC, to project future emissions levels for 

each source category. 

B W A C  calculates growth factors at the state level from the inputs of start year, end 

year, and state identification code, and matches the calculated growth factors to source 

categories by source identiñcation (SIC) or standard classification codes (SCC) and area 
and mobile source (AMs) codes. BEAFAC only keys on the 2 digit SIC code and the 

first 4 digits of the SCC/AMS code to match growth factors. There are uncertainties 

associated with these growth factors because they lack source-speciñcity. For example, 

SIC Code 28, Chemicals and Applied Products, represents sources ranging from organic 
chemical manufacturing, such as polyethylene and propylene, to pharmaceutical and 

resins manufacturing. For ail these sources, a singular growth factor is recommended. It 
is unlikely that such differing industries would have the same growth rates. Similar cases 

appear for both SIC and AMs codes, where a singular growlh factor is applied to a wide 

variety of categories. 
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In addition, BEAF'AC develops growth factors across an entire state. It is not certain 
that average growth estimates for the state of Texas, for example, can accurately 

represent of the economic conditions in Houston. For lack of better information, Radian 
assumed that the growth factors were representative across the state. Also, further 

uncertainties exist with the validity of using current economic production estimates to 
project emissions as far into the future as the year 2010. It is difncult to forecast 

changes in economic production, supply demands, and the effects forthcoming regulations 

this far into the future. 

Mobile source emissions also will change over time because of increasing vehicle d e s  
traveiied 0, and decreasing fleet average emission factors. Radian used a 1.9 

percent per year VMT growth factor, a value representative of the expected growth in 
each city (taken from inventory support documentation). Radian used MOBILESa to 

determine future emission factors, accounting for reductions due to fleet turnover, the 

introduction of Tier I vehicles, and lowered gasoline RVP, for each city and target year. 
See Section 4 for a complete discussion of the use of M O B W a  in estimating 

emissions. 

Once emission projections were obtained for each source category, they were snmmed to 

estimate fuîure emission totals for each target year. These projections then were 

compared to target emission levels to determine the reductions needed for each city and 

year. These values served as the basis for developing control strategy packages for each 

city. Table 5-2 provides a sumniq of the 1990 baseline and required emission 

reductions for each city, for 1996, 1999, and 2010. 

The required emission reductions increase over tirne, due to the steady influence of 

growth factors on all but the on-road mobile source categories. In fáct, by 2010 required 

emission reductions have grown to over 150 percent of the value of the onghal baseline 

inventory. 
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Table 5-2. Necessarv Reductions CPD) from Pre-Control Levels (Growth Included). 

1990 Bascline 
Locati& iuir-aaju*d) 19% 1999 mo I 
Baltimore 323 71 104 180 

Chimg0 1248 258 385 728 

1 Philadelphia 578 114 178 305 

l Houston 1103 216 335 657 
I 

556 99 163 215 

Reductions from Controls 
The next step in the RFP analysis consisted of applying those mobile source controls 

mandated by the CAAA. These controls include Stage II refueling, RIG', Enhanced 

I/M, and Clean Fuel Fleets (1998+). Radian then selected from the menu of available 
control options developed in previous sections, based on cost-effectiveness ranking. 

These controls were then applied to the inventory for each source category to determine 

incremental progress toward meeting the required reductions. 

Cost-Effectiveness Rankines. Cost-effectiveness is the primary criteria for choosing 

preferred control strategies in this analysis. Ideally, entire packages of control strategies 

would be evaluated to minimize total costs to the regulated community while sti l l  

reaching required reduction levels. However, given the large number of Significant 
source categories present in the cities, with no one source category dominating the 

overail inventory, applying controls sequentially by increasing cost-effectiveness generally 

minimizes total costs as well. (The calculation and ranking of RFG cost-effectiveness 
d u e s  are unique - see Section 4 for further discussion.) Therefore controls were 

appiieà in this analysis based on the cost-effectiveness criterion. 

As described above, Radian developed its own cost-effectiveness estimates for the 

various mobile source controls as well as for utility boiler N Q  controls. However, all of 

Not mandated for D.C., thougb they have opted in. 
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the otber cost-effectiveness values used in this report were developed in other studies, 

many of which did not specify the assumptions and methodologies used to calculate their 
values. Therefore there is some uncertainty in the vaiidity of comparing these different 

dollars-per-ton values to one another. 

First, many studies may not discount emission reductions as well as costs in their 

analyses, as Radian chose to do. Where emission reductions are more or less constant 

from year to year, calculating annualized cost-effectiveness values wiU yield similar 
results to the net present value (NPV) approach used by Radian. Based on Radian’s 
past experience, the annualized approach is the one most commonly taken in evaluating 
the cost-effectiveness of point source controls. However, if an NPV analysis were 

performed discounting costs but not emission reductions, cost-effectiveness values would 

be depressed relative to Radian’s values (e.g., about 26 percent for a 6 percent discount 
rate over a ten year period). Such an approach might be taken in the event of variable 

emission reductions over time for a given control technique. While Radian believes that 

few if any studies used this later approach, it remaim a potential source of error. 

Second, many of the studies employed by Radian did not specify the discount rate or 

period of time used in their analyses. Radian used a standard 10 year analysis period 
and 6 percent red discount rate in all of its calculations (excluding utility boilers, which 

used a 20 year capital recovery period for NO, controls). While the discount rate of 6 

percent (10 percent with inflation) is fairly standard in economic analyses, the time 

period is not. The time period of an analysis beco:mes important for those controls 
requiring iarge capital investments, which in turn require some sort of capital recovery 

period. For example, a $lOO,ooCi capital costs spreiad over three years of emission 

reductions will result in much higher doliar-per-ton values than the same control with 
costs spread over 10 years. Therefore any discrepamcy between the time period chosen 

for Radian’s analysis and periods used in other studies will exacerbate difEerences in 
cost-effectiveness values for capital-intensive controls. The degree of any such discrepan- 

cies in this study is not known. 
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Third, it is not known if the cost-effectiveness values found in other studies included 
ozone season weighting factors. These weighting factors consider the fact that many 

Controls accrue costs ail year, although corresponding emissions reductions only generate 

benefits during the ozone season. It is EPA's standard approach not to use seasonal 

weighting factors, and Radian has adopted this approach as well (although an account 

was made of this in the RFG doliar-per-ton calculation - see Section 4). However, it is 

possible that some of the studies referenced did apply these factors. In this event, 

Radian's Cost-effectiveness values would be infiated relative to those seasonally-corrected 

values. 

Despite the potential for methodological differences, Radian believes that its cost- 

effectiveness values can be compared to those of other studies with a fair degree of 

confidence, ailowing controls for point, area, on- and non-road mobile sources to be 

ranked for each of the five cities. Radian developed five sets of rankings, and applied 

the controls sequentially, from most to least cost-effective, until reduction targets were 
met for each city and target date. This process is discussed below. 

&plication of Controls. Once a control measure was selected for application, the first 

step was to estimate the percentage of all sources in the given source category that 
actually can apply the control. This percentage is referred to as the Rule Penetration 

(RP) factor, and is dependant upon the technical feasibility of applying the control to 

sources within a category. For example, while reformulation of consumer solvents may 

be feasible for almost ali sources in this category (RP = 0.99+), application of combus- 
tion modifications to utility boilers may oniy be feasible for one half of these sources 

(RP = 05). 

IdeaUy, the RP factor would reflect the percent of the total emissions inventory impacted 

by the controi, for each source category and City. For example, RP values for Houston 

may, in generaì, be lower than in Baltimore because Houston has aìready adopted more 

stringent controls. Thus, further penetration of new controls will be more difficult. 

5-7 
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However, given data limitations, Radian just attempted to make an assessment of the 
percent of total sources impacted, when information was available. Radian did not 

attempt to estimate how the RP values would vary from city to city. For the majority of 
stationary point and area VOC sources a RP value of 80 percent was applied to provide 

a conservative estimate of possible reductions. Utility boilers were the oniy stationary 
NO, source evaluated for potential reductions, and RP values were taken from a survey 
of boilers in the northeast (Acurex, 1992). A RP value of 80 percent was also adopted 

for most non-road mobile source controls, assiimin,g that implementation took place 

upon replacement of a retired source, rather than iretrofitting. 

Finally note that MOBIiE5a incorporates Rp in its emission factor estimates, SO an 
additional RP factor was not applied to controls for this source category, with the 

wrception of Clean Fleets and scrappage programs. To estimate the number of vehicles 
effected by the Clean Fleet requirements, Radian applied the conversion requirements of 

the CAAA' to the estimated number of covered fleets in each nonattainment area. 

Conversion rates assume an average turnover time of five years for covered fieet 

vehicles. An additional scenario was evaluated as an option to the CAAA, which would 
provide emission reductions beyond those mandate:d. This scenario used the implemen- 

tation rate used in the state of Texas, which conveirts more vehicles than the federal 

program, and at a faster rate? The number of vehicles involved in a scrappage program 

were assumed to equal 15 percent of the total I/M program failures each year. This 

figure is highly speculative, and *will vary with the vehicle "bounty" offered. 

After RP factors have been applied to the inventoiry totals for each source category, 

Radian applied Rule Effectiveness (RE) factors to the remaining portion of the invento- 

ry. RE factors provide an estimate of how weli a given control wiil operate in the field, 

relative to the stated control effkiency found in the literature. EPA recommends a 

' 30% of new p~rchases in 1998, W o  in 1999, and 70% t h d a .  

' 30% of total avered fleets (as opposed to new purchases) by 1998,50% by nxxl, and 90% by Uxn. 
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default RE value of 80 percent, unless site-specific studies justify a higher value. Radian 
used this default value for al stationary point and area source controls. However, for 

non-road mobile source controls, Radian assumed only a 50 percent RE value, to 

account for the uncertainty of reguiar maintenance in this source category (e.g., lawn and 

garden equipment and recreational boats). MOBILE5a accounted for RE values 
automatically in its emission factor calculations. 

After applying both RP and RE values to the uncontrolled inventory, Radian estimated 

the potential reductions resulting from the selected control measures for a range of 
possible control efficiencies. Based upon the range of efficiencies found in the literature 

Radian evaluated Low, High, and Average emission reduction scenarios. All three of 
these reduction estimates were then totalled across aii source categories for each city and 

target year to determine progress toward meeting RF'P reduction requirements. If totals 

fell short of the target for the Low efficiency scenario, Radian then applied the next 
control on the cost-effectiveness rankings list and recalculated the total. This process 

was iterated until either FGP targets were met or control options were exhausted. 

Finally note that the application of the chosen controls are dependant upon phase-in 
schedules. For the purposes of this anaiysis, Radian assumed that aïi s t a t i o q  point 

and area source controls could be implemented by 1996, given the conservative RP 
vaiuw used. For non-road mobile sources Radian assumed that new controls would oniy 
be applied to new equipment, rather than retrofitting current sources. Therefore the 

control phase-in schedule was limited by the equipment tumover rates for each category. 
With turnover rates ranging from 5 to 27 depending on the equipment category (based 

on a rough estimate from LMOP, 1993), controls of these sources contributed iittie to 

the early miiestone years but made significant contributions to long-term maintenance 

strategies. 
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1996 ROP ANALYSES - VOCS 

The following section presents the findings of the F:OP analyses for each city, for 1996. 
The controls listed were selected according to cost-effectiveness ranking, selecting 
increasingly costly controls until reduction targets were obtained. The controls are listed 

in the following tables, under four headings: Mandatory Mobile Source Controls; 
Pending Federal Programs; State and Local Programs; and Additional Mobile Source 
Controls. (The order indicated on these tables does not reflect a control's cost-effective- 

ness ranking relative to other controls on the same table.) 

Baltimore 

Like most other cities Baltimore achieves the majority of its RFP target simply by 

implementing the mobile source controls required by the CAAA (Stage II, RFG, and 

enhanced I/M). However, Baltimore is unique in íhat there are numerous different 

point and area source controls, all contributing smatii amounts to the reduction target. In 
fact, with the exœption of consumer solvent reformulation (about 10%) no single 

stationary source control contribiites more than 4 percent toward the reduction goal. 

However, even after applying ail of the available controls, the total reduction target 

could not be met, leaving a i5 tpd shortfail. 

Because of the large number of small size emission. source categories, Radian had to 

apply numerous controls in order to meet the RFP target. Each of these controls 

accounted for only a srnail percentage of the total ireduction. The moderate contribution 

of mobile source reductions, left Baltimore unable to reach its RF" target. 

The control options available varied in their cost-effectiveness. The most expensive 

control applied, in terms of dollm-per-ton of reduction, was that for auto and light-truck 
coatings, averaging about $18,00(1 per ton. However, the vast majority of the non-mobile 

controls applied feil in the $1,009 to S2,,ooO per toni range. Mandated mobile controls 
ranged from $2,800 per ton for Stage II to $20,000 per ton for enhanced I/M. 
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C h i a 0  

The Chicago area featured the largest inventory of all the cities evaluated. Signiñcant 
reductions were estimated for mandated mobile source controls, especiaiiy for RFG. 

The large emission reductions available from RFG ca11 be attributed to the high-RVP 
baseline fuel used there. (The large gasohol sales hction in Chicago generates greater 
cvaporative emissions than in other areas using reguiar gasoline.) Other significant 

reductions were projected for the commercial and consumer product, graphic arts, and 

SOCMI categories. 

Meeting the RF'P target in Chicago can be done in a cost-effective manner, reiative to 
other cities. The highest cost control applied in Chicago was for SOCMI sources, at 

about $5,000 per ton. Typical non-mobile controls ranged from $l,ûûû to $2,000, as in 
Baltimore. Mandated mobile source controls ranged from $2,800 for Stage II to $17,500 
for enhanced I/M. 

Houston' 

As with the other cities, substantial emission reductions were projected for the mandated 

mobile source controls. However, the relative RFG benefits seen in other areas were 

much lower in Houston, due to a relatively low RVP baseline fuel. Houston &o was 

unique among the five aties in that emission reductions from major point sources were 

comparable to the mobile controls. In fact, reductions from the petroleum and chemical 

sectors 

' As diswsed in Stction 2, the TNRCC has updated the Houston inventory sin= the time of this analysis. 
Based on this revision the TNRCC claims that Houston can a d y  meet its 1996 ROP targets. Gmn the 
amsuainu of this study Radian muid not evaluate the new data for further emission reduction apportunities. 
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Total 

Table 5-3. Rate-of-Progess Plan for Baltimore Nonattainment Area - 1996. 

319 659 

9. Mobile Source Control Measures: 

Enhanced I/M Program 8.4 11.7 

Stage II Vapor Reconry 105 14.6 

b Reformdated Gasoline l3.0 (9.1) 395 

2 7  3.7 

6.6 92 

3.0 4 2  

15 21 

02  22 

139 19.4 

02 2 2  

0.6 OS 

I 1.4 l 2.0 
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Table 5-3. (Continued). 

Tons Per Day 9% of ROP 
&ib~ore ROP Plan f v w  T=* 

Indusüial Wastewater Treatment 0.1 02 

Graphic Arts 1.4 1.9 

cancoating 0 2  0 3  

Miscellaneous Metal Coatings 0.1 O 2  

Buk Gasoluie Terminals 27 3.7 

Marine Vessel Loading 0.1 0.1 

Voiatile Organic Liquid Storage 0 3  0.4 

Auto and Light Truck Coating 0.8 1.1 

TOEPI 9.7 134 

i2 Additional Mobile Source Controls: 

IkpandCd I/M Program ** 0 3  0.4 

Vehicle Scrappage Program 0.6 0.8 

Toid 0.9 13 

Grand Total I 71.8 I 1002 

The value in parenthesis represents the emissions reduction estimate from the RFG Complex Modd. 
Aithough the value is significantiy smaller, states are stiil permitted to use the. MOBILESa values 
generated before the release of the complex model. 

** E.xpandc.d ï/M for Baltimore has already been incorporated into the Maryíand SIP. 
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unda the 1990 Clean 

roped  Reductions fi 
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Table 5-4. (Continued). 

8 The value in parenthesis represents the emissions reduction estimate from the RFG Complex Model. 
Although the value is qpiñcantiy smaller, states are still permitted to use the MOBILUa values 
generated before the release of the complex model. 

contriiuted between 4 to 12 percent of the required amounts. However, even after 

applying ail of the available controls, the total reduction target could not be met, leaving 

a 38 tpd (16%) shortfaìl. 

One reason for the shortfall may be the relatively low contribution of mobile sources to 

the total inventory. In other cities, where mobile sources account for between 33 and 43 

percent of the total VOC inventory, vehicles only contribute 21 percent to the Houston 
total. As the mandated mobile source controls are the greatest contributors to meeting 

reduction requirements, the reduced importance of mobile sources in Houston in turn 

reduce the relative importance of these controls. In addition, this situation is exacerbat- 

ed by the low reductions resulting from RFG. 
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The Houston inventory also has an inordinately large contribution from the non-road 
mobile category, approximately 21 percent compared to 5 - 18 percent for most other 

cities. Because non-road mobile controls have no impact util after the 1996 deadline, 

this category is essentially "dead weight", and its large contribution in Houston makes 

meeting the RFP target even more difficult. 

However, Radian believes that the initial inventory provided to us may contain signifi- 
cant errors, causing an underestimation of potential reductions. For example, based 

upon a recent ROP summary sheet released by the state, reductions of 29 tpd are 
possible from controls of marine vessel loading opr:rations. However, this value is 
greater than the entire estimatecl inventory for this source category, based upon the 

numbers used by Radian in its analysis. Therefore the state must have raised its baseline 

emission estimate from this source category, allowing it to progress further toward the 

RF'P zarget. Similarly, the state has shown a 35 tpd reduction resulting bom general 
fugitive controls, a value much higher than that calculated by Radian. This increased 

reduction m a y  be the result of a revised inventory with higher baseline fugitive emissions. 

For these reasons Radian believes that the 1996 target can be reached in Houston, but 

without the aid of a revised inventory, we cannot determine the associated cost-effective- 
ness range. 

philadelDhid 

The Philadelphia baseline inventory is similar to Houston's, having a relatively small 

conîribution from on-road mobile sources (33 percent, compared to the other three 

Cities, each having over 40 percent). This reduced mobile source impact makes reaching 
the RFP target more difficult. Similarly, Philadelphia's inventory ais0 has a large non- 

As dkusscd in Scction î, the state: agcneiw in Pm<isvhaiiia have updated the Pbiiadelphia inventory since 
tht time of this analysis. Based on this revision the state daims that Phiiadelphia can a d y  meet its 19% ROP 
targets. Given the constraints of this study Radian could miot evaluate the new data for further emission 

5 

reductionappomraitits. 
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road mobile source component, further hindering efforts to reach the reduction target. 

For these reasons 

Table 5-5. Rate-of-Progress Plan for Houston Nonattainment Area - 1996. 

Houston ROP Plan 

c 

8. Difference (+) or (-) in State Proposed Reductions from -38.0 
Federal Rquired Reductions 

L t 

hteof-Rogms Velatuc O g a a i c  Compoanàs (VOCs) ControI 

9. Mobile Source Control Measures: 

stnltqgy Detail: I 
a c e d  I/M Program 33.6 155 

Stage ïì Vapor Recovery 16.6 7.7 

Reformulated Gasoline 19.7 (11.7) 9.1 

II Totai 69.9 323 
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Table 5-5. (Continued). 

TonsPerDay %ofROP 
Houstan ROP Pian cvoc) Target 

Emulsified Asphalt 03 O2 

Underground Storage Tank Breathing 1 3  0.6 

DcpeaSng/Surface Clcarhg 23 1.1 

Organic chtmicai Manufacturing - Others 9.8 4 5  

Muniapal Landfills 0 3  0.1 

industriai Wastewater Treatment 105 4.8 

Graphic Arts 2.75 1 3  

Bulk Gasoline Tcrminas m.41 9.4 

Petroleum Rchenw 2556 11.8 

Marine V w e l  Loading 8.1 3.7 
L 

Storage/Warehousing 6 3  29 s K.’ Additional Mobile Source Controls: 23- 
Expanded IfM Program 

LEV Program 
, 

Scrappage Program 

Tohi 

1785 83A 

The value in parenthesis represents the emissions reduction wbate from the RFG Complex Model. 
Aithougb thc value is sgdicantly smaller, states art stiU permitted to use the MOBILESa values 
generated More the reicase of the complu model 

the reduction target was not reached, even after application of all available controls - 
Radian projected a shortfall of :i3 tpd, or 12 percent of the required reductions. As with 

Houston, it is possible that late revisions of the eniission inventory may allow the target 

to be obtained, but without revised figures, Radian cannot assess the cost-effectiveness of 
the resulting control strategy. 
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8. Dií€erenct (+) or (-) in Statt Proposcd Reduaions from 

RatHf-l+qp!ss volrituc organic Compounds (VOCS) ckmrrol 
SttX&gyDttau: 

9. Mobile Source Control Measures: 

Federai Required Reductions 
-133 

Enhanced I/M Program I 23.9 l 21.1 

T o d  

11. State and Local Programs 

I Trafñc/Maintenanœ Paints OS 0.7 

M.7 182 

DegreaYng/Surfacc C h m g  

Organic Chemical Manufamuhg - Others 

II I l Underground Storage Tank Breathing 1.0 0.9 

2 4  21 

0.8 0.7 

03 O 2  
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industriai Machinery & Equipment 

Auto & Light Truck 

Total 

Table 5-6. (Continued). 

0.6 05 

1.0 0.9 

15.1 u3 

Tons Per Day w w  
I 

Graphic Arts 

Bulk Gasoline Terminals 

U I I 43 II Petroleum Refineries 4.8 

II 12 Additionai Mobile Source Controls: 

Expanded I/M Program 0.4 0.4 

LEV Program 0.7 0.6 

Scrappage Program 0.7 0.6 

Total la 16 

Grand Total 1002 883 

The value in parenthesis represents the missions reduction estimate from the RFG Complex Model. 
Although the value is apificantiy smaller, states are still permitted to use the MOBEESa values 
generated before the release of the complex model 

The D.C. inventory is unique among the cities exhated in that it features almost no 
major point sources of VOCs. "he inventoSr is dominated by mobile sowces, at 43 

percent, facilitating attainment of the RFP target. In adàition, the inventory features a 

very iarge contribution from consumer and commercial solvents. In fact, this category is 
almost a factor of 2 greater than that found in Chucago, the city with the second largest 

total for this category. Although Radian is uncentain of the reason for this inordinately 

iarge contribution, its presence allows for substantial emission reductions (28% from 
baseline) at a relatively low cost (about $1,600 per ton). These two aspects of D.C.'S 
emission profile allow it to reach its 1996 target with relatively little difficulty. The 

highest cost control applied to this inventory was $1,650 per ton for con- 
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Rate-of-progrws vowik organic compwnds ROCS) 
#n!ml stlat4qp DeQJI: 

9. Mobile Source control Mcasurw: 

Enhanced I/M Program 

Stage II Vapor Recovery 

Reformulated Gasoline 

L Total 

sumer/commercial solvents, with typical non-mobile costs weil below $1,000. Mandated 

mobile controls ranged from $2,800 for Stage II to $14,000 for enhanced I/M. 

