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Executive Summary 

Purpose NearIJr 77 million people live in areas throughout the countr>v that 
esceed the federal health standard for ozone established under t hc 
Clean Air Act. Scientific research links ozone to a number of health 
problems. including reduced lung functions and resistance to Infection. 
Gasoline \‘apors emitted from motor vehicles contribute significantI>. to 
ozone format ion. 

Concerned with the number of areas that have not attained the federal 
ozone standard. the Chairman, Subcommittee on O\,ersight and In\,est i- 
gations. House Committee on Energy and Commerce, requested that MO 
examine 

l the status of the En\vironn~ental Protection Agency’s (EPA’S] efforts to 
control gasoline \.apors from motor vehicles. including emissions that 
occur (1) during refueling and (,2) as gasoline e\raporates from the fuel 
tank, carburetor. or fuel-injection system (evaporati\re em&Ions I; and 

. EPA’S analyses of the costs and benefits of alternati\,e policy. actions. 

Background Ozone. often called smog, is formed when hydrocarbons and nirro#w 
osides, released by motor vehicles and various other SOLI~~S. react in 
the presence of wnlight. EPA’S strategy to reduce ozone emphasizes LQ~- 
trolling h).drocarbon emissions. about one-half of ivhich c’ome from 
motor vehicles. 

Since 1973. EPA has been analyzing ways to control refueling emissions 
and is considering two alternatives. One, knoivn as stage II controls, 
\vould reqllire gasoline station owners and operators to install ~‘apor 
recol’ery equipment on their fuel pumps. The other. kno\vn as onboard 
controls, would require motor vehicle manufacturers to equip vehicles 
\vith emission control systems. 

In 195:X EPA began analyzing \$‘ays to control excess e\‘aporati\ve emis- 
sions. One method woulci require oil companies to lower the yolatilit)v of 
the c*ommercial gasoline consumers use in their vehicles. The othet 
Fvorlld equate the volatilities of the gasoline used to certif). e\‘aporati\,e 
emission systems and commercial gasoline, and require modification of 
vehicle emission controls as appropriate. 

In March 198i. EP.\ submitted to the Office of Management and Budget 
(OMB) draft proposals to regulate refueling and e\‘aporati\? emissions 
that would require ( 1 i the installatmn of onboard controls to reduce 
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refueling emissmns and (2) the reduction of commercial gasoline volatil- 
ity to control e\.aporative emissions. The EPA Administrator announced 
on July 22, 198i. that these proposals would soon be published in the 
Federal Register for public comment. 

Results in Brief EPA’S draft propwtls attempt to balance competing concerns-the costs 
of [he control options, their implenlentation time, and their emission 
reduction benefits. \Yith respect to refueling alternatives, EPA concluded 
that onhoard controls are the best approach because they ( 1) pro\Tide 
greater long-term emission reductions than stage II controls, ( 2) are at 
least as cost,-effective. and (3) are easier to implement. This alternative 
is opposed primarily bjv the automobile industry. \vhich cites the added 
cost of the onboard controls. 

Regarding e\7aporati\pe emissions. WA faI.ors commercial gasolme ivIa- 
tility controls. which could achie\re emission reductions tm~~e quickl~~ 
than modifying ~vehicle control systems. This strateg). woulcl affect the 
oil industry most chrectly because it \vould increase refining costs. The 
automobile industr~~ ~voultl be largely unaffected bJv this option. 

EPA’S draft anal>ws of the refueling and e\.aporat iire emission control 
strategies provide useful information on the costs and benefits of regu- 
lating these sources of emissions. Howe\.er. i;.w’s critiqile of EPA’S analy- 
ses identified se\,eral issues that, if addressed, ~vould help clarif>r WARS 
analyses and ptwvide valuable information to assist the Ccmgress and 
others in e\,aluating c.wrrent and future regulatory strategies for achie\*- 
ing the ozone standard. Most of the information EPA wo~11d need to 
address these issues is currently a\,ailable. Therefore. the agent). cc.uld 
deal \vith them in its final analyses \%,ithout, in G.u)‘s opinion. delaying 
the rulemaki ng process. 

Principal Findings 

EPA’s Plans to Control 
Refueling Emissions 

EPA’S hlat’ch 1987 draft propc~~sal pro\Gcles the latest estimates of the 
costs and benefits of onboard and stage II controls 1’(1r rrxlucing refueling 
emissions. It shows that nation\vide stage II controls would cost from 
$liO million to $190 million a year and \vould raise rhe retail price of 
dawline b\r less than cme cent per gallon. \\-hile natlon\viclc! onboard COII- 0 c . 
trols would cost S 180 milliw a >rear and nx~iilcl add $19 to the pikruhase 
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I 

price of the average vehicle. EP-4 estimates that refueling controls would 
reduce nat.ionwide emissions by about 2 percent. 

In its draft proposal, EPA recommends that onboard controls be imple- 
mented in new vehicles, beginning with the 1990 model year, to control 
refueling emissions. Although EPA does not propose a strategy that also 
federally mandat.es stage II controls, it. recognizes that some areas with 
severe ozone problems may be required to implement such controls as 
interim measures for controlling refueling emissions while waiting for 
onboard controls to take effect. 

In deciding to propose onboard controls, EP.4 had to consider the relative 
importance and tradeoffs associated with a variety of factors such as 
costs, emission reductions, and ease of enforcement. EPA states that 
onboard controls offer significant advantages over stage II controls 
because they will provide greater long-term emission reductions at simi- 
lar or less cost, automatically cover all areas, and avoid consumer 
involvement in the operation of the control equipment. Differences con- 
tinue to esist, however, between EPA. the motor vehicle manufacturers, 
and others concerning onboard and stage II control costs? implementa- 
tion time, and safety. (,See ch. 2.) 

EPL4’s Plans to Control 
Evaporat.ive Emissions 

In its March 198i draft proposal, EPA recommends that a control strat- 
egy be implemented to reduce the volatility of commercial gasoline dur- 
ing the summer months (Ithe period of peak ozone problems), beginning 
in 1989, to a level closer to that of the gasoline used to certify the evapo- 
rati\Te emissm systems. EPA expects its proposed strategy to reduce 
hydrocarbon emissions nationwide by 6 percent in 1989 and 9 percent in 
1992. Further. EPA estimates that it \vill cost oil refineries $490 million 
annually, with a net cost to consumers of about $200 million, or under 
$20 per \4~icle during the 1rehicle.s life. 

Similar to the refueling decision EPA’S proposal to reduce commercial 
gasoline \olatilitJT involved complex tradeoffs. with timeliness and emis- 
sion reductions being keg factors. The agency notes that its proposal has 
the advantage of achieving emissions control immediatelgr upon imple- 
mentation, whereas \-chicle-based controls (‘i.e., evaporative canister 
modifications) kvould take years to begin ha\ing a real effect. 

Differences erist bet\veen the motor vehicle and oil indiistries as to how 
best to control excess e\.aporati\,e emissions. The motor vehicle industry 
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favors lo\vering the \rolatility of commercial gasoline and opposes modi- 
fications to the vehicle evaporative emission control system. The oil 
industqv, on the other hand. favors raising the volatility of certification 
gasoline to or near the current level of commercial gasoline and modify- 
ing the evaporative emission control systems to handle the higher vola- 
tility gasoline. (See ch.:3.) 

Addi t.ional Information WA uses a standard. or benchmark figure, of $2,000 per ton of hydrocar- 
Would Improve Usefulness bon emission reductions to decide which controls will be cost-effective. 

of EPA’s Analyses EPA’S ~IIK~JWS of refueling and e\,aporative emission control strategies 
prw’icle limited documentation to support this standard. Further, EPA’S 
analyses do nor consider total benefits and costs of the various strate- 
gies, and therefore the analyses are limited as guides to decisionmaking 
WIWIY the strategies being compared achieve different levels of air yual- 
ity. Further, the analyses do not clearly portray how the ranking of 
strategies is affected b), different assumptions about key uncertain costs 
and benefits of tlach strategy. (See ch.4. ) 

Recommendations 

.  

.  

. I  

To pro\.ide more complete infurmation and analyses to decisionmakers 
e\-altrating regulator>~ alternatiires, i;.w recommends that the Xdminis- 
trator, EP.X direct the Office of Air and Radiation to include in its refuel- 
ing and e\.aporari\.e wntrol anal~xes 

better documentation of the cost-effecti\veness of alternative ozone con- 
trol strategies, including support for its 52,000 benchmark standard. 
and 
a more explicit comparison of all the costs and benefits associated with 
the various refueling and evaporati\.e emission control strategies. 
including a more thorough analysis of the effects of key uncertainties. 

Agency Comments I;.\(> discussed matters in the report \vith EPA officials, and their com- 
ments ivere incorporated \\,here appropriate. At the Subcommittee 
Chairman’s request. LAO did not obtain official agency conmwnts on the 
report’s conclusions and recommendations. 
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Chapter 1 

Introduction 

Ozone, often referred to as smog, continues to be one of the nation’s 
most pervasive air pollution problems. Nearly 77 million people live in 
areas of the country that have failed to attain the federal health stand- 
ard established for ozone under the Clean Air Act.’ Scientific research 
links ozone to reduced lung functions, asthma, eye irritation, and 
reduced resistance to infection. Ozone also significantly reduces the 
yield of certain crops and may be a major element in the air pollution 
that is damaging and killing trees in certain parts of the country. 

ITnlike other pollutants, ozone is not emit.ted directly by a particular 
source. Rather, it is formed as hydrocarbons2 and nitrogen oxides are 
emitted by motor vehicles and various stationary sources, such as oil 
refineries, and chemically react in the presence of sunlight. Because 
increased air temperature plays a major role in ozone formation, peak 
ozone levels generaIly occur during the summer months. 

\‘arious measures have been initiated at the federal and state levels to 
reduce hydrocarbon emissions and control ozone levels. Currently, 37 
states have emission limitations for stationary sources as part of their 
state plan for controlling ozone. covering sources such as factories man- 
ufacturing plastic products and gasoline bulk storage tanks. To help the 
states control stationag. source emissions, the Environmental Protection 
Agency ( EP.4 ) has defined control technologies it considers feasible and 
a\.ailable for the states to require in controlling these sources. The con- 
trol technologies appl), to about 30 industrial categories. Further, since 
the mid- 19Xs, automobiles ha\re been equipped with federally man- 
dated controls for motor Lrehicle eshaust emissions to reduce hydrocar- 
bons and other air pollutants. To date, 37 states have instituted vehicle 
emission inspection and maintenance programs to help insure that these 
controls are functioning properly and to detect an)’ improper mainte- 
nance, tampering, or defecti\,e equipment problems. 

Despite these efforts, hydrocarbon emissions remain a problem, \vith 
automobiles. trucks. and other mobile sources continuing to be majot 
contributors. Hydrocarbon emissions in 1983 (the most recent year fol 
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which EPA has data) totaled about 23.4 million tons, of which 10.7 mil- 
lion tons came from mobile sources. An estimated 60 percent of all 
mobile source hydrocarbon emissions comes from motor vehicle 
exhaust, with gasoline \‘apors from engines and fuel systems making up 
the remaining 40 percent. The nation’s heavy reliance on motor vehicles. 
combined \vith the continued inability of many areas to meet the ozone 
standard, has prompted EPA to look to reducing gasoline vapor emissions 
from motor \,ehicles as part of its overall effort to bring all areas into 
attainment with the federal ozone standard. 

Gasoline Vapor Gasoline vapor emissions from motor vehicles are classified into t\vo 

Emissions and EPA’s 
categories-refueling and evaporative. As the name implies, refueling 
emissions occur during \rehicle refueling as gasoline vapors in the vehi- 

Efforts to Control cle fuel tank are displaced by the incoming fuel, forced out of the tank, 

Them and escape into the outside air. Evaporative emissions occur when gaso- 
line in the vehicle fuel tank and carburetor (or fuel-injection system) 
evaporates because of temperature increases caused by the outside air 
or heat from the engine. Evaporative emissions make up the bulk of gas- 
oline vapor hydrocarbon emissions from mobile sources, accounting foi 
33 of the 40 percent of emissions coming from such sources. The remain- 
ing 7 percent are refueling emissions. 

In addition to polluting the air, gasoline vapors pose a health risk to 
anyone breathing them. These i’apors contain benzene. a known carcino- 
gen, and recent studies suggest, that the \rapors themsehres-apart from 
the benzene component-may be carcinogenic. 

Refueling Emissions At present, there are no federal standards or controls for emissions 
occurring during vehicle refueling. EP;\ has been examining ways of con- 
trolling refueling emissions since 19’73, when the agency began consider- 
ing the feasibility of installing specialized Lvapor recovery equipment on 
service station gasoline pumps (‘stage II controls). Between 19’73 and 
19’77, EPA approved plans for air pollution control that included stage II 
controls for all or portions of the District of Columbia and seven 
states-California, Colorado, Maryland, Massachusetts, New Jersey, 
Texas, and Virginia-to help reduce automobile pollutants. However, 
EPA never set final compliance dates for these stage 11 controls primarily 
because 19ii amendments to the Clean Air Act required EPA to deter- 
mine the feasibility and desirability of controls on autotnobiles (onboard 
controls) as an alternati\,e to stage 11 controls. As a result, in 1977 EP.A 

expanded its study of refueling emission controls to include onboard 
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controls. In 1981, EPA announced that, because of the automobile indus- 
try’s poor financial condition, it would not require onboard technology 
to control refueling emissions. 

In 1983? EPA began to reexamine the refueling emission isslle after (, I> 
data. became available in 1982 that. indicat.ed that gasoline \:apors. apart 
from benzene, may have adverse health effects and (2;) two citizens’ 
groups filed suit in 1983 t,o force EP.4 action on refueling emissions and 
related issues. In 1984, ~4 issued a regulatory strategies document fot 
the gasoline marketing industry that included a comparison of the cost.s 
and benefits of controlling refueling emissions with onboard or stage II 
controls. Over the last 3 years, EPA has continued to review and revise 
its refueling control cost and benefit estimates. In the absence of federal 
action to control refueling emissions, two areas-California and the Dis- 
trict of Columbia-have implement.ed st.age II controls to reduce refuel- 
ing emissions. and St. Louis? Missouri, is also installing them. 

Evaporative Emissions Current.ly, all gasoline-fueled vehicles are equipped with control systems 
designed to capture most evaporative emissions. These control systems 
are to meet specific federal standards based on emission tests using a 
special certification gasoline. In recent years, oil refineries have added 
butane and other low-cost ingredients during their fuel production to 
reduce refinery costs and to replace lead, Lvhich is currently being 
phased out of commercial gasoline. Consequently, the \,olatility level of 
the commercial gasoline has steadily increasecl beyond the volatility 
le\!el of the test gasoline used to certify these systems. The increased 
volatility has, in turn, produced more evaporative hydrocarbon emis- 
sions than the syst.ems can handle. causing excess emissions to be 
released into the air. 

