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Foreword

Light-duty vehicles—automobiles and light trucks-account for a large portion of urban
air quality problems. For example, they produce about half of urban emissions of reactive
organic gases (a precursor to ozone) and the preponderance of carbon monoxide emissions.
With regulation of new vehicles above the 90 percent control level for the major pollutants and
scheduled to become even stricter in the near future, emissions from older vehicles have drawn
increasing attention. Although cars of 1971 or earlier vintage made up only about 3.4 percent
of the auto fleet in 1990 and were driven less than 2 percent of the miles, the Environmental
Protection Agency estimates they created at least 6 percent of the hydrocarbon emissions, 7.5
percent of the carbon monoxide, and 4.7 percent of the nitrogen oxides. Further, because older
cars generally are much less fuel efficient than new ones, they burn a disproportionate share
of gasoline and thus are responsible for a similarly large share of the environmental, economic,
and national security effects of gasoline use.

The Union Oil Company (Unocal) has demonstrated a successful program to retire 1970
and earlier vintage cars in the Los Angeles area, removing nearly 8,400 old cars by buying
them from their owners for $700 each and scrapping them. The success of this program has
spurred national interest: both the House and Senate have expressed interest, and recently the
Administration has proposed a program based on awarding pollution credits to companies that
participate. The Subcommittee on Energy and Power of the House Committee on Energy and
Commerce asked OTA to examine the costs and benefits of vehicle retirement programs. This
report responds to the Subcommittee’s request.
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Retiring Old Cars: Programs To Save Gasoline
and Reduce Emissions

INTRODUCTION
Older vehicles produce a disproportionate share

of total U.S. vehicle air emissions. Cars of 1971 or
earlier vintage make up about 3.4 percent of total
auto registrations and only 1.7 percent of total miles
driven, yet produce 7.5 percent of the hydrocarbon
(HC), 7.6 percent of the carbon monoxide (CO), and
4.7 percent of the nitrogen oxide (NOX) emissions of
the fleet.l In the Los Angeles Basin, these older cars
play a still more important role in vehicle emissions:
they are said to make up 6 percent of the total car
population and 3 percent of the miles driven but 22
percent of the fleet’s HC, 15 percent of the CO, and
13 percent of the NOX emissions. 3 As a result,
programs aimed at removing older, more polluting
cars from the fleet could be a viable option for
reducing urban air pollution.

On June 1, 1990, the Union Oil Company of
California, Unocal, began scrapping the first of
7,000 model year 1970 and older vehicles registered
in the Los Angeles Basin. The purpose of Unocal’s
scrappage program was to demonstrate a viable
alternative to ever-more-stringent new source emiss-
ion standards for vehicles and industry: eliminating
some of the area’s highest-emission vehicles. In-
deed, smog tests showed that the vehicles bought
and destroyed by the program emitted, on a ‘‘per
vehicle mile’ basis, 65 times the HC and 50 times
the CO as do new vehicles.4 The success of the initial
program brought additional contributions from com-
panies, individuals, and a regulatory agency to pay
for purchasing and scrapping additional vehicles,
with a new total of 8,376 vehicles.5

Positive publicity for the Unocal program has
brought suggestions that similar programs be estab-
lished on a nationwide basis. In the House of
Representatives, the Subcommittee on Energy and
Power of the Committee on Energy and Commerce
has been exploring the use of early retirement
programs to gain both emissions and fuel conserva-
tion benefits. In the Senate, legislative proposals (S.
2049 and S. 2237) would stimulate vehicle scrap-
page programs by granting credits toward meeting
corporate average fuel economy (CAFE) standards
to automakers who get older cars in trade for new
cars and who destroy the older cars. Under S. 2049,
the automaker would receive a credit equal to the
difference between the fuel economy of the older car
and the new car. And recently, the Administration
has announced a plan to allow companies to obtain
pollution credits if they scrap old vehicles.6

Proponents believe that a vehicle scrappage
program could improve fleet fuel economy—with
energy security and global warming benefits—as
well as reduce emissions. Because new car fuel
economy has essentially doubled during the past 15
years, retiring older vehicles should tend to dispro-
portionately remove fuel inefficient cars from the
fleet. Further, a retirement program could be struc-
tured to emphasize the removal of ‘‘gas guzzlers”
by tying incentives to fuel economy, as do the CAFE
credit provisions of S. 2049.