Table 5-7. Rate-of-Progress Plan for D.C. Nonattainment Area - 1996. 

Washgûm ROP plan 

1. 

2 

1990 Base Yeax Anthropogenic VOC Emissions 

Adiustment for F"VCP and RVP (1990-19961 

1 3. 1990 Adjusted Base Year Inventory 

5. Expected Growth in Elnksinrir; for 1990-1996 

ó. Emission Reductions Rcqalltd under the 1990 Clean 
AirAct 

7. Total Red~ction~ Propo~ed n.Om the Rateof-progrrSS 
Plan 

Difference (+) or (-) in State Proposed Reductions 
from Federal Repuired Reductions 

8. 

I 10. PendmgFederaiPrograms 

Consumer and Cornmerciai Products 

Traíñc/Maintenanct Paints 

n T o d  

11. State and Local Programs 

Underground Storage Tank Brcaihing 

D c g r ~ / S u r f a c e  Qeaning 

Emulsified Asphalt 

5-2 1 

556.1 

-73.7 

482.4 

72.4 

26.6 

983 

1025 

+35 1 

16.9 . 

îû.6 (13.41 

27.8 I 28.1 

1.1 I 1.1 

23 1 2 3  

4.4 4.4 
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Table 5-7. (Continued). 

Tons Per Day 95 o€ ROP 
woe) Target 

I 

Municipal Landfills 

I 989 103.6 Grand T0t.l 

The value in parenthesis represents the emissions redudon estimate from the RFG Complex Model. 
&ugh the value is signifïcantìy smaller, states are iitill permitted to use the MOBILUa values 
gmcratd before the release of the complex model. 

1999 AND 2010 ROP ANALYSES - VOCS 

The emission projections and control estimates for years after 1996 were calculated in 

the same fashion as above. However, in every case the reduction targets could not be 

met - even after applying all a d a b l e  control options, regardless of cost. For this 

reason we do not provide a similar ROP table for each city as for 1996. Instead, Table 

5-8 provides a summary of the required targets and estimated reductions €rom applying 

all available controis. The "targets" in this table re:fer to the emission reductions needed 
to meet RFP reductions, considering future growth in the inventories. Note that all 
reductions are based upon Radii's Low Control Efficiency case; therefore actual 

shorrfails may be less than those shown below. 

As expected, the most significant 1999 shortfalls o c m  in Houston and Philadelphia, the 

two cities which did not meet their 1996 targets. I1.C. is consistently the closest to 

meeting its reduction requirements for both 1999 and 2010. This is primarily due to its 
earlier attainment date (1999) and correspondingly lower long-term reduction require- 

ments. In fact, due to penetration of new and more stringent on- and non-road mobile 

controls, D.C. actually gets relatively closer to mee.ting its targets with time. 
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Baltimore 

Table 5-8. ROP Targets and Projected Shortfalls (TPD) for 1999 and 2010. 

Target Shortfall Target Shortfall 

* 104 34 (32%) 180 91 (50%) 

II Laeafion I €999 I 2QfQ Il 

Chicago 

Houston 

~ 

385 80 (21%) 728 362 (50%) 

335 129 (38%) 657 401 (61%) 

Philadelphia 

D.C. 

i 78 51 (29%) 305 140 (46%) 

163 26 (15%) 215 23 (11%) 

Unlike D.C., the other cities experience a large increase in their shortfall totals between 1999 

and 2010. The primary reason for this increase is the influence of the BEAFAC growth 

factors. Over the twenty year period from 1990 to 2010 cumulative growth factors average 

20 to 50 percent, with some source categories approaching 100 percent. For this reason 

growth from the baseline inventory quickly outstrips all available control reductions. 

(However, Radian’s projections did not estimate the beneficial effect of stationary source 

retirement and replacement with lower-polluting facilities, which should provide significant 

credits in the future. Therefore the shortfalls noted above are somewhat overestimated.) 

The assumption of unresmcted growth over the next 17 years may itself be faulty. Given 

RACT and NSR restrictions it is unlikely that sources can continue to grow at current rates. 

Therefore growth rates may be limited in the long-run by environmental regulations. 

However, estimating the impact of such restrictions is beyond the scope of this report. 

Figure 5-1 illustrates the shortfalls of the rate-of-progress plans for each of the five 

nonattainment areas. This figure shows the impact of mobile, area, point, and additional 

mobile source controls relative to total reduction targets. 
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POTENTIAL NO, REDUCTIONS 
Unlike VOC emissions, the C M  do not specify reduction targets for NO,, although 

requirements may be defined for the 1999 and later milestones. For this reason Radian 
did not develop ROP strategies akin to those for VOCs. Instead we simply dcuiated 

the total potential emission reductions which could result from specific controls. These 
estimates m a y  be used in developing ROP plans after VOC / NO, equivalence ratios are 

established. 

The controls chosen for evaluation were limited to only the largest NO, sources, namely 

on and non-road mobile sources, and electric utilities. Due to a lack of RP estimates for 
other NO, sources, such as refineries and SOCMI facilities, Radian did not attempt to 

estimate the potential reductions from these smalier source categories. (In most cases 

determination of Rp values for these sources would require site-specific surveys of a 
large number of facilities to estimate retrofit potentials.) 
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Radian calculated the potential NO, emission rediictions resulting from on and non-road 

mobile controls in the same fashion as for VOO, estimating low, high, and average 

values. These values were estimated for the full menu of control options for on-road 

mobile sources, including California RFG, LEVs, and expanded Clean Fleet programs. 

Cost-effectiveness values typically ranged from about $5,000 - $lO,OoO per ton for (long- 

run) enhanced I/M, to over $10,000 for LEV programs. Non-road mobile source 
controls were much lower in cost, typically $1,0oO to $2,000 per ton of NO,, regardless of 
city. 

Radian evaluated the potential reductions for utilities in a slightly different fashion. 
Given that most utility boilers in the five cities currently do not have N Q  controls, there 

are a wide variety of control options available to them, covering the full range of costs 

and efficiencies. Therefore Radian adopted a three-tiered control anaiysis for utility 
boiler NO, controls, first evaluating relatively simple combustion modifications such as 
FGR, then more elaborate combustion modifications such as LNBs, and ñnally flue gas 

treatments including SCR. In general, the cost and cost-effectiveness of these options 

increase from the fmt to the last, with Level 1 controls t y p i d y  in the $300 to $1,000 

per ton range, Level 2 about $2,000 to $4,000, and Level 3 in the $5,000 to $l5,ooO 

range. This sequence follows the logical order in which these controls would be applied 
in the field. This approach allows the reader to evaluate the NO, reduction pottntiais 

over the full range of cost-effectiveness values. 

As with the other control strategies, Radian evaluated the boiler controls for low, high, 

and average control efficiencies. RP values were taken bom the Acurex NESCAUM 
report, and ranged from 50 to 80 percent for the various combustion modifications 

(Acurex, 1992). Radian assumed an 80 percent RP value from FGT controls as well. 

Though a large percentage of FGT retrofits may be difficuìt, such difficulties are 
reflected in the wide cost range used in the cost-effectiveness analysis. 
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Though the potential emission reductions and control costs vary from city to city, a few 
generalizations can be made. First, the major NO, sources do not experience the same 
level of future growth as do the major VOC sources. In fact, emissions are only 
projected to increase about 10 percent over the 1990 to 2010 period, in ail cities. This s 
likely due to the slow growth in the utility sector, combined with stable emissions levels 
from on-road mobile sources. Therefore reductions achieved through controis are not 
quickly outstripped by growth as happens with VOCs. Second, potential reductions seem 

to increase steadily over time, typicaily rising to levels 20 percent or more of the total 

N Q  inventory by 2010. This increase pl.imarily is due to increased d e  penetration for 
non-road mobile controls due to equipment turnover, and to a lesser extent, improved 
on-road controls (e.g., Phase II Clean Fleet standards and California RFG after 2000). 

The following sections provide a brief discussion of potential NO, reductions and costs 

for each of the five cities. Emission reduction estimates are conservative, based upon 

the low-efficiency estimates from the literature. 

Baltimore 

N Q  reductions of up to 5.4 percent could be obtained from enhanced I/M and Level 1 

utiiity boiler controls alone by 1996, and up to 173 percent with Level 3 controls. Much 
higher reductions are possible in future years, with the introduction of non-road mobile 

controls and more stringent on-road NO, controls. By Radian's estimate total reductions 

could reach up to 38 percent by 2010. 

As seen in Table 5-9, these potential emission reductions cover a very wide range of 
cost-effectiveness values, with non-road mobile controls at the low end ($l,ûûû to S2,ûOû 

per ton), and optional on-road mobile controls on the high end (up to $loO,ûûû per ton). 

By and large, Level 1 utility boiler controls fall in the low range, while Levels 1 and 2 
fall in the mid-range. 
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Chi-O 

The Chicago NO, inventory was almost identical to Baltimore’s in terms of the relative 

contributions of different source categories (See Figures 2-6 and 2-7). Therefore 
Chicago also has similar percentage reduction potentials. The only sipficant differences 
occufs in the utility category, where Chicago has a substantially lower percentage 

contribution to the inventory than Baltimore, a therefore has lower reduction potentials. 
(Note that the Power Generation category in Figure 2-7 - Chicago - also contains 
emissions from industrial boilers, raising its totai, while Figure 2-6 - Baltimore - does 

not.) Total emission reductions range from 4.8 to 95 percent in 1996, and from 232 to 

28.0 percent in 2010. Cost-effectiveness values are shown in Table 5-10, and are similar 

to those in all other cities. 

Houston 
Radian’s analysis found Houston to have the lowest NO, reduction potentials in the 

source categories evaluated of all the cities. This can be attributed to Houston having 
the lowest reiative contribution from on-road mobile sources as well as power genera- 

tion. In addition, most of the utility boilers operating in the Houston area are already 

using simple combustion modincations such as LEA and BOOS. Therefore the utility 
baseline emission level is much lower in Houston than in the other cities, resuiting in a 

lower reduction potential. Overall, potential reductions range from 1.1 to 11.0 percent in 

1996, and 12.8 to 223 percent of the total hvento:ry in 2010. 

5-28 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



~~~ ~ 

A P I  PUBL*32b 94  = 0732290 O537999 1 7 6  

Table 5-9. NO, Control Strategies for Nonattainment Area -- Baltimore. 

’ b e f i t s  incrcmcntai to F a i d  RFG prognüñ. 
Utility NO, -1 aptions to PC-FWOil& Ga F d  Boiltrs, nspsCtiVely. 
No PC boiler controls for option 3. 
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Table 5-10. NO, Control Strategies for Nonattainment Area - Chicago. 

Tohi 

3. Utility NO, controls 

h l l :  LNB+OFA/BOOS 

Level 2: LNB + SCR / BOOS + FGR 

L#el3: LNB+scR 

Tohi (Asunhg Option 3) 

16.1 

61.2 

64.1 

64.1 
(6.3%) 

8.2 

17.1 

64.6 

67.6 

67.6 
(6.61%) 

20.0 $3,756 

30.9 
8.1%) 

19.4 $63 1 

73.7 s4.614 

77.3 58.5 10 

77.3 

'Beadits incrementnl to madatai NGV program. 
' Benefits mcrcma~tai to Fadenl RFG piogram. 

Utility NO, control optiona conespond to PC-Fired/Oil& Gas Fird Boilers, m p d v e l y .  
No PC boider ~ t r o ì s  for option 3. 
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Table 5-1 1. NO, Control Strategies for No~ttainm ent Area - Houston. 
. . .  . . . . . . .  . . . . . . . .  ...... . . . . . . . .  . . . .  . . . . .  . .  

I 

. .  . . _ _  . 
. .  . . . . .  

1. Mobile Source Controls 

Enhancedmprogram 

RFG (2010 oniy) 

WhgRm 

NGV Program (2010 d y )  

' 23% .": 

23.5 38.3 51.4 S 1 4,880/7,2 17 

- 20.3 S73.335/32.168 

3.7 4.2 I 9.6 I S152,7%/101,123 
- I 2.0 I "17,430 

I NGV Optionai pipgram (2010 oniy)' - 0.6 NN17,430 

- 19.3 $34,533/36,928 1 Califomin RFG 1#)10 only)' 

I (3.0%) (6.0%) t 273 
@.O%) 

U 
2. Na-Rosd Mobile S o m   control^ 

h $1,530 

$137 

Y Vessels 

Agiculauri Equipment 

I Totai 22.5 75.8 

3. Utility NO, controls 

Levei 1: LNB+ OFAINA'  

LIvel2: LNB+SCR/BOOS+ 
FGR 

15.5 

85.7 92.8 1 113.1 1 $3,942 

n b e l  3: LNB + SCR 
Totai (Assmming Option 3) 

n 

126.8 137.4 I 167.4 I ss.Sl0 

137.4 I 167.4 I 126.8 
8.1%) 0.6%) (10.8%) 

154.0 
(11.0%) 

2û2.4 
(14.26) I I GrPad Totai 

'Beaento mcnment.l to rmnrtitrrt NGV p r o m .  
' hefits * - 1 to F d d  RFG program. 

Utility NO, control @ais correspond to PC-Firsd/Oil& Ga F d  Boi=, wtively. 
No PC boiler controls for option 3. 
' No breakout of indushiai Equipmeat NO, @vea in Houston iuvcatory. 
' Baseline OUF Mers M y  using LEA - therefore BOOS is not rpplied. 
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PhiladeìDhia 

Philadelphia has the smallest basehe NO, inventory, in absolute terns, of ail five cities. 

This is due in large part to Philadelphia’s low contribution from on-mad mobile sources, as 
weil as its r e h c e  on nuclear power, minimi7.ing its :NO, emissions from the utility sector. 

Therefore like Houston, emission reduction potentials are somewhat limited. Projections 
range from 4.4 to 6.2 percent in 1996, and from 23.1 to 25.2 percent in 2010. 

L!L 
Unlike the other NO, inventones eva2uated, D.C.’S inventory is dominated by emissions 
from the utility  sect^ (57%). This high value results i h m  D.C.’S almost exclusive reliance 
on coal. This reliance, plus the high uncontrolled emission rates from PC-fired boilers offer 

ample opportunities for significant, low-cost NO, reductions. Io fact, a reduction of almost 7 
percent could be obtained by 1996 just by adopting Level 1 boiler controls. Possible 
reductions in 1996 range from 8.7 to 38.5 percent in 1996, and from 19.5 to 55.0 percent in 

2010. Large emissions from the on- and non-road mobile source caîegories also contribute 

to these high reduction levels. 

Figures 5-2 to 5-6 illustrate the possible NO, reductions resulting from mobile source 

controis, non-road mobile source controls, and utility NO, controls. These figures shows the 
impact of NO, controls for each of the nonattainment. areas. Most of the reductions are a 
result of mobile source controls mandated by the C A M  as well as utility NO, controls. 

CONCLUSIONS 
As is clearly seen in this study, the available COntrol for VOC and NO, emissions have a 

wide range of cost-effectiveness values - anywhere ïiom a cost savings to h o s t  $500,000 

per ton of poíiutant. Even costs for a given type of contm1 applied to a specific source 

cattgory C ~ I I  be highly Variable, dependant up~n ~ite-specifi~ facbrs such BS -fit 

fcasibii, local conditions, fuel cost, and a host of other factors. Nevertheless, a few 

general observationS can seill be made: 
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Table 5-12. NO, Control Strategies for Nonanainment Area - Philadelphia. 
. . . . . . . 

1. Mobile Source Controls 

EnhanduMPrognun 15.0 24.7 37.0 $16,155/7,217 

Il Vessels I - I 0.0 I 0.0 I $966 

Industripl Equipment - 0.8 1.9 (s.vings) 

Heavy Construction Equipmeat - 2.5 6.0 $3,280 

Totai - 4.3 l3.4 
(1.1%) (3.5%) 

3. Utility NO, controls o 

Level 1: LNB + OFA / BOOS 2.5 2.6 3.0 $541 

Imel2: LNB+SCR/BOOS+ 6.9 8.7 8.4 $4,060 
PGR 

b e l  3: LNB + SCR 9.3 11 11.3 $8,510 

Toial 94 11.0 113 

hef i t s  incremtnul to rna&!ed NGV progiam. 
' hefits inCiemenul to F e d d  RFG program. 
' Utility NO, CUII~IO~ options corrtspnid to PC-FiredlOil& Gis Fired Boil=, V t i v e l y .  
No PC bila controls for option 3. 
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Table 5-13. NO, Control Strategies for Nonattainmecit Area - Washington D.C. 
1999 2010 

25.8 40 .1  

- 11.4 

4.0 15.4 

- 2.3 

- 0.7 

- 16.5 

29.8 86.3 
0.3%) (9.5%) 

1.3 

Agrhlhirrl Equipmeat o. 1 0.7 

cost rndveness 

$20,555/9,160 

$88,409/37,063 

S 120,166/37,063 

NAJ43.677 

NAJ43.677 

$41,63 1142,547 

$1,552 

NA 

$173 

Industriai Equipment 

Heavy canstniction Equipment 

Total 

3. Utiiity NO, Ccmîmls 

h l  1: LNB + OFA / BOOS 

h e 1 2 :  LNB+SCR/BOOS+ I 245.6 
FGR 

- 
- 
- 

60.6 

_ _ ~  

0.4 1 .o 
8.9 21.5 

9.9 24.5 
(1.1%) (2.7%) 

- 
- 

- 
- 

62.9 72.6 

54,740 

(savings) 

$3,748 

$652 

h l 3 :  LNB+SCR 331.9 345.4 394.8 $8,510 

Total 331.9 345.4 394.8 
(iisuming Option 3) 96.5%) Iß8.0%) (43.4%) 

Gmnd Total 350.0 385.1 505.6 
(38.5%) i[423%P) (55.6%) 
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For those cities with relatively high ecnissioris from their vehicle 
fleet, RFP targets for 1996 may be met with'out resorting to 
extremely high cost-effectiveness controls. For those cities with 
large point source and non-road inventories, 1996 target 
attainment may require more stringent and expensive measures. 

By and large the mandated mobile source controls, Stage II, 
RFG, and enhanced 1/M provided the ,greatest boost toward 
meeting the 1996 IWP targets. Other mobile source controls, 
such as Clean Fleets and LEVs, cannot generate significant 
reductions until after 1996. 

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 only controlling VOCs. 
It  is likely that some form of NO,-for-VOC substitution will be 
needed to facilitate the process. 

As of this time, non-road mobile sources are one of the last 
major uncontrolled sources of VOC ernissioris. 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 feasibility of 
applying controls beyond the utility anid on-road mobile 
categories. While Radian did find studies in the literature on 
controls for process heaters, IC engines, and other unregulated 
NO, sources, Radian found little to no assessment of the 
potential application rates of these new controls. A 
comprehensive technological assessment of retrofit potentials 
should be undertaken in this regard. 
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ACG - 
A m -  
A/F - 
ATP- 
BAAQMD - 
BA= - 
BID - 
BOOS - 
CAAA- 

CARB- 

CI- 
-Q- 
CO - 
CTG- 

CVC- 

EGR - 
EHC- 
FCC - 
FGR - 
FGT - 
GPM - 
H A P -  
HC- 
HDGV- 
HON - 
HOV - 
m- 
IC - 

GLOSSARY 

Automotive Consulting Group 
Alternative Control Techniques document 

Air/Fuel (Adjustment) 
hti-Tampering Program 
Bay Area Air Quality Management District ( M o m i a )  

Best Available Control Technology 

Background Information Document 
Burners Out of Service 
Clean Air Act Amendments 

California Air Resources Board 
Compression Ignition (diesel) 

Congestion Management/Air Quaiity (Federal Funds) 

Carbon Monoxide 
Control Techniques Guideline 

Corporate Variable Costs 

Exhaust Gas Recirculation 

Electrically Heated Cataìyst 
Huid Catalytic cracking units 
Fhie Gas Recircuiation 

Hue Gas Treatment 
Grams Per Mile 

Hazardous Air Poiluîant 

Hydrocarbon 
Heavy-Duty Gas Vehicle 
Hazardous Organic NESHAP 
High Occupancy Vehicle 

High Volume/Low Pressure 

Internal Combustion 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



~~~~ 

A P I  PUBL*326 9 4  IS 0732290  05IIflOL2 208 W 

I/M - 
ISTEA - 
IT- 
LAER - 
W T -  
w v  - 
LEA - 
LEV - 
LMOCP - 
LNB- 
MACT - 
MMBtu - 
MTBE- 
NAAQS - 
NESHAP - 
NGR - 
NGV - 
NO, - 
NPV- 

NSCR - 
NSPS - 
NSR - 
OAQPS - 
OFA - 
OTVD- 
PC - 
PM - 
POTW - 
PPM - 
FIE- 

Inspectioni/Maintence 

Internodal Surface Transportation Efficiency Act (Fgderal funds) 
Engine Timing (Retard) 
Lowest Achievable Emission Rate 
Light-DuV Tnick 

Light-Duty Vehicle (car) 
Low Excess Air 
Low Emission Vehicle 

Lake Michigan Ozone Control Program 
Lnw NO, Burner 
Maximum Achievable Control Techology 
Million British Thermal Units 
Methyl-Tertiary Butyl Ether (oxygenate) 
National Ambient Air Quality Standards 

National Emission Standards for Hazardous Air Pollutants 

Naturai Gas Reburn (Cofing) 

Naturai Gas Vehicle 

Nitrogen Oxides 
Net Resent Value 

Non-Selective Cataiytic Reductions 

New Source Performance Standards 

New Source Review 
Office of Air Quality Planning and Standards (EPA) 
Overfire Air 
Open Top Vapor Degreaser 
Pulverized Cod 
Particulate Matter 
hblicly Owned Treatment 'Works (wastewater) 
Parts Per Million 
Permanent Total Enclosure 
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P/V - 
RACT- 
RE- 
RFG - 
RFP- 
ROG - 
ROP - 
RP- 
RVP - 
W A G  - 
SCA- 
SCAAQMD - 
SCR- 

SI-  

SNCR - 
SOCMI - 
STAPPA - 
TCM - 
TDM- 
T E V  - 
TPD - 
TPY - 
TSM- 
UAM- 
U V -  
VMT- 
VOC - 
VOL - 
VOM - 
MWAQC - 

Pressure/Vacuum (relief valve) 

Reasonable Available Control Technology 

Rule Effectiveness 
Reformulated Gasoline 
Reasonable Further Progress 
Reactive Organic Gases 
Rate of Progress 
Rule Penetration 

Reid Vapor Pressure (gasoline) 
San Diego Association of Governments 
Stage Combustion Air 

South Coast Air Quality Management District (California) 

Selective Catalytic Reduction 
Spark Ignition (gasoline engine) 
Selective Non-Catalytic Reduction 

Synthetic Organic Chemical Manufacture Industry 

State and Territorial Air Poilution Program Administrators 
Transportation Control Measure 
Transportation Demand Management 

Transitional Low Emission Vehicle 

Tons Per Day 

Tons Per Year 
Transportation Systems Management 

Urban Airsbed Model 
Ultra Low Emission Vehicle 

Vehicle Miles Travelled 

Volatile Organic Compound 

Volatile Organic Liquid 
Volatile Organic Material 

Metropolitan Washington Air Quality Committee 
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WWTF- 

ZEV - 
Waste Wa.ter Treatment Facility 

Zero Emision Vehicle 
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CASH FLOW -- UTILITY NOx CONTROLS 

Parameters (Based on Accurex NESCAUM Study) 

Book Life 
CRF 

20 
o. 119 

Capacity Factor .4  O&G, .65 
Rating (MW) 100 - 800 
Discount Rate 0.06 
Inflation Rate 0.04 
Nominal Interest 0.1024 

Maintenance 0.02 ( %  
Maintenance - SCR 0.04 ( %  

Catalyst Life (yrs) 
Catalyst Cost ($/cf) 
"3 Cost ($/ton) 

Coal Urea Cost ($/ton) 

Electricity ($/kW-hr) 
Coal ($/ton) 
Oil ($/bbl) 
Gas ($/1000cf) 

cap) Percent Reburn 
Heat Rate (MMBtu/Mw-hr) 

cap 1 

4 
693 
152 
231 

0.05 
48.16 
24.01 
2.74 

0.15 
10.67 

Real Wage Increase 0.02 
CPI 1991 1.05 

B-1 
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APPENDIX C 

VOC Control Measure Rankings 
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APPENDIX D 

Stationary Source VOC Control Measures 
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SOURCE CATEGORY: Architectural and Industrial Maintenance (AIM) Coatings 

RELATnTE SOURCE SIZE: 

- Baltimore, MD: 6.1% - Chicago, IL: 4.1% - Wa~hingtoqDC: 5.8% 
- Houston, 'IX: 2.8% 
- Philadelphia, PA: 4.4% 

BASELINE CONTROLS: Varies by state - mostly uncontrolled. 