In November 1985, EPA issued a regulatory strategies document that 
compared the costs of controlling excessive evaporative emissions b)’ 
reducing the volatility of commercial gasoline only, or by equating the 
volatilities of commercial and certification gasoline at the commercial 
level. t.he certification level. or at some point between these two le\.els. 
Equating the volatilities of the two fuels at a level above the current 
certification level would have the effect of requiring larger e\‘aporati\*e 
canisters on new vehicles. In its November 1985 study, EPA concluded 
that the volatility of commercial and certification gasoline should be the 
same. but. it made no recommendations as to what that volatility lei’el 
should be. 
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Chapter 1 
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In March 1987, EP.4 submitted to the Office of Management and Budget 
(on$Bj its proposed strategies for regulating refueling and evaporative 
emissions.” To reduce refueling emissions. EP.~ proposes to require 
onboard controls in the 1990 vehicle model year. To reduce evaporative 
emissions, EPA proposes to lower the volatility of commercial gasoline 
during the summer months. beginning in 1989. The EPA Administrator 
announced on July 1 2%. 198’7, that these proposals would soon be pub- 
lished in the Federal Register for public comment. 

Objectives, Scope, and From January 1986 through .January 1987, the Chairman, Subcommit.- 

Methodology 
tee on Oversight and Investigations, House Committee on Energy and 
Commerce, wrote EPA nine letters requesting responses to questions 
about Ep.4 efforts involving fuel volatility and evaporative and refueling 
emissions. Many of the questions were prompted by our December 1985 
report to the Chairman. Air Pollution: EPA’S Strategy to Control Emis- 
sions of Benzene and Gasoline i’apor (GAO,RCED&+), which included a 
discussion of the issues facing EP.4 in its decision to control gasoline 
vapor emissions during vehicle refueling. The Chairman directed EPA to 
provide us with copies of its responses so that we could revie\v them 
and report to the Subcommittee. Cl’e initially agreed with the Chairman’s 
office to provide the Subcommittee with information regarding EP.4’S 

analysis of the feasibility to control evaporative emissions by limiting 
gasoline L701atility and,ior enhancing existing vehicle control systems. N’e 
later agreed to espand the scope of our work to include critiquing EPA’S 

analysis of the costs and benefits of controlling refueling emissions by 
onboard or stage II controls and identifying issues that ivould assist EPA 

in making any final regulatory decisions. 

N’e performed our work between August 1986 and April 19% at EP?-\‘s 

headquarters office in N’ashington. D.C.. and its Motor I’ehicle Emis- 
sions Laboratory in Ann Arbor. Michigan. iYork was also performed at 
the offices of the American Petroleum Institute (,.API)’ in LVashington, 
D.C.: the Amoco Oil Company (.-Amoco) in Chicago. Illinois; and. at the 
Motor Vehicle Rlanufacturers Association of the Irnited States, Inc. 
( RI~NA‘~~ in Detroit, Michigan. 
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EPA’S Office of Mobile Sources and Office of Air Quality Planning and 
Standards are the focal points for the agency’s gasoline volatility and 
evaporative and refueling emissions control activities. We interviewed 
officials and staff from these offices and EPA’S Office of Policy Analysis 
for information on the agency’s estimates of the costs and benefits of 
the various scenarios for controlling evaporative and refueling emis- 
sions, and its plans for rulemaking in these areas. Similar discussions 
were held with representatives of API, Amoco, MVMA, General Motors 
Corporation, Chrysler Corporation, Ford Motor Company, American 
Motors Corporation, Toyota Motor Corporation, and Volkswagen of 
America, Inc., for t.he oil refineries’ and motor vehicle manufacturers’ 
views on the costs and other aspects of controlling evaporative emis- 
sions. For recent information on the volatility levels of commercial gaso- 
line, we interviewed ~vr~ officials concerning their nationwide semi- 
annual gasoline volatility surveys, and obtained from them data on the 
results of their most recent surveys. 

LVe reviewed a variety of documents for information on the costs and 
benefits of various gasoline volatility reduction and evaporative emis- 
sion control scenarios for controlling escess evaporative emissions, and 
for insight into EPA’S and the oil refineries’ and motor vehicle manufac- 
turers’ rationale for their respective cost-benefit estimates. Docun1ent.s 
reliewed included EPA’S November 1985 Study of Gasoline Volatility and 
H>,drocarbon Emissions from Motor Vehicles; t.he July 1985 and subse- 
quent Bonnet. and Moore Management Science reports used by EP,4 in its 
volatility and evaporative cont,rol analysis; the record of EPA’S February 
-I and 5? 1986, public hearings on the November 1985 study; and, public 
comments submitted on EPA’S study by groups such as API, Amoco, 
Chrysler, Ford, General Motors, the State of California Air Resources 
Board, and the State and Territorial Air Pollution Program Administra- 
tors. \i’e also reviewed an April 1986 stud) of gasoline volatility done 
for ~~-4’s Office of Policy Analysis for additional perspecciires on the cost 
and feasibility of this alternative. 

In addition, we obtained and reviewed published and unpublished Ifer- 
sions of EPA documents relating to the costs and benefits of onboard and 
stage II controls to (1) determine EPA’S rationale for these estimates, (2) 
identify the uncertainties cassociated with EPr\‘S analysis, and (3) deter- 
mine ho\v EP.4 considered and responded to the \.arious comments from 
the oil and automotive industries and others. Documents reviewed 
included EPA’S .July 198-l Evaluation of Air Pollution Regulatory Strate- 
gies for Gasoline Marketing Industry; its July 19% draft Evaluation of 
-4ir Pollution Regulatory Strategies for Gasoline Marketing Industry- 
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Response to Public Comments; its August 1986 draft Gasoline hlarketing 
Briefing staff paper; and, an unpublished draft update of ~~-4’s July 
1986 cost analysis given to us by EPA’s Office of Mobile Sources. 

Our analysis covered the cost and benefit figures developed by EPA as of 
March 1987. N’hile we determined the key factors EPA is considering in 
its decisions regarding the control of refueling and evaporative emis- 
sions, we did not identify a preferred strategy or the one that EPA4 should 
select to accomplish this goal. In addition. while we identified the differ- 
ing opinions that esist between EP.~, the motor vehicle manufacturers, 
the oil refmeries. and others regarding the costs and benefits of the dif- 
ferent refueling and evaporative control strategies. we did not reconcile 
the differences or determine the accuracy of the various estimates. 

From January through December 1986, EPA gave the Chairman more 
than 1,000 memoranda, studies, charts. and other documents in 
response to his questions concerning the agency’s efforts in the gasoline 
volat,ility and evaporatii7e and refueling emission areas. \I’e reviewed 
each of these documents for additional information on EPA’S activities in 
these areas. CVe discussed safety and other related matters regarding 
refueling emission controls \vith an official of the National Highwa) 
Traffic Safety Administration, Department of Transportation. 

In April 198’i, EPA provided us w&h copies of the draft refueling and 
evaporative emission regulatory impact analyses and notices of pro- 
posed rulemaking it had forwarded to Oh16 for review and comment. N’e 
reviewed each of the documents to determine which specific control 
alrernative EP.4 had proposed and its rationale for selecting each alterna- 
tikie, and to critique the cost and benefit analyses developed by EPA and 
presented in the regulatory impact analyses. 

\!‘e discussed the matters contained in this report with EPA officials and 
incorporated their comments where appropriate. As requested by the 
Chairman’s office, we did not discuss our conclusions and recommenda- 
tions with EP.~ officials and did not obtain official agency comments on a 
draft of this report. Our review was performed in accordance with gen- 
erall~~ accepted go\.ernment audit standards. 
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Chapter 2 

; Automobile Refueling Emissiofis: Controls on 
i the Vehicle Versus the Gasoline Pump ’ 

After nearly 14 years of studying the issue. EPA, in March lEESi. for- 
warded to OMB a proposal that would require onboard co~~trols on motet 

vehicles as the desired method for controlling refueling emissions. Over- 
all, EPA concluded that onboard controls would provide greater long- 
term emission reductions than stage II? offer similar or better cost-effec- 
tiveness values. reduce cancer incidences more than stage II, and avoid 
many of the difficulties associated with implement.ing and administering 
a stage II control program. 

EPA’S analysis of alternatives for refueling emission controls considered 
a number of complex factors: reduction of public health risks; cost; ease 
of enforcement; emission reductions; and. amount of time needed to 
implement each alternative. Overall, in electing to propose onboard c’on- 
trols for refueling emissions, EPA faced certain tradeoffs in terms of 
timeliness, costs, and total emission reductions. EPA continues to face dif- 
ferences between its views and those of the motor vehicle industry and 
others regarding the costs, implemenlation times. and safety aSpCCb 

associated Lvith onboard controls. 

This chapter discusses EPA’S analysis of the costs and benefits of refuel- 
ing control alternatives and its rationale for deciding that onboard con- 
trols are the preferred approach for controlling refueling emissions. In 

chapter 3. we assess EPA’S refueling control analysis and identify issues 
that EPA should address in making a final regulatory decision. 

Overview of Refueling One a1ternatiL.e for controlling refueling emissions in\wl\.es installing 

Emission Controls 
vapor recovery equipment on service station gasoline pumps (stage II 
controls). Another alternati\re involves installing \vapor recw’ery equip- 
ment on the vehicle (onboard controls). 

With stage II controls, gasoline L’apors in the vehicle fuel tank are pre- 
vented from escaping into the air by a flexible rubber boot. which fits 
over the standard nozzle on the gasoline hose. The boot traps the vapors 
as they come up the fuel tank fillpipe, and returns them to the service 
station’s underground storage tank. The vapors replace the gasoline dis- 
pensed from the tank and are subsequently transferred to the gasoline 
delivery trucks as gasoline is pumped into the undergrouncl storage 
tanks during normal fuel delivery operations. 

There are currently three types of stage II control systems: the vapor.- 
balance. the vacuum-assist, and the hybrid. The irapor-balance system. 
ivhich is the simplest and the most commonly used. relies on a tlghr seal 
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between the boot and the vehicle fillpipe to insure that the i7apors are 
returned to the tank (see fig. 2.1:). In the vacuum-assist and hybrid sys- 
tems, a vacuum pump or the flow of the gasoline itself creates a slight 
vacuum, which aids in drawing the vapors into the underground tank. 
Stage II controls have been in use in the District of Columbia and por- 
tions of California since the 1970s. and efforts are underway to install 
stage I1 controls in the St. Louis, Missouri, area by January 1. 1988. 
Other states, ho\vever? have not adopted stage II controls because they 
are awaiting a refueling emission decision by El% or, as in the case of 
Maryland and Illinois, are precluded by state law from adopting stage II 
regulations unless required ro do so by EPA. 

Figure 2.1: Stage II Vapor Recovery Balance System 

Gasoline Fill Lme 

Vapor Return Lme 

Gasallne Storage Tank 

Source. “The USEPA Regulatory Program,” presented by Rvzhard D Wilson, DIrector, Offlce of MoblIe 
Sources. EPA, at the 1986 WashIngton Conference on Ozone Control Strategy, Arlmgton, Vlrgma. Sep 
tember 10. 1986. 
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With onboard controls, gasoline vapors are trapped by a seal in the 
fillpipe of the fuel tank and stored in a canister mounted on the vehicle 
(see fig. 2.2). The canister is loaded with granules of activated carbon. 
As the vehicle is driven, the vapors are purged from the carbon and sent 
to the carburetor. where they are burned in the engine during normal 
vehicle operation. Onboard controls, while similar in technolog), to the 
e\raporative control system, would require (1) a seal in the vehicle 
fillpipe to prevent the escape of vapors during refueling. (2) an enlarged 
canister to handle the additional vapors created during refueling. and 
(3) a larger sized vapor line from the fuel tank to the canister to accom- 
modate the higher vapor flow rate during refueling. lrnlike stage 11 con- 
trols, which have been in use since the 1970s. prototype onboard 
cant rots ha\.e been tested but are currently not being used on 
automobiles. 

Figure 2.2: Onboard Vapor Control System 
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Source The USEPA Regulatory Program, presenred bq Rlcnard D Wilson. DIrector. Oiflce of MoblIe 
Sources. EPA at the 1986 WashIngIon Conference on Ozone Control Strategy Arllnglon, Vfrglnla Sep 
[ember IO. 1986 
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EPA Analysis of 
Refueling Emission 
Controls’ Costs and 
Benefits 

EPa4’s March 1987 draft regulatory impact analysis provides the agency’s 
latest estimat,es of t,he costs and benefits of onboard and stage II refuel- 
ing emission controls. EPA estimates that nationwide onboard controls 
would reduce emissions by 2 10qOOO megagrams r:,one megagram is 
approximat.ely 1.1 tons:) a year at an average cost-effectivenessof $850 
per megagram: nat.ionwide stage II controls would reduce emissions by 
160,000 to 230,000 megagrams per year at an average cost-effectiveness 
of $810 to $1,060 per megagram. In terms of consumer costs, EPA esti- 
mates that nationwide onboard controls would increase the purchase 
price of the average vehicle by $19, while nationwide stage II controls 
would add less t.han one cent to the retail price of a gallon of gasoline. 
EPA believes that, onboard controls have adlyantages over stage II con- 
trols and are the best alternative for controlling refueling emissions. 

Chronology of EPA’s 
Efforts to Study the 
Refueling Problem 

In July 1984, EPA completed an analysis of regulatory strategies for con- 
trolling gasoline vapors and other air pollutants emitted during the stor- 
age, distribution, and retail sale of gasoline. The analysis. which covered 
the 35-year period from 1986 through 2020. included a comparison of 
the costs, emission reductions, and health impacts of onboard and stage 
II alternatives for controlling refueling emissions on a national and 
regional basis. Overall, the 1984 analysis estimated that, on a nation- 
wide basis, 

. onboard controls would reduce emissions by 140,000 megagrams a year 
at an annualized cost of $199 million: 

l stage II controls would reduce emissions by 100,000 to 150,000 
megagrams a year at an annualized cost of $146 million to $183 million. 
depending on whether gasoline stations were inspected annually or not, 
at all; and 

. onboard controls would add an average of $15 to the price of a new car 
or truck, while stage II controls would increase the price of gasoline 
from 0.25 to 0.74 cents per gallon. 

The analysis showed that instituting stage II controls only in those areas 
in nonattainment with the ozone standard at the end of 1982 would 
reduce gasoline vapors by 40,000 to 60,000 megagrams a year at an 
annualized cost of $52 million to $62 million.’ 