Not surprisingly, a scrappage program will have
some negative impacts: the potential for some loss
of mobility with the elimination of the least expen-
sive vehicles available to poor people; a lower
supply of and higher prices for used auto parts
(unless the cars in the program are stripped before

1 MOBILE4 (vehicle emissions model) data provided by the U.S. Environmental Protection Agency.
2 Older cars are a larger share than the national average because California’s mild climate and consequent lack of road salting (for deicing) tends to

greatly extend the lifetime of auto sheet metal and exhaust and suspension components.
3 Unocal brochure, “SCRAP: A Clean-Air Initiative from Unocal,” based on California Air Resources Board data. The differences in old car

emissions/mile between the Environmental Protection Agency and Unocal data are unlikely to be caused pprimarily by differences in the California and
U.S. fleets; they more likely reflect uncertainty in the actual on-road emissions of older vehicles. Another California source-the California Air
Resources Board-gives yet another set of statistics: in 1990, they estimated that pre-1972 cars were 4 percent of all vehicles and yielded 13 percent
of HC emissions and 9 percent of CO emissions.

4Ibid.  Unocal brochure, based on Federal Test Procedure results. The HC comparison is for tailpipe emissions only; Unocal did not test for
evaporative emissions.

5 Ibid.
6Press briefing of March 18, 1992 by Michael Boskin, Chairman of the Council of Economic Advisors; Richard Morganstern Assistant

Administrator for Policy and Planning, U.S. Environmental Protection Agency; and others.

–l–
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being destroyed); possibly some financial harm to
used car dealers; and damage to the livelihoods of
people who recycle used auto parts, and who cannot
compete with a bonus system to obtain the vehicles
they would strip.7 On the other hand, if industry
participants in the program are awarded pollution
credits and use them to reduce control costs, this will
have some positive effects on the economy.

The Subcommittee on Energy and Power of the
House Committee on Energy and Commerce has
asked OTA to examine the ability of vehicle
scrappage programs to reduce gasoline use and
emissions. This report presents the results of a
preliminary analysis designed to examine the overall
potential of scrappage programs and to determine
whether a more detailed analysis would be worth-
while.

SUMMARY
OTA’S analysis indicates that early retirement

programs for older vehicles can exhibit a wide range
of outcomes, depending on both the structure of the
programs and the values of a number of key
variables that are very uncertain. However, it is
quite likely that a carefully designed early retire-
ment program, targeted at areas that are out of
compliance with air quality standards, can achieve
environmental benefits at costs equal to or lower
than those of other emissions-reduction options
that are already in use or scheduled to be used.
These programs can also achieve significant gaso-
line savings as a byproduct, though the monetary
benefits of these savings are not counted in our
analysis as offsetting to program costs (because the
direct benefits accrue to individual owners rather
than to society in general, in contrast to benefits
associated with emissions reductions). And another
byproduct of the programs is likely to be a positive
impact on fleet safety, primarily because of the
improved safety design of newer cars and the
likelihood that the brakes and other safety systems
on the vehicles retired will be in worse condition
than those on the replacement vehicles.

Policymakers should note that the emission
benefits from a vehicle retirement program may
decline somewhat in the future. In particular,

programs that are delayed past the initiation of
reformulated gasoline use (scheduled for 1995) and
more stringent inspection and maintenance (I/M)
programs required by the Clean Air Act Amend-
ments of 1990 may have reduced emissions benefits.
Although the magnitude of the effects is not clear,
the use of reformulated gasoline in nonattainment
areas is expected to reduce emissions from older cars
more than from newer cars, on a grams/mile basis.
More stringent I/M programs, with waiver limits
(the dollar amount of repair costs which a vehicle
owner must spend before continued failure to
comply with emission standards will be excused)
raised to at least $450, will force more drastic repairs
to faulty engines and emission control systems and
will cause some of the highest emitting vehicles in
the fleet to be retired. Thus, both reformulated
gasoline and enhanced I/M programs will reduce the
average per vehicle emission reductions gained from
early retirement. Unless the dolllar value of each ton
of emissions reductions rises during this period (this
should certainly not be ruled out), the dollar value of
emissions benefits will fall. The numerical results
presented in this report do not incorporate the
potential effects of these changes.

Despite OTA’s optimism that an early retirement
program can be a cost-effective way to control
emissions, policymakers should view such a pro-
gram as essentially experimental in nature. Any such
program should be carefully monitored, with ran-
dom examination of vehicles for operability and
emissions performance and followup interviews to
determine postsale behavior of participants. Infor-
mation gained from such a monitoring effort will be
invaluable for any future repetition of a nationwide
program, and might help jurisdictions that do not
participate in the initial wave of programs or that
must regulate corporations that seek program entry
well after the program begins. Policymakers should
also realize that the magnitude of the response to a
retirement program is not entirely predictable, so
that attracting large numbers of vehicles into retire-
ment may require raising bonus levels (unless
bonuses are started at a very high level).