Further Control Options Efficiency $/ton from Lit. 

- Adopt the 1989 CARB model rule 20% $(8600)-12,800 
which sets VOC content limits for indi- 
vidual AIM coatings. 

Y I I 

DISCUSSION 

Architectural surface coatings are used by contractors, industry, and homeowners to coat 
both the inside and outside of buildings, houses, and their appurtenances. The various types 
of architectural surface coatings include flat and non-flat paints and about 35 categories of 
specialty coatings. Volatile organic compound emissions occur primarily from the 
evaporation of organic solvents from the coating during application and drying. 

Only four states currently have regulations limiting the content of architecturai surface 
coatings, Califomia, New York, Texas, and Maryland. The USEPA is conducting a 
negotiated rulemaking to develop a national rule that reduces VOC emissions from this 
source category. Regulatory negotiations between industry, environmentalists, States, and 
the USEPA are progressing with a proposed rule expected by late in 1993. It is likely that 
the final agreement will yield a 45-percent reduction in VOC emissions. The national rule 
is being developed as a 3-tier standard. The first tier provides for a 25 percent reduction 
by 1996, the second and third tiers each requires an additional 10 percent reduction in 
emission by 2000 and 2003, respectively. 

The publication of the 1996 Table of Standards is not yet available therefore the proposed 
method of control is the adoption of the 1989 California Air Resources Board (CAFü3) 
model rule. The limitations contained with the CARB rule are technologically feasible and 
have been in place in California since 1989. The available control methods are product 
reformulation, product substitution and consumer education. The CARB rule could achieve 
VOC reductions approaching those expected from the first phase of the regulatory 
negotiation, providing a conservative estimate of a 20 percent reduction. 
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The large cost effectiveness differential can be accounted for by the large category diversity 
of AIM coatings. Reformulation has been shown to be an effective way controlling organic 
emissions from coatings. Uncertainty about the: necessary equipment modifications and 
research and development requirements of product reformulation accounts for much of the 
board range. Replacement of noncomplying coatings; with existing complying coating is 
often more cost effective than reformulation. 

A CARB technical support document presented the cost effectiveness of the model rule 
ranging from a credit of $8,600 per ton of VOCs reduced to a cost of $12,800 per ton and 
varied according to the coating category in question (STAPPA, 1993). 

SOURCES: 

1. SCAQMD, 1991. 
2. STAPPA, 1993. 
3. LMOCP, 1993. 
4. BAAQMD, 199'1. 
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Further Control Options 
Abatement of spray booth with add-on 
controls. 

SOURCE CATEGORY: Auto and Light Truck Surface Coating 

Efficiency $/ton from Lit. 

20-30% $17,400-19,000 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 1.8% 
- chicag0,IL: 0.9% - washington, DC 0.0% - HûutûIl,TX: 0.0% - Philadelphia, PA: 13% 

BASELINE CONTROLS: CîG - Surface Coatings of Cans, Coils, Paper, Fabric, Auto and 
Light Tnicks. 

VOC limits (Ibs VOC/gallon coating (minui water)): 
12 - primer application 
2.8 - primer surface coat 
2.8 - topcoat application 
4.8 - final repair application 

DISCUSSION 

Several types of control techniques are used in the automobile and fight-duty truck 
manufacturing industry. These methods can be broadly categorized as either add-on control 
devices or new coatings application systems. Add-on devices that reduce emissions by 
recovering or destroying the solvents before they are discharged into the ambient air include 
thermai and catalytic incinerators and carbon adsorbers. The proposed control would 
requirement installation of exhaust controls on sources that do not have any substantial 
Wasting controls. 

The Bay Area AQMD studied the New United Motor Manufacturing, Inc. (NUMMI) 
automobile assembly plant located in the their district. Currently, the NUMMI controls 
emissions from their drying ovens with thermal and catalytic incineration Other than the 
ovens, there are no additional add-on controls on the coating operations in the existing 
facility. The South Coast AQMD found similar results at a General Motors plant in their 
region. Both studies concluded that the spray booth abatement was the next level of control 
available. 
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In a phone conversation with a Chrysler Corporation plant engineer, a similar control 
scenario was determined for their facility. The plant is currently controlling their VOC 
emissions with add-on controls on their drying ovens, water-wash systems in their paint spray 
booths, transfer efficiency requirements for the coiating application, and compliance coatings 
with regulated levels of solvent content. The area. of the operations available for additional 
controls is in the spray booth. The engineer at Chrysler said that they did not believe that 
add-on controls for this source has been proven reliable for the low-concentration, high flow 
rate exhaust streams. 

Further research is being conducted with additionai product reformulation and refinement 
of application methods. At this time, no credible reference was available to validate the 
reduction possibilities. 

Studies have been done by Radian recently to determine feasible methods of controlling 
VOC emission from paint spray booths. A detailed technical and economic evaluation of 
the control technologies resulted in the final selection of a rotary zeolite preconcentrator 
(UP) combined with a recuperative cataiytic oxidation (RCO) unit. The preconcentrator 
increased the concentration of the exhaust stream allowing for more efficient oxidation of 
the stream. Costs and control efficiencies seem to be site-specific for this category. 

Since cleanup solvents and sealers are not regula.ted in most areas, reformulation of these 
materials may provide the potential for additional reductions. 

SOURCES: 

1. BAAQMD, 1991. 
2. 
3. STAPPA, 1993. 

Personal communication. Sandra lapez @ Chrysler. 

4. CTG - EPA-450/2-77-008, 1977. 
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SOURCE CATEGORY Automobile Refinishing 

RELATiVE SOURCE SIZE: 

- Baltimore, MD: 3.2% - Chicag0,IL: 1.8% 
- WashingtoqDC: 2.9% 
- Hûustû~TX: 15% - Philadelphia, P A  25% 

BASELINE CONTROLS: None 

Further Control Options 'Efficiency $/ton from Lit. 

3% Vehicle Preparation: Low-VOC 73% $1,250 

88% Coating application: VOC limits 43% $4,204,725 

surface preparation. 

based on current technology and 
rely on the use of higher-solids 
solvent borne coatings. $7,000 

(SCAQMD) 

9% Gun-cleaning: Use of automated 28% $478 
gun-cleaning systems. 

DISCUSSION. 

Autobody refinishing facilities are located throughout the United States. The shops may be 
independently owned and operated or operated by dealerships and franchises. The steps 
involved in automobile refinishing include surface preparation, surface coating application, 
and equipment cleaning. 

Several districts in California currently regulate automobile reñnishers, setting limits on 
VOC contents of coatings and surface preparation solvents. Tñe USEPA is also developing 
a federal rule for auto refinishing. 

The three approaches available to reduce VOC emissions from autobody refinishing are to 
lower the VOC content of the products used, improve the application technique and control 
the use of clean-up solvents. 

The most effective method of reducing VOC emissions is to lower the VOC content of the 
products used. Limitations in the VOC content of surface preparation products as well as 
topcoats and primers has shown to provide reductions in the Bay Area and South Coast 
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AQMD districts. Waterborne primer surfacers axe in use and high-solids primers are also 
available. 

Another technique for reducing emissions is to use high transfer efficiency spray equipment, 
especially high-volume, low-pressure (”) spray systems. This technology has been 
shown to reduce emissions and save money by decreasing coating use, hazardous waste 
generation, and spray booth maintenance costs. 

Finally, emissions can also be reduced during the equipment cleaning phase. With the use 
of an automatic cleaning device or solvent recycling systems, emission reductions are 
posst’ble. 

The application of add-on controls for the abatement of VOC emissions has been 
determined to cost prohibitive by the EPA and private industry. In a study done for the 
State of New Jersey, it was calculated that the annual cost effectiveness of add-on controls 
for the autobody rehnishing hdustry would be in the range of $64,300 to 180,000 per ton 
VOC removed. This is well above the BACT level control cap of $17,000 per ton. 

Since approximately six major coating manufacturers account for more than 90-percent of 
the coating sales to, and the large majority of VOC emissions from the autobody refinishing 
industry, regulation of the producers appears to be niore feasible than regulation of the 
users. 

The EPA is currently developing a federal rule for the auto refinishing industry. The focus 
is with coating reformulation targeting the coating manufacturers rather than the product 
users. Although work has been done towards dleveloping this rule, the project was cut by 
the EPA and therefore, estimates may not be available until next year. A project engineer, 
who has provided technical support to the EPA on the federal rule development project, 
suggests that our cost effectiveness figures for both the coating reformulation and gun 
cleaning may be high. 

Users have commented that reformulation to lower solvent coatings increases the drying 
time of the paints and therefore decreases productivity. 

SOURCES: 

1. LMOCP, 1993. 
2. STAPPA, 1993. 
3. Radian Corp., 1987. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



~ 

A P I  PUBL*326 94  = 0732290 0538071 6 3 4  

Further Control Options 
Improved vapor recovery system: 
- Application of carbon adsorption, 
refrigeration, or incineration. 

SOURCE CATEGORY: Bulk Gasoline Terminais 

Hf5ciency $/ton from Lit. 

70% $2,600 

RELATnTE SOURCE SIZE: 

- Baltimore, MD: 1.7% 
- chicag0,IL: 0.4 % 
- WashhgtoQDC 0.0% 
- Hû-toQTX: 3.9% 
- Philadelphia, PA: 0.6% 

BASELINE CONTROLS: CTG - Hydrocarbon Emissions from Tank Gasoline Loading 
Terminals. 

A bulk gasoline terminal shall equip the loading system with a 
vapor control system given operating requirements. 

DISCUSSION 

Bulk gasoline terminals serve as the major distribution point for gasoline produced at 
refineries. Gasoline is delivered to bulk terminals through pipelines, and is stored in large 
above-ground storage tanks. Gasoline is then pumped through metered loading areas, called 
loading racks, into delivery tank trucks which serve various wholesale and retail gasoline 
dispensing facilities. VOC emissions occur during loading of the delivery tank trucks, as the 
entering gasoline displaces the vapors into a coilection system. The collected vapors are 
then routed to a vapor processing system (SQAQMD, 1991). 

VOC emissions from gasoline bulk terminals can be controlled through the use of available 
control technologies such as carbon adsorption vapor recovery systems. 

Carbon adsorption vapor recovery systems operate based on dual carbon beds to remove 
organic compounds from the air-vapor mixture. During gasoline tank truck loading, one 
carbon bed is in the adsorbing mode while the other bed is regenerated by vacuum 
stripping. The displaced gasoline vapors from the tank truck are introduced at the bottom 
of the on-line carbon and are adsorbed onto the activated carbon as the vapors ascend. At 
the same time, the second bed is subjected to a vacuum to desorb the hydrocarbons. The 
recovered hydrocarbons are then adsorbed by a liquid gasoline stream which circulates 
between the processing unit and the storage tank (BAAQMD, 1987). 
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This control measure proposes to reduce the current VOC emission level by 70 percent. 
Available test data indicate that the proposed emission limit can be achieved based on the 
above control technologies. 

SOURCES: 

1. BAAQMD, 19911. 
2. SCAQMD, 1991. 
3. n G  - EPA-450/2-77-026, 1977. 
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Further Control Options 

Control technologies such as radiation 
curable, powder systems, water-borne, 
and high-solid coatings. 

SOURCE CATEGORY Can Coating 

Efficiency $/ton from Lit. 

510% $2,200 

RELATIVE SOURCE SIZE 

- Baltimore, MD: 2.0% 
- chicag0,IL: 0.7% - Washingto~DC: 0.0% 
- HûWoIl,TX: 0.0% 
- Phiìadelphia,PA: 12% 

BASELINE CONTROLS: 1977 CïG - Surface Coatings of Cans, Coils, Paper, Fabric, 
Auto and Light Trucks. 

VOC limits (lbs VOC/gallon coating (minus water)): 
2.8 - sheet basecoat & overvarnish 
2.8 - two-piece can exterior 
4 2  - two- & three-piece can interior, two-piece can exterior end 
5.5 - three-piece can side-seam spray 
3.7 - end sealing compound 

DISCUSSION 

Surface coatings are applied to cans to serve as liners and sealers, and to provide a 
protective and decorative finish. Organic emissions from can coating operations occur in 
the application and flashoff areas, and in the baking ovens. The majority of the emissions 
occur before the coated can enters the ovens. 

Coating technologies such as radiation curable, powder systems, water-borne, and high solids 
have the potential for further reducing VOC emissions from some can coating operations. 
Radiation curable coatings are high solids formulations which contain little or no organic 
solvents. These coatings use ultraviolet or electron beam energy to initiate the reaction to 
form a polymer surface coating. Radiation curable coatings, because of their high viscosity 
and need for control of coating thickness, are most amenable to flat application of radiation 
curable coatings on a three dimensional basis. Ultraviolet curable (W) coatings system 
are currently used by several companies in the Bay Area. 
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Powder coatings may also represent an acceptable alternative to conventional, organic 
solveñt based coating systems in certain appliaitions. Some water-borne and high solids 
coatings that have VOC levels below existing standards may be suitable for can coating 
operations. 

Radian performed a study far a can manufacîuuing client in the California Valley. This 
plant was using water-borne compliance coating for their coating operations. An attempt 
was made to use the powder coating, side-seam adhesive to meet the BACT requirements 
in their district. The study concluded that the powder coating was an ineffective method of 
sealing the can. The same study approximated ithe cost effectiveness of add-on controls at 
$22,635 per ton of VOC removed. This amounit is weil above the BACT level of control 
and therefore it is not a economically feasible controll method. 

SOURCES: 

1. CTG - EPA-450/2-77-008, 1977. 
2. BAAQMD, 1991. 
3. Personal communication. Leon Leonard. 
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- 
Further Control Options 

Implement the recently proposed ben- 
zene NESHAP. 

SOURCE CATEGORY: Coke Oven Batteries 

Efficiency %/ton from Lit. 

12% $37,120 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.0% - Chicago, IL. 1.1% 
- W&.hgto~DC: 0.0% 
- HûWoqTX: 0.0% - Philadelphia, P A  0.0% 

BASELINE CONTROLS: Varying baseline control levels. 

DISCUSSION 

A coke oven battery is a series of 10 to 100 coke ovens operated together. Prepared coal 
is "coked," or heated in an oxygen-free atmosphere until the volatile components in the coal 
are evaporated. Coke oven gas is the most commonly used fuel for underfiring coke ovens. 
Approximately 40-percent of coke oven gas is used to heat the coke ovens. 

Emissions of volatile organic materials originate from several coking operations, including 
coke oven charging, oven leakage during the coking period, coke removal, and hot coke 
quenching. 

During the coking cycle, VOM emissions from the thermal distillation process can occur 
through poorly sealed doors, charge lids, off-take caps, collecting main duct, and through 
cracks that may develop in oven brick work. 

The primary control strategy for controlling emissions during coal charging is to conduct 
staged charging to prevent overloading scrubber systems. Oven leakage during the coking 
period can be minimized by maintaining oven seals and by following proper operating and 
maintenance procedures. 

To control coke removal emissions, many facilities use mobile scrubber cars with hoods, 
shed enclosure evacuated to a gas cleaning device or traveling hoods with affixed duct 
leading to a stationary gas cleaner. 

Few data exist on the potential national VOC emissions reductions from coke batteries. 
However, targeted performance levels set by USEPA in the proposed National Emission 
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Standard for Hazardous Air Pollutants (NESkLAP) for coke batteries would require 
additional emissions reductions of 1.3 percent for doors,, 2.3 percent for lids, 4.5 percent for 
offtake caps and 4 percent during charging, above the current estimated control efficiency 
of 90 percent (LMOCP, 1993). 

Current controls, consisting of modified coke battery hardware, installed pollution control 
devices and production practices are estimated to control 90 percent of potential emissions 
from charging operations, door leaks and topside leaks. 

SOURCES: 

1. Personal commuinication. Gail Lacy, Amanda Agnu, Ed Warcowski @ Region 
V EPA. 

2. STMPA, 1993. 
3. LMOCP, 1993. 
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SOURCE CATEGORY: 

RELATIVE SOURCE SIZE 

Consumer and Commercial Products 

- Baltimore, MD: 83% 
- chicag0,IL: 5.1% - Washingt011,DC: 20.4 % 
- HûustoqTX: 2.9% - Phiiadelphia,PA 75% 

BASELINE CONTROLS: None 

Further Control Options Efficiency $/ton from Lit. 

Adopt the California (CARB) consumer 28% $( 1OO)-3,4oO 
products regulations: 
- Phase I 
- Phase II 
- Deodorants and Antiperspirants 

DISCUSSION. 

Consumer and commercial products are those items sold to retail customers for household, 
personal or automotive use, along with the products marketed by wholesale distributors for 
use in commercial or institutional settings, such as beauty shops, schools and hospitals. 
VOC emissions from these products are the result of the evaporation of propellant and 
organic solvents during use. 

Consumer and commercial products represent a diverse area source and include personal 
care products, household maintenance products, pesticide products and aerosol paints. 

Reductions in VOC emissions from consumer products can be achieved in several ways, 
inùuding reformulation of the product, alternative and modified dispensing or delivery 
systems or product substitution. 

By adopting CARB's "Consumer Products" rule, reductions in emissions are possible for the 
28 products regulated under the California rule, in addition to the deodorant and 
antiperspirant d e .  The CARB committee speculated that the implementation of these 
rules would result in a 28 percent reduction overall for consumer and commercial products. 

SOURCES: 

1. CARB, 1990. 
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2. CARB, 1991. 
3. STAPPA, 1993. 
4. SCAQMD, 1991. 
5. E.H. Pechan, 1991. 
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SOURCE CATEGORY: Degreasing/Solvent Cleaning 

RELATIVE SOURCE SIZE 

- Baltimore, MD: 32% 
- Chicago,IL: 2.9% - Washingto~DC: 3.0% 
- HûustoqTX: 1.5% 
- Philadelphia,,PA 2.8% 

BASELINE CONTROLS: RACE CïG - Solvent Metal Cleaning Operations 

Rule 1122, use alternative solutions (e.g. 
semi-aqueous & aqueous solutions), operat- 
ing requirements, and instali control devic- 
es. 

I I 

DISCUSSION 

Surface cleaning, or degreasing, includes the solvent cleaning or conditioning of metai 
surfaces and parts, fabricated plastics, electronic and electrical components. The cleaning 
processes are designed to remove foreign materials such as oils, grease, waxes and moisture 
in preparation for further treatment. 

The CîG for solvent metal cleaning covers three categories of cleaners: cold cleaners, which 
remove soils from a metal surface by brushing, flushing or immersion while maintaining the 
solvent below its boiiing point; open-top vapor degreaser (OTVD), which use hot solvent 
vapor to clean and remove soils from batch metai parts; and conveyorized degreasers, which 
clean and remove soils from metal parts using either cold or vaporized solvents in a 
continuous process (LMOCP, 1993). 

In most areas, current level of control is consistent with the "System A" RACT level, as 
defined by the CïG. A model rule guideline, published by the USEPA in June 1992, 
inciuded a section on solvent metai cleaning and this time the model rule contained the 
additional requirements previously included under "system B" in the CTG for each 
equipment type. Additional provisions in the model rule included requirements for record 
keeping, equipment maintenance, and compliance test reporting (STAPPA, 1993). 

Most recently, solvent metal cleaners are a source category affected by the requirements of 
Title III of the Clean Air Act Amendments of 1990 which require the development of 
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hhximuxn Achievable Control Technology (MACT) standards for hazardous air pollutants 
(HAPS). The USEPA is in the process of devedoping specific control requirements and 
standards for vapor degreasers which use low reactive solvents such as tnchloroethane, 
perchloroethylene, trichloroethylene, and methylene chloride. 