In developing these estimates, EPA assumed that (1) nationwide onboard 
controls would first appear on the 1988 model year vehicles and cover 

‘The study did not specify the number of nonattainment areas. 
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the entire motor jrehicle fleet in about 20 years; (2) initial installation of 
nationwide stage II controls would begin in 198’i, with a national pro- 
gram in place III 1989; (3) onboard controls would have an operational 
efficiency of 9% percent: and (4) stage II’s operational efficiency would 
range from a high of 86 percent (based on annual enforcement inspec- 
tions) to a lo~v of 56 percent (based on no enforcement inspections). In 
addition, in estimating the stage II costs and benefits, EP.~ assumed that 
independentIF oivned service stations and company-owned stations ivith 
monthly gasoline sales of less than 50,000 and 10.000 gallons, respec- 
ti\rel>,. would be exempted from stage II controk. 

In August 1984, EPA released the results of its analysis for public review 
and comment. Between August and November 1984. EPt\ received o\‘et’ 
180 comments from motor vehicle manufacturers, oil companies. and 
others, such as state air pollution control officials. EP.~ spent the next 2- 
l,Z vears revie\ving and revising its estimates of onboard and stage II c  
costs and benefits on the basis of the comments it received and the addi- 
tional work it performed. 

In March 1987, EPA prepared a draft regulatory impact analysis, which 
presented the results of its reanalysis and described t.he changes made 
to its 1984 analysis. One change EP.4 made was to add a separate strat- 
egy that considered the reduction in excess evaporative emissions that 
would occur by enlarging the canisters presently on \*ehicles to control 
evaporati\,e emissions. EPA compared the costs and benefits of control- 
ling excess e\*aporative emissions by expanding evaporative emission 
canisters by itself and in combination with onboard and stage II con- 
trols. EPA4 noted that since onboard controls would control both refueling 
and excess e\yaporati\re emissions, it would be better to compare the 
costs and benefits of onboard and stage II if the costs and benefits of 
controlling excess e\,aporati\re emissions were also included in the anal- 
ysis. Other changes EP.4 made in its March 1987 reanalysis include the 
following: 

. Changed the onboard technology evaluated from one that uses a 
mechanical seal to pre\‘ent the Lrapot’s from escaping to one that uses a 
liquid seal. The liquid seal system, according to EPA. improves the sys- 
tem’s overall efficiency and safety. 

%ection 32-l of the Clean Air .\~r exempts from federal stage II contn& independentI> owned scrviw 
statiwis with monthly gasolme S&S of less than 50,lK~O gallons. In its analysis. EPA alin rsrmrlts 
company-o\vned statIa,ns with nlonthlg gasoline sales of IPSS than IO.0110 Rallims. 
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l Changed the onboard control analysis to (1) exempt motor vehicles in 
California from onboard controls since refueling emissions in that state 
are already controlled by stage II equipment and t.2) include se\*eraI 
classes of heavy-duty vehicles not considered feasible for cant rol when 
the 1984 analysis was performed. 

. Increased the operational efficiency estimate of onboard controls from 
92 to 95 percent to reflect the improved efficiency of the liquid-seal 
system. 

l Increased the minimal operational efficiency estimate of stage 11 con- 
trols from 56 to 62 percent to reflect the latest inspection data for the 
District of Columbia regarding stage II control efficiency. The maximum 
efficiency estimate for stage II controls remained at 86 percent. 

. Changed the implementation time for stage II controls nationwide from 
3 years for all stations to 3 years for company-oivned stations and ‘i 
years for independently owned stations to respond to industry concerns 
that the S-year period was too optimistic. 

. Increased the nationwide annual average gasoline volatility level used to 
estimate emission le\rels from 10.0 to 12.6 pounds to reflect the upward 
trend in commercial gasoline \rolatility and the increased emission reduc- 
tions achievable by the different strategies. 

l Changed the schedule for decisionmaking and implementation. The date 
for an EPA regulatory decision on refueling was mo\‘ed from 1984 to 
early 1987; the initial implementation for onboard controls went from 
the 1988 to the 1991) model year vehicle to allow 2 model J’ears to get 
the systems into production after a regulatory decision; initial installa- 
tion of nation\%-ide stage II controls moved from 198’7 to 1990; and, the 
analysis period decreased from 3.5 years ( 19813-20203 to 33 J’ears i. 1988- 
2020 ). 

Table 2.1 summarizes EPA’S hIarch 1987 revised estimates of the costs 
and emission reductions of refuehng controls. The estimates show that 
the average cost-effectiveness of controlling reflleling emissions through 
nationwide onboard controls would be $850 per megagram. ivhile that of 
nationwide stage II controls would range from $810 to $l.OW pet 
megagram. As table 2.1 also shows. including el’aporative emission con- 
trols with onboard and stage II controls makes the two strategies more 
cost-effective. The cost-effectiireness of nationwide onboard controls 
changes from $850 to $380 per megagram while stage II controls’ cost- 
effectivenesschanges from a range of $810 to S 1.060 to a range of $400 
to $420 per megagram. This impro\,ed cost-effectiveness results 
because. according to EPA, the value of fuel recoivered by the expanded 
capacity of the evaporative canisters exceeds the costs inLFolved in 
expanding the canisters, thereby creating a cost salrings. Ilo\ve\‘er, in its 
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draft notice of proposed rulemaking on refueling emissions, EP.A did not 
include or use the costs and emission reductions that result from 
expanding evaporative canisters to support its decision to prefer 
onboard controls. The draft notice stated that EPA belie\.ed it ivas more 
appropriate to determine the best refueling control strategy without 
considering the benefits of excess e\,aporati\re controls. EF% is consider- 
ing the control of excess elvaporative emissions in a separate 
rulemaking. 

Table 2.1: Impact of Selected Onboard 
and Stage II Regulatory Strategies I1988- Annualized 
2020) emission Annualized Average 

reduction@ cost cost- 
(000 (savings)” effectiveness 

Regulatory strategy megagrams) (millions) ($/megagram) 
Evaporative emssIon controls by expanding 
canister 180 i$28) ($16Oj 
Stage II controls In 27 nonattainment 
areas?: 

Stacje II controls nationwide”.. 

Gnboard controls nationtilde 

35-70 $38.$60 $%O-$1,080 

160-236 $170.$190 $810.$1,060 

210 $180 $850 

Slage II controls nationwide combined 
wth evaporatlk’e emission controW ‘. 

Gnboard controls nationwide Including 
evaporative emission controls 

330-410 $140.$160 $400.$420 

380 5150 $380 

jAnnuallzeU emlswn reciwllons and cost as calculated bj EPA represenl tne 1688 present ,,alue tw 
Ihe 33 iear penod 1988:020 

r’Compan,, and Indefzndrntl, oz,nerl slaflons v.lth mcvnlnl,, gasoline sale:. ol less than Ilj 000 ar3 
50 000 ~dllons respectl.eli are exempted from cortlrol 

:Range lor stage II clrategles reflects cillferenr enlorcenienl srralqes ranging Irom no ~nspecllons 10 
arlnual ~nspectw~s 

As to the economic consequences of refueling emission cant rols, EP.A’S 

198’i draft notice of proposed rulemaking estimates that nation\vide 
onboard controls would increase the purchase price of the a\.erage \Tehi- 
cle b). $19. ’ NationLvide stage II controls, in turn. \vould raise the retail 
price of a gallon of gasoline b)r 0.26 to Cr.68 cents. C)\~erall. EP.4 estimated 
that refueling controls ivorrld reduce emissions by about 2 percent. 
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EPA Concludes That In its hlarch 198i proposal, EPA stated that it considered onboard con- 
Nationwide Onboard trols the preferred approach for controlling refueling emissions t’or sev- 
Controls Have Advantages era1 reasons. First. onboard controls would prw’ide greater long-term 

Over Stage II Controls emission reductions than stage II controls at similar or better cost-effec- 
tiveness. As table 2.1 shows, EPA estimates that bet\\-een 1988 and 20%. 
nationwide onboard controls would result in annualized emission reduc- 
tions of 210.000 megagrams a year, at an average cost-effectiveness of 
$850 per megagram. while natiomvide stage II controls would reduce 
emissions by 160,000 to 230,000 megagrams a year. at an average cost- 
effecti\Teness of $810 to $J 1.060 per megagram. After full implementa- 
tion in the year 20 10, nationwide onboard controls would reduce emis- 
sions by 350,000 megagrams compared to a masimum of 280,000 
megagrams for nationwide stage II cant rols. 

Second, onboard controls, because of their greater long-term efficiency. 
in reducing emissions, ivould result in a greater reduction in the number 
of cancer incidences associated with exposure to benzene and gasoline 
vapors than stage II controls. EPA estimates that after full implementa- 
tion in the year 2010, onboard controls would reduce the number of can- 
cers among the general public and service station workers by 53 cases, 
compared to the maximum reduction of 39 cases for stage II controls. 

Third, the onboard technology offers significant ad\rantages over stage 
II controls and avoids many of the difficulties associated with imple- 
menting a stage II control program. Specifically. EPA noted that. com- 
pared to stage II controls in nonattainment areas only. onboard controls 
would provide aut.omatic coverage in all areas of the country: including 
areas in marginal attainment with the ozone standard. and would help 
to address the concern that emissions in one area may cause ozone prob- 
lems in another area. Further, onboard controls could be managed 
through the existing Federal iMotor Vehicle Control Program, whereas 
stage II controls would result in an extensive new air pollution cont,rol 
program and would be implemented by each of the affected states. In 
addition, onboard controls would avoid consumer involvement in the 
control process, compared to stage II controls, which would require the 
involvement of a number of different parties to be successful. Also, 
stage II controls, regardless of their design, are heavier, bulkier, and 
more awkward than conventional fuel pumps and will pose some small 
inconvenience to consumers. Finally, according to EPA, the installation 
and maintenance of stage II controls clearly imposes a significant cost 
burden on service station owners, but onboard control costs would be 
spread across all the purchasers of new automobiles and trucks. For 
example, EPA estimates that capital costs to the owner of a typical six- 

_,-“.. 

t;:. ‘_  
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nozzle service station would average $12,200 for F-apor recovery 
controls. 

The salient. features of onboard and stage II controls are summarized in 
appendix I. Although EPA has decided that onboard controls are the best 
alternative for controlling refueling emissions, differences continue to 
exist between EP.~, the motor \rehicle manufacturers, and others concern- 
ing the cost, implementation time, and safety issues related to onboard 
cant rols. 

Differences Over hlotor vehicle manufacturers believe that EPA’S figures underestimate 

Onboard Control 
the cost of onboard controls. As noted earlier, EPA estimates that 
onboard controls would increase the purchase price of the airerage vehi- 

Costs, Implementation cle by $19. In contrast, as summarized in table 2.2. motor vehicle manu- 

Time, and Safety facturers’ estimates range anywhere from $30 per car (General Motors) 
to $115 per car (Toyota). 

Issues 
Table 2.2: Motor Vehicle Manufacturers’ 
Estimates of Onboard Control Costs Motor vehicle manufacturer Cost per cap 

General Motors Corporation $30 
American Motors CorDoratton a13Drox $50 
Ford Motor Company 

Volvo-North A&&an Car Operatrons 

Mazda (North America). Inc 

Bayerische Motoren Werke AG (BMW I of 
Noith America. Inc: 

Volk.swagen of America, Inc. 

Toyota Motor Corporation 

Nissan Motor Company, Ltd 

Chrysler Corporalion 

$53 

approx 860 

approx $60 to $75 

$65 

$72 

$80 to $115 

$84 to $110 

$85 

American Honda Motor ComDanv. Inc aDDrox. $90 

‘W~lh the exceptlon of the Toyota Motor Corp and the ksan Motor Co esilmales were provided by 
the motor vehicle manufaclurers In their comments on EPA s July 1984 refueling analyss Tovota’s and 
Msjan s estimates were contalned In dOCWN?n~S provided lo EPA In DecemDer 1986 and Ma) 1987 
respecllvely 

EPA discussed the differences between its onboard cost estimates and 
those of the motor vehicle manufacturers in its July 198Ci draft response 
to public comments on its 1984 refueling analysis. Overall, EPA noted at 
that time that only two manufacturers-General hlotors and Ford-pro- 
vided sufficiently detailed information to enable a comparison with 
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EPA’S estimates. One factor contributing to the difference in estimates. 
according to EPA, involved the percentage of markup used to account fat 
manufacturer and dealer o\:erhead and profit. EPA’s 1984 analysis used 
a 27 percent markup rate while the manufacturers suggested much 
higher estimates. Other factors contributing to the different onboard 
cost estimates included different assumptions about (1) the system’s 
design. (2) the cost of system components, and (3) the cost of designing, 
assembling. and maintaining the system. 

In May 198’i. the chief of EPA’S St,andards Development and Support 
Branch told us that EPA does not have updated onboard cost mformation 
from a majority of the motor vehicle manufacturers. He hopes that the 
manufacturers will pro\ride such data as part of their comments when 
EPA issues its proposed refueling regulations for public comment. 

Motor vehicle manufacturers also disagree with EPA’s estimate of a 2- 
year implementation time for putting onboard controls into production. 
WII.A says that a minimum of 3 years will be required to put onboard 
controls into production, while Toyota maintains that a minimum of 6 
J’ears lead time will be needed to hold down the costs associated with 
vehicle redesign and retooling. 

Closely related to the t,iming issue is the issue of the o\perall safety of 
onboard controls, including vehicle fires from crashes and fuel spillage 
when the \rehicle overturns. In .January 1987. the Director. Office of 
Vehicle Safety Standards, National Highway Traffic Safety Administra- 
tion (,NHTSA). Department of Transportation, told us that NHTSX is con- 
cerned about whether EPA has given adequate consideration to these 
potential safety hazards. He said the Z-year lead time anticipated by EPA 
may not give the motor vehicle manufacturers sufficient time to design, 
test, and install the onboard controls and to properly address the safety 
issues that may arise. He estimated that 3 to 4 years ivill be needed b> 
the motor Lrehicle manufacturers because of the redesign work that Lvill 
most, likely have to be done to accommodate the onboard controls. Fur- 
thermore. in April 1987. during congressional oversight hearings on 
EPA’S efforts to control ozone, the Deputy Administrator for NH1’S.A testi- 
fied that the agency had concerns about onboarcl safety and whethe 
EPA’S %-year lead time estimate will provide the motor Lrehicle manufac- 
turers \vith sufficient time to properly address any safety issues. At the 
same time, this official stated that whether safety problems will actu- 
ally materialize Lvith the onboard systems will have to await actual sys- 
tern development by the motor vehicle manufacturers. 
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EP.A continues to believe that 2 years is sufficient for motor vehicle man- 
ufacturers to design and implement onboard controls, and to meet the 
necessar)’ safet)’ standards. In a February 19, 1987, letter to Chairman 
Dingell, EPA stated that its Z-year estimate is based in part on the 
amount of time motor \,ehicle manufacturers needed in the past to meet 
the e\,aporative emission standards. According to EPA, these standards 
involved many of the same technological challenges, yet the manufac- 
turers were able to design, develop, and manufacture systems capable of 
meeting emission and safety standards in this time frame. Further. the 
emission control and safety technology needed for onboard controls is 
already being used on \,ehicles to meet the evaporati\,e emission stan- 
dards, and this technology can be utilized and expanded to develop 
effecti\-e onboard control systems. In its March 1987 draft notice of pro- 
posed rulemaking. EP.4 reiterated many of these same points and its posi- 
tion that a lead time of 2 years is adequate to design and install onboard 
controls for the majority of. if not all. motor \vehicles. 