An important side effect of a very large early
retirement program will be to increase the demand

7 Assumming  that the vehicles are crushed and melted without being stripped, as in Unocal’s program. A retirement program could allow the
participating vehicles to be stripped, though this raises a difficult policy tradeoff: Is it better to make the parts available to the market improving the
condition of those vehicles remaining in the fleet but probably keeping them operating longer, or to withhold the parts, leading to faster turnover but
possibly degrading the condition of the remaining vehicles?



Retiring Old Cars: Programs To Save Gasoline and Reduce Emissions ● 3

Table l—Benefits and Costs of Vehicle Scrappage Program Retiring
1 Million Vehicles (baseline scenarios)

costs,’ Emission reduction
(1,000 tons/year)

Gasoline savings Emission
($million/ (million gallons/ benefits b Cost/benefitC

Model years in program year) HC CO NOX year) ($million/year) ratio

Method 1 (assumes all miles replaced by miles in new cars)
Pre-1970 . . . . . . . . . . . . . . . . . . . . . . . . 221 to 312 63 343 13.5 171 366 .60 to .85
Pre-1975 . . . . . . . . . . . . . . . . . . . . . . . . 209 to 266 57 327 15.0 213 354 .59 to .75
Pre-1980 . . . . . . . . . . . . . . . . . . . . . . . . 279 to 368 51 400 16.0 142 346 .81 to 1.06

Method 2 (assumes miles replaced by existing fleet (half) and new cars (half))
Pre-1971 . . . . . . . . . . . . . . . . . . . . . . . . 258 59.5 448 16.5 182 365 .71
Pre-1980 . . . . . . . . . . . . . . . . . . . . . . . . 369 44.0 369 16.5 135 294 1.26
a&clUdes administrative costs. Assumes 10 ~ercent interest rate, $700/vehicle bonus for me-l  970/71 and me-l  975 cars. $1 .WWvehicle bonus for

pre-1980/81 cars.
bHC  valued  at $3,050/ton, NOX  at $2,750/ton, and CO at $300/ton.
cjncludes emissions knefik only.

SOURCE: Office of Technology Assessment.

for, and raise the prices of, the remaining cars in the
fleet, because many of the former owners of the
retired vehicles will seek to purchase replacement
vehicles. This will adversely affect lower income
vehicle buyers just entering the car market. On the
other hand, the money used to purchase the vehicles
will go directly to former owners of the retired
vehicles, many of whom may be expected to be of
lower income.

As discussed below, estimated benefits of a
vehicle scrappage program cannot be calculated
with precision, not only because of uncertainty about
such a program’s physical effects, but also because
there is no consensus about the monetary value of
emission reductions. Without a basis for directly
valuing these reductions, we are here measuring
emissions benefits only in the sense of how much it
would cost to use other available control measures,
for example, alternative fuels. Under a baseline set
of assumptions and valuing emission reductions
at levels suggested by the Environmental Protec-
tion Agency (EPA), calculated emissions benefits8

for a program targeted at nonattainment areas
would exceed program costs if either pre-1970 or
pre-1975 vehicles were targeted (assuming a
$700/vehicle bounty); if pre-1980 vehicles were
targeted (with a $1,000/vehicle bounty), the esti-
mated benefits range from higher than to lower

,.,

than the estimated costs, so cost-effectiveness is
not assured. Table 1 displays the annual costs and
benefits of the baseline cases, using two calculation
methods. Note again that calculated costs and
benefits do not include the value of gasoline savings,
part of which is a private savings and part a
difficult-to-quantify national security benefit; mone-
tary benefits associated with increased new car
sales; and costs associated with any lost mobility for
poor workers. If we valued the public benefits of
gasoline savings (lower oil imports, improved
energy security) at 50 cents per gallon or higher,
total benefits would equal or exceed costs in all
cases examined.

As an example, assuming that the ‘‘make up’
miles replacing the miles lost on early retirement are
split equally between miles in new vehicles and
increased driving in the existing fleet, we calculate
that retiring 1 million vehicles of pre-1971 vintage
would cost $.75 billion (assuming a $700/vehicle
bonus and a $50/vehicle administrative cost) and
yield annual emission reductions of about 60,000
tons of HC, 448,000 tons of CO, and 17,000 tons of
NOX. These emissions reductions, if achieved in
nonattainment areas, would be ‘‘worth” about $1
billion9 over the approximately 3 year period during
which the average retired vehicle would instead have
been operating.