The EPA expects the degreasing NESHAP to be proposed in November 1993. This new 
standard will result in reductions of 60 percent for vapor degreasers at a cost savings. 
The proposed rule will also focus on the use of halogenated solvent (e.g. carberator 
deaners) in cold cleaning operations. In Illjnois, conveyorized and open-top vapor 
degreasers have pennit restric%ons and therefore fall under more strict state regulations. 
Cold cleaners, because of their large numbers, are difficult to account for and enforce the 
mandated level of controls. 

Strategies implemented by companies in Michigam consist of changing to aqueous or semi- 
aqueous solutions, increasing reclamation, and installing equipment such as water cooled 
finned tubes, as opposed to fia.t tubes, to condense vapors, secondary cooling collars, power 
covers, and increased keeboard ratios. The Souith Coast AQMD has revised Rule 1122 to 
further reduce emissions from degreasing by minimizing workload requirements, specifymg 
maximurn draft rates and proper handling procedures, and requiring the installation of 
control devices (Lh!íOCP,1993). 

Two companies in a Michigan survey reported contrcil costs of $120-318 per ton for the 
installation of water-cooled finned condensing tubes and a centrifuge system. The South 
Coast AQMD estimated the cost of control to 'be between $96-368 per ton. And finally, 
USEPA's 1990 FIP for Chicago estimated $20 per ton to eliminate the emission size 
exemptions st i l l  in effect. 

SOURCES: 

1. CTG - EPA 450/2-77-022, 1977. 
2. STAPPA, 1993. 
3. LMOCP,1993. 
4. Radian, 1993. 
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SOURCE CATEGORY Emulsified Asphalt 

REUTNE SOURCE SIZE 

- Baltimore, MD: 0.2% - chicag0,IL: 1.0% 

- HûustOIl, Tx: 0.1% - Philadelphia,PA 0.0% 

- washington, Dc 4.1% 

BASELINE CONTROLS: Cï'G - Use of Cutback Asphalt 
- Seasonal Restrictions/Content Limits 

r 

Further Control Options Efficiency $/ton from Lit. 
Reduce the oil distillate content to 3.5 50% Estimated $10 
percent by volume and further limit the 
seasonal restrictions 

DISCUSSION 

Many states have regulations prohibiting the use of cutback asphalt (petroleum based) 
asphalt during the ozone season. In addition, other states also have distillate oil content 
restrictions mandating the level of oil allowed. 

The proposed method of control for this category is to reduce the oil distillate content of 
the emulsion. If it is technically feasible to reduce the content to 3.5 percent or lower, 50 
percent reduction in VOC emissions could be achieved (IEPA, 1993). Another method of 
controlling emissions, would be to prohibit the use of cutback asphalt ali together. A cost 
effectiveness estimate of $100 per ton has been made to account for process modifications 
or reformulation costs. In the E.H. Pechan report, they estimated no increase of cost for this 
control measure. 

SOURCE 

1. CTG - EPA-450/2-77-037, 1977. 
2. IEPA, 1993. 
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64% Offset Lithomarihv: 

SOURCE CATEGORY Graphic Arts 

REUTìVE SOURCE SIZE: 

- Baltimore, MD: 1.4% - Chicago, IL: 3.6% - Wa~hingtoqDC: 1.3 % 
- HûustûqTX: 0.8 % 
- Philadelphia, PA: 1.2% 

BASELINE CONTROLS: RACE CTG - Graphic Arts (Flexography and Rotogravure) 

regulations 

Further Control ODtions 
36% Rotomvure - and Flexoerrarihv: 

Add-on controls With permanent 
total enclosure (PTE). 
- Also establish VOC limits for 
inks no less stringent than 300 g/l. 
- Use low-VOC clean-up solvents. 

Efficiencv 

95 % 

$/ton from Lit. 
Add-on: $1204,800 

PTE: %9,000-20,000 
+ 

DISCUSSION. 

The graphic arts industry includes operations that are involved in the printing of newspapers, 
magazines, books, general packaging materials, and other printed materials. There are six 
basic operations or applications used in graphic arts. These are lithography, rotogravure, 
letterpress, flexography, screen printing, and metial decorating. The three main operations 
are fiexography, lithography, and rotogravure. 

Lithography is generally the most used printing process in the graphic arts industry, and is 
used in printing books, pamphlets, newspapers, magazines, and artwork. This is either done 
using a substrate in a continuous roll (web) or as a shee:t-fed system either heat or non-heat 
setting. VOC emissions come from the ink fountains, dampening system, plate and blanket 
cylinders, dryers, chill rolls, h a l  products, and cleaning solution. 

The rotogravure process is used mainly in large volume, high-speed printing of general 
publications, including catalogues, magazines, advertising brochures, and others. This 
operation is especialiy used in the application of glossy film inks. VOC emissions come 
from the ink fountain, press, dryer (only for heatset), chill rolls, and cleaning solution. 
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Flexography, which is a form of letterpress application that uses a flexible plastic or rubber 
plate in a rotary web press, is used in the printing of flexible packaging, milk cartons, folding 
cartons, paperboard, and labels and tapes. The VOC emission sources for flexography are 
similar to the other two processes. 

Rotogravure and flexography printing are both covered under the 1978 LrG addressing the 
graphic arts industry. A draft CTG document on offset lithography, which is due for 
finakation in late 1993, discusses ink vapor control and cleaning solution reformulation. 
In addition, cleaning solutions used in all three industries do not seem to be covered by 
these rules and it may be possible to regulate the VOC content, thus, reducing emissions 
from these sources. 

The actual percent reduction will vary depending upon the type of process, inks used, 
control method selected, and size of the facility. It appears that the primary candidate for 
controls are offset lithography printers, which would have reductions between 67 percent and 
90 percent according to use of the draft CïG (LMOCP, 1993). 

VûC limits for inks should be established no less stringent that 300 g/l, less water and 
solvent. In addition, the industry should consider using low-solvent cleanup-up solutions. 

From previous conversations with industry representatives, the cost of a permanent total 
enclosure (PTE) for a typical graphic arts facility would be approximately $400,000 per 
facility. Incorporating a F E  would require add-on controls to process the abated emissions, 
at a minimum cost effectiveness estimate of $9,120-24,800 per ton VOC removed. These 
cost effectiveness values are Radian estimates based on engineering judgement. 

The USEPA is developing a NESHAP for the printing/publishing industry and is currently 
gathering background information on the various printing applications used in the industry, 
including offset lithography. 

Also, the Office of Air Quaiity is developing two more projects that effect the printing 
industry: Hazardous Air Pollutant (HAP) standards for printing and publishing and an 
Aiternate Control Technology (ACT') for small gravure and flexographic printers. In 
addition, a project entitled Design for Environment, being developed through the Office of 
Poliution Prevention and Water Control, is working with the printing industry to reduce the 
VûC content of cleaning solutions. 

SOURCE 

1. CI'G - EPA 450/2-78-033, 1978. 
2. 
3. LMOCP, 1993. 
4. STAPPA, 1993. 
5. Personal communication. FLR Donnelly. 

Draft CïG - Offset Lithography, 1991. 
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SOURCE CATEGORY Intlustrial Machinery and Equipment -- Surface Coating 

Efficiency 

25-35 % 
- Further Control Options 

-Improved transfer efficiency require- 
ments. - Lowering VOC limits 

RELATIVE SOURCE SIZE: 

$/ton from Lit. 

$2,200 

- Baltimore, MD: 0.0% 
- chicag0,IL: 0.0% 
- W & . ~ ~ ~ O I I , D C :  0.0% 
- HûmtoIl,TX: 0.0% 
- Philadelphia,PA: 0.6% 

BASELINE CONTROLS: CZ'G - Misc. Metal Parts Coating 

VOC limits (lbs VOC/gallon coating (minus water)): 
4.3 - clear coating 
3.5 - air dried coating 
3.5 - extreme perforniance coating 
3.0 - ail other coating 

DISCUSSION 

A large variety of metai parts are coated both to :prevent corrosion and to enhance 
appearance. Industrial equipment and machinery are a subsection of the miscellaneous 
metal parts and products category and therefore candidate control measures will be similar. 
The coatings are applied either as part of the original equipment manufacturing process or 
by special coating applicators whose sole business is the coating of a variety of parts. 

Spraying is the most common application method of applying primers, single coats, and 
topcoats. It provides a transfer efficiency typically ranging from 20 to 70 percent. For flow 
coating, metal parts are moved by conveyor through an enclosed booth. Inside, a series of 
nozzles shoot streams of coating, which flow over the part. Dip coating involves manual or 
automated immersion of the parts into a tank of coating. Both the flow and dip methods 
achieve transfer efficiencies in excess of 90 percent. In electrodeposition, parts are 
grounded and immersed in a bath of coating. Electricd potential causes the solids in the 
coating to adhere to the substrate. Powder coating is applied to parts by spraying. There 
is virtually no solvent in powder coatings. The piarts are then moved to an oven where the 
paint particles melt and then flow over the part forming a continuous film. 
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VOC emission from the coating of metal parts occur from the application, flashoff, and 
drying process. Generaily, large industrial parts are air dried because of their size or 
because they contain heat sensitive materiais. Small parts and assembly line types of parts 
are more likely to be force dried in ovens. 

The use of transfer efficient equipment is proposed for metal parts coating operations. A 
minimum transfer efficiency standard in the metal parts rule would require most applicators 
to modify or replace their current spraying equipment with one or more of the spraying 
techniques discussed above. 

Transfer efficiency requirements will result in the modification or replacement of 
conventional spray equipment. Studies show that the new equipment costs should be 
completely offset by a savings in paint consumption. 

SOURCE 

1. 
2. BAAQMD,1991. 

CTG - EPA 450/2-78-015, June 1978. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



~ ~ 

4 P I  PUBLU326 '74 m 0 7 3 2 2 9 0  0538106 995 m 

SOURCE CATEGORY Industrial Wastewater Treatment 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.1% 
- chicag0,IL: 0.4% - Washington, 3x2 0.0% 
- HûustoqTX: 2.4 % 
- Philadelphia, PA: 0.0% 

BASELINECONTROLS: There is some penetration of the HON NESHAP and the 
Benzene Waste Operations NESHAP on industrial wastewater 
treatment facilities but not enough to form a MACT source. 

Effíciency 

@PA estimates) 

- Further Control Options 

industrial wastewater which requires that 
wastewater streams exceeding a threshold 

trolled. The basis for RACT for this 
categoq is steam stripping. 

Implementing the EPA draft RACI' for 83-92% 

flow and concentration cutoff be con- 69-89% 
(STAPPA) 

%/ton from Lit. 

$387435 1 

$5o<r3,000 
(LMOCP) 

(STAPPA) 

DISCUSSION: 

VOC emissions occur when industrial wastewaters are: collected and/or treated to remove 
contaminants prior to final wastewater discharge. Units used to treat industrial wastewaters 
include tanks, equalization basins, oil-water separators, and biological treatment units. VOC 
emissions occur where the VOC containing wastewater is exposed to ambient air. Emissions 
vary with types of VOC removal devices used, (air strippers, steam strippers, etc.), types of 
tanks (fixed roof, floating roofs), the surface areas of exposed wastewaters at surface 
impoundments and whether or not the tank or impoundment is heated, aerated, or agitated 
(LMOCP, 1993). 

A preliminary draft CTG for industrial wastewater treatment facilities has been developed 
by the USEPA In the draft CTG, industrial wastewater exceeding a VOC concentration 
of 500 ppmw and a flow rate of 1 liter/min would be regulated under a proposed rule for 
hazardous waste treatment, storage and disposal facilities. 

Industrial wastewater wiU also be regulated by ,the Hazardous Organic National Emission 
Standard for Hazardous Air Pollutants (HON) proposed by EPA in December 1992. As 
proposed, the HON regulates wastewater streams with a organic hazardous air pollutant 
concentration of 5 ppmv or greater and a flow 'rate of 0.02 liters per minute or greater. 
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Three approaches are being considered in the draft (TG in deciding which wastewater 
streams should be controlled: one based on VOC concentration; one based on flow rate 
cutoff and one based on a combination of VOC concentration and flow rate. Identified 
wastestreams may be required to remove VOCs with a removal technique, such as steam 
stripping. The emissions from a steam stripper system must be controlled using a recovery 
device such as a carbon adsorption or combustion device. The system should remain closed 
so that at no time does the wastewater come into contact with the ambient air. The 
proposed method of controlling tanks involves covering open tanks with fixed roofs and 
instaìüng an internal floating roof or venting vapors to a control device. The proposed 
method of control for surface impoundments uses covers and control devices. Types of 
surface impoundments covers being considered include floating membrane covers, air 
supported covers, and rigid membrane covers. 

The costs vary significantly depending on the type and size of the unit being controlled, the 
concentration cutoff and flow rate cutoff. The higher the VOC concentration in the 
wastewater, the lower the cost-effectiveness and emission reduction available. 

SOURCE: 

1. Draft CïG. IWWTF 
2. Personal communication, Chris Bagley. 
3. LMOCP, 1993. 
4. STAPPA, 1993. 
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Efficiency 

79% 

SOURCE CATEGORY Landfills 

%/ton from Lit. 

$500-930 

RELATNE SOURCE SIZE 

- Baltimore, MD: 0.8% - chicag0,IL: 0.4 % 
- WashingtoqDC: 0.5 % - HûmtoqTX: 0.0% - Philadelphia,PA: 0.0% 

BASELINE CONTROLS: Some states are requiring capture controls. 

DISCüSSION: 

h d f d  gas is generated naturally by the aerobic and anaerobic decomposition of waste. 
Such gas consists primarily of methane and carbon dioxide, with VOCs making up less than 
1 percent of emissions. 

EPA has proposed regulations for new and existing municipal landfills, requiring landfills 
emitting greater than 167 tons per year of VOCs to design and install gas collection systems 
and combust captured gases. ,4 final rule is expected to be promulgated in the fall of 1993. 

The only available control strategy for reducing landfill gas emissions is a well-designed and 
well-operated gas collection system with a control device capable of reducing VOCs in the 
collected gas by at least 98 weigh-percent. Energy recovery systems have also been 
demonstrated to achieve 98 percent emission control at landfills where their use is feasible. 

In Illinois, municipal waste landfills are regulated by Waste Disposal Rules and Regulations 
issued by the Illinois Pollution Control Board. The operator of a landfill is required to 
instal a gas management system based on the imethane concentration detected or if the 
malodors caused by the unit are detected beyond the property boundary (STAPPA, 1993). 

SOURCE: 

1. STAPPA, 1993. 
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SOURCE CATEGORY: Metal Furniture 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.0% 
- chicag0,IL: 0.6% 
- W&hngto~DC: 0.0% - HûutoQTX: 0.0% 
- Philadelphia, P A  0.2% 

BASELINE CONTROLS: CTG - Surface Coating of Metai Furniture 

VOC limits (lbs VOC/gaìlon coating (minus water)): 
3.0 - metal furniture coating 

DISCUSSION: 

No sources have been found to validate further control methods. Control measures 
consistence with several of the coating operations may apply for this source category, but 
no assumptions have been made. 
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SOURCE CATEGORY Miscellaneous Metal Parts Coatings 

Further Control Options Efñ ciency $/ton from f i t .  I 
- Improved transfer efficiency require- 25 -35 % $2,200 
ments. 
- Lowering VOC limits 

i 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.2% - chicag0,IL: 2.7% - Wa~hingto~~.,DC: 2.9% 
- HûustoqTX: 0.0% - PhiladelphiqPA 0.5 % 

BASELINE CONTROLS: 1978 CïG - Misc. Metal Parts Coating 

VOC limits (lbs VOC/gallon coating (minus water)): 
4 3  - clear coating 
3.5 - air dried coating 
35 - extreme performance coating 
3.0 - all other coating 

DISCUSSION 

A large variety of metal parts are coated both to prevent corrosion and to enhance 
appearance. Metal parts and products include, but are not limited to, farm machinery, small 
appliances, industrial machinery, and fabricateid metal components. The coatings are 
applied either as part of the original equipment nimufa.cturing process or by special coating 
applicators whose sloe business is the coating of a variety of parts. 

Spraying is the most como11 application method of applying primers, single coats, and 
topcoats. It provides a transfer efficiency typically ranging from 20 to 70 percent. For flow 
coating, metal parts are moved by conveyor through an enclosed booth. Inside, a senes of 
nozzles shoot streams of coating, which flow over the part. Dip coating involves manual or 
automated immersion of the parts into a tank of coating. Both the flow and dip methods 
achieve transfer efficiencies in excess of 90 percent. In electrodeposition, parts are 
grounded and immersed in a bath of coating. Electrical potential causes the solids in the 
coating to adhere to the substrate. Powder coating is applied to parts by spraying. There 
is virtually no solvent in powder coatings. The parts are then moved to an oven where the 
paint particles melt and then flow over the part forming a continuous film. 
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VOC emission from the coating of metai parts occur from the application, flashoff, and 
drying process. Generally, large industrial parts are air dried because of their size or 
because they contain heat sensitive materials. Small parts and assembly h e  types of parts 
are more likely to be force dried in ovens. 

The use of transfer efficient equipment is proposed for metal parts coating operations. A 
minimum transfer efficiency standard in the metal parts rule would require most applicators 
to modify or replace their current spraying equipment with one or more of the spraying 
techniques discussed above. 

Transfer efficiency requirements will result in the modification or replacement of 
conventional spray equipment. Studies show that the new equipment costs should be 
completely offset by a savings in paint consumption (BAAQMD, 1991.) 

SOURCE: 

1. a G  - EPA 450/2-78-015, 1978. 
2. BAAQMD, 1991. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



A P I  P U B L r 3 2 6  74 0732290  O5:3ôLIE! 1 7 7  W 

SOURCE CATEGORY Oil and Gas Production 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.0% 
- chicag0,IL: 0.0% - W&hgt~n,DC: 0.0% 

- Philadelphia, P A  0.0% 
- HûustoQTX: 3.6% 

BASELINE CONTROLS: 

After further review of the Oil and Gas Production source category we have found that the 
40.16 TPD value can be broken down into the following sub-sources: 

a 

0 

0 

6.45 - Crude Petroleum and Gas Extraction 
27.17 - Natural Gas Liquids 
6.5 - other small sources, individually, not accounting for much of the emission 
inventory. 

The first two categories makeup a large portion of the oil and gas source. We have had 
difficulties determining the processes within these industries because the SIC codes do not 
correspond with any SCC codes which would provide further source descriptions. 

Further Control Options 

50% Tanks: convert from k e d  roof 
tanks to internal floating roof 
tanks or install a vapor recovery 
unit. 

~ 

30% Dehydrators: use of condensation 
control technology such as R- 
BTEX or Aromatic Recovery 
Unit. 

12% Fugitive: develop a inspec- 
tion/maintenance program similar 
to the petroleum industry. 1 

Efficiency 

69 *- 98% 

95% 

8-24% 

$/ton from Lit. 

$1,300 
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6% Pneumatic: convert to a com- 
pressed air actuated system. 

100% Estimated $750 

The oil and gas production industry is very large and diverse. Extraction of crude oil and 
gas from weils is the primary function of the industry. 

The Houston inventory is the only non-attainment region that registered an emission level 
for this source category. Apparently, this value was derived using the EPA prescribed 
method taking the total number of well-heads in a region and multiplying that number by 
an emission factor. The persons responsible for the development of the inventory were not 
able to give further disaggregation of this source category, therefore Radian was required 
to make board assumptions to perform our analysis. 

The relative source breakdown was achieved by taking the total number of oil wells and gas 
wells and multiplying times an assumed source distribution. The major sources of VOC 
emissions in the oil production industry include: fugitive leaks from pipe, compressors, and 
valves; pneumatics exhaust of pressurized gas; heater-treaters used to evaporate the moisture 
from the mixture; and storage tanks (fixed roof) used for storing the product before further 
processing. 

The sources of organic emissions from the gas production industry include: gas well and 
equipment fugitive leaks; exhaust from compressor engines; pneumatic devices vented 
expelled gases into the air; and glycol dehydrators that separate the VOC from the glycol 
medium. 

For the purpose of our anaìysis, 263,000 gas weus and 560,000 oil wells were used to 
determine the source breakdown. We assumed that none of the oil wells cross-produced 
gas as well (We are aware that this does not hold true in industry practices, but it simplifies 
our investigation.) 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



SOURCE CATEGORY Publicly Owned Trealtment Works (POTWs) 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.7% - chicag0,IL: 0.8% 
- Wa~hingtoq D C  0.0% - H û ~ t o ~ T X :  0.0% - Philadelphia, PA: 0.0% 

BASELINE CONTROLS: None 

Further Control ooltions 

1. Develop and implement emission 
reduction control programs including 
enclosures, add-on controls, and/or pro- 
cess modifications. 

2. Develop and implement a pollution 
prevention effort by establishing more 
stringent discharge limits on SPDES per- 
mits at both the industries discharging to 
the P O W  and the POTW. 

Efficiencv 

50-90% 

%/ton from Lit. 

Not available 

DISCUSSION 

Publicly owned treatment works (POTWs), corrunonly know as sewage treatment plants, 
treat domestic sewage and industrial and commercial wastes received primarily through 
underground sewers. There are many different types of wastewater systems, reflecting a 
diversity of wastewater sources, environmental conditions, and treatment needs. 

VOCs may be emitted both when the wastewaters, are transported and when they are treated 
to remove contaminants. Emissions vary according to the type of treatment process or 
operation; the amount of turbulence associated with flow into, through and/or out of the 
unit; the surface area of exposed wastewaters; and whether or not the treatment unit is 
heated, aerated/agitated or awered/enclosed. 

Emissions from POTWs may be stack emissions or fugitive emissions. Stack emissions 
sources may include combustion exhaust vents,, and other ducted wastewater treatment 
equipment such as scrubbers, activated sludge reactors, and sludge handling building blower 
vents. Fugitive emission sources include large iincove:red wastewater or solids areas such 
as settling basins, clarifiers, weirs, compost piles, channels and impoundments. 
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Although sources of VOC emissions may be known, relatively little information has been 
published on the extent and effects of air emission from POTWs. 

"be proposed methods of control for POTWs include the development and implementation 
of emission reduction control programs at POTWs, including enclosures, add-on controls 
and/or process modification. 