EPA Faced Tradeoffs EPA’S analysis of refueling emission controls compares different control 

in Deciding on a 
Refueling Emission 
Control Strategy 

strategies on the basis of a \;ariety of factors including costs, emission 
reductions. cancer incidence reductions, timeliness, ease of enforcement, 
and economic impacts. In selecting a strategy that it believes kvill best 
control refueling emissions, i.e., onboard controls. EP.4 had to consider 
the reMi\-e importance of and tradeoffs associated with each of these 
factors. 

Service Stat.ion Size 
Exemption Affects Costs 
and Benefits of Stage II 
Controls 

In terms of costs versus emission reductions, EPA had to consider the 
service station exemption policy that it might adopt under stage II con- 
trols. Section :32-l of the Clean Air Act exempts from federal stage II 
controls sewvice stations selling low \~olumes of gasoline. In its March 
1987 draft regulatorJv impact analysis. EPA compared the costs and bene- 
fits of nation\vide stage II controls under different esemption lei7els. As 
table 2 :3 shoed Iwver exemption levels result in greater emission reduc- 
tion benefits but at a much higher cost. For example, stage 11 controls 
that exempt stations selling less than 2,000 gallons of gasoline per 
month w~r11cl result in annualized emission reductions of SO,(!ClO to 
X.OOU megagrams more than stage II controls, which esempt cornpan).- 
and independently oivned stations selling less than 10.1)00 and 50,OOU 
gallons per month, respecti\7el)r. However, achieving these additional 
reductions would add from $390 to 6600 to the per-megagram cost. 
Therefore. if EP.\ had selected stage II controls it would have also had to 
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decide whether the additional emission reductions achievable \vith 
fewer exemptions would be worth the additional costs. 

Table 2.3: Effect5 of Service Statio~n Size 
Exemption on Nationwide Stage II Range of 
Control Costs and Emission Reductions annualized 
(33.Year Analysis) emission Range of 

reduction9 average cost- 
(000 effectiveness’ 

Exemption level megagrams) (Slmegagrams) 
All slations selling less than 2,000 gallons per month 210-300 $1.300-$1,660 ____~ 
All stations sellrng less than 10 000 gallons per month 

Company- and Independently owned stations selling less 
than 10,000 and 50,000 qallons per month. respeclwely 

200-280 886041.110 

160-230 $810-$1,060 

%ange reflecls a ddferent enforcement acl~wty ranging from no lnspectlons lo annual InspectIons 

Timeliness Versus 
Efficiency of Refueling 
Control Strategies 

EPA also faced a tradeoff in weighing the timeliness advantage of stage II 
controls against the increased emission reduction efficiency of onboard 
controls. EPA estimates that nationwide stage II controls could be fully 
implemented in 3 to 7 years. whereas onboard controls \vould require up 
to 20 years to equip the ent.ire motor vehicle fleet. 

Although taking longer to implement, onboard controls would result in 
greater benefits in the long term than stage II controls, according to EP.~. 
Stage II controls, under opt,imum conditions, have a higher in-use effi- 
ciency in EPA’S analysis than onboard controls until the ninth year, at 
which t.ime onboard’s efficiency surpasses stage 11’s. Overall, onboard 
controls would eventually capture about 95 percent of all vapors, while 
stage II would capture from 62 to 86 percent. In its draft not,ice of pro- 
posed rulemaking, EPA noted that while the benefits of stage II controls 
may exceed those of onboard during the first few years, the long-term 
effectiveness of onboard controls is important, given the need to maxi- 
mize overall emission reductions in light of the nation’s long-term prob- 
lems with ozone nonattainment. 

Despite its plans not to require stage II controls, EPA recognizes there 
may be cases in which it would be reasonable and feasible for states to 
implement stage II controls in nonattainment areas. These controls 
would be an interim measure to control refueling emissions while wait- 
ing for onboard controls to become operational. According to EPA, the 
feasibility and reasonableness of such action would depend on the 
extent to which a state has already planned for or is actually imple- 
menting stage II controls. In its draft notice of proposed rulemaking, EPA 
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stated that. in those nonattainment areas where stage II controls have 
already been installed or are in the process of being installed, it would 
expect the use of these controls to continue while onboard controls are 
being phased in. In addition, EPA expects that those areas committed IO 
implementing stage II controls in their state plans will eit.her proceed 
with stage II implement,ation or submit a state plan revision providing 
adequate substiture reductions. In other nonattainment areas. EPA’S 

notice of proposed rulemaking st.ates that stage II controls would remain 
a control measure that states could consider as part of the area’s overall 
strategy for attaining the ozone standard. 

Sum m ary and 
Conclusions 

Gasoline vapors emitted during vehicle refueling are, for the most part, 
uncontrolled. W ith the exception of the District of Columbia and areas 
in California, where stage II controls exist, refueling emissions are 
escaping into the air, where they help to create or add to already 
existing ozone problems. 

In March 198’7, EPA submitted to OMB a draft notice of proposed rulemak- 
ing for controlling refueling emissions that would require onboard con- 
trols. On July 22, 1987, the EPA Administrator announced that this 
refueling proposal would soon be published in the Federal Register for 
public comment. 

Overall. EPA concluded that onboard controls are the best alternative fol 
cont.rolling refueling emissions because they provide great.er long-term  
emission reductions than stage IT, offer similar or better cost-effective- 
ness values, significantly reduce cancer incidences from  refueling emis- 
sions, and avoid many of the difficulties associated with implementing 
and administering a stage II control program . 

Although EPA considers onboard controls the preferable met.hod for con- 
trolling refueling etnissions, it observes that there may be instances 
where it is feasible and reasonable for states to implement stage II con- 
trols in nonattainment areas as an interim  measure for controlling 
refueling emissions while waiting for onboard controls to take effect. CVe 
agree wit.h E M ’S observation. Stage II controls can be implemented much 
sooner than onboard, and consequently. could be reducing refueling 
emissions as onboard controls are taking effect. This interim  measure 
would help reduce ozone levels and possibly bring certain areas into 
attainment with the ozone standard. Implementing stage II controls 
would undoubtedly add to the overall cost of controlling refueling emis- 
sions. Consequently, any decision to implement such controls would 
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have to be done on a case-by-case basis and consider various factors. 
including the benefits to be derived compared to the costs involved in 
implementing interim stage II controls. 
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EPA regulates evaporati\re hydrocarbon emissions from motor vehicles as 
part of its ozone control program. However, these emissions continue to 
pollute the air, helping to increase ozone in some parts of the country to 
levels considered unhealthy. 

Currently, EPA requires that all gasoline-fueled vehicles be equipped 
with control systems (i.e., canisters) designed to capture the majority of 
the evaporative hydrocarbon emissions generated in vehicle fuel tanks 
and carburetors. These control systems are to meet specific federal stan- 
dards based on emission tests with a certification gasoline of a certain 
volatitity level. Since the introduction of these tests, however, the vola- 
tility leirel of commercial gasoline has increased significantly, while the 
certification gasoline has remained unchanged. Consequently, most on- 
the-road vehicles are emitting evaporative hydrocarbons in excess of the 
allowable federal standards. 

In 1983, EPA began studying ~vays of controlling excess e\‘aporative 
hydrocarbon emissions. EP.A states that this problem can be addressed in 
the short term b). requiring a reduction in commercial gasoline volatility 
only, and in the long term by equating the volat,ilities of commercial and 
certification gasoline at ( 1) the commercial level, (2j the certification 
level. or (3) at some point between those two levels. The long-term 
action would also require modifying vehicle control systems. if the certi- 
fication gasoline volatility was changed, to ensure that hydrocarbon 
emissions do not increase. In March 198’7. EPA submitted to OMB a draft 
proposal that supports the short-term approach. It \rould reduce the 
\*olatility of commercial gasoline during the summer months (specifi- 
cally. hlay 16 through September 15j. when most ozone Lriolations occur, 
but would allow that volatility to rise during the remaining months. EPA 

would not change the current certification gasoline volatility, nor would 
it require modifications to the current vehicle control systems to handle 
the more lrolat ile commercial gasoline sold during the nonsummer 
months. 

As in the debate o\per stage II \-ersus onboard controls, the proposal to 
reduce evaporatil’e hydrocarbon emissions has pitted the motor vehicle 
industry against the oil refining industry. Officials in the motor vehicle 
industry favor lowering the volatility level of commercial gasoline to or 
near the certification gasoline le\rel. In contrast. officials in the oil refin- 
ing industry support the approach of raising certification gasoline vola- 
tilit),. together with any needed modifications to the control sJ’stem. 
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This chapter discusses the rise in commercial gasoline \x~latilit]v over the 
past se\veral years and its effect on \rehicle control systems and escess 
evaporative hydrocarbon emissions. The alternatives EPA studied. 
together with the related concerns expressed by the affected industries. 
are also discussed. Finall),, this chapter examines EPA’S draft proposed 
strategy and the tradeoffs it considered in choosing tc) reduce commer- 
cial gasoline volatility. 

Commercial Gasoline The current federal standards for controlling evaporative hydrocarbon 

Volatility Levels 
Continue to Rise 
Above the 

emissions allots \.ehicle control systems to be tested ivith certification 
gasoline having a Yolatility level ranging from 8.i to Cb.r! po~mis pet’ 
square inch (psi) Reid \‘apor Pressure ( IX\?).’ For uniformity in the test 
results, EP.4 has specified that a 9.0 k,si R\;FI gasoline. rather than a range 

Certification Gasoline 
of volatility levels, be used as the certification gasoline. This KIT’ le\‘el 
represents the volatility of commercial gasoline sold in the 19TOs, \vtwn 

Level the federal standards were cle\7eloped. Since then, hokvever, commercial 
gasoline volatility has risen steadily, causing substantial increases in 
motor vehicles’ evaporative hydrocarbon emissions, especiall~~ during 
the summer months when the ambient temperatures are high. 

For the most part, the rise in commercial gasoline volatilitlr has been 
caused by the oil refineries’ increased use of butane and other lo\v-cost, 
highly volatile ingredients in their gasoline production in response to ris- 
ing energy costs. These highly volatile ingredients are also being used as 
octane boosters to replace lead that is now being phased out of commer- 
cial gasoline. Volatility data collected over the past two decades suggest 
this trend to increase gasoline volatility is likely to continue, according 
to EPrZ. 

Gasoline surveys, performed by the National Institute for Petroleum and 
Energy Research for the 4~1, show that the summer average R\‘P for reg- 
ular unleaded gasoline rose from 9.5 psi in 1974 to 10.8 psi in 1985-a 13 
percent increase. (~Summer RVP levels were used in those surveys 
because most ozone violations occur at that time.) In its March 1987 
refueling analyses, EPA uses a nationwide weighted al’erage RVP of 12.6 

‘RVP is a measure of a fuel’s vapor pressure when tested at IOU degrees Fahrenheit, which is in the 
usual range of temperatures found m vehicle fwl rank during the summer R\‘P IS the most common 
measure of gasohne vtrlatility. 
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gsi for commercial gasoline. This volatility level is based on the assump- 
tion that future summer gasoline RVP will reach 11.5 psi and remain con- 
stant, while winter gasoline RVP will exceed 11.5 psi and will approach 
14.0 psi in some areas. 

No RVP limits are in place to stop this rising trend. Currently, there are 
only recommended RVP limits! established by the American Society for 
Testing and Materials (ASTM) in conjunction with the oil refining and 
motor vehicle manufacturing industries, and those limits are set, to pre- 
vent vehicle vapor lock at high ambient temperatures and to facilitate 
engine-starting under cold weather conditions. The *TM-recommended 
limits were not established to control excess evaporative hydrocarbon 
emissions. Furthermore, EPA reports a lack of uniformity in their appli- 
cation and enforcement by the states. 

Recommended Volatility For each month of the year, ASTM assigns each state a “volatility class” 
Limits Are Not or classes (see appendix II) that represents ASTM'S best judgment of the 

Consistently Applied, Nor optimal gasoline volat,ility level t.o ensure the best engine performance. 

Are They Generally Those states in the warmer climates are assigned lower volatility levels, 

Enforced by States 
especially in the summer months. Conversely, those states in the colder 
climates are assigned higher volatility levels, especially in the winter 
months. 

ASTM has established five gasoline volatility classes, A through E, with 
class A being the least volatile and class E being the most volatile. Table 
3.1 shows the maximum RVP level assigned to each volatility class. as 
reported by EPA. 

Tabls 3.1: Maxlmum Volatlllty Level for 
Each ASTM Volatility Class 

.~ 

ASTM volatility class 
Maximum 
AVP (psi) 

B 10.0 

c 11.5 

D 13.5 

E 15.0 

Although these ASTM-recommended levels are not legally binding limits 
for the commercial oil refineries, they are enforceable in states that 
have adopted them as part of their own gasoline inspection laws. For 
instance, during the month of July, when a high number of ozone viola- 
tions occur, EPA’S statistics show that 25 states have laws adopting the 
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ASTM limits as recommended; 3 states have laws less restrict,ive than 
ASTM; and 21 states, as well as b’ashington, DC., have no laws specifying 
RvP limits. 

EPA reported in 1985 that enforcement of the RvP limits in most of those 
states having laws appeared to be ineffective. EPA drew this conclusion 
from a 1984 MYMA survey of commercial gasoline RVP limits, which 
showed that over 28 percent of the unleaded regular gasoline sold dur- 
ing the summer in class A and B areas, and over 22 percent of the gaso- 
line sold in class C areas, was above the .esThl-recommended levels. 
Comparing these survey results with the states having RVP limits. EP.4 
found that roughly one-third of the states were allowing commercial 
gasoline to be sold with average summer RVP levels above the state- 
imposed levels. -4 more recent MVM.4 fuel survey, conducted in 1985, 
showed that about 40 to 46 percent of the commercial gasoline sold that 
year was above the hsrv-recommended levels, indicating the problem 
continues to increase. 