10 Gasoline savings would be about

8 we me rntxiw.ring  emissions “benefits’ here in an extremely limited fashion, that is, by assuming that the benefits of removing a ton of pollutant
are approximately equal to the cost of the more expensive measures that are being taken to control that pollutant. Actual benefits, measured as the social
value (in terms of lower rates of sickness and fatality, improved recreational values, lower rates of property damage from pollutio~  and so forth) of
reducing emissions, may in reality be considerably different from these control costs.

g ~or~g  t. ~ EPA valuation  of emissions reduction benefits.

10 A55~g a 10 percent discount rate.
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Table 2—Effects on Emissions Benefits of Changes in Policies, Assumptions

Change in policy Effect on emissions benefits
1. Select pre-1971 rather than pre-1980 . . . . . . . . . . . . . . . . . . . . . . . . . . . Up 22 to 36 percent
2. Wait until tier 1 standards take effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . Up 4 to 5 percent
3. Retire only vehicles with higher-than-average emissions . . . . . . . . . Up 100 percent or more

Change in assumption
4. Retired cars would have lasted 4 rather than 3 years . . . . . . . . . . . . . Up 27 percent
5. Miles actually replaced by half new cars/half existing cars rather

than all existing cars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Up 12 to 23 percent

SOURCE: Office of Technology Assessment.

182 million gallons per year, or about 12,000 barrels
per day.ll

The generally favorable cost-effectiveness of
early retirement programs in nonattainment
areas does not apply to programs in areas
complying with air quality standards. The Clean
Air Act does not require attainment areas to add new
control measures beyond those already in place or to
be added on a nationwide basis, so that the true
“avoided control cost’ ’-based emissions benefits
are zero in these areas. We note, however, that the
national ambient standards may not fully protect the
public from some chronic health effects of long-term
exposure to ozone, or fully protect public welfare
(e.g., crop and material damages) and the natural
environment.

The above values depend critically on assump-
tions. For example, we cannot be sure what types of
vehicles will be attracted to a large-scale scrappage
program, particularly their emissions levels and the
extent to which they would have been ready for
retirement anyway, or else would have been kept
operative but used much less than average vehicles.
If our assumed values for the emissions and
remaining lifetimes of the vehicles in the program
are too high (or too low), then the benefits have
been overstated (or understated). Although the
vehicles attracted to Unocal’s pilot program gener-
ally were relatively high emitters and appeared to be
in active use and have substantial lifetimes remain-
ing (implying large emission and oil conservation
benefits from early retirement), we remain con-
cerned about the possibility that some programs
might attract many vehicles that would otherwise
be little used (implying low emission and conser-

vation benefits). On the other hand, the evidence of
in-use measurements of vehicle emissions tends to
show that emissions estimates based on MOBILE4,
the model used in this analysis, will likely be lower
than actual levels; if so, correcting for modeling
errors in our emissions estimating procedure
would likely increase the estimated cost-
effectiveness of the examined vehicle retirement
programs. Estimated net benefits also depend on
assumptions about the nature of replacement vehi-
cles for those that are scrapped, and the nature of
resulting changes in the existing fleet in the area
affected by the scrappage program. It is unclear
whether the ‘‘vehicle miles lost’ by scrapping cars
before their normal retirement dates will be made up
by increased driving of the remaining fleet or
whether these miles will be made up in large part by
increased sales and use of new vehicles. Another
uncertainty: In a scrappage program confined to
limited areas, will the owners of the scrapped cars
replace them primarily with cars of more recent
vintage, with better fuel economy and lower emis-
sions, or will they ‘‘import’ older cars from outside
the program area, sharply reducing emission bene-
fits and fuel savings? Table 2 shows the effects on
emissions benefits of different technical and policy
assumptions.

Some proposals for scrappage programs call for
awarding CAFE credits to automakers who scrap
their trade-ins on new cars rather than reselling
them.12 Although such plans seek to stimulate new
car sales, it may be difficult to realize this goal in
practice. Further, if the automakers use the credits to
avoid other measures that would raise new car fleet
fuel economy, the result of such a program would be

11 ~~ ~ce~o ~~me~ tit ~ of &e ‘cre~ed’) ~age ~o~d ~ rep~c~  by new  CWS,  ~d h~ by tie  existing  fleet. other  iiSSWl@OKIS  itbout
the mture  of the replacement vehicles will change the outcome somewhat but will not shift the ecM/benefit ratio above 1.0 (that is, into the “not cost
effective’ range).