A second approach for controlling VOC emissions is to implement sewer use/discharge 
regulations, applicable to di users, that emphasize waste minimization. In particular, 
industrial pretreatment regulations can reduce levels of VOCs in the wastewater stream by 
requiring changes in raw materials used, modification of operating practices and processes, 
preventive maintenance, and recycling or segregation of waste streams. 

Control costs for the available approaches have not been documented. The costs will vary 
significantiy by site-specific parameters. 

An EPA study is underway to identify and characterize hazardous air pollutant emissions 
sources and the need for MACT standards for POTWs. The results of the study are 
expected to be available in the late fall of 1993. 

SOURCE: 

1. LMOCP, 1993. 
2. STAPPA, 1993. 
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SOURCE CATEGORY Paper Coating 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.5 % 

- Washingto~~,DC: 0.0% - Hûmto%TX: 1.1% - Philadelphia,PA 1.4% 

- Chicago, IL: 1.8% 

BASELIh'E CONTROLS: CTG - Surface Coating of Cans, Coils, Paper, Fabric, Autos & 
Light Duty Trucks 

VQC limits (Ibs VOC/gallon coating (minus water)): 
2.8 - paper coatings 1 Further Control Options i Effi? 1 S/to;s:;Ut. 1 

Use of low-solvent coatings and recordkeeping,. 

DISCUSSION 

Paper coating includes the coating of adhesive itapes and labels, book covers, post cards, 
office copier paper, pressure sensitive tape and other forms of paper. In paper coating 
operations, resins are dissolved in an organic solvent or solvent mixture, and then this 
solution is applied to a continuous roll of paper. As the coating dries, solvent evaporates 
and the coating cures. These coatings are applied for a. variety of decorative and protective 
purposes. 

Generally, in paper coating operations VOC emissions occur in the coating area, the preheat 
and baking zones, and as the coated surface dries. 

SOURCE: 

1. CTG - EPA 450/2-77-008, 1977. 
2. SCAQMD, 1991. 
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Further Control Options 

- Changes in pesticide formulation. 
- Changes in pesticide application. - Alternative methods to control pests. 

SOURCE CATEGORY Pesticide Application 

Efficiency $/ton from Lit. 

3045% $1,6oO 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 1.9% - Chicago, IL: 0.7% 
- Wa~hingt~qDC: 0.0% - HûtMoqTX: 0.3% - Phiiadelphia,PA 0.0% 

BASELDE CONTROLS: Ail states regulate pesticide use to some degree. 

DISCUSSION 

Pesticides are widely used by agricultural and commercial enterprises to control insects, 
fungus, animal pests, weeds and other undesirable plant growth, and many other types of 
pests. 

Pesticide formulations consist of synthetic or nonsynthetic materials which contain reactive 
organic compounds. Synthetic organic materiais contain the toxic material used to control 
or mitigate the pest. Nonsynthetic organic materials are used as synergists, inhibitors, 
solvents, emulsifiers, wetting agents, spreaders, stickers, perfumes and adjuvants. Petroleum 
are also applied directiy for the control of insects and mites on fruit trees, weed, and fungus 
on produce. 

Techniques for reducing VOC emissions from the application of agricultural pesticides 
include: formulating organic-solvent containing pesticide formulations; using alternative 
application methods; and using integrated pest management (IPM) to reduce the use of 
pesticides. 

Changes in pesticide formulations include: miniminng the use of petroleum-borne 
formulations and substituting with waterborne or dry formulations; adding thickening agents 
to increase particle size to reduce spray drift; and substituting lower vapor pressure solvents 
to reduce evaporation. 

Changes in application techniques include: dusting the soil with pesticides rather than 
spraying; modifymg the design of the spray device to prevent the formation of fine droplets 
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during application; lowering the spray nozzle height; and incorporating the pesticide in the 
soil immediately following, or in place of, spraying. 

Although EPA is not now developing any regulations to limit VOC emissions from pesticide 
application, the agency is considering including pesticide VOC control in the Federal 
Implementation Plan for several district in California. In March 1993, EPA published an 
Alternative Control Technology (ACT) document for the control of VOC emission from the 
application of agricultural pesticides. 

SOURCE: 

1. SCAQMD, 1991. 
2. STAPPA, 1993. 
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SOURCE CATEGORY: Petroleum Refineries 

RELATIVE SOURCE SIZE 

- Baltimore, MD: 0.0% - chicag0,IL: 15% 
- W&@toqDC: 0.0% 
- Hûustûq 'IX 15.3% 
- Philadelphia, P A  6.5 % 

BASELINE CONTROLS: Possible Regulatory Requirements Affecting Baseline: 

- CTG: Storage Tanks 
- NSPS: Petroleum Refinery Wastewater - NSPS: VOL Liquid Storage 
- NSPS: Fugitive Emissions from Petroleum Refineries 
- BenzeneNESHAP 
- Benzene Waste Operations NESHAP - Hazardous Organic NESHAP 

H Further Control ODtions 

35% Tanks: Vapor recovery system, Exter- 
nal/internal floating Toof tanks, Pri- 
mary/secondary seals. 

30% Fugitives: Alternative II (baseline) 
Alternative III 
Alternative IV 
Alternative V 
Altemative VI 

20% Wastewater Treatment: Nothing 
further. I 

15% Process Vents: Flaring, venting to 
existing device or incineration for all 
cases. 

DISCUSSION 

~ ____ 

Efficiency 

77% 

0% 
8% 
10% 
13% 
24% 

$/ton from Lit. 

$120 - 12,320 

$ (3 0)-94 
$280-380 
$320-450 

$5,380-5,850 
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The petroleum industry, due to its size and complirxity, is difficult to summarize as a singular 
source category. This industry has been a large point source emitter for many years and the 
regulatory grasp is fairly tight. With the recently proposed benzene NESHAP and the 
benzene wastewater NESHAP, the probable further control levels are not well defined. We 
have had difficulty determining the baseline level of controls because of uncertain rule 
penetration. 

Tanks: 

Previous studies performed by Radian have shown tank emissions as a significant contributor 
to the industries emission counts. For a detailed description of baseline levels and control 
alternative, see Volatile Organic Liquid Storage. 

Fugitive Leaks: 

Alternative II: is a leak detection and repair program as well as equipment specihcations. 
The requirements of this altemative are based upon the recommendations of the refinery 
VOC leak CTG document. "Es alternative entails: yearly monitoring for valves in light 
liquid service and pump seals in light liquid service; quarterly monitoring for leaks from 
valves, pressure relief devices, and compressors; weekly visual inspection of pump seals; and 
capping of open-ended lines. 

Alternative III: increases the frequency of equipment inspections and by specifying 
additional equipment requirements. This altemative requires: quarterly and monthly 
inspection of light liquid valves and light liquid pump seals, respectively; installation of 
rupture disks for safety/relief valves and by rnechanicai contact seals with controlled 
degassing reservoirs for compressors and other requirements as in Alterative ïi. 

Alternative IV: reductions achieved by installing, dual mechanical seals with a barrier fluid 
system and degassing reservou vents on light liquid pumps. Other controls remain as in 
Alternative III. 

Alternative V: increases emission control by requiring more frequent inspections on 
gas/vapor and light liquid valves. Valve monitoring is required on a monthly basis. All 
other specifications remain as in Alternative IV. 

Alternative VI: offers the highest level of emission reduction of the regulatory alternatives. 
This alternative controls fugitive VOC emissions through stringent equipment specifications. 
Alternative VI employs the equipment specifications required in Alt. V with the addition 
of sealed bellows valves on g;is/vapor and light liquid service valves. 

Wastewater: 

Nearly all the refineries in the Houston/Galvestaln area have reported that they come under 
Benzene Waste Operations NESHAP regulations. Therefore, i t  could be substantiated that 
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a large fraction of the total reported VOC emissions in the emission inventory may already 
be controlled through this NESHAP. Also, additional controls from other regulations, such 
as the Hazardous Organic NESHAP, will further reduce :his number. It is clear from the 
current inventory that a substantial emission reduction has most iikely occurred from the 
synergy with the Benzene Waste Operations NESHAP (and other regulations). 

Several oil and gas associations are looking at minimizing the regulatory impact of the RFP 
SIP on their industry. One opportunity is to take credit for the emission reductions that will 
OCCUT after 1990 but pnor to 1996 as a result of the implementation of existing federal 
regulation. The benzene wastewater NESHAP regulations are a primary example. These 
associations believe that this NESHAP compliance efforts will satisfy a significant portion 
of the RFP SIP emission reduction goal and will negate the need to implement additional 
regulatory requirements on their industry. 

SOURCE: 

1. HRM, 1987 
2. CTGs, NSPS, NESHAP 
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SOURCE CATEGORY Plastic Parts Manufacturing 

RELATIVE SOURCE SIZE 

- Baltimore, MD: 0.3 % 
- chicag0,IL: 0.8% 

- HûWoqTX: 1.8% 
- Washingt~qDC: 0.0% 

- Philadelphia, PA 03% 

DISCUSSION: 

Radian has had difúculiy determining possible control measures for this source category. 
Studies have been done by the Michigan EPA and the Wisconsin EPA looking into the 
sources of VOC emissions from plastic parts manufacturing. 

The manufacturing process uses extrusion of plastic feedstock to produce the final product. 
The plastic material is melted and the molten mixture i!; either poured into a mold or blown 
to create the product. Flashoff from the melting overis and fugitive emissions during the 
drying process provides the largest sources of organic emissions. 

Radian has not developed a control strategy for this source due to uncertainties with the 
industry. Control technologies similar to the SOCMI and polymer industries may be 
applicable for plastic parts manufacturing, but without further information, an analysis is not 
possible. 
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SOURCE CATEGORY: 

RELATIVE SOURCE SIZE 

Synthetic Organic Chemical Manufacturing (SOCMI) 

- Baltimore, MD: 0.0% - chicag0,IL: 2.0% 
- Wi~hingto~DC: 0.0% - H û ~ t o ~ T X :  0.0% 
- Philadelphia,PA: 0.0% 

BASELINECONTROLS: The following regulations have an impact on the SOCMI 
industry: - NSPS for: Fugitive Emissions, Air Oxidation, Distillation, 

- Draft CïG for distillation and air oxidation. - CïG for Air Oxidation 
- SOCMI N E S W  

Reactor Processes, and Volatile Organic Liquid Storage 

Further Control Options Efficiency $/ton from Lit. 

53% WW Collection and Treatment: 83-92% $387-3,000 
Steam Stripping 

41% Process Vents: RACï level of 
control for reactor and distillation 
process vents @ 98% control 
efficiency. 

80% $10-20,000 

6% Equipment Leaks: 
Alternative I (baseline-required) 
Alternative II 
Alternative III 
Alternative IV 

0% 
13 % 
32% 
42% 

$( 75)- 1,404 
$(77)- 1,065 
$477-1,610 
$956-1,989 

1% Tanks: I 60-95% 1 $120-12,320 

DISCUSS1 ON 

The synthetic organic chemical manufacturing industry (SOCMI) is a large and diverse 
industry manufacturing hundreds of major chemicals through a variety of chemical processes. 
The overall SOCMi can be described as a series of production stages. The first stage 
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consists of the collection and separation of naturally 0c:curring organic materials into their 
usable chemical components. Second stage facilities use the industrial products from the 
first stage plants as raw materials and are characterized by medium-sized plants that make 
a variety of final products in medium-sized volumes The third stage consists of facilities that 
produce specialty chemicals and have a low volunie of production and high unit manufactur- 
ing costs. 

The SOCMI category relative breakdown used is lmed on the national primary air pollution 
impacts developed as part od the SOCMI NESHAP. This highlights the wastewater 
treatment and process vents as the major VOC emission sources. 

Wastewater: The effect of the benzene NESHAP on the wastewater collection and 
treatment operations is unknown Under the SOCMI hazardous organic N E S W  (HON), 
the required removal efficiencies are based on steam stripping. Whether units comply with 
the draft CTG for Industrial WW or the HON N E S W  regulations, it appears that the 
level of control is similar. For the purposes of our analysis, we are assuming that the 
application of RACT level controls, steam stnipping, will be the recommended control 
option. A further description of this categoxy can be seen in the Industrial WWïF section. 

Process Vents: The major processing steps involved in SOCMI plants can be classified into 
two broad categories: conversion and separation. Conve:rsion processes comprise the reactor 
processes segment of the industry. Separation processes includes distillation operations 
which is the predominant separation technique used in large scale organic chemical 
manufacturing plants. 

VOC emission points from reactor process include process vent streams from reactors and 
product recovery systems such as condensers, absorbers, and adsorbers. For distillation 
operations, the common emission points for several types of distillation units, include 
condensers, accumulators, vacuum pumps and piressure relief valves. 

The draft CïG prepared by the EPA for SOCMI reactors and distillation processes 
describes controls, such as thexmal incinerators and flares, that are applicable to ail SOCMI 
reactor and distillation processes and can reduce VOC emissions by about 98 percent. A 
CI% for air oxidation units e.xists requiring similar levels of control. 

The proposed HON also requires 98 percent control of ireactor, air oxidation, and distillation 
vents that meet certain applicability criteria. 

Lastly, the NSPS standards developed for air oxidatio:n operations, distillation operations, 
and reactor processes affect facilities constructed or reconstructed since the early 1980's. 
These regulations provide similar levels of control as those previously discussed. 

Fugitive Leaks: Fugitive leaks come from a variety of sources within the SOCMI industry, 
these sources include: valves, pumps, connectors, compressors, pressure relief devices, open- 
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ended lines, sampling connection systems, instrumentation systems, and closed-vent systems 
and control devices. 

The CîG for VOC leaks from the SOCMI industry defines several alternative levels of 
control: 

Alternative I: is a leak detection and repair program with an action level of 10,ooO ppm and 
the following monitoring requirements: quarterly monitoring of vapor valves, compressor 
seals, and pressure relief valves; yearly monitoring of light liquid pump seals and light liquid 
valves. 

Alternative II: is a leak detection and repair program with an action level of 10,Oûû ppm 
and the following monitoring requirements: quarterly monitoring of light liquid pump seals, 
vapor and light liquid valves, compressor seals, and vapor relief valves. 

Alternative III: is the same as Alternative II but with the retrofit of rupture disks on vapor 
relief valves and the deletion of vapor relief valve detection and repair. 

Alternative IV: is the same as Alternative III but with the retrofit of dual seals (with barrier 
fluid and degassing systems) to light liquid pumps, the retrofit of degassing vents to 
compressors, and the deletion of pump and compressor leak detection and repair. 

The control of fugitive leaks is also covered under the HON regulations, requiring 
inspection and repair standards, test methods and procedures, recordkeeping, and reporting 
requirements. The proposed HON would require some additional equipment relative to the 
CTG requirements, and has lower leak definitions. The HON will affect many of the same 
processes as the CrG; however, the HON only affects equipment containing >5% volatile 
HAP. 

Tanks: (See Volatile Organic Liquid Storage) 

SOURCE 

1. STAPPA, 1993. 
2. LMOCP, 1993 
3. 
4. CîGs, NSPS, NESHAP 

HON FR Notice 12/31/92 FR 
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SOURCE CATEGORY Organic Chemical Manufacture - Others (Chicago) 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.0% 
- chicag0,IL: 2.6% 
- Wasbingt~n,DC: 0.0% 
- Houstû3TX: 103% 
- Philadelphia, PA: 0.0% 

BASELINE CONTROLS: 

Further Control Options 
Add-on controls: Afterburners and con- 
densers. 

$/ton from Lit. 

DISCUSSION 

The Lake Michigan Ozone Control Program did a site-specific analysis of this category in 
for the Chicago non-attainment area, the following information details their proposed 
control strategy. 

Synthetic organic chemicals are manufactured in a multi-level system of processes that are 
based on about ten feedstock or building-block chemicals which are principally produced 
in petroleum refineries. These chemicals are the feedstock or ingredients for many of the 
miscellaneous organic chemitai manufacturing industries that produce polymers, resins, 
plastic products, gasoline and oil additives, filbers, dyes, synthetic rubber and rubber 
additives, pesticides, herbicides, soap, detergent, food navoring, etc. 

In the Illinois inventory, Organic Chemical Manufacturing is divided into four segments: 
polyethylene, polyproplylene, polystrene, and others. The "Others" . category is also 
distinguished fiom synthetic organic chemical manufamiring, which produce any of the 365 
chemicals listed as SOCMI products. 

In this source category, there are 64 plants with over 450 emission units. For 40 of the 
plants, actual VOC emissions are less than 25 TPY,. There are 12 plants with actual 
emissions greater than 100 TYY. 

In the Chicago nonattainment area, Illinois regulates VOC emissions which are not covered 
by CîG's with a set of generic non-CïG rules. Whereas other states regulate on a source- 
specific basis, illinois regulates on the basis of five generic rules. These rules require, as 
RCï, an 81 percent reduction of uncontrolled emissions. 
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The generally available technologies for the control of VOC emissions from miscellaneous 
organic chemical manufacturing are add-on controls, e.g. condensation, adsorption, and 
thermal oxidation. These emission control technologies have been widely applied at 
MOCMI plants for many years. Condensation is particularly attractive due to the 
conservation of expensive material which are used in most operations. Source by source 
analysis and evaluation was required to ascertain the most reasonable add-on control for 
each situation. 

Of the emissions in this category in Illinois, 70 percent are from plants whose emissions are 
greater than 100 TPY. These sources are regulated by Illinois rules. No further emissions 
reduction are anticipated from these plants. The remainder of the emissions are from those 
plants whose annual emissions are less than 25 TPY. If an 81 percent reduction of 
emissions is technically feasible and economically reasonable, additional reductions may be 
achievable from this category. 

SOURCE: 

1. LMOCP, 1993. 
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Y 

Bciency 

Not ,4vailable 
- Further Control Options 

Use of a fail-safe, stage I vapor recovery 
system with automatic shut-off of the 

I system if it is not functioning properly. 

SOURCE CATEGORY: Service Station Loading (Stage I) 

$/ton from Lit. I 
Not Available 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.2% 
- Chicago, IL: 1.1% 
- Washingto~DC: 1.4% - HûustoqTX: 0.6% - Philadelphia, P A  2.9% 

BASELINE CONTROLS: CTG - Stage I Vapor Control System, Gasoline SeMce Stations 

DISCUSSION: 

Gasoline service stations receive their gasoline froin tank trucks. The Stage I vapor 
recovery systems route the gasoline vapors displaced from the stationary storage tank by the 
incoming fuel to the delivery truck. The delivery truck stores the vapors in its on-board tank 
and later transfers the vapors to the terminal or bulk plant for processing into liquid fuel 
or disposal by and acceptable emission control technique. 

Stage I systems have been used for more than 10 years in the U.S. to reduce VOC 
emissions. These systems reduce vapor-filling losses by at least 96 percent when operathg 
at design efficiency. System performance in practice may be significantly less than the 
design efficiency because of human errors in operathg the system. 

The South Coast AQMD is proposing to require the iise of fail-safe equipment in all stage 
I fuel transfer systems. Under this measure, existing designs will be modified for reliable, 
automatic shutdown of gasoline flow at any timie the system is not functioning properly. 

A fail-safe system is not commercially available at this time, therefore cost information and 
control efficiency estimates we not yet available. 

SOURCE 

1. SCAQMD, 1991. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



~~ 

A P I  PUBL*32b 74 W O732290 0 5 3 8 3 2 9  492  

Further Conîroi Options 

Application of vapor balancing, vapor 
collection or vapor combustion devices. 

SOURCE CATEGORY 

RELATIVE SOURCE SIZE: 

Marine Vessel Loading (Ship & Barge Transfer) 

- Baltimore, MD: 0.0% - chicag0,IL: 0.2% - Wa~hingt0~1,DC: 0.0% 

- Philadelphia, PA. 0.0% 
- HoUtûn,TX: 1.6% 

BASELINECONTROLS: Possibly the Benzene NESHAP and U.S. Coast Guard 
regulations. 

Efficiency $/ton from Lit. 

80-98% $3 00-8,OOO 
(LMOCP) 

$550-6,800 I (STAPPA) 
~~ 

DISCUSSION 

Marine vessel loading refers to the loading of tank ships and barges with volatile liquids. 
Evaporate emissions from marine vessel loading occur primarily as a result of loading losses 
which occur when organic vapors in an empty vessel are displaced by the incoming liquid. 

Vapor balancing, refrigeration, carbon adsorption, incineration or a combination of these 
methods can be used to reduce VOC vapor emissions from marine vessel loading. The 
emissions control equipment can be located either on the vessel itself or onshore at the 
terminal. The control methods require a shipboard vapor collection system, a ship-to-shore 
connection, a shoreside vapor transfer system and a final control device. 

Presently, some terminais are using inert gases to displace the organic vapors evaporate 
during loading. These displaced gases are collected and routed to a vapor control device. 

In May 1992, EPA issued a technical support document for proposed standards for marine 
vessel loading operations. Currently, marine vessel loading volatile liquids containing more 
than 70 weight-percent benzene are regulated under the Benzene Transfer Operations 
standard requiring a vapor collection system and control device capable of reducing benzene 
emissions by 98 weight-percent. Although there has not been federal requirements, several 
states have adopted d e s .  SCAQMD, BAAQMD, Louisiana and New Jersey have adopted 
marine vapor recovery requirements. Texas, Washington, Alaska, and Pennsylvania have 
considered adopting similar regulations. 
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SOURCE: 

1. (71% 
2. STAPPA, 1993. 
3. LMOCP, 1993. 
4. Personal communication. Lynn McGuire. 
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Further Control Options 
- Vapor recovery systems. 
- External/internal floating roof tanks. - Primary/secondary seals. 

SOURCE CATEGORY Storage and Warehousing 

Efficiency $/ton from Lit. 

60-95% $120-12,320 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.0% 
- Chicago, IL: 0.0% - Washhngt~qDC: 0.0% 

- Philadelphia, PA: 0.0% 
- HûWon,TX: 1.4% 

BASELINE COM'ROLS: Possible baseline penetration by VOL NSPS, Benzene 
NESHAP, and CTGs. 

DISCUS SION: 

Volatile organic liquids are typically stored in vertical or horizontal tanks. VOCs are 
emitted through tank breathing or diffusional losses, which result from changes in ambient 
all temperature and barometric pressure, and through liquid working losses, which result 
from the displacement of vapors as the tanks are filled. Storage and warehousing differs 
from the volatile organic liquid storage category because with storage and warehousing 
facilities, the liquids being stored in the tanks are not owned by the facility operators. 