Current Control 
Systems Do Not 
Function as Designed 
With Higher Volatility 
Gasoline 

The widespread differences between the volatility levels of commercial 
and certification gasoline are a major cause of t,he problem with excess 
evaporat.ive hydrocarbon emissions, according to EP.~. The currently 
designed lrehicle control systems, certified with a 9.0 psi RvP gasoline, 
cannot be expected to comply with the federal standards when higher 
volatility commercial gasoline is used in the vehicles. In fact, EP.~ tests 
show that many on-the-road vehicles do not meet the federal standards 
even with the 9.0 psi R\‘P gasoline once they have used more volatile 
gasoline. 

A typical vehicle control system for evaporative hydrocarbon emissions 
consists of a canister filled wit.h carbon granules. The canister collects 
hydrocarbon vapors as they develop in the fuel tank during daily tem- 
perature increases and in the carburetor bowl and fuel lines after the 
engine has been turned off. Later, when the engine is running, the canis- 
ter periodically purges with air and releases the trapped vapors into the 
engine where they are burned as fuel. 

Each control system is designed to meet specific standards as outlined in 

1 
’ the Code of Federal Regulations (40 C.F.R., part 86). The category of 
light-duty vehicles, for example, which includes all passenger cars, is 
required to have control systems emitting no more than 2.0 grams of 
evaporative hydrocarbons per certificat,ion test, using the certification 
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gasoline designated by EPA. &4ccording to EPA tests of in-use vehicles. 
however. such emission limits are generally not being achieifeci. 

From November 1983 t.o 12pril 1985, EPA tested over 400 vehicles to 
determine whether they met the 2.0 grams-per-test federal standard 
aft.er they had been driven on the road for several thousand miles. The 
EPA tests used both certification test gasoline at 9.0 psi RVP and commer- 
cial gasoline at 11.5 PSI RI’+-the volatility of the gasoline used in the 
vehicles previously. At both volatility levels, the vehicles tested had 
average evaporative hydrocarbon emissions greater than the 2.0 grams 
per test allowed by the federal standards. 

For example, when 9.0 psi RVP gasoline was used in tests conducted 
between July 1984 and April 1985,? vehicles with carburetors a\reraged 
4.6-2 grams of evaporative hydrocarbon emissions per test,, and Lrehicles 
with fuel-injection systems atreraged 2.15 grams per test. In contrast. 
when 11.5 psi R\‘P gasoline was used the emissions averaged 12.85 and 
7.33 grams per test, respectively. 

Concern over these excess evaporative emissions and their effect on the 
overall ozone problem led EPA, in November 1985, co issue a Study of 
Gasoline Volat,ility and Hydrocarbon Emissions from Motor i’ehicles. 
Among other t hihgs. this study discussed the ( 1) cur-rem ozone nonat- 
tainment problem and seasonal trends in violations; (2) sources of evap- 
orative hydrocarbon emissions; (3) various factors affecting motor 
vehicle evaporative emissions, such as control system design, gasoline 
volati1it.y. use of alcohol blends. and ambient temperature conditions; (3j 
results of EP~Z’S in-use vehicle testing; and (5) evaluation of control st.rat- 
egies to solve the problem of excess evaporative hydrocarbon emissions. 

In a November 21, 1985, Federal Register notice. EP.4 requested public 
comments on its study; and on February 4 and -5, 1986, the agency held 
a public hearing in Ann .4rbor, Michigan. EPA subsequently revised its 
November 1985 study to incorporate the comments received from the 
affected industries and updated the costs of its control strategies. These 
latest revisions were incorporated into a May 1987 draft regulatory 
impact analysis (RI.\). Control of Gasoline I’olatility and Evaporative 
Hydrocarbon Emissions from New h/Iotor L’ehicles. 

‘EPA used dd’krrnt yrwrdures in tests conducted ktween Nnvember IWU and .July IR8-l whlc:h 
resulted 111 greater emission rates with the 9 111 psi KVP gasoline and lesser rates with the I 1.6 psi K1.P 
gzoline than in the 1984-85 test per10~1 
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The following sections discuss the evaporative emission alternatives 
presented in EPA’S 1985 study; the responses presented to EPA and to us 
by the oil refining and motor vehicle manufacturing industries; and the 
tradeoffs EPA had to consider in arriving at its proposed gasoline volatil- 
ity regulation. 

Alternative 1: Reduce Of the two alternatives EPA considered in its 1985 study, one was to 

Commercial Gasoline 
reduce commercial gasoline volatility to a level equal to or nearer that of 
certification gasoline. EPA, oil refineries, and motor vehicle manufactur- 

Volatility ers provided varying. and sometimes conflicting, cost and emission 
reduction estimates for that alternative. Annual cost estimates, for 
example, ranged from $5 million (:for q-month control at variable RVP 

le\rels) to $9’i8 million (for 12-month control at a RVP reduction of 2.5 
psi). Similarly. annual emission reduction estimates ranged from 6 1,000 
tons (rfor d-month control) to over 1 million tons (for 12-month control). 

A reduction of commercial gasoline volatility was the only short-term 
alternative for reducing evaporaticre hydrocarbon emissions, according 
to EPA. LTnder this short-term alternat,ive. there would be no changes to 
the certification gasoline RVP and test procedures or to the vehicle con- 
trol systems. EP.4 stated that a reduction in commercial gasoline volatil- 
ity could be achieved most easily by reducing the blending (adding) of 
butane into the fuel, or by removing part of the butane that is already 
contained in the fuel stock. Either method would require additional 
processing to compensate for the octane quality that butane would 
otherwise pro\.ide. 

In the 1985 study, Bonner and Moore Management Science” estimated 
that, nationwide, the average cost of reducing commercial gasoline vola- 
tility by 1 psi would range from 0.62 to 0.95 cents per gallon. Conse- 
quently. Bonner and Moore estimated the cost of a Z-psi reduction at 1.40 
to 1.9i’ cents per gallon. That is, if EPA required refineries to reduce com- 
mercial gasoline Lrolatility by 2 psi, consumers would pay about 2 cents 
more per gallon for their purchases. (The cost estimates presented in the 
1985 study assunled a crude oil price of approximately $30 per barrel.) 

In addition to those cost-per-gallon estimates, the 1985 study also pre- 
sented various estimat,es of the net cost of RVP control in 1988 for 4- 
month periods (assuming that RVP reductions are needed only during the 

~‘Ekmner and hlwrr. under EPA wntract. completed three work awgnments on gasoline volatility 
under suhcontracrc, with !%tlthwest Research Injtltutr. for a total cost of (F 170.(11:10. 
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summer months when most of the ozone violations occur) and for 12- 
month periods. Table 3.2 presents these EP.A cost estimates, which 
include refinery costs less fuel economy credits and evaporative recov- 
ery credits (i.e., fuel savings) that EPA believed would result from RVP 

reductions over the short term. 

Table 3.2: EPA’s Estimated Net Cost of 
RVP Control in 1988 

Level of RVP control (psi) 
0.5 

1.0- 

Net cost (in millions) 
4 months 12 months 

$37 ~- $111 

88 262 

1.5 162 485 

2.0 239 716 

2.5- 325 978 

As a result of these RVP reductions, nationwide hydrocarbon emissions 
(excluding California, which already has gasoline volatility limits of 9.0 
psi RVP) were expected to decrease from about 2 to nearly 8 percent, 
depending on the R'~'P control level imposed. Using its projected 1988 
emission figures to illustrate the reductions that could be espected. EPA 

estimated that total hydrocarbon emissions of about 14.3 million tons 
would be reduced by about. 947,000 tons if a 2-psi reduction were 
imposed over a 12-month period. Over a 4-month period, total hydrocar- 
bon emissions would be reduced by one-third of that amount, or nearly 
316,000 tons. Of those reductions, EPA estimated that ‘72 percent would 
occur in the motor vehicle evaporative emissions category and the 
remainder would occur in other emissions categories affected by gaso- 
line RVP control, such as vehicle refueling and exhaust. 

Additional cost estimates were provided in another study for EPA'S 

Office of Policy Analysis by Sobotka and Company, Inc. This April 21 Y 
1986, study, Cost and Feasibility of Gasoline Volatility Reductions, indi- 
cated that a 2-psi reduction in class C areas only could cost refineries, 
importers, and distribution centers from $504 million to $622 million 
annually. For 4-month control, Sobotka estimated that the costs would 
be approximately one-third of those amounts. 

The Sobotka study included a 1988-92 implementation time frame in its 
cost estimate ranges but pointed out that it would not be possible for oil 
refineries to reduce RET by 2 psi in 1988. In the longer term, however, 
Sobotka believes that refiners should be able to invest in new processing 
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capacity to reach the lower RVP levels, since technology is available to 
allow reductions to the 9.5 psi RVP level. 

Oil Refineries’ Cost 
Estimates for Reducing 
Commercial Gasoline 
Volatility Were Much 
Greater Than EPA’s 
Estimates 

In its March 1986 comments on EPA’S 1985 study, API proposed that EPA 

adopt the current xsrbr-recommended limits in the summer months as a 
nationwide regulation. For the most part. then, commercial gasoline vol- 
atility limits would be set, at levels of 9.0, 10.0. and 11.5 psi RVP, depend- 
ing on the states involved and the months covered. API’S cost estimates 
are sharply higher t ban EPA’S. Overall, differences occur because API ( 1) 
assumed that gasoline in vehicles has an RVP of 0.5 psi below that of 
dispensed gasoline because of weathering (loss of RVP as evaporation 
occurs), (12) assumed that gasoline would not have RVP reductions below 
9.0 psi. (3) amortized refining cost estimates over a G-month control 
period, and (4) used a different approach for modeling butane prices. 

API estimated that the additional refinery cost for 3-mont.h summertime 
control at the tiTWrecommended levels (the only time API believes vola- 
tility controls are needed) would amount to $100 million annually. For 
this control action, API estimated that nationwide hydrocarbon emissions 
would decrease by about 100,000 tons a year. According to API, commer- 
cial gasoline could be refined at the ASTM limits within several months 
after a regulation was issued. 

A reduction of commercial gasoline volatility below the .+Wrr+recom- 
mended levels would not be a cost-effective solution to the ozone and 
evaporative emissions problems, according to API. However, such reduc- 
tion might be considered an attractive control measure because it could 
be achieved in a relatively short time. API believed that such action 
would impose a tremendous burden on oil refineries. API estimated, fat 
example, that a nationwide summertime volatility reduction to 9.0 psi 

RVP would require additional refinery processing that, in turn, would 
increase crude oil imports by 10 percent (i.e., about 350,000 barrels a 
day) and refinery costs by as much as $970 million a year. An EPA offi- 
cial in the Office of Mobile Sources disputed API’S claim, however, stating 
that about 3 percent more crude oil would be needed to refine the 9.0 psi 

RVP gasoline, and that amount could be supplied from domestic oil pro- 
ducers’ reserve stock. 

After allowing for the fuel economy credits and evaporative recovery 
credits computed by EPA. API further estimated that the overall cost to 
consumers for the 9.0 psi RVP summer control of gasoline would amount 
to $650 million annually. That cost is about three to four times greater 
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than the estimated costs presented in EP.4’S 1985 study for -l-month RVP 
reductions of 1.5 to 2.0 psi. Those reductions would be equi\,alent to 
about a 9.0 psi RVP gasoline, based on the current commercial gasoline 
volatility levels. 

Motor Vehicle According to MVMA. the motor vehicle manufacturing industry supports 
Manufacturers’ Cost 
Estimates for Reducing 

lower volatility for commercial gasoline. The MvM.4 members could not 
agree, however, on the particular RE’P level. 

Commercial Gasoline 
Volatility Were Generally 

General Motors Corporat.ion. for example, recommended that EPA impose 

Less Than EPA’S Estimates 
a regulatory limit of 10.5 psi RL’P during the “smog” season (June 
through September), and then only in areas projected to exceed the 
ozone standard. This approach, according to General Motors, bvould 
bring gasoline volatility down to 9.0 psi R<‘P in the ozone nonattainment 
areas because (1) dispensed gasoline would weat,her in the vehicle tank 
at the 40-percent full point, causing RVP to automatically decrease about 
1.0 psi and (2) refineries would produce commercial gasoline at about 0.5 

PSI below the regulatory limit in order to assure an adequate margin of 
compliance. As part of its recommendation to EP.4, General hlotors 
assumed that the oil refineries would also comply nationwide with the 
A?TM-recommended levels in those areas not covered by the regulator] 
limit. 

General Motors estimated that its recommendation. if implemented 01~1~ 
in ozone nonattainment areas, would cost from $50 million a year ( fol 
$15-a-barrel crude oil) to $113 million a year (for %30-a-barrel crude oil ) 
and result in annual hydrocarbon emission reductions of 61.000 tons. If 
its recommendation were implemented in all areas, General Motors esti- 
mated that it would cost $88 million to .F207 million a year, respectively, 
and result in annual emission reductions of 152.000 tons. 

Ford Motor Company. on the other hand, envisioned a regional strategy 
approach. EPA would place regulatory maximums on gasoline \,olatility 
at the *TM-recommended class A. B, and C levels (i.e.. 9.0, lc).O, and 
11.5 PSI RVP). Ford further envisioned that EP.4 \jrould ban distribution of 
class C gasoline during the summer months. In that way. the fuel supply 
system would distribute less volatile class A or class B gasoline to the 
current class C areas. 

Ford provided EP.4 with various d-month control scenarios that esti- 
mated, among other things, annual hydrocarbon emission reductions and 
costs associated with commercial gasoline RVP levels of 9.0. 10.0. and 
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11.5 psi. Ford considered assumptions that it beliekfed were more realistic 
than EPA’S, and its cost estimates were lower than those in EPA’S 1985 
study. For example. Ford used a $20-a-barrel crude oil cost instead of 
EPA’S $30-a-barrel cost, which reduced refinery costs by 28 percent. Ford 
also revised EPA’S fuel economy credits and evaporative recovery credits 
to reflect what it believed to be more realistic fuel savings estimates. 

LIsing its “base case” scenarios at the 9.0 psi R\‘P level to indicate the 
effect of those revisions, Ford estimated that net costs would range from 
$5 million to $96 million a year, which is much less than the cost esti- 
mates provided in EPA’S 1985 study. For those lower costs. however, 
Ford estimated that the annual hydrocarbon emission reduction ivould 
be 337.000 tons. which is in line with what EP.4 estimated would result 
from a similar s-psi RVP reduction over a d-month time frame. 

Chrysler Corporation, in its evaluation of EP.4.S 1985 study. st.ated that 
the least costly alternative wcas to reduce commercial gasoline volatilit) 
to 9.0 psi RVP, where necessary, to correct ozone nonattainment prob- 
lems. ,4s did Ford, Chrysler reduced the refinery costs presented in EPA’S 

1985 study by 30 percent to reflect a $21-a-barrel crude oil price. 
Chrysler also reduced EPA’S fuel economy credits by 40 percent to reflect 
what it believed to be more realistic values; and, it revised EPA’s evapo- 
rative recovery credits by 13 to 36 percent to reflect credits taken bJr 
EP.~ in ASTM class A and B areas that Chrysler believed were not 
warranted. 