The USEPA has published two control technique guideline documents (CïG) and 
promulgated three New Source Performance Standards (NSPS) which establish the major 
components of the regulatory baseline. This history of regulatory action makes the baseline 
control scenario complex. Due to the fixed-roof tank LrG, it is reasonable to assume that 
ail fixed-roof tanks witb volumes of 40,000 gallons and greater storing liquids with true vapor 
pressures of 15 psia or greater were converted to internal floating roof tanks in nonattainm- 
ent areas. This conversion occurred because the majority of the States did not distinguish 
between petroleum liquids and other VOL'S in implementing the CïG. Because the control 
cutoffs of the petroleum NSPS are also 40,000 gal and 1.5 psia, and compliance for all three 
regulatory actions could be achieved with a low-cost, noncontact internal floating roof with 
a vapor-mounted primary seal only and uncontrolled fittings, it is reasonable to assume this 
type of internal floating roof tanks as the baseline, as opposed to other, higher-cost control 
options. Below 40,000 gal or 1.5 psia, few States require controls. Therefore, it is 
reasonable for the purposes of RACT analysis to assume only fixed-roof tanks exist with 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



A P I  PUBLx32b 9 4  II 0732290  0 5 3 8 3 3 2  T B 7  W 

volumes less that 40,000 gal ar volumes above 40,000 gal storing liquids less than 1.5 psia 
(LMOCP, 1993). 

The external floating roof baseline cases are moire complex because of previous regulatoxy 
actions affecting these tanks. First, as a result of the C ï G  and the NSPS, it is reasonable 
to assume riveted external floating roof tanks in1 nona.ttainment areas are controlled with 
rim-mounted secondary seals at vapor pressures of 1 5  psia or greater. For these riveted 
tanks, it is reasonable to assume a shoe seal as the primary seal. Second, some welded 
tanks are equipped with vapor-mounted primary seals. These are divided into a controlled 
(rim-mounted secondary seal) subgroup, which, can be defined as having liquid vapor 
pressures of 1 5  psia and greater, and an uncontrolled subgroup, with vapor pressures less 
than 1 5  psia. Third, the populations of external floating roofs with liquid-mounted or shoe 
seais may be categorized as: tanks uncontrolled by both the NSPS and the CTG; tanks 
controlled by both the NSPS and the mG; arid tanks controlled by the NSPS but not 
controlled by the CTG (LMOCP, 1993). 

USEPA has issued a draft CïG in September 1991 which gives guidelines to control organic 
emissions further bom VQC istorage in floating and fixed roof tanks. 

The draft CTG includes control options under consideration as potential RACT for 
controlling volatile organic compound emissions from fixed roof, internal floating roof and 
external floating roof tanks containing 40,000 gallons or greater volume of VOL with vapor 
pressure less than 11.1 psia (optional vapor pressure cutoff value of 0.5, 0.75, 1.0, and 1.5 
psia) in ozone non-attainment areas. Control options for fixed roof and internal floating 
roof are: (1) installation of internal roof, vapor mounted primary seal with uncontrolled deck 
fittings, (2) internal floating roof, vapor mounted primary seal only with controlled deck 
fitting, (3) internal floating roof, vapor mounted F I I - ~ ~  and secondary seals with controlled 
deck fitting, (4) internal floating roof, liquid mounted primary and secondary seals, with 
controlled deck fittings, (5) internal floating roof tank, welded construction, liquid mounted 
primary and secondary seals, with controlled deck fitting (LMOCP, 1993). 

For external floating roof tank the control options are: (1) external floating roof, riveted 
construction with mechanical shoe primary seal ;and secondary seal with controlled fittings, 
(2) external floating roof, with vapor-mounted pi- and secondary seals with controlled 
fitting, (3) external floating roof with liquid-mounted primary and secondary seals with 
controlled fittings (LMOCP, 1993). 

Add-on controls are also an effective method of controlling vapors displaced by the 
incoming liquid in fixed roof tanks. VOC emissiims can be controlled by carbon adsorption 
or by thermal or catalytic oxidation. 

The costs involved to equip fixed roof, internal floating roof, and external floating roof tanks 
with control equipments depends on the contrail option and tank size and type. For this 
reason, the cost of control varies significantly. 
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SOURCE 

1. CTG 
2. LMOCP, 1993. 
3. STAPPA, 1993. 
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SOURCE CATEGORY Textile, Resins and F’o1yme:rs Manufacturing 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.0% 
- Chicago, IL: 0.5 % 
- W~hingto~~,DC: 0.0% - HûWûhTX: 0.0% 
- Philadelphia, P A  0.0% 

DISCUSSION: 

We have encountered difficulties determining the: baseline control for this source category. 
The draft CïG for Batch Processes refers to operatiom used on a noncontinuous basis to 
manufacture products. Batch process are used in manufacturing polymers (resins), 
pharmaceutical products, pesticides, and synthetic: organic chemicals. The draft Batch CïG 
is a grab-bag that can contain all process vents. In the Lake Michigan Ozone ControI 
Program study, they also made references to the polymer (resin) manufacturing industry 
within the Organic Chemical Manufacturing - Others. We are assuming that this category 
does not fall under the requirements mandated for the synthetic organic chemical 
manufacturing industry, including the CïG and draft CïGs for process vents, equipment 
leaks, and industrial wastewater as well as the new hazardous organic NESHAP (HON) 
requirements. The SOCMI regulations were targeted at continuous production processes. 

Independent of the category, most of the regulations for these industries consider setting 
limits of 98 percent control efficiency for all process streams, as achieved by current 
technologies. 

Control techniques available for batch processing, are condensation, absorption, adsorption, 
oxidation, and vapor containment. Because of the intermittent nature of flows in batch 
processing, control techniques should be capable of effectively processing emissions from 
both peak periods and no-flow periods. 

EPA’s draft CTTG presents three control options: (Option 1 would provide 98 percent control 
of process vents; Option 2 would provide 95 percent control; and Option 3 would provide 
90 percent control. 

SOURCE: 

1. Draft CTG 
2. STAPPA, 1993. 
3. LMOCP, 1993. 
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SOURCE CATEGORY Traffic/Maintenance Paints 

RELATIVE SOURCE SIZE 

- Baltimore, MD: 0.2% 
- Chicago, IL: 05% - Wa~hingto~.~,DC: 0.7% - HûmtoqTX: 0.2% 
- Phiiadelphia,PA 0.5 % 

BASELINE CONTIROLS: None (Except New York and California) 

Further Control Options Efficiency $/ton from Lit. 
$( 1,462) savings - Develop rule limiting the VOC content 

to 250 grams VOC/liter. 

- Use low- or no-solvent markings 

40-53% 

DISCUSSION 

Traffic/maintenance paints are used by State or local highway maintenance crews or by 
contractors to mark pavement roadways and bridges. These markings include traffic lane 
center lines and edge stripes, parking space markings, crosswalks, arrows, and other 
directional markings. The VOC emissions occur from the evaporation of organic solvents 
during and shortly after the paint is applied. 

The California Air Resources Board (CAFü3) developed a model rule for architectural 
coatings that regulates traffic paints. The model rule prohibits the sale, or manufacture for 
sale, of any traffic paint containing more than 250 grams VOC/liter of coating. 

Traditional containment devices or add-on controls are not applicable to this source 
category. Emissions of VOCs can be reduced by using lower VOC-emitting paints. 
Alternative markings include water-based paints, thermoplastics, preformed tapes, field- 
reacted materials and permanent markers. 

The adoption of a d e  similar to the CARB model rule, requiring a VOC limit of 250 g/l 
has could reduce emissions by 40 to 53 percent. 

EPA is developing regulations as part of a regulatory negotiation for Architecturai and 
Industrial Maintenance coatings, of which highway paints are a part. 
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SOURCE: 

1. LMOCP, 1993. 
2. STAPPA, 1993. 
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Further Control Options Efficiency $/ton from Lit. 

Pressure/Vacuum Relief Valves for Vent 80% $64-230 
Pipes. 

ii 

SOURCE CATEGORY: Underground Storage Tank Breathing 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.3 % 
- Chicago, IL: 0.4% 

- Houston,TX: 0.3 % 
- Philadelphia, P A  0.7% 

- Washingto~DC: 0.2 % 

BASELINE CONTROLS: Stage I vapor balance systems. 

Underground storage tanks at service stations are passively vented to the atmosphere via 
a vent pipe. Emissions from the vent pipe occur when vehicles are being fueled at the 
pump, when fuel is being dropped from a gasoline transport using a Stage I vapor baiance 
system and from diurnal temperature changes. Stage I controls were intended to control 
emissions from vents during tank loading operations by channeling displacement vapors into 
the delivery truck through pipes and hoses. 

Even with the Stage I controls, gasoline vapor losses stili occur. One uncontrolled source 
of gasoline vapor losses is through the underground gasoline tank vent pipe. The vent pipe 
emissions result from breathing losses which are caused by vapor and liquid expansion and 
contraction due to diurnal temperature changes. Currently, service stations equipped with 
the Baiance-type systems are not required to have pressure relief valves. 

The control measure proposes that ail open vent pipes be equipped with a low pressure/vac- 
uum (P/V) relief vaive. P/V valves can be installed to maintain pressure within the tank. 
An ideal pressure setting for the P/V relief valves will need to be determined in order to 
achieve optimum emission reductions, therefore some source testing may be required. 

The Bay Area AQMD is conducting additional testing to determine if P/V vents could also 
increase the efficiency of Stage I and Stage II vapor recovery systems. 

The LMOCP expected a 90 to 100 percent control efficiency in its service station tank 
breathing source category as well as further emissions reduction in its Stage I and Stage Iï 
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source categories. Assuming a rule effectiveness of 130 percent and a 100 percent rule 
penetration, an emission reduction estimate of 80 percent was made. 

SOURCE: 

1. LMOCP, 1993. 
2. STAPP& 1993. 
3. SCAQMD, 1991. 
4. BAAQMD, 1991.. 
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Further Control Options Efficiency $/ton from Lit. ' 
- Vapor recovery systems. 60-95% $120-12,320 
- Extemaì/intemal floating roof tanks. 
- Primaxy/secondaxy seals. 

SOURCE CATEGORY Volatile Organic Liquid Storage 

RELATIVE SOURCE SIZE 

- Baltimore, MD: 0.0% 
- chicag0,IL. 0.9% - Washingto~DC: 0.0% 
- H û ~ t û ~ ? X :  0.0% 
- Phiiadelphia,PA: 0.0% 

BASELINE CONTROLS: Possible baseiine penetration by VOL NSPS, Benzene 
NESHAP, and CïGs. 

DISCUSSION: 

Volatile organic liquids are typically stored in vertical or horizontal tanks. VOCs are 
emitted through tank breathing or diffusional losses, which result from changes in ambient 
air temperature and barometric pressure, and through liquid working losses, which result 
from the displacement of vapors as the tanks are fiiled. 

The USEPA has published two control technique guideline documents (CTG) and 
promulgated three New Source Performance Standards (NSPS) which establish the major 
components of the regulatory baseline. This history of regulatory action makes the baseline 
control scenario complex. Due to the fixed-roof tank CïG, it is reasonable to assume that 
ali fixed-roof tanks with volumes of 40,000 galions and greater storing liquids with true vapor 
pressures of 1.5 p i a  or greater were converted to internal floating roof tanks in nonattainm- 
ent areas. This conversion occurred because the majority of the States did not distinguish 
between petroleum liquids and other VOL'S in implementing the CTG. Because the control 
cutoffs of the petroleum NSPS are also 40,000 gal and 1.5 psia, and compliance for ail three 
regulatory actions could be achieved with a low-cost, noncontact internai floating roof with 
a vapor-mounted primary sed only and uncontrolled fittings, it is reasonable to assume this 
type of internaì floating roof tanks as the baseline, as opposed to other, higher-cost control 
options. Below 40,000 gal or 15 psia, few States require controls. Therefore, it is 
reasonable for the purposes of RACT analysis to assume only fixed-roof tanks exist with 
volumes less that 40,000 gal or volumes above 40,000 gal storing liquids less than 1.5 psia 
(LMOCP, 1993). 
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The external floating roof baseline cases are more complex because of previous regulatory 
actions affecting these tanks. 'First, as a result of the CTG and the NSPS, it is reasonable 
to assume riveted external floating roof tanks in nonattainment areas are controlled with 
rim-mounted secondary seals at vapor pressures of 1.5 psia or greater. For these riveted 
tanks, it is reasonable to assume a shoe seal as the primary seal. Second, some welded 
tanks are equipped with vapormounted primaq seals. These are divided into a controlled 
(rim-mounted secondary seal) subgroup, which can be defined as having liquid vapor 
pressures of 15 psia and greater, and an uncontrolled subgroup, with vapor pressures less 
than 15 psia Third, the populations of external floating roofs with liquid-mounted or shoe 
seals may be categorized as: tanks uncontrolled by both the NSPS and the CTG; tanks 
controlled by both the NSPS and the CTG; anid tanks controlled by the NSPS but not 
controlled by the CïG. 

USEPA has issued a draft CTC; in September 199 1 which gives guidelines to control organic 
emissions further from VOC storage in floating and k e d  roof tanks. 

The draft CTG includes control options under consideration as potential RACT for 
controliing volatile organic compound emissions from fixed roof, internal floating roof and 
external floating roof tanks containing 40,000 gallons or greater volume of VOL with vapor 
pressure less than 11.1 psia (optional vapor pressure cutoff value of 0.5, 0.75, 1.0, and 1.5 
psia) in ozone non-attainment areas. Control options for fixed roof and internal floating 
roof are: (1) installation of internal roof, vapor mounted primary seal with uncontrolled deck 
fittings, (2) internal floating roof, vapor mounte'd primary seal only with controlled deck 
fitting, (3) internal floating roof, vapor mounted primary and secondary seals with controlled 
deck fitting, (4) intemal floating roof, liquid mciunted primary and secondary seals, with 
controlled deck fittings, (5 )  internal floating roof itank, welded construction, liquid mounted 
primary and secondary seals, with controlled deck fitting. 

For extemal floating roof tank the control optioins are: (1) external floating roof, riveted 
construction with mechanical shoe primary seal and secondary seal with controlled fittings, 
(2) external floating roof, with vapor-mounted primary and secondary seals with controlled 
fitting, (3) external floating roof with liquid-mounted primaq and secondary seals with 
controlled fittings (LMOCP, 1.993). 

Add-on controls are also an. effective method of controlling vapors displaced by the 
incoming liquid in fixed roof tanks. VOC emissiolns can be controlled by carbon adsorption 
or by the& or catalytic oxidation. 

The costs involved to equip fixed roof, internal flolating :roof, and external floating roof tanks 
with control equipments depends on the control. option and tank size and type. For this 
reason, the cost of control varies greatly. 

SOURCE: 

1. CTG 
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2. LMOCP, 1993. 
3. STAPPA, 1993. 
4. CTG 
5. Draft CîG 
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Rule Effectiveness Improvement 

Rule effectiveness (RE) improvement refers to an improvement in the implementation of 
a regulation. An RE improvement may take several forms, ranging from more frequent and 
in-depth training of inspectors to larger fines for sources that do not comply with a given 
rule. RE improvements are an important issue in areas that have already adopted 
reasonable available control technology for many of their sources. 

The purpose of an RE improvement is to give state and local agencies additional means for 
achieving actual reductions for the State Implementation Plans (SIP). Title I of the Clean 
Air Act identifies RE improvements as one of the measures that can be used to meet the 
15-percent VOC reduction requirements by November 15, 1996. 

The establishment of the original RE can be accomplished by three methods in accordance 
with EPA guidelines. These three methods include the 80 percent default, the questionnaire 
approach, and the Stationary Source Compliance Division (SSCD) protocol approach. 

For controlled sources, a default value of 80 percent is used. This reflects the fact that not 
ali sources comply with regulatory requirements and those sources that have complied with 
the requirements often operate in a non-compliant manner. USEPA allows creditable 
reductions for programs instituted by the States ,which increase nile effectiveness. 
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APPENDIX E 

Stationary Source NO, Control Measures 
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SOURCE CATEGORY: Cement Kilns 

RELATIVE SOURCE SIZE: 

- Baitimore, MD: 
- chicag0,IL: 0% 
- Washingt011,DC: 0% - H û ~ t û ~ T X :  0% 
- Philadelphia, PA: 

BASELINE CONTROLS: Uncontrollec emissldns 3, - 16.7 
lb/ton (natural gas). No controls required outside of California. ACï documents to be 
developed for ail sources over the 25 TPY limit. 

LEA - Sintering operations. Wet pro- 
cess, gas fired kilns. 

LEA - Sintering operations. Long dry / 
precalciner kilns. 

LNB - Sintering operations. Long dry / 
precalciner kilns. 

Staged Combustion - Calcining opera- 
tions. Precaiciner retrofit easier than 
long dry. 

SNCR - calcining operations. Pre- 
calciner retrofit easier than long dry. 

SC + SNCR - Calcining operations. 
Precalciner retrofit easier than long dry. 

SCR - Preheater, long dry process, and 
precalciner kilns. Unproven feasibility. 

Wet Scnibbing - Limited application to 
exhaust streams around 10,OOO mm. 

- 5.3 Ib/ton clinker (coal), 

14% (Rad 3,4) 

o - 20% (CIEC) 

10 - 30% (CIEC) 

20 - 50% (CIEC) 

40 - 70% (CXEC) 

40 - 90% (CIEC) 

70 - 90% (CIEC) 
80% (SCAQMD) 

90% (SCAQMD) 

Low cost 

Low cost 

Low cost 

Medium cost 

Medium cost 

High cost 
1,600 (SCAQMD) 

1,600 (SCAQMD) 
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DISCUSSION NO, emissions from cement 1311s vary depending upon kiln configura- 
tion as well as fuel type. Kilns can be of wet process, :preheater, precalciner, or long dry 
configurations. Of these kiln types, preheater and precalciuer Units have lower uncontrolled 
N Q  emissions than do long dry and wet systems, a result of higher fuel efficiencies and 
lower firing rates in the burner zone. Surprisingly, coal-fired units exhibit lower NO, 
emissions than do natural gas units, because thermal NO; formation tends to dominate over 
fuel NO,. 

The control option chosen for a kiln should consider the fuel types used. Many kilns 
bum oil, gas, and/or coal, depending upon spot market prices and short term fuel 
availability. Therefore the control technology apiproach should be compatible with these 
changing operating conditions if possible. However, it is difficult to predict the ultimate 
effectiveness of the controls noted above, given the very limited number of control 
applications to date (a few pilot scale trails and retrofits in California and Europe). The 
efficacy of wet scrubbing and final cost-effectiveniess values for these options is yet to be 
determined. 

SOURCE: 

SCAQMD 
Radian, CIEC presentation 
Radian, Sustainable Materials Project 
Radian, Misc 
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SOURCE CATEGORY Chemical Manufacturing (SOCMI and Other) 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0% 

- W&hngt~~DC:  0% 

- Philadelphia, PA: 0.3% 

- chicag0,IL: 0.4% 

- HûWoqTX: 10.6% 

BASELINE CONTROLS: Uncontrolled emissions about 03  lb/MMBtu for process heaters; 
up to 0.8 Ib/MMBtu ( t y p i d y  03-0.4) for oil/gas-fired boilers. No m e n t  controls outside 
of California (heaters and boilers regulated). LNBs beginning to penetrate heater market 
in other states. RACT to be adopted by states. Draft ACT available for heaters and 
industrial boilers. 

SCA - For ~ t ~ r a l  draft systems. 

W B  - Largest reductions for oil-fired 
and forced-draft burners. 

LNB + FGR- 

Ultra-LNBs - With internal FGR and/or 

SNCR - 

SNCR+LNB-  

SCR - Best applied to large, forced 
draft, box types requiring frequent ser- 

I vice- 
BOILERS - See industrial boiler section, 

.From ACT: 90% capaaty factor, 80-w) MMBtu/bi 

45% (Pechan) 

27% (Nat. Draft)' 
58% (Forced Dr.)* 

55% (Gas)' 
70% (Oil)' 

75% (ACT) 

60% (ACT) 

70% (ACT) 

80% (LMOS) 

85% (w/ LNB) 

~ 

$/ton from lit. 

130-430 savings 
(Pechan) 

1,200-3,800' 
805-2,640' 

2,000-5,000* 
600-2,600' 

300-2,OOO (Am 

12,000-15,700 (gas)' 
900-8,oOO (oii)' 

9,800-14,300 (Rad) 
17,500-22,500 (for 
mail beaters) 

11,000-17,OOo (gas)' 
2.600-11,600 (oil)' 

)r gas, 72 MMBtu/hr for oil. 
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DISCUSSION: 

This section assumes that chemical manufactUriiig faciiities have the same type of NO, 
sources as do petroleum refineries, namely boilers and process heaters. Therefore this 
discussion closely parallels that section. Howevcr, CO boilers are most likely unique to 
petroleum refineries, and will not be discussed here. 

Process heaters are used extensively to facilitate chemical reactions requiring heat inputs. 
Typical ratings range from 30 to 100 MMBtu/hr, though the largest units may be in the 500 
MMBtu/hr range. Process heaters operate almost excllusively on oil or natural gas. The 
burners themselves use either. forced or naturatl draft configurations. The air intake 
configuration has a direct impact on the emissions :reductions achievable from these systems. 
On the whole, natural draft systems are more difficult to modify than forced draft systems, 
and costs will vary accordingly. Also, as with ather retrofit strategies, post-combustion 
controls become very expensive on a dollar per ton basis for smaller heaters. 

Boilers used in chemical manufacturing most like:ly use oil and/or natural gas for fuel. Of 
all oil/gas-fired boilers, approximately 90% use natural gas. These boilers are intrinsically 
cleaner than comparable coal-fired units, due to the lower nitrogen content of the fuels. Of 
these two fuels, gas produces somewhat lower NO, emissions than oil units. Because of 
their lower emissions levels, oil/gas-fired systems may become the favored choice of ICI 
boiler operators in the future, wherever oil andl/or gas is readily available. However, 
because of the lower baseline emissions from these units, fewer emissions reductions are 
achievable than from similar coal-fired systems. 

Of oil and gas boilers, tangential-fired units are more expensive to retrofit with CMs than 
wail-fired units. Because T-fired units also have lower uncontrolled emissions than wall- 
fired ones, the resulting dollars per ton value becomes even higher. Similarly, distillate oil 
boilers are intrinsically cleaner than residual oil units. Accordingly, the dollars per ton 
values for controls applied to distillate oil bumr:rs arc: about twice as high as those for 
residual oil systems. 