Compared with EPA’S estimates, these changes resulted in significantly 
reduced cost estimates. For esample. Chrysler estimated that a 9.0 PSI 

RVP commercial gasoline level for a 4-month time frame would cost $87 
million, which was isithin the range provided by Ford. but it was only 
about one-third of that presented by EP.4 for a 2.O-PSI R\‘P reduction. 
Chrysler did not comment on the hydrocarbon emission reductions that 
would occur. 

Other motor vehicle manufacturers also agreed that commercial gasoline 
volatility needed to be reduced. Volvo Cars of North .4merica, Toyota 
Technical Center, Ir.S.A., Inc., and American hlotors Corporation, for 
instance, favored a gasoline volatility limit of 9.0 psi R\‘P, at least during 
the summer months. These companies, however, did not provide EP.~ 

with detailed cost analyses to support their positions. 
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In its hlarch 1987 proposal, EPA supports this alternati\,e for reducing 
excess evaporative hydrocarbon emissions. If this proposal IS imple- 
mented, it will reduce commercial gasoline volatility during the summel 
months (May 16 through September 15) to a level closer to that of certi- 
fication gasoline.4 

Alternative 2: Equate In its 1985 study, EPA also provided a long-term alternati\,e for reducing 

Commercial and 
evaporative hydrocarbon emissions that would equate commercial and 
certification gasoline R\-P at some level between 9.0 and 1 1.5 psi. EP.~ con- 

Certification Gasoline sidered this a long-term strategy because it would (, 1) require revisions 

Volatility and Modify to the existing certification test procedures to account for a more vola- 

Vehicle Control 
Systems 

tile certification gasoline and (2) compel motor vehicle manufacturers to 
increase the capacity of their LVehicle contt-ol systems to accommodate 
the higher emissions. According to EPA. it could take up to 7 years after a 
regulation takes effect. before the modified controls would be installed in 
half of the vehicle fleet, and up to 20 years before they bvould be present 
in almost all of the fleet. 

EPA’S long-term control scenarios for this alternative considered equating 
commercial and certification gasoline RVP at 0.5 increments from 9.0 to 
11 .S psi RVP. EPA assumed that (1) any commercial gasoline R\‘P control 
would be implemented in 1988, (2) any certification gasoline and test 
procedure revisions would be reflected in the design of the 1990-model 
year vehicle control system, and (3) a final rulemaking establishing any 
fuel- and vehicle-related changes would be published in late 1986. (That 
latter date, of course, has already passed. and EPA’S draft ~1.4 extends 
those time frames.) 

Table 3.3, based on estimates provided in EPA’S 1985 st,udy, shows the 
additional costs by vehicle class that EPA estimated consumers would 
have to pay for new vehicles with the modified control systems if certi- 
fication gasoline RVP increased from the current 9.0 psi to some level 
between 9.5 and 11.5 psi. 

‘EPA’s proposed gasoline volatility control does nor requu-e modifications to the existing vehicle con- 
trol systems. However, the proposal does include some recommended changes in the evaporative 
emission test procedures that will require small unprovements to the control systems to ensure com- 
pliance with the emission standards. 
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Table 3.3: EPA Estimates of Cost to 
Consumer for Vehicle Modifications 

Vehicle class 
Llaht-duty vehicle 

Certification qasoline RVP (psi) 
9.5 10.0 10.5 11.0 11.5 

$1.50 $1.84 $2 19 $2.53 $2.88 
LIghtduty truck 1.88 2.39 2 88 3 34 3.80 
Heavy-duty truck 1.40 2.14 2 85 3 57 4 20 

On the basis of those EPA estimates. the overall cost of a new car (i.e.. 
light-duty vehicle) was expected to increase by less than $3, even in the 
most extreme case where certification gasoline RVP would be set at 11.5 
psi. Such cost. according to EPA, would have no significant impact on 
vehicle sales. 

The 1985 study also provided EPA’S estimates. in terms of overall costs 
and emission reductions, for various long-term control scenarios in the 
year 2010, when EPA expected that commercial and certification gasoline 
RVP would be the same? and the vehicle fleet would be turned over (i.e.. 
by 2010, any revised certification gasoline RVP and test procedures 
would be incorporated into the design of almost all in-use vehicles). To 
illustrate these overall costs and emission reductions by 12-month and 4 
month control scenarios, table 3.4 shows EPA’S “base case” estimates, 
which assumed no vehicle refueling controls and no inspection and 
maintenance programs for evaporative emissions, since none had been 
implemented. 

Table 3.4: EPA Estimates of Costs and Emission Reductions at Different RVP Levels (DSII 
9.0 9.5 10.0 10.5 11.0 11.5 

12-month scenario 
Costs (mlllions) $340 $296 $159 $28 S-75 S-160 
Emission reductions (thousand/Ions) 1,010 925 840 755 669 584 

4-month scenario 
Costs (millions) 
Emrssion reductions (thousand/tons) 

$148 $56 
Y3; $22 

S-126 $-155 
337 308 223 195 

The negative costs at 10.0, 10.5, 11 .O, and 11.5 I-,si RVP were based on 
EPA’S assumption that the monetary value associated with fuel econonq 
and eLraporati\re recovery credits would outweigh the refinery and vehi- 
cle costs as RVP levels increase. Given this assumption, the 12-month 
control scenario at the 11.5 PSI RVP level was the least costly. It provided 
for a $160 million overall savings. However. that scenario also provided 
the lowest emission reductions of all the 12-month control scenarios. 
Similarly, the d-month control scenario at 11.5 psi R\‘P was the least 

Page 39 GAO,‘RCED-W-161 Air Pollution 



Chnpter 3 
EPA’s EffoRs to Control Evaporative 
Hydrocarbon E,missions 

costly and provided the lowest emission reductions of all t.he d-month 
control scenarios. 

O il Refineries Support 
H igher Volatility Levels 

In late 1986. API and Amoco Oil Company representatives told us of an 
action plan they favored for reducing evaporative hydrocarbon emis- 
sions that basically followed EPA’S long-t.erm strategy for equating gaso- 
line volatility. Specifica.lly, the plan would have EPA impose a 
commercial gasoline volatility limit of 11.5 psi R\‘P betiveen June and 
September and require that vehicle control systems be designed to han- 
dle evaporative hydrocarbon emissions with an 11.5 psi R\‘P certification 
gasoline. 

Regarding the costs associated with modifying the control systems t.o 
handle the 11.5 psi R\!P certification gasoline, API accepted EPA’S cost esti- 
mates of about $3 a vehicle. Amoco’s corp0rat.e studies director, on the 
other hand. st.ated that EPA’S cost estimates were too high and the addi- 
tional carbon and electronic work needed to handle the more volatile 
gasoline should cost no more than $1 a vehicle. 

Marathon Petroleum Company presented its vieivs to EPA on February 4. 
1986, stating that the most cost-effective approach for reducing evapo- 
rative hydrocarbon emissions was to revise certification gasoline \.olatil- 
ity (and consequently modify vehicle control syst.emsj to 11 .Ei psi RVP. 

Marathon also supported restrictions on commercial gasoline RVP. pro- 
vided they ( 1:) apply only during the summer season! when roughly 90 
percent of the ozone violations occur; (2) apply uniformly to all oil refin- 
ers and marketers, so that small refiners or alcohol blenders do not have 
an economic advantage; and (3) recognize differences in regional cli- 
matic conditions. 

Sun Refining and Marketing Company, a subsidiary of Sun Company, 
Inc., stated that commercial gasoline should be controlled during the 
“ozone season” but only at ASTM’S class ,4. B, and C leirels (9.0 to 11.5 psi 
RVP). Sun also stated that a certification gasoline should represent fut,ure 
in-use gasoline, and that 11.5 psi RE’P was a logical and appropriate 
design standard to use. 

Motor Vehicle 
Manufacturers Support 
Lower Volatility Levels 

On February 12, 1986, klvnlA also provided con1ment.s and testified at the 
EPA hearings on gasoline volatility and hydrocarbon emissions. hlvhl~ 
concluded that the masimum reduction of hydrocarbon emissions woultl 
result from control of commercial gasoline volatility at 9.0 [Iii R\‘p. 
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MVMA raised a number of concerns that apply to any EPA efforts to 
equate commercial and certification gasoline volatility above the 9.0 psi 

RVP level. For example, increases in certification gasoline volatility 
might cause significant increases in exhaust hydrocarbon and carbon 
monoxide emissions. Further, changes to the certification gasoline and/ 
or lest procedures might affect the federal fuel economy standards or 
evaporative emissions at high altitude. 

General Motors t.old EPA in March 1986 that reducing commercial gaso- 
line volatility to 9.0 psi RVP during the summer would provide twice the 
hydrocarbon emission reductions of vehicle control system modifica- 
tions. Furthermore, General h’lotors’ cost analysis indicated that EPA has 
understated the net costs of vehicle modificat.ions required to control 
emissions with higher volati1it.y gasoline. Instead of the $3 to $4 cost per 
vehicle as est,imated by EPA. General Motors estimated that the hard- 
ware necessary to certify vehicles with 11.5 psi RVP gasoline would cost 
$25 per vehicle. 

General Motors officials also told us in October 1986 that it would take 
more time to design a control system to handle 11.5 PSI R\'P certification 
gasoline than EP.~ had anticipated in its 1985 study. Further, such a con- 
trol system-which has not yet been developed-would require much 
more work than merely enlarging the canister, as EPPI suggests. General 
Motors believes that a minimum of 4 years would be needed (after a 
final regulation is issued) to design, develop, and test any modified con- 
trol systems. 

Ford Motor Company stated in March 1986 that if EPiI adopted an 11.5 
psi RVP certification gasoline specification. the size of its vehicle canisters 
would have to be increased, on average, by 75 percent; electronic purge 
control valves would have to be added to those vehicles that do not 
already ha\Je them: and. the memory size of its electronic engine control 
modules would ha\:e to be increased. Ford provided no specific cost-per- 
vehicle estimates for such modifications, but its preliminary analysis 
indicated that the total costs were twice those used by EPA. 

Toyota Technical Center, Ir.S.A., Inc., commented to EPA in March 1986 
that it could take a long time-at least 6 years after a regulation was 
promulgated-to match its \rehicle control systems to the higher volatil- 
ity gasoline. This time period is due to a variety of problems that would 
have to be solved. such as the design and installation of a new large 
canister, evaluation of crash tests to ensure that federal safety stan- 
dards are met, and preparation for the production of the new systems. 
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Toyota also believed that vehicle development and production costs 
would increase I~KII more than EPA'S cost estimates indicate. For exam- 
ple, Toyota estimated that the evaporative emission control system and 
enlarged canister for a vehicle with a carburetor would cost $9.65; for a 
vehicle with a fuel-injection system the cost would be $7.50. 

Similarly, Chrysler Corporation conducted design studies of two types of 
evaporative control syst.ems using 11.5 psi R\'P certification gasoline. It 
found that the system with the greatest promise had a retail price of 
$8.29, which was considerably higher than EPA'S cost estimates of about 
$3 to $4 per vehicle. 

EPA’s Latest Analysis The March 1987 proposal package EPA sent to OMB for reliew includes an 

for Controlling 
R[A that reflects substantial revisions from the 1985 study. These revi- 
sions were made partly in response to the comments EPA recei\red from 

Evaporative Emissions industry and other interest,ed parties. A major revision involves new 

Reflects Substantial analyses of refinery costs using crude oil prices of $25, $20, and ,Y; 1.5 pet 

Revisions 
barrel to reflect the recent drop in crude oil prices. EPA also revised its 
modeling of individual vehicle emissions to (,, 1) account for fuel weather- 
ing in vehicle fuel tanks and (2) reflect city-specific summer tempera- 
tures for high ozone days rat.her than one standard t,emperature 
estimate. Further, EPA reduced the period of RVP control from 12 months 
to 5 months. These revisions significantly changed t.he total emission 
reductions and cost figures presented in ~~-4's earlier analysis. In addi- 
tion to these revisions, EPA considered a number of issues relating specif- 
ically to the alcohol fuel industry. 

EPA's estimates of long-term (year 2010) emission reductions and costs 
for nationwide summer control (based on its base-case scenario of $2O- 
per-barrel oil cost), as reported in its draft RW, are present.ed in t,able 
3.5. 
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Table 3.5: EPA Emission Reductisons and _y--- ..:. y..--- 
Cost Estimates in 2010 Total 

emission Total net 
reductions costs 

RVP (psi) kvel of certification and commercial gasoline 
(000 ;*n$ (millions/ 

year)’ 
11.5 576 s-25 

Ki- 616 -13 

10.5 655 a 

10.0 689 43 

95 718 35 

9.0- 748 156 

a5 774 235 

a0 799 316 

%ltnus (-) figures represent savmgs 

As would be expected, reducing the cost of oil reduces the cost of con- 
t.rols significantly. For instance. EM’S figures show that for the first l-psi 
reduction in commercial gasoline volatility. the nationwide cost.s under a 
$20~per-barrel scenario is 32 percent less than the cost under the $30- 
per-barrel scenario presented in the 1985 study. 

The draft RIA also shows that, in the most extreme case of an 11.5 psi RVP 

certification gasoline, the maximum final cost to the consumer for the 
control syst.em modifications would be $4.71 for a light-duty vehicle, 
$5.79 for a light-duty truck, and $8.70 for a heavy-duty truck. By amor- 
tizing the development and certification costs over a 5-year period, the 
final cost would be reduced to $3.41, $4.09, and $5.29, respectively. This 
revised cost reflects an increase of about $1 a vehicle over EPA’S 1985 
cost estimates. 

On the basis of its latest analysis, EPA proposes that, beginning in 81989, 
from May 16 through September 15 each year, commercial gasoline vol- 
atility levels be limited to 8.2 psi in class A areas. 9.1 psi in class B areas, 
and 10.5 PSI in class C areas. For 1992 and beyond, EPA proposes further 
reductions to 7.0. 7.8, and 9.0 psi, respectively. EPA supports its decision 
by stating that commercial gasoline volatility controls have the advan- 
tage of achieving emission control immediately upon implementation, 
whereas vehicle-based controls (i.e., increased certification gasoline vol- 
atility and modified vehicle control systems) would take years t.o begin 
having a real effect. 

The proposed st.rategy will reduce the nationwide hydrocarbon inven- 
t.ory by 6 percent immediately upon implementation in 1989. and by 9 
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percent in 1992. according to EPA. For this emission reduction, estimated 
refinery costs will increase by $490 million a year (about 1 cent per gal- 
lon of gasoline). Further, the increased energy density of lcnver volatility 
commercial g,asoline and the recovery of evaporative emissions will 
result in an estimated cost savings t.o the consumer of $294 million a 
year, bringing the net cost to about $200 million a year, or under $20 per 
vehicle over its lifetime. 