Because of the economies of scale associated with post-combustion controls, SNCR and S C R  
may only be cost-effective for larger industrial boilers. In addition, flue gas treatments 
operate effectively only within specific temperature windows. The unsteady loads 
encountered with smaller boilers may make for unstable: temperature profiles and limit the 
effectiveness of SNCR and SCK in these cases. hi any case, dollar per ton values for FGTs 
are much higher than for CMs. (For example, SCR systems are typically five times as 
expensive per ton controlled than LNBs.) 

The addition of methanol to natural gas burners may prame to be another promising control. 
There have been no commercial applications of t h i s  process to date, however, and the cost- 
effectiveness is uncertain. 
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Finally, note that the controls noted above may also be used in combination to achieve 
lower emissions levels, as with utility boilers. Though control experience is limited with 
boilers of this size, potentially cost-effective controls are available. However, costs per ton 
increase dramatically as boiler sizes decrease to the 10 MMBtu/hr range, and few controls 
may be cost-effective for this size range. 

SOURCE: 

Hans Buening 
Bay 
Radian Co Boilers 
Radian BIDS 
Pechan 
A m  
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SOURCE CATEGORY: Glass Melting Furnaces 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0% 
- chicag0,IL: 0.9% - W&@~OQDC: 0% 
- H û ~ t o ~ 1 X :  0% 
- Philadelphia, PA 0.1% 

BASELINE CONTBQLS: Uncontrolled emissions 5.6 - 23.6 lb/ton of glass, 8.0 from 
AP-42. No controls required currently. ACT guidance to be developed. 

Fnrther contrai Options 
LNB - Variable applicability based on 
site-specific factors. 

CMs (Various) - Includes vaying burner 
tilt, fuel injection rate, excess air. 

Electrical Boosting - Possibly only for 
container glass. Dependant on percent 
of boost. 

Increased cullet use - 
SNCR - From California furinces. 

S C R  - No field data, very speculative. 

Oxy-firing - > 90% oxygen replaces 
combustion air. 

Increase cullet charge, electrical boost, 
furnace insulation, reduce excess air, 
LNBs - Control package from Bay Area 
Plan. 

All-electric melting, advanced furnace 
designs, SNCR, alternative fuels - Con- 
trol package from SCAQMD. 

Efficiency - 
15.65% {:30-50% 
typical) (Rad) 

536% (Rad) 

535% (Rad) 

< 15% (Rad) 

2040% (40-65 % 
srpical) (Rad) 

71590% (Rad) 

85-90% (Rad) 

45-5593) (Bay) 

95% (SC) 

1,220-3,670 (Rad) 

570-1,500 (Rad) 

4,200-21,000 (Rad) 

N/A 

1,000-3,690 (Rad) 

1,260-6,420 (Rad) 

3,150-9,280 (Rad) 

4,400 (Bay) 

22,800 (SCAQMD) 
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DISCUSSION 

Glass melting furnaces are used in the manufacture of container glass, flat glass, pressed 
and blown glass, and fiberglass, with container glass facilities being the most common. 
These furnaces can be significant sources of N Q  due to the very high combustion 
temperatures required for the process. However, there is little to no experience in the 
U.S with controlling these emissions, with the exception of California (where there are 4 
SNCR system operating). Thus the numbers presented in the table above are very 
speculative. Emissions rates vary widely among differing boiler sizes and configurations, 
which in tuni creates a wide range of potential cost-effectiveness estimates. 

SOURCE: 

Radian 
LMOS 
Bay 
sc 
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SOURCE CATEGORY Industnal/Commercial/InstBtutional Boilers - Coal-Fired 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: - Chicago, IL: 
- W~hinngto~~,DC: - H û ~ t o ~ T X :  - PhiladelphiqPA: 

0.0% (Possibly under other categories) 
8 5 %  (Coal, Oil & Gas) 
0.8% (Coal, Oil & Gas) 
0.0% (Possibly under other categories) 
0.0% (Possibly under other categories) 

BASELINE CONTROLS: Uncontrolled emissions 0.5 ,- 1.0 lb/MMBtu. NSPS standards 
for boilers > 100 MMBtu/hr constructed after June 1984 (to 0.5-0.8 levels). No current 
regulations for older, or smaller boilers. RACï standards yet to be promulgated for sources 
> ZTPY.  

Further Control Options* 

LEA - Applicable to forced-air burners. 

SCA - BOOS + OFA. For boilers > 25 
MMBtu/hr. OFA not for largest units. 

FGR - Most boiler configurations. 

NGR - Not applicable to small cyclones. 

LNB - For boilers > 25 MMBtu/hr. 

SNCR - For larger boilers with steady 
loads. 

SCR - For ìarger boilers with steady 
1OiìdS. 

Fuel Switching - Seasonal use of natural 
gas* 
Unless noted, values taken from Lake Mic 

** For boilers rated at 250 Mh?[Btu/hr 

4 - 31% 
10 - -32% 

36% (Pechan) 

20 - 45% 

30 - 165% 

18 - 167% 

33 - 46% 

40 - 80% 50 - 80% (Acurex) 

80% (Pechan) 
50 - 90% (Acurex) 

'70% (GRI) 

igan (Ozone Control 1 = 

$/ton from Lit. 

NIA - (Savings ?) 

250 - 500 (Pech) 

NIA 

NIA 

1,600 - 2,100** 

5,100 - 6,600" 

3,400 - 9,200 (Pech) 

NIA 

;ogram Report, Apr S 
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DISCUSSION: 

Industrial/Commercial/Institutional boilers are used for a variety of applications, including 
steam and hot water production, srnail-scale electrical generation, and miscellaneous process 
needs. Industrial boilers typidy are 30 - 150 MMBtu/hr, though units up to 850 
MMBtu/hr can be found. These larger boilers are essentially the same as coal-fired utility 
boilers, and can use similar controls (see section on utility boilers). Unlike utility boilers, 
however, application of NO, controls has been very limited, and many of the efficiency and 
cost numbers are based upon previous experience in the utility sector. 

Coal-fired boilers are pulverized coal (PC), stoker, or cyclone configurations. By and large 
cyclone units are older boilers which are not amenable to combustion modifications, and 
may have to rely on flue gas treatment alone. Combustion modifications may be successfully 
applied to other boiler types. Of PC boilers, tangential-fired units are more expensive to 
retrofit with CMs than wall-fired units. Because T-fired units also have lower uncontrolled 
emissions than wail-fired ones, the resulting dollars per ton value becomes even higher. 

Because of the economies of scale associated with post-combustion controls. SNCR and SCR 
may only be cost-effective for larger industrial boilers. In addition, flue gas treatments 
operate effectively only within specific temperature windows. The unsteady loads 
encountered with mailer boilers may make for unstable temperature profiles and limit the 
effectiveness of SNCR and SCR in these cases. 

Seasonal fuel switching from coal to natural gas may also prove to be a cost-effective NO, 
control strategy. Based on estimates from utiiity boilers, NO, reductions may be on the 
order of 70%. However, the cost of retrofitting smaller boilers for dual-he1 capabilities is 
not known at this time. (See tbe section on utility boiler controls for a further discussion.) 

Finally, note that the controls noted above may also be used in combination to achieve 
lower emissions levels, as with utility boilers. Though control experience is limited with 
boilers of this size, potentially cost-effective controls are available, especially when 
compared to oil and gas-fired boilers of similar capacity. (Oil & gas boilers typically have 
much lower baseline emissions than coal-fired Units, thereby raising dollars per ton values 
even for similar percentage reductions.) 

SOURCE: 

LMOS 
EPA 
Acurex 
Pechan 
GRI 
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SOURCE CATEGORY: 

RELATIVE SOURCE SIZE: 

Industrial/Commercial/~~~tional Boilers - Oil/Gas-Fired 

- Baltimore, MD: - chicag0,IL: 
- Washingt011,DC: 
- HûustoqTX: 
- Philadelphia, PA: 

0.0% (Possibly under other categories) 
8.5% (Coal, Oil & Gas) 
0.8% (Coal, Oil & Gas) 
0.0% (Possibly under other categories) 
0.0% (Possibly under other categories) 

BASELME CONTIPOLS: Uncontrolled emissions 0.1 .- 0.8 lb/MMBtu, typically 0.3 - 0.4. 
No NSPS in place. RACï standards yet to be promulgated for sources > 25 TPY; draft 
ACï avaiiable. 

Further control options* 

LEA - Values for oil-fired units. 

FGR - Most boiler configurations. 
Values for natural gas units. 

LNB + F G R -  

SCR - Only for larger boilers with 
steady loads. 

Combustion Modincations - Overall. 

Flue Gas Treatment - Overall. 

All controls - CMs and/or FGTs. 

Efficiencv 

361% 

50% puenine) 

70% (Buenine) 

80% 

5 - 715%" 

50 - go%** 

3 0 w  * 

'Unless noted, al i  values taken from Pechan, 1991. 
1 

%/ton from Lit. 

(5,900) 

1,300 - 6,2200 

- 
2,600 - 24,OOO 

Small/Med: 
2,300 - 6,000 
Med/Large: 
500 - 5.OOo 

** From the Lake Michigan Ozone Control Program R.eport, Apd 1993. 

DISCUSSION: 

Industrial/Commercial/Institutional boilers are used for a variety of applications, including 
steam and hot water production, small-scale electrical generation, and miscellaneous process 
needs. Industrial boilers typically are 30 - 150 MMBtu/hr, though Units up to 850 
MMBtu/hr can be found. These larger boilers are essentially the same as utility boilers, and 
can use similar controls (see previous section on utility boilers). Unlike utility boilers, 
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however, application of N Q  controls has been very limited, and many of the efficiency and 
cost numbers are based upon previous experience in the utility sector. 

Of all oil/gas-fired boilers, approximately 90% use natural gas. These boilers are 
intrinsically cleaner than comparable coal-fîred units, due to the lower nitrogen content of 
the fuels. Of these two fuels, gas produces somewhat lower NO, emissions than oil units. 
Because of their lower emissions levels, oil/gas-fired systems may become the favored choice 
of ICI boiler operators in the future, wherever oil and/or gas is readiiy available. However, 
because of the lower baseline emissions from these units, fewer emissions reductions are 
achievable than from similar coal-fired systems. 

Of oil and gas boilers, tangential-fired units are more expensive to retrofit with CMs than 
wall-fired Units. Because T-íired Units also have lower uncontroiled emissions than wall- 
fired ones, the resulting dollars per ton value becomes even higher. Similarly, distillate oil 
boilers are intrinsically cleaner than residual oil Units. Accordingly, the dollars per ton 
values for controls applied to distillate oil burners are about twice as high as those for 
residual oil systems. 

Because of the economies of scale associated with post-combustion controls. SNCR and SCR 
may only be cost-effective for larger industrial boilers. In addition, flue gas treatments 
operate effectively only within specific temperature windows. The unsteady loads 
encountered with smailer boilers may make for unstable temperature proñies and limit the 
effectiveness of SNCR and SCR in these cases. In any case, dollar per ton values for FGTs 
are much higher than for CMs. (For example, SCR systems are typically five times as 
expensive per ton controlled than W s . )  

The addition of methanol to natural gas burners may prove to be another promising control. 
There have been no commercial applications of this process to date, however, and the cost- 
effectiveness is uncertain. 

Finally, note that the controls noted above may also be used in combination to achieve 
lower emissions levels, as with utility boilers. Though control experience is limited with 
boilers of this size, potentially cost-effective controls are available. However, costs per ton 
increase dramatically as boiler sizes decrease to the 10 MMBtu/hr range, and few controls 
m a y  be cost-effective for this size range. 

SOURCE: 

EPA 
Acurex 
Pechan 
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SOURCE CATEGORY: Iron and Steel Manufiicture 

RELATnTE SOURCE SIZE: 

- Baltimore, MD: 6.1% - chicag0,IL: 0.6% - W h g t o ~ D C :  0.0% 
- HûmtobTX: 0.0% - Philadelphia, PA: 1.8% 

BASELINE CONTROLS: Uncontrolled emissions from iron and steel manufacturing is 
highly variable, 0.02 - 0.8 lb/ton of steel, depending upon process, fuel, and cycling period. 
NSPS is in place for coal-fired industrial boilers. No other processes are regulated for NO,. 
R4Cï requirements to be promulgated. 

Further Control Options* 

LEA - Reheat furnace. W t e d  data 
for 15 to 30 M W  loads. 

LEA - Soaking pits. Limited data for 
about a 2 MW load. 

BOOS - Reheat furnace. Limited data. 

FGR - Rehaet furnace. Limited data. 

LNB - Metal melting furnaces. 

Furnace overhaul - specifics .undeñned. 

SCR - Processes not specified. 

SNCR/NSCR - Processes not specified. 

Unspecified boiler controls 

m t s  based on gas-fired units. 

Efficiency 

2443% (EPA) 

:= 69% (EPA) 

:= 43Vo (EPA) 

50% (:GRI) 

SOC% (SCAQMD) 

40% (LMOCP) 

4040% CLMOCP) 

80-90% (LMOCP) 

20430% CLMOCP) 

$/ton from Lit. 

NIA 

N/A 

9,300 (SCAQMD) 

NIA 

NIA 

N/A 

230-5,200 (20%) 
1,700-7,400 (80%) 

(LMOCP) 
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DISCUSSION 

Iron and steel manufacturing consists of several different NO,-producing sources, including: 

Electric arc furnaces 
Open hearth furnaces 
Blast furnaces 
Reheat/heat treat fumaces 
Annealing fumaces 
Basic oxygen process furnaces 
Pelletizing 
Soaking pits 
Sintering operations 
Coating operations 

Botb baseline emissions and potential reductions vary with the particular source in question. 
In addition, N Q  control tests have been rn on only reheat and annealing furnaces, and 
soaking pits, and this information is sparse. (Most research in this area has involved control 
of PM emissions.) Applicability of CMs to these processes may be limited by the need to 
have strict control of process temperatures at ail times. Therefore few conclusions can be 
made regarding the feasability and overall cost-effectiveness of controls for this source 
category. 

SOURCE: 

SCAQMD 
LMOCP 
EPA 
GRI 
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SOURCE CATEGORY: Oil and Gas Production (IC Engines and Gas Turbines) 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.0% 
- Chicago, IL: 0.0% - W~hingtoqDC: 0.0% 

- Philadelphia, P A  0.0% 
- H û ~ t o ~ T X :  63% 

BASELINE CONTROLS: Uncontrolled emissions from IC engines 5 - 20 g/hp-hr; gas-ñred 
turbines 1.4 - 2.4 g/hp-hr, distillate oil turbines 2.1 - 3.8 g/hp-hr. No current regulations for 
stationary IC engines. NSPS for turbines > 10 MMBtii/hr (75 - 150 pprn). NESCAUM 
area recommending 42/65 ppm for 1-10 MW turbines, 9 ppm for 10 + MW. ACT available 
for engines and turbines. RACT to follow. 

IC ENGINES: (NSCR, PSC, CMs, EGR, 
SCR) See section on IC Engines. 

TURBINES: 

Water/Steam Injection - Potential retro- 
fit for all turbines. Operational con- 
straints. Unproven in field. 

Dry Low NO, - R&D stage. Unproven 
in field. 

SCR - Applied to large cogeneration 
units, but unproven on simple cycle. 

SCR + Dry Low NO, or W/S Injection - 
Unproven in field. 

Acurex values for 11,OOO hp units 

Efficiencv 

50.70% i(Acurex) 
50.95% (Radian) 

70% (Pechan) 

70.80% (Acurex) 
c = 94% (Radian) 

70-80% (Acurex) 

N,/A 
70.90% (Radian) 

94% (Pechan) 

$/ton from Lit. 

3,700-7,500 (Am) 
452,300 (Radian) 
1,300-2,200 (Pech) 

N/A 
óû-1,100 (Radian) 

2,500-6,500 
(Ac/Rad) 

5,000-14,OOO (Am) 
3,800-11,900 (Rad) 
3.100 - 5.200 (Pech) 
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DISCUSSION 

Gas turbines and IC engines located at compressor stations are the most significant sources 
of NO, from oil and gas production. A small percentage of emissions also comes from 
heaters, reboilers, and flaring. Controls wiU not be evaluated for these smaller sources. 
Note that most of the information presented here is based on gas production systems. 
Radian assumes that the control options discussed wiil be equally applicable to the oil 
production sector. 

Gas pipline engines range from 50 to 10,ûûO hp (2 and 4-cycle rich and lean-burn), while 
turbines range from 1,ûûû to 30,000 hp. Nationwide, total hp is split evenly between engines 
and turbines. Ages are also variable for these units, with the oldest engines being 50 years 
old, and the oldest turbines around 30 years old. By and large, the newer engines and 
turbines have much lower emissions than their older counterparts. This is especially true 
for new engines employing lean combustion technology. 

Of the control options evaluated in the report, two are unique to gas turbines. Water/steam 
injection is used to lower the temperature in the combustion canister, thereby lowering 
thermal NO, formation. However, increases in CO and HC emissions may result. In 
addition, appliction of this technology may be limited by the lack of water delivery systems 
at remote locations. km combustion, or dry low NQ, modifications also lower 
temperatures in the canister by premixing the fuel charge with air. This later control option 
is sti l i  in the R&D stage. 

In general, most of the control technologies noted for engines and turbines can be installed 
on the newer units, though retrofits for older systems can be problematic. only NSCR, PSC 
and lean combustion have been successfully demonstrated for engines in the field. While 
SCR has been successfully applied to large utility cogeneration turbines, it has not been 
field-tested on simple cycle units like those found at compressor stations, or on any oil-fired 
units. In addition, SCR may have limited applications in this area because of decreased 
effectiveness under variable loads. 

SOURCE: 

Acurex 
Radian 
Pechan 
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SOURCE CATEGORY Petroleum Refineries 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.0% - chicag0,IL: 65% 
- W ~ h i n g t o ~ , D C :  0.0% - HûWoqTX: 16.1% - Philadelphia, PA. 83% 

BASELINE CONTROLS: Uncontrolled emissions about 03  lb/MMBtu for process heaters; 
up to 1.0 Ib/MMBtu for CO boilers. No current controls outside of California (heaters 
regulated; CO boilers exempt). LNBs beginning to penetrate heater market in other states. 
RACï to be adopted by states. Draft ACï available for heaters. 

SCA - For natural draft systems. 

LNB - Largest reductions for oil-fired 
and forced-draft burners. 

LNB + FGR - 

Ultra-LNBs - With internal FGR and/or 

SCR - Best applied to large, forced I draft, box types requiring frequent ser- 
vice. 

45% (Pechan) 

27% (Nat Dr)' 
581% (Forcd Dr)* 

55% (Gas)* 
70% (Oil)* 

75(% (Draft Am 

60i% (Dxaft ACT') 

701% (Draft Am 

130% p l o p )  

85% (vi/ LNB) 
&MOP) 

%/ton from Lit. 

130-430 savings 
(Pechan) 

1,200-3,800* 
8052,640' 

2,000-5,000* 
600-2,600* 

300-2,000 
waft A ( T  

3,000-7,000 (oil)* 
12,700-14,400 (gas)' 

12,000.15,700 (gas)' 
900-8,OOO (oil)* 

9,800-14,300 
(Radian, 1993a) 

17,500-22,500 (for 
s m a l l  heaters) 

11,000-17,OOO (gas)' 
2,600-11,600 (oil)' 
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Further Control Options 
CO BOILERS: 

Divert CO stream -- Problem with no 
heat recovery, increased CO and NH3 
emissions. 

SNCR - Feasibility uncertain. 

SCR - Expensive, diíEcult retrofit. 
Possible catalyst fouling. 

l t u / h r  for gas, 72 w t u / i u  for oil. 
œ.- 

Efficiency 

? 

? 

? 

$/ton from Lit. 

? 

? 

? 

DISCUSS1 ON 

The majority of NO, emissions from petroleum refineries originate from process heater 
operation. Process heaters are used extensively in refineries to facilitate chemical reactions 
requiring heat inputs. Typical ratings range from 30 to 100 MMBtu/hr, though the largest 
units may be in the 500 MMBtu/hr range. Approximately 90% of heaters in this sector are 
natural draft. 

Process heaters operate almost exclusively on oil or natural gas. The burners themselves 
use either forced or natural draft configurations. the air intake configuration has a direct 
impact on the emissions reductions achievable from these systems. On the whole natural 
draft systems are more difficult to modi@ than forced draft systems, and costs will vary 
accordingly. Also, as with other retrofit strategies, post-combustion controls become very 
expensive on a dollar per ton basis for smaller heaters. 

CO boilers are another signincant source of NO, emissions from petroleum refineries. 
These boilers operate as part of fluid catalytic cracking (FCC) units. FCC units use the off- 
gas from the "cracking" process to bum off coke deposited on the catalyst during cracking. 
CO boilers have unusually high uncontrolled NO, emissions per unit heat input. These high 
levels are caused by both the high temperatures of the inlet gas stream and the presence of 
NO, and NH3 within the stream. 

There has been little to no experience with controlling NO, emissions from CO boilers in 
the U.S. to date, so efficiency and cost-effectiveness numbers are not available. However, 
engineering judgement leads us to believe that CO boilers will be very difficult to retrofit 
with LNBs, due to their unique burner requirements. In addition, particulate and sulfur 
concentrations in the CO stream may limit the applicability of SCR treatment. However, 
SNCR may prove to be a viable option. 
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SOURCE: 

EPA, July 1992 (Draft ACï) 
Buening, 1993 
Radian., 1993a 
Pechan., 1991 
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SOURCE CATEGORY: Residential Heating 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 0.0% (Not provided in inventory) 
- Chicag0,IL: 1.0% - W~hingto~DC:  0.1% 

- Phiiadelphia,PA ? 
- HûWoqTX: 0.0% (Not provided in inventory) 

BASELINE CONTROLS: Uncontrolled emissions from residential heating systems range 
from 0.06 - 0.10 lb/MMBtu for naturai gas-fired units, and 0.08 - 0.19 lb/MMBtu for 
distillate oil-fired units. There are currently no controls required for these units, and no 
RACT planned. 

Further Control Ootions 
LNBs - Applied to new water heaters. 

Solar water heater - Retrofit in-use 
units. 

GAS-FIRED UNITS: 

Radiant Screens - Requires careful 
installation. HC/CO may go up. 

Secondary air baffies - Requires careful 
instailation. Single port burners. 

Surface combustion burner - R&D 
stage. 

Perforated bumer - Commercially avail- 
able. 

Modulating furnace - Derating fumace. 
Longer heating periods. 

Pulse combustor - R&D stage. 

Cataljtic combuster - R&D stage. 

Efficiencv 
40 - 50% (Bay) 

100% 

49 - 57% (EPA) 

38% (EPA) 

79% (EPA) 

78% @PA) 

29% (EPA) 

43 - 71% @PA) 

> 91% (EPA) 

$/ton from Lit. 

e = 2,000 (Bay) 

63,000 (SCAQMD) 
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_____~  I DISTILLATE OILFIRED UNITS: 

Flame retention burner head - 

Controlled mixed burner head - 
Integrated furnace system - No retrofits. 

"Blue Flame" bumer/furnace system - 
No retrofits. Commercially available. 

Internal recirculation - Retrofit OR new 
installation. Not commercially available 
in U.S. 

Efficiency 

44% (EPA) 

69% (EPA) 

84% (EPA) 

59 - 84% (EPA) 

$/ton from Lit. 

DISCUSSION 

Residential heating system consist of space heaters, warm air furnaces, and water heaters. 
These systems typically use either natural gas or distillate fuel oil. These units are a difficult 
source category to regulate due to their large number, lack of regular maintenance, and slow 
turnover time (a SCAQMD source indicates a i0  year turnover time). Because of their 
small contribution to the total inventory on and individual basis, residential heating systems 
will not meet the 25 TPY cut-off limit required for Federal NO, RACT. Indeed little 
control information has been compiled for this source category, and our study found no cost- 
effectiveness values outside of California. In addition, many of the control efficiency values 
are speculative. 

Burner tuning may be the lowest cost control for in-use: heating systems. However, EPA 
data indicate that tuning only reduces PM, CO, an.d HC,, rather than NO, emissions. Most 
other controls may have high retrofit costs, wheire retrofits are even feasible. Another 
option is to wait for the replacement of an old heater with a new, cleaner technology. 
Several of these emerging technologies are noted in the table above. We note the 
commercial status of these technologies when given. 'The reliance of these controls on 
reguiar maintenance was not provided in the literature, however. 
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If heater systems are retired and replaced with any of these control technologies, then cost- 
effectiveness values will rise, with the remaining useful life of the old unit. These costs 
might be subsidized by the local utility/PUC. If the adoption of a control technology is 
postponed until unit retirement, emissions reductions wil i  be slower in coming about. 

SOURCE: 
EPA 
SCAQMD 
Bay 
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SOURCE CATEGORY 

RELATIVE SOURCE SIZE: 

Stationaxy Internal Combustion (IC) Engines 

- Baltimore, MD: 2 5 %  - Chicago, IL: 22% - Washingt~~DC:  - HûmtoqTX: 
- Philadelphia, PA: 

0.0% (Possibly .under other categories) 
0.0% (Possibly .under other categories) 
0.0% (Possibly ,under other categories) 

BASELINE CONTROLS: Uncontrolled emissions 5 - 20 g/hp-hr, (typically 11 - 12). No 
current regulations. RACT standards under devellopment, with ACT currently available. 

Further Control Options 
RICH BURN ENGINES: 

Pre-stratifíed charge - restricted to 4- 
cycle, ~ t ~ r d l y  aspirated, carburated 
engines capable of turbocharging. 

&-Fuel (A/F) adjustment - Fuel-inject- 
ed engines, no turbochargers. Possible 
CO/HC increase. c = 5% fuel penalty. 

Ignition Timing (IT) Retard -- Misfire 
possible. Up to 7% fuel penalty. 

A/F + IT Retard - Allows far better 
performance with sigdïcant emissions 
reductions. 

NSCR - Engines with tight A/F control. 
Up to 10% fuel penalty possible. 

Efficiency 

80% @,MOS) 
i87% (ACT) 

25% (IMOS) 
10-40% (ACT) 

35% (IMOS) 
040% (ACT) 

1040% (ACT) 

80% (INOS) 
80-9095 (Rad) 
90-98% (ACT) 

$/ton from Lit. 

150-7,400 (ACT) 

350-650 @MOS)* 
4302,900 (ACT) 

250-500 (LMOS)' 
360-2,900 (ACT) 

410-2,900 (ACT) 
300-600 &MOS)* 

200-2,600 (LMOS) * 
125-210 (Rad) 
240-6,900 (ACT) 
1,000-9,()0 (Bay) 
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A/F + IT Retard - Allows for better 

Lean burn combustion - 2 & 4-cycle, 
lean bum gas-ñred engines. Proven in 
field. Best for base-load applications. 

EGR - 2 & 4-cycle lean burn engines. 
Unproven in field. 

SCR + lean combustion - 2 & 4-cycle 
engines. Best for steady loads. Catalyst 
poisoning possible. Unproven in field. 

COMPRESSION IGNITION (DIESEL): 
IT Retard - Up to 5% fuel penalty. 

SCR - Best for steady loads. Diesel 
must contain c 0.5% sulfur or catalyst 
becomes poisoned. 

"Acurex values for 2000 hp engine. 

%/ton from U. 

300-1,OOO (LMOS)' 
330-3,700 ( A O  

250-700 @.MOS)* 
500-2,400 (ACT') 

250-850 @.MOS)* 
400-3,500 (ACT) 

520-630 (Amex)* * 
650-3,600 (ACT) 

300-650 (Amex)** 

800-1,300 (Am)** 

490-6,800 (ACT) 
2,600-16,ûûO (Bay) 

550-9,Ooo (LMOS)' 

6,700-10,ûûO (Ac)** 

350-550 (LMOS)' 
370-2,900 (ACT) 

700-8,500 (LMOS)' 
800-1,300 (Rad) 

I =,o00 @ay) 
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DISCUSSION. 

Stationary IC engines are used in a variety of applications, including electricity generation 
(typically as standby), oil and gas pumping and transportation, agriculture, and refngerator 
compression. These engines bum gasoline, natural gas, diesel, or diesel/gas mixtures. 

The control strategy chosen for a particular engine Is usually detennined by its air/fuel ratio 
(A/F) - all engines can be classified as either rich bum or lean bum (including diesels and 
most 4-cycle turbocharge), depending on the exhausi. Q content. Potential process 
modifications for spark ignition engines include A/F adjustment and ignition timing (IT) 
retard. For rich bum engines, A/F adjustment decreases the ratio further, limiting the 
amount of Q available for conversion into NO,. The operating A/F for lean burn engines 
can be adjusted to a leaner setting to achieve similar results. However, HC and CO 
emissions may increase as a result. IT retard delays the timing of ignition, thereby 
decreasing combustion chamber volume and temperature. This change also decreases NO, 
formation. Both of these CMs have an associated fuel penalty of about 5%. However, use 
of ïï retard in conjunction with A/F adjustment can lower emissions while miniminnp 
operational impacts. 

Post-combustion controls for rich burn engines require the use of non-selective catalytic 
reduction (NSCR). NSCR typically employs a three-way catalyst for the simultaneous 
control of HC, CO and NO,. Three-way catalysts *are a commercially available technology 
with a proven record of perfomance on mobile sources, and may be easily applied to 
stationary engines. Because of the lower Co and HC emissions, SCR may be employed 
with lean-bum engines. Overall, only NSCR and pre-stratified charge (PSC) controls have 
been successfully applied in the field. 

The cost-effectiveness values reported for post-combustion treatment span a wide range. 
The doliar per ton values are quite sensitive to load, and, this factor may be responsible for 
the wide range in the values reported in the literature. The values reported in the LMOS 
reference were based upon continuous-load situations, and may therefore be somewhat low. 

Finally note that electrification of smaller engines may be a viable NO, control option in 
certain restrictive situations. Although cost-effectiveness values are extremely high (> 
$20,ûûû/ton), emissions reductions reach 100%. IJse of alternative fuels may prove to be 
another control option in the future, though no finn cosí. or reduction numbers were found 
in the literature. 

SOURCE: 

LMOS 
ACT 
Bay 
Acurex 
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SOURCE CATEGORY Utility Boilers - Oil/Gas-Fired 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 6.4% 
- chicag0,D.L 3.9% - Wa.~hingto~~,DC: 1.8% 
- HûUtûqTX: 123% 
- Philadelphia,PA: 2.6% 

BMELINE CONTROLS: Uncontrolled emissions from oil and gas boilers vary with boiler 
capacity, ñring configuration, and fuel quality. For boilers in the northeast, uncontrolled 
levels are about 0.45 lb/MMBtu for wall-fired units, and 0.30 lb/MMBtu for tangential-fired 
units. Boilers constructed after 1971 are subject to NSPS standards, from O 2  - 0.3 
lb/MMBtu. However, the majority of utility boilers in operation today were constructed 
before this date, and have no controls applied. Figures below are for uncontrolled boilers. 
ACT guidelines and NO, RACï regulations are under development. 

Further Control Options 
COMBUSTION MODIFICAïïONS: 

Wail-fíred units (100-800 MWk 

BOOS - 
FGR - Up to 15% recirculation. 

LNB - Broad application possible. 
Good field results. 

OFA - 
BOOS + FGR - Not incremental. 

BOOS+FGR+LNB - Not incremental. 

Efficiency 

22 - 33% (Acurex) 

22 - 44% (Acurex) 
31% (Pechan) 
40 - 50% (Bay) 

33 = 44% (Acure$ 
30 - 50% (Bay) 

25 - 35% (Bay) 

33 - 44% (Acurex) 

44 - 78% (Acurex) 

$/ton (Rad or lit)* 

234 - 351 (Rad.) 

265 - 1,027 (Rad) 
1,284-1,323 (Pet)** 
447 - 559 (Bay)"' 

704 - 1,885 (Rad) 
1,271 - 2,119 (Bay) 

415 - 582 (Bay) 

425 - 921 (Rad) 

898 - 2,942 (Rad) 
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Further Control U~tions 

Tangential-fired units ~ l û û - S o O M w ~  

BOOS - 
FGR - Up to 15% recirculation. 

LNB - Broad application possible. 
Good field results. 

OFA - 
BOOS + FGR - Not incremental. 

BOOS+FGR+LNB - Not incremental. 

FLUE GAS TREATMENT: 

Wall-fired units (100-SOO M W )  

SNCR - Demonstrations ongoing. 
Ammonia slip a concern 

SNCR (Incremental to BOOS/FGR) 

SCR (cold side) - Demonstrations 
ongoing. 

SCR (Incremental to BOOS/FRG) 

Efficiency %/ton (Rad or fit>* -- 

17 - 33% (Acurex) 375 - 812 (Rad.) 

17 - 33% (Acurex) 531 - 2,045 (Rad) 
3:L% (Pechan) 2,568-2,645 (Pec)' * 
401 - 50% (Bay) 447 - 559 (Bay)* * * 

17 - 50% (Acurex) 939 - 5,655 (Rad) 
301 - 50% (Bay) 1J71 - 2,119 (Bay) 

25 - 35% (Bay) 415 - 582 (Bay) 

33 - 50% (Acurex) 567 - 1,381 (Rad) 

33 - 67% (Acure 

33 - 441% (Amrex) 
35% (Bay) 

17 - 33% (A.curex) 

67 - 78% (Acurex) 
80% (Pechan) 

80% (Bay) 

67 - 83% (Acurex) 

) I 1,572 - 5,884 (Rad) 

744 - 1,321 (Rad)* 
959 - 1,370 (Bay)*** 

1,182 - 3,350 (Rad)* 

3,257 - 6,084 (Rad)' 
2,866 - 4,396 (Pech)" 
2,450 - 2,757 (Bay)' * * 

4,515 - 9,015 (Rad)* 
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Tanpentid-fired units (100-800 MW): II 
SNCR - Demonstrations ongoing. 
Ammonia slip a concern. 

SNCR (Incremental to LNB) - 
SCR (cold side) - Demonstrations 
ongoing. 

33 - 50% (Acurex) 
35% (Bay) 

25 - 50% (Acurex) 

67 - 83% (Acurex) 
80% (Pechan) 

80% (Bay) 

50 - 75% (Acurex) SCR (Incremental to LNB/FGR) 
* All Radian and ANex  values for 40% capacity factor. 
** Pechan values for 50 - 940 MW range. 

788 - 1,675 (Rad)' 
959 - 1,370 (Bay)*** 

978 - 2,942 (Rad)* 

3,608 - 7,882 @ad)* 
5,363 - 7,497 (Pech)" 
2,450 - 2,757 (Bay)* ** 

5,961 - 15,686 (Rad)' 

=** Using BAAQMD capital cost numbers, Radian cash flow model. 

DISCUSSION 

Utility boilers have a rated capacity of > =  250 MMBtu/hr, or 25 MW. Boilers may 
approach loo0 MW at their largest. PC-fired boilers, oil/gas-fired units and gas turbines 
make up the vast majority of electric generating capacity in the U.S. Oil and gas-fired 
boilers tend to have lower uncontrolled emissions than PC boilers, but higher emissions than 
turbines (see section on Oil and Gas production for a discussion of turbine controls). 

Oil and gas-fired units themselves utilize either wall or tangential firing configurations. 
Wail-fíred boilers have significanîly higher uncontrolled emissions levels than tangential 
units. Accordingly, controls for wall-fired systems generaily have lower cost-effectiveness 
values than for tangential systems. For this reason the table above reports these values 
separately. Similarly, combustion modifications are separated from flue gas treatments to 
emphasize the cost àifferential between these WO control approaches. 

As seen in the table, CMs are less expensive on a dollar per ton basis than FGTs. In 
addition, due to economies of scale, cost-effectiveness values are lower for the larger 
capacity units. These economies of scale are particularly apparent with the capital intensive 
FGTs. There is also a significant spread in the estimated efficiency values. This variation 
is do to the influence of site-specific factors (e.g., boiler age, fuel quality, etc.). 

The cost-effectiveness figures generated by Radian use data from a December 1992 Acurex 
report on boilers in the northeast as its basis. The primary inputs were uncontrolled and 
controlled emissions rates, capital and consumables costs. Radian used these values in a 
cash flow model to determine net present costs and emissions reductions, and from these, 
a doiiar per ton value for each control option. The model allows Radian to investigate the 
sensitivity of the cost-effectiveness values to changes in installed capital, operating, and 
consumables costs, as well as capacity factors, M W  rating, and equipment book life. 
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Radian’s values consistently were within five to twenty percent of Acurex’s calculations. In 
addition., our values compare fairly well with the values from Pechan for SCR, though 
Radian’s estimates for FGR are somewhat lower than Pechan’s, especially for tangential- 
fired Units. Values from the BAAQMD for capital: costs,, used in Radian’s cash flow model, 
also generated comparable for figures. 

The controls themselves cannot be applied to ail boilers in service, however. Retrofit 
potential may be limited by boiler age, type of windbox (NGR), space availability, sulfur in 
fuel (SCR), or a number of other factors. (Potential penetration of these controls is 
considered in Task 5.) In addition to these limitations, CM applications may have a number 
of side effects, depending on the application., including: 

SOURCE: 

Acurex 
Pechan 
GRI 
John Zink Inc. 
LMOCP 

increased CO emissions; 
unstable flame formation; 
increased unburned carbon emissions; 
loss of boiler turndown capability; 
reduced boiler efficiency/fuel ecoqomy; 
loss of generating capacity; 
back-end corrosion; and, 
boiler vibrations. 
flame impingement on water walls 
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SOURCE CATEGORY: Utility Boilers - PC-Fired 

RELATIVE SOURCE SIZE: 

- Baltimore, MD: 24.5% - Chicago, IL: 29.5% 
- Washington,DC: 54.2% - HûutûqTX: 8.9% - Phiiadelphia,PA: 2.6% 

BASELINE CONTROLS: Uncontrolled emissions from pulverized coal (PC) boilers vary 
with boiler capacity, firing conñguration, and fuel quality. For boilers in the northeast, 
uncontrolled levels are about 0.95 lb/MMBtu for wall-fired units, and 0.60 lb/MMBtu for 
tangential-fired units. Boilers constructed after 1971 are subject to NSPS standards, from 
0.5 - 0.7 lb/MMBtu. However, the majority of utility boilers in operation today were 
constructed before this date, and have no controls applied. Figures below are for 
uncontrolled boilers. ACT guidelines and NO, RACï regulations are under development. 

I Furher Control Options 

COMBUSTION MODIFICATIONS: 

Wail-fired units (100-800 Mw): 

OFA - Limited experience 

LNB - Broad application possible. 
Good field results. 

LNB + OFA - Not incremental. 

NGR - About 15% gas. Costs assume 
coal at $48/ton, gas at $2.74/1000 sd. 

Retrofits require OFA 

Tanpentid-fired units ~100-800Mwr: 

NGR - About 15% gas. Costs assume I coal at $48/ton, gas at $2.74/1000 scf. 

Efficiencv 

16 - 26% (Acurex) 

37 - 53% (Acurex) 
50% (Pechan) 

42 - 63% (Acurex) 

47 - 58% (Acurex) 

25 - 33% (Acurex) 
50% (Pechan) 

25 - 50% (Acurex) 

42 - 58% (Acuex) 

$/tan (Rad or lit)* 

364 - 1,026 (Rad.) 

152 - 390 (Rad) 
94 - 206 (Pechan)** 

257 - 694 (Rad) 

924 - 1,414 @ad) 

452 - 1,101 (Rad) 
204 - 1085 (Pech)" 
400 - 1,407 (Rad) 

1,452 - 2,546 (Rad) 
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Further Control Ootions 

FLUE GAS TREATMEm 

Wail-fired units (100.800MW~: 

SNCR - Demonstrations ongoing. 
Ammonia slip a concern 

SNCR (Incremental to LNEI) - 
SCR (cold side) - Demonstrations 
ongoing. Only with low-suliFur coal. 

SCR (Incremental to LNB) - 
Tangential-fired units ~100-800MW~: 

SNCR - Demonstrations ongoing. 
Ammonia slip a concern. 

SNCR (Incremental to W) - 
SCR (cold side) - Demonstrations 
ongoing. Only with low-suifur coal. 

SCR (Incremental to LNB) - 
GAS SUBSTLTUTION: 

Seasonal control approach using 
100% gas. SQ credits obtainable. 
Highly variable with gas prices. 

AU Radian and Acurex values for 65% 

Efficiericv 

32 - 47% (Acurex) 

25 - 4:2% (Acurex) 

74 - 84% (Acurex) 
80% (Pechan) 

66 - 7.5% (Acurex) 

33 - 510% (Acurex) 

22 - 44% (Acurex) 

75 - 8.3% (Acurex) 
80% (Pechan) 

67 - 78% (Licurex) 

80% (GRI) 

- apacis, factor. 
** Pechan d u e s  for 60 - 975 MW range. 
*** Assuming $48/ton coal, $2,.74/1000 scf gas. 

DISCUSSION: 

$/ton (Rad of lit)* 

800 - 1,394 (Rad)* 

1,006 - 2,065 (Rad)* 

1,876 - 2,987 (Rad)' 
3,671 - 4,627 (Pech)** 

3,276 - 5,160 (Rad)' 

838 - 1,549 (Rad)' 

1,025 - 2,633 (Rad)* 

2,948 - 4,587 (Rad)* 
5,139 - 6,478 (Pech)** 

4,212 - 6,880 @ad)* 

3,489 (Radian) * * * 

Utility boilers have a rated capacity of > = 250 MMBtu/hr, or 25 MW. Boilers may 
approach loo0 MW at their largest. PC-fired boilers, along with oil/gas-fired units and gas 
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turbines, make up the vast majority of elecîric generating capacity in the U.S. PC boilers 
tend to have higher uncontrolled emissions than either oil/gas boilers or turbines. 

PC units themselves utilize either wall or tangential firing configurations. Wall-fired boilers 
have significantly higher uncontrolled emissions levels than tangential units. Accordingly, 
controls for wail-fired systems generally have lower cost-effectiveness values than for 
tangential systems. For this reason the table above reports these values separately. 
Simiiarly, combustion modifications are separated from flue gas treatments to emphasize the 
cost differential between these two control approaches. 

As seen in the table, CMs are less expensive on a dollar per ton basis than FGTs. in 
addition, due to economies of scale, cost-effectiveness values are lower for the larger 
capacity units. These economies of scale are particularly apparent with the capital intensive 
FGTs. There is also a signincant spread in the estimated efficiency values. This variation 
is do to the Muence of site-specific factors (e.g., boiler age, fuel quality, etc.). 

The cost-effectiveness figures generated by Radian use data from a December 1992 Acurex 
report on boilers in the northeast as its basis. The primary inputs were uncontrolled and 
controlled emissions rates, capital and consumables costs. Radian used these values in a 
cash flow model to determine net present costs and emissions reductions, and from these, 
a dollar per ton value for each control option. The model allows Radian to investigate the 
sensitivity of the cost-effectiveness values to changes in installed capital, operating, and 
consumables costs, as well as capacity factors, MW rating, and equipment book life. 
Radian’s values consistently were within five to twenty percent of Acurex’s calculations. In 
addition, our values compare fairly well with the values from Pechan for LNBs, though 
Radian’s estimates for SCR are somewhat lower than Pechan’s. 

The controls themselves cannot be applied to aU boilers in service, however. Retrofit 
potential may be limited by boiler age, type of windbox (NGR), space availability, sulfur in 
fuel (SCR), or a number of other factors. (Potential penetration of these controls is 
considered in Task 5.) In addition to these limitations, CM applications may have a number 
of side effects, depending on the application, including: 

increased Co emissions; 
unstable fiame formation; 
increased unburned carbon emissions; 
loss of boiler turndown capability; 
reduced boiler efficiency/fuel economy; 
loss of generating capacity; 
backend corrosion; and, 
boiler vibrations. 
fiame impingement 

A ñnai control option recently receiving attention is seasonal fuel switching. This control 
approach allows the boiler operator to bum natural gas in place of coal during the summer 
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months (ozone season). Because of natural gas’ inherently lower NO, emissions, this 
strategy can lower emissions by up to 80%. W e  the retrofit cost may not be high ($30,000 
for a LNB retrofit of a 200 M W  boiler - John Zinkb Inc), the fuel cost differential between 
gas and coal may make the overail cost-effectiveness quite high. Based on Acurex’s 
assumptions concerning coal and gas costs, eniissiom reductions may cost close to 
$4,ûûû/ton. These costs may be even higher if a gas pipe.line must be installed on-site. The 
high costs may be offset somewhat by SQ credits resulting from the conversion. 

SOURCE: 

Acurex 
Pechan 
GRI 
John Zink Inc. 
LMOCP 
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Order No. 84432600 

160PP 0994.5Cl P 
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American Petroleum Institute 
1220 L Street. Northwest 

4’ Washington, D.C. 20005 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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