EPA believes that. its proposed strategy will be very controversial. It 
expects that the motor vehicle industry will, on the whole. be very 
pleased that so little is required of them. On the other hand, it expects a 
strong adverse reaction from the oil industry, which will probably argue 
that the volati1it.y controls are too costly and the lead time too short. 

EPA’s Proposed 
Strategy Involved 
Complex Tradeoffs 

Regardless of the final outcome of EPA’S proposed strategy, it is impor- 
tam to realize that EPA faced a difficult policy decision in choosing to 
reduce commercial gasoline volatility as a means of resolving the excess 
evaporative emissions problem. EPA could have decided not to control 
excess evaporative hydrocarbon emissions. allowing the present situa- 
tion to continue. Such a decision was unlikely. however, for several rea- 
sons. EPA had already determined in its 1985 study that significant 
evaporative hydrocarbons were being emitted from vehicles operating 
with a commercial gasoline that was more volat.ile t ban the gasoline fol 
which the vehicle control systems were designed; thus. EPA had indi- 
cated that some type of corrective action was warranted. EM’S cost anal- 
yses also suggested that, at a minimum, there were some control options 
that could reduce evaporative hydrocarbon emissions and lead to eco- 
nomic savings, even without considering the environmental quality 
improvements that would occur. Furthermore. even though oil refineries 
and motor vehicle manufacturers disagree on how escess evaporative 
hydrocarbon emissions should be controlled, both agree with WA that 

some rectification of the current situation is in order. 

Therefore, EPA made a policy decision to bring the allowable certification 
test emissions and the actual emissions into closer agreement by propos- 
ing a strategy that reduces commercial gasoline volatility. To support 
and carry out this policy decision, various factors had to be Lveighed and 
related to the objectives that EPA desired to achieve through regulation 
of evaporative hydrocarbon emissions. Relevant factors that were con- 
sidered in this decisionmaking process included (1’) environmental qual- 
ity, (.2j timeliness, and (3j cost. 
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In making its decision to reduce commercial gasoline \wlatility. EPA noted 
that the alternati1.e strategy of raising the volatility of certification gas- 
oline and expanding the vehicle control systems could lead to economic 
savings. EPA elected to propose reducing commercial gasoline volatility, 
however. because this approach ivould remo\‘e greater amounts of 
hydrocarbons and would do so in a manner that is cost-effective when 
compared with the costs of rernoval from alternative hydrocarbon 
sources. In addition, control of commercial gasoline \wlatility leads to 
more timely reductions of these emissions. 

Summary and 
Conclusions 

On-the-road vehicles are, for the most part, emitting e\raporati\Ve hydrcl- 
carbons in excess of the federal allowable limits, despite the fact that 
the vehicles are equipped with control systems designed to meet those 
limits. The excess emissions have in turn helped to create widespread 
violations of the Clean Air Act’s ozone standard. 

Excess evaporative hydrocarbon emissions occur primarily’ because the 
commercial gasoline used in the vehicles is of a higher volatility level 
than that of the gasoline used to certify that the vehicles’ evaporative 
emission systems meet the federal standards. \Vhen the higher volatilit), 
commercial gasoline is used, the vehicle control systems as currently 
designed cannot be expected to adsorb these emissions. 

Excess evaporati\,e emissions can be addressed in the short term b). 
reducing commercial gasoline \,olatility, or in the long term by equating 
certification gasoline volatility to a level equal to that of commercial 
gasoline. according to EPA. The agency recognizes that an)’ increase in 
certification gasoline volatility will require modifications to the e\‘apo- 
rative control systems of new \,ehicles (i.e.. espanded canisters:) to com- 
pensate for the resulting increase in hydrocarbons. 

A November 1985 EP.A study pro\.ided costs and emission reduction esti- 
mates for various fuel- and \,ehicle-related options to control excess 
evaporative hydrocarbon emissions. Oil refineries and motor vehicle 
manufacturers responded to the EP.4 study by pro\‘iding their OWII esti- 
mates and recommended actions. EPA then responded to those comments 
in a draft RIA, and developed a proposed strategy announcing that 
excess e\,aporati\Te emissions would be controlled b)r reducing commer- 
cial gasoline volatility. EPA expects its proposal to be controversial. 

In March 1987. EPA submitted to O~IB its proposed strategy for re\,iew. 
On July 22, 1987, the EPA Administrator announced that the proposal to 
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reduce commercial gasoline volatility would soon be published in the 
Federal Register for public comment. 

The choice between reducing commercial gasoline volatility and modify-, 
ing vehicle control systems depended t.o a large degree OII the emphasis 
EPA decided to place on t.he various factors considered in its analyses. In 
particular, EPA was faced with tradeoffs between the timeliness of the 
control, the extent of t.he evaporative hydrocarbon emission reductions 
desired, and the cost, of the option. 

Commercial gasoline volatility controls have the advantage of providing 
the greatest, reduction of evaporative hydrocarbon emissions in the ear- 
liest (short-term:) time frame. Further, commercial gasoline volatility 
controls offer the possibility of seasonal controls-during the summer 
months when most of the ozone violations occur. On the other hand, 
increased certification gasoline volatility and subsequent modifications 
to vehicle control systems offer the advantage of enabling vehicles to 
meet the federal emission standards at a net cost that is lower than the 
cost associated with reducing commercial gasoline volatility. In fact. in 
some instances, EPA has shown that this alternative produces overall 
savings to the consumer. In choosing a proposed strategy that reduces 
commercial gasoline volatility, timeliness and increased emission reduc- 
tions were key factors in EPA’S decision. 

In the following chapter, we offer our observations on the EPA’S current 
analyses that serve as the basis for the agency’s choice among alterna- 
tive strategies. 
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EPA’s draft analyses of refueling and evaporative emission control strat- 
egies provide useful information on the costs and benefits of regulating 
these emissions. Our critique of EPA’S analyses, however, identified se!‘- 
era1 issues that, if addressed, would provide clearer and more compre- 
hensive information as EPA moves forward in its final rulemaking 
process. 

First, the draft analyses provide limited documentation to support the 
standard, or benchmark figure, EPA uses to decide which refueling and 
evaporative emission controls will be cost-effective. Second, EPA’S analy- 
ses, which are based on cost-effectivenessratios, are limited as guides to 
decisionmaking where the strategies being compared achieve different 
levels of air quality. Third, the analyses do not clearly portray how the 
ranking of strategies is affected by different assumptions about kes 
uncertain costs and benefits of each strategy. 

Addressing these issues would, in our opinion, help clarify EPA’S analy- 
ses and provide valuable information to assist the Congress and others 
in evaluating regulatory strategies for achieving the ozone standard. We 
recognize that EPA has been studying ways to control refueling and evap- 
orative emissions for years and is currently in the initial stages of its 
rulemaking process to reduce these emissions. However, because most of 
the information EPA needs is currently available, dealing with these 
issues in EPA’S final analyses should not, in our opinion, delay the 
rulemaking process. 

Better Documentation EPA demonstrates the cost of different refueling and eLraporative control 

of the Cost- 
strategies by presenting cost-effectivenessratios, which are the costs of 
each strategy divided by a measure of its effectiveness, such as tons of 

Effectiveness of hydrocarbon emission reductions. EPA states that the refueling and e\‘ap- 

Alternative Strategies orative strategies it is recommending have reasonable costs because 

Is Needed 
their cost-effecti\reness ratios are less than $2.000 per ton of hydrocar- 
bon reductions, which is significantly less than the cost per ton of other 
strategies being considered for controlling ozone. 

EPA’s comparison of cost-effectiveness ratios is limited because EPA does 
not document the basis for the $2.000 figure by identifying the other 
ozone control strategies to which it is referring. nor t,he costs and emis- 
sion reductions associated with these strategies. This information is 
needed to document the relevance of a benchmark cost-effectiveness 
ratio for reducing ozone levels at $2,000 per ton. as well as to compare 
alternative control strategies. In addition, we believe the information 
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would be useful in future regulatory analyses. While EP.A officials 
showed us some unpublished information on the cost-effectiireness 
ratios of alternative strategies, this information was not included in 
EPA’S draft analyses. 

Comparability of Seasonal One important difference between alternative sources of control is 
and Year-Round Controls whether they remove hydrocarbons throughout the year or primarily 

during peak ozone periods. EPA considers this difference in e\.aluating 
the cost-effectiveness of alternative evaporative emission control strate- 
gies. However. EPA’s draft analysis does not clearly portray the implica- 
tions of this difference for the actual costs of summertime hydrocarbon 
controls-those now being considered for gasoline volatility. 

The $2,000-per-ton benchmark cost used in EPA’S analysis is a ratio of 
the total estimated costs of year-round controls divided by the year- 
round emission reductions. However. in its draft notice of proposed 
rulemaking, EPA is proposing fuel volatility controls for summer months 
only. To make the proposal for fuel volatility comparable in cost per ton 
to year-round controls, EPA multiplies it.s estimate of emission reductions 
in the 5 summer’ mont.hs by twelve-fifths. Because this adjustment 
increases the estimates of emission reductions ivithout changing the 
costs of the controls, it has the effect of reducing the reported cost per 
ton of the irolatility controls by nearly 60 percent. That is, if the cost- 
per-ton ratio for volatility controls is calculated using only the actual 
summertime emission reductions in ozone nonattainment areas, the cost 
per ton of t.he volati1it.y control level EPA is recommending would be 
about &I7450 instead of $1,854. Thus, the EPA adjustment produces cost- 
per-ton figures that understate the actual costs of summertime volatility 
controls. 

We believe that EPA should include in its analysis an alternative 
approach that would more accurately reflect the cost per ton of sum- 
mertime emission controls. EP.4 could revise its benchmark cost of .$2,000 
per ton for year-round controls to reflect the relati\‘e importance of 
summer and non-summer emission reductions. For esample, EPA could 

assign a monetary benefit to non-summer reductions and subtract this 
amount from the cost.s of the year-round controls to arrive at a net cost 
figure. Dividing this net cost figure by summertime emission reductions 
would result in a cost-per-ton ratio that reflect,s the cost-effectiiwiess of 
summertime controls. This ratio \vould serve as a more appropriate 

Page -88 C.40 RCED-87-151 .4ir Pollution 



Chapter 4 
Refinements to Improve EPA’s Economic 
Analyses of Refueling and Evaporative 
Control Strategie5 

benchmark for summertime-only controls,’ and would most likely be 
higher than EPA’s $2,00&per-ton figure. 

Comparing Total In its aW3lySeS, EPA uses cost-effectiveness ratios t0 eVakite refueling 

Benefits and Costs of 
and evaporative emission control strategies. However, these ratios are 
limited as guides to decisionmaking where the strategies being compared 

Refueling and achieve different air quality objectives. As an alternative method of 

Evaporative Emission analyzing the different strategies. EPA could calculate net benefits. 

Control Strategies 
which are the total benefits of the regulation minus the total costs. This 
method provides a more comprehensive comparison of alternatives 
when different types of benefits are involved. In addition, net benefits 
analysis is a better guide when choosing among strategies that provide 
different levels of control at different costs. Calculating net benefits of 
the refueling and evaporative strategies should not., in our opinion, 
delay the rulemaking process because EPA has already collected the 
information needed to conduct the analysis. 

EPA uses cost-effectiveness ratios to determine the least costly way to 
reduce hydrocarbon emissions in nonattainment. areas while taking into 
account the other benefits associated with the controls, such as attain- 
ment area hydrocarbon reductions and reduced cancer incidences.? How- 
ever, examining these ratios does not indicate to what extent the 
strategies achieve the relat,ive air quality objectives. For example, a 
strategy that has higher costs per megagram of emission reductions 
might also achieve a greater volume of reduction. If these additional 
reductions are judged t.o be important, that, st,rategy may be preferred 
despite its higher cost-effectivenessratio. 

‘.As discussed in the nrlT sertion. EP.4 usei a similar procedure to adjust its cost-effectiveness values 
for enu<sion redwtions that occur in oxme attamment areas. 

?For example. m  the refuehng nnalysls, EP.4 akgnns a value of $7.5 million per cancer incidence 
avoided and S%O per megagram of hydrocarbon reduction in attainment areas. EPA then subtracts 
these values from the cost of the control measure and dwdes by tons of emission reductions to calcu- 
late the cost per 1on of hydrocarbon reductions in nonattainment areas. 
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Presenting Net Benefits of As an alternative method of analyzing different emission control strate- 
Control Strategies Could gies, EPA could compare all of the benefits. expressed in monetary terms. 

Better Assist with all of the costs-by calculating net benefits. Despite uncertainties 

Decisionmakers and the concerning the monetary \:alue of some benefits, this met hod can be 

Public 
helpful because it can be used to aggregate different types of benefits. 
such as ozone control and hazardous pollutant cotltrol.i In addition, in 
cases where alternative strategies pro\ride different levels of control at 
different cost.s, the net benefits approach provides a more straightfor- 
ward comparison of alternatives than does the cost-effectiveness 
approach because it explicitly considers the value that society places on 
achieving the benefits of pollution control. Further, in situations where 
considerable contro\‘ersy esists about the costs and benefits of proposed 
strategies, net benefits analysis can show how the choice of a particular 
strategy is affected by differing assumptions. 

To illustrate the potential usefulness of a net benefits analysis, sve calcu- 
lated net benefits for the proposed refueling and evaporative control 
strategies using EPA’S cost estimates and monetary values for cancer and 
emission reductions. The following tables present the strategies that our 
calculations indicate would provide the highest net benefits. The tables 
do not, however, present the net benefits estimates themselves because 
our calculations are intended only to illustrate how this method can 
improve the presentation of results of regulaoory analyses. 

Table 4.1 shows the refueling strategies that have the highest positive 
net benefits when certain monetary values are assigned to each category 
of benefits (cancer incidence and hydrocarbon emission reductions). 
Decisionmakers and others can use this table t.o determine how the rank- 
ing of strategies is affected by different monetary values. For example, 
if a value of $2,000 per megagram is assigned to hydrocarbon emission 
reductions in nonattainment areas, and a value of $3.5 million is 
assigned to each cancer incidence avoided, then the refueling strategy 
with highest net benefits is onboard controls. None of the strategies 
have positive net benefits if the value of a cancer reduction is $2 million 
or less and the value of hydrocarbon reductions in nonattainment areas 
is $500 per megagram or less. 

3Net benefits calculations. as well as cost-effectiveness ratios, are also limited to the extent that the) 
do not reflect factors such aa the strategies’ distributional impacts on different groups and thew like- 
lihood of bringing regions into attainment within statutory deadlines. 
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c 

Table 4.1: Refueling Strategies With 
Highest Positive Net Benefits 

Value of each 
Value of hydrocarbon redpi:; i;ao;one nonattainment areas 

(1 gg 1 
cancer avoided $500 $1,000 $1,500 $2,000 

$0 5 milhon None 

$2 0 mhon None 
$3.5 million Onboard 

SWNA 

Stll-NA 

Onboard 

Stll-NA 

Onboard 

Onboard 

Stll-NA 

Onboard 

Onboard 

$7 5 million Onboard Onboard Onboard Onboard 

Notes 

1 The refueling optlons consldered are onboard, stage II nallonwlde. and stage II In 61 nonattammenl 
areas only (Stll.NA) Cost and emlsslon reduction estimates are based on EPA’s calculations for the year 
2010 by ,n;hich lime EPA assumes any of the strategies could be fully implemented The analysis follows 
EPA s base case assumprion that summertime fuel RVP IS 11 5 psi and hydrocarbon emission reduc 
lions In ozone attainment areas are valued at $250 per megagram 

2 The entry “None indicates that no strategy has positive net beneibts at these benefvt values that IS. 
estimated costs exceed estimated benefits 

Similarly, table 4.2 shows which gasoline volatility levels, as controls 
for evaporative emissions, provide the highest net benefits under alter- 
native assumptions about the value of summertime hydrocarbon emis- 
sion reductions. The table shows two scenarios: (1) volatility levels 
without refueling controls and (2) volatility levels with onboard con- 
trok4 The table shows, for example, that if one assumes a value of 
M.000 per ton for summertime hydrocarbon emission reductions in 
ozone nonattainment areas, the volatility level with the highest net ben- 
efits would be 9.0 PSI RVP with no other controls on refueling emissions, 
or 9.5 psi R\‘P with onboard refueling controls. In general. the table shows 
that when higher benefit values are assigned to summertime nonattain- 
ment area hydrocarbon emission reductions, the volatility level yielding 
highest net benefits decreases. 

“El?4 did not include a scenario with stage II cmltrols. EPA a%umes a lower emission reduction credir 
for volatility controls when combined with onboard controls to a\v:lld double counting beiause both 
would control refuelinfi rmlssions to some estent. 
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Table 4.2: Fuel Volatility Levels With 
Highest Positive Net Benefits (Fuel RVP 
Levels In PSI) 

Value of summertime hydrocarbon reductions in ozone nonattainment areas (S/ton) 
$1,000 $2,000 $3,000 $4,000 $5,000 

No refueling 
controls 10.5 100 95 90 90 
With onboard 
controls 11.0 105 100 95 90 

Note Tne evaporative control optlons consldered are volahllty controls between 11 5 and 8 0 RVF In 5 
RVP Incremenls. with the corresponding size modlflcatlons for canisters Cost and emlsson reduction 
estimates are based on EPA’s 5-month emission reduction and cost calculations for the year 2010. by 
which time EPA assumes any of the strategies could be fully implemented Hydrocaroon emtsslon 
reductions In ozone attainment areas are valued at 9250 per ton, as EPA assumes In 115 analysis 

The evaluation of benefits from evaporative emission controls in table 
4.2 differs from that of refueling controls in table 4.1 in two ways. First, 
a value for cancer reductions is not shown for evaporative control strat- 
egies in table 4.2 because EPA estimates t,hat these strategies will have 
little or no effect on cancer incidences. Second, table 4.2 was derilred 
using EPA figures that reflect the emission reductions and costs of sum- 
mertime volatility controls. Higher monetary benefit values are consid- 
ered for these summertime emission reductions in table 4.2 than for the 
year-round reductions evaluated in t,able 4.1. These higher values are 
comparable to estimates of control costs that EPA is considering fol 
attaining the ozone standard.” 

We emphasize that the purpose of the previous discussion is to highlight 
the usefulness of net benefits analysis as a method of evaluating refuel- 
ing and evaporative control strategies. It should not be interpreted as 
prescribing one policy option over another. 

EPA Should Indicate The type of presentation in tables 4.1 and 4.2 can assist decisionmakers 

the Effects of Key 
Uncertainties on Its 
Results 

by enabling them to examine the ranking of strategies under different 
assumptions about the benefits of avoiding environmental damages. It 
can also be used to examine the ranking of strategies under different 
assumptions about the costs. As noted earlier, there are a number of 
important uncertainties in EPA’S analyses of refueling and e\‘aporati\‘e 
emissions. 

:‘For example. the highest value consrdered. $5.000 per ton, IS comparable to the cost Implied 1~ 
multiplgmg EPA’s benchmark for year-round hydrocarbon control. $3.)0!) per ttm. by the t elves 
fifths factor that EPA uses to make its S-month emission reduction estimate< comparable tt> those 
from Id-month controls 
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V%‘e believe EPA should show how these results depend on key uncertain- 
ties in the benefit and cost data. ,4s we concluded in a previous report,‘; 
presenting uncertainties in EPA’S cost-benefit analyses in this way will 
reveal how the ranking of alternatives depends on what particular esti- 
mates a decisionmaker chooses to select from the range of possible val- 
ues. It can also indicate the degree of precision in the estimates and 
provide guidance for planning future research efforts to improve the 
estimates. Ep.4.s analyses examine what effects some uncertain factors 
might have; however, they do not fully address the concerns we discuss 
in the next section. ,4dditional analysis of these uncertainties should 
not, in our opinion. cause significant delay because much of the neces- 
sary information is already available. 

Monetary Benefit Values EP.4’S cost-effectiveness calculations for refueling and evaporati\*e strat- 
egies are of limited usefulness because only one monetary value is 
assigned to each of two important categories of benefits: cancer inci- 
dences avoided and attainment area hydrocarbon reductions. A wide 
range of values for some of these benefits has been est,imated by differ- 
ent researchers. Thus, by presenting onI)! one set of \,alues. EP.~‘S analy- 
ses do not indicate whether different assumptions could affect the 
relative ranking of alternative strategies. 

In its incremental cost-effectiveness calculations. EPA ~rses a value of 
gi.5 million per cancer incidence avoided. However, EPA’S guidelines for 
performing regulatory impact analysis recommend that a wide range of 
values can be used to determine the sensitivity of the results to this val- 
uation.’ We incorporated this range in our illustrative net benefits analy- 
sis, presented in table 4.1. The table shows that the ranking of strategies 
is sensitive to the choice of this Lralue. 

Another important uncertainty in the comparison of regional strategies 
(‘such as stage 11 in nonattainment areas) and national strategies (such 
as onboard controls) is the monetary value of reducing hydrocarbon 
emissions in attainment areas. Llnder nationwide controls approxi- 
mately GO to 65 percent of the hydrocarbon reductions would occur in 
attainment areas. These reductions may have value because health 
effects and certain types of welfare effects, such as damage to vegeta- 
tion, may occur at ozone levels below the current standard. In addition, 

“Cost-Benefit Analysis Can He lkeful In Assessing Env~rcmnental Regulations. Deqxte Ltmicarwns. 
1,C.40!RCED-81-62. .4pr 6. 19d-li 

‘EPA. “Guidelmes for Regulatory Impart .Inalys~s.” Decemhrr. 1983, page I I 

Page 53 GAO. RCED-87-151 Air Pollution 



Rdhememts tm Improve EPA’s Economic 
AnaNy- OB RaRuetllng and Evaporative 
Chatrol Strategies 

there are a number of regions in the country with ozone le\:elsjust 
below the standard. Controls in these regions may help them avoid 
exceeding the standard in the future. To characterize the value of these 
effects in its draft RLU, EPA adopted a value of $250 per megagram for 
attainment area hydrocarbon emission reductions in its incremental 
cost-effectiveness calculations. Ep.4’~ rationale for using this value is 
that it was cited in comments by General Motorss However. preliminary 
results of EPA’S research suggests that the actual value may be larger; a 
range of $180 to $1,900 per megagram has recent.ly been estimat,ed. 

A higher value of attainment area benefit.s would increase the at.trac- 
t iveness of nat.ionwide controls compared with regional controls and 
would also increase the attractiveness of more stringent levels of 
national comrols. For example, when a value of $720 per ton is consid- 
ered, a value that has been discussed by EP.~ in preliminary research. 0~11 

illustrative calculations suggest that onboard controls would have the 
highest net benefits in most of the scenarios presented in table 4.1. 

Finally, an uncertainty that is closely related to t.he distinction between 
controls in attainment and nonattainment areas concerns the relative 
values of summertime and non-summer hydrocarbon emission reduc- 
tions. Because ozone formation is a greater problem during the summer 
months, the benefits from summertime emission reductions are likely to 
be higher than the EPA estimates presented earlier in t.his section which 
are based on average year-round benefits. &4ttributing a higher value to 
summer emission reductions makes summertime controls such as volatil- 
ity limits more attractive compared with year-round controls. 

Industry Cost and 
Emission Reduction 
Estimates 

Our illustrative net benefits analysis also suggests that the ranking of 
strategies on the basis of their net benefits is sensit,ive to differences 
between EPA and industry group estimates of emission reductions and 
costs. To investigate this issue, we considered the estimates presented 
by the API and motor vehicle industry groups. 

When we calculated net benefits of refueling strategies using motor 
vehicle industry estimates of onboard system costs, we found that stage 
II in nonattainment areas had higher net benefits than onboard in all the 
scenarios considered in table 4.1. MI’S cost-effectiveness estimates, in 

%PA “Draft Regulators Impact Analysis For Volatility Regulations for Gasolme xutd rUmho 
Blentis,” pages 6-10. - 
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contrast, imply that onboard controls would haLre higher net benefits in 
most scenarios. 

Because of different assumptions about baseline evaporative emissions 
and control costs, API figures for controlling fuel volatility suggest 
higher costs and lower emission reductions than EPA’S estimates. In our 
example, API’S estimates suggest that expanding evaporabive canisters 
with no reduction in the volatility of commercial gasoline would yield 
highest net benefits. N7e also considered the impact on the net benefits 
ranking of e\faporative emission reductions and cost estimates provided 
by General Motors. IJsing these figures, the analysis of evaporatiIre con- 
trol strategies suggests that net benefits increase as the certification gas- 
oline volatility is lowered to 9.0 psi RVP.9 Given the uncertainties 
surrounding cost estimates, EPA’S analysis should indicate t,he critical 
values of costs that would change the results of its analysis. 

Discounting Costs and 
Benefih 

In general, discounting is a method we believe should be used to com- 
pare strat.egies with different patterns of costs and benefits over time. 
LIsing this approach, benefits and costs occurring in the future are dis- 
counted, or reduced in value, compared with those occurring in the pre- 
sent. Thus, strategies that provide benefits sooner will appear more 
attractive when discounting is applied. 

The illustrative results summarized in tables 4.1 and 4.2 are based on 
EPA’S undiscounted estimates for the year 2010, by which time EPA 

assumes that any of these st,rategies could be fully implemented. Thus, 
they do not reflect the differences in timing of costs and benefits among 
\rarious strategies. EPA also presents discounted values that reflect the 
present \.alue of the costs and benefits of each strategy over the first 33 
years of implementation. HoweLTer. EPA uses only a 10 percent discount 
rate in its calculations. 

To assess the pot,ential importance of discounting. we calculated the net 
benefits of the refueling st,rategies using EPA’S discounted present value 
estimates. In several instances where, in the absence of discounting, 
onboard refueling controls had the highest net benefits, discounting 
implied that stage II controls in nonattainment areas had highest net 
benefits. M’e found that lower volatility levels had higher net benefits 

‘General hlocors’ scenarios allow dispensed commercial gasoline to ha\ e a higher volatility level than 
the certification gasolme used to test vehicle compliance with EPA emwmn standards. Therefore. 
these scenarios do not exactly correspond to EPA’s scenarios. whtch equate the wlatthty of ceniflca- 
tion and wmmeriial gasolinr3 
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when present value estimates were used. Because discount.ing mab 
affect the choice of strategies, and because the appropriate rate to use 
when discounting health effects and other benefits of environmental 
regulations is controversial, we believe a range of values should be used 
and the sensitivity of the results should be considered. 

Conclusions EPA’S analyses of refueling and evaporative emission control strategies 
provide useful information on the impacts of regulating these sources of 
hydrocarbon emissions. However, better documentation on the costs, 
emission reductions, and timing of other ozone control st.rategies would 
help clarify which refueling and evaporative strategies are most appro- 
priate from a cost-effectiveness standpoint. It would also be useful in 
future regulat,ory analyses. 

In addition, a comparison of all benefits and costs would be helpful fol 
summarizing the benefits and costs of controlling both refueling and 
evaporative emissions. Such a comparison should show how variations 
of estimated benefits of hydrocarbon reductions, costs and volumes of 
these reductions, and discount rates affect the ranking of alternative 
control st.rategies. Dealing with t,hese issues should not delay EPA’S regu- 
latory process because much of the necessary information is alreadg 
available. 

Recommendations To provide more complete information and analyses to the public and to 
assist the Congress and other decisionmakers in evaluating t.he regula- 
tory alternatives. we recommend that the Administrator, EPA, direct the 
Office of Air and Radiation to include the following in its refueling and 
evaporative control analyses: 

. better documentation of the cost-effectiveness of alternative ozone con- 
trol strategies (including support. for its $2,OCKl benchmark standard) 
and necessary seasonal adjustment,s, and 

. a more explicit comparison of all the costs and benefits associated kvith 
the various refueling and evaporative emission control strategies, 
including a more thorough analysis of the effects of key uncertainties. 
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Appendix I 

Salient Features of Onboard and Stage 
II Controls 

Salient features 
lnstallatlon 

Onboard Stage II 
On motor vehicles On qasollne pumps 

lmplementatlon Natronwrde. Areas not In attainment with the ozone 
standard. or nationwlde. 

Consumer involvement 

Appllcabllity of controls 

Annualized emlsson reductions 

Cost-effectiveness of control 

None Hardware self-contained on vehicle Yes. Hardware on pumps used during 
refueling process 

Gasoline-fueled vehicles Federal exemption of independently owned 
service statrons selling less than 50.000 
gallons per month 

210,000 megagrams. 160.000 to 230.000 megagrams 

$850 per megagram of emlssons reduced. $810 to $1,060 per megagram oi emlssrons 
reduced. 

In-use control efficiency 

Implementation trme frame 

95% 62 to 86% 

Up to 20 years to cover entlre motor vehicle 3 to 7 years 
fleet. 

Control development status 

AdmInistration 

Prototype only (not on productlon vehicles) In use In Washington, D C.. and portions of 
California for over 10 years. and currently 
being installed in St LOUIS. Mlssoun 

Managed through existing Federal Motor Managed through state air pollution control 
Vehcle Control Program programs 
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Appendix II 

ASTM’s Scheduk of Fuel Volatility Classes 

ASTM’s Schedule of Fuel Volatility Classes 
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