12s. 2237 proposes  t. awad a cm credit  ~ tie ~omt of tie difference in fiel e~nomy  leve~ of tie new w purehaxxt  ~d the old CiU trii(kd
@ for each transaction when the old car is scrapped.
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a net increasers in highway fuel use-contrary to the
stated goals of most accelerated scrappage pro-
grams. Although this result could be avoided by
awarding only a fractional credit (that is, a credit
equal to perhaps one-third of the fuel economy
difference between the new and traded-in vehicles),
the lower value of the credit to the automakers would
then be unlikely to stimulate their participation in
the program.

Past emissions testing programs have demon-
strated wide variations in emissions performance
among older vehicles of the same model type and
vintage, probably because of different maintenance
regimes as well as the random nature of failures of
emission control systems. Policymakers concerned
about obtaining a better cost/benefit ratio from a
scrappage program might wish to examine o p t i o n s
that tie participation in such a program to emissions
performance. For example, scrappage bonuses might
be offered only to vehicles that failed scheduled
emissions tests in a State I/M program, or that were
identified as high polluters by remote sensing.
Although some vehicle owners might deliberately
sabotage their vehicles to cause them to fail an
emissions test, the effectiveness of a ‘‘selective”
program in the face of such tampering would be no
worse than that obtained by a program offering
scrappage bonuses to all willing participants, and
most likely would be considerably better. If a vehicle
retirement program can selectively retire vehicles
with average emissions double the national average
for their age group, program benefits would greatly
exceed likely costs.

Another option for removing polluting vehicles
from the fleet that policymakers might consider is to
insist that vehicles failing State I/M emission tests
be removed from service if they cannot be repaired.
Currently, States specify a dollar value for repairs
that, if exceeded, exempts vehicle owners from
having to satisfy the emission standards. Although
some States currently have very low repair cost
limits, the Clean Air Act Amendments require a
$450 floor on cost limits for the most polluted areas,
and this will likely move many of the worst polluting
vehicles out of the fleet or force their repair and
improved emissions performance. As noted above,
more effective I/M programs will reduce the net
emissions benefits of a vehicle retirement program

by removing the highest emission (and highest net
benefit) vehicles from the fleet.

Policymakers maybe reluctant to force retirement
of all noncomplying vehicles because of the nega-
tive impact on lower income drivers, who are more
likely to own an older vehicle in poor condition. A
preferable alternative to an absolute pass/fail system
may be a two-tier system—vehicles that are out of
compliance but not drastically so would be subject
to a dollar limit on repairs, while vehicles outside of
this ‘‘moderate failure” range would have to at least
be brought within this range, or be retired. This
would get the very worst vehicles off the road, yet
affect fewer drivers.

Still another option would be to vary the size of
the bonus (or the magnitude of the corporate
incentive, e.g., emission credit) according to some
measure of the potential emissions benefits. The
measure could be based on previous emissions
experience with different engine classes, data on
average remaining lifetime and average emissions of
different vintages, etc. The new Administration
proposal seeks to tie the magnitude of emission
credits rewarded by the program to the expected
average emissions and remaining lifetimes for older
cars, on a model year and region-speciftic basis.14

Given an accurate basis for estimating emissions and
lifetimes, this approach would yield an improvement
in the cost-effectiveness of the program. However,
there may be important concerns here about the
availability of adequate data, especially about re-
maining lifetime. Certainly, the data collected by the
Unocal experiment, which was limited in size and
confined to Los Angeles, are only of limited use to
evaluating a large national program.

PREDICTING THE IMPACTS OF
AN EARLY RETIREMENT

PROGRAM
Whatever its form, a large early retirement

program for automobiles will affect the entire car
market. Removing the oldest vehicles from the fleet
should increase the demand for and price of the
remaining vehicles, and should shift ownership and
use patterns for these vehicles. To the extent that
new car prices will appear more attractive relative to
increased prices of late model used cars, sales of new

13 comp~~  to the  value that would have occurred in the absence of a scmppage  pro-.
14 ~ess  bfiefmg,  op. cit., footnote 6. Aso, William Schroeer,  Office of PI arming and Policy Evaluation personal communication Mar. 12, 1992.
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cars should increase. There may be some net import
of used vehicles into the area to supply replacement
vehicles for some of the scrapped cars. Any attempt
to quantify the costs and benefits of an early
retirement program must somehow account for these
market changes.

In attempting to quantify the impact of an early
retirement program on gasoline demand, vehicle
emissions, new car sales, and other related factors, a
precise calculation would seek to estimate the
changes in driving patterns of the entire vehicle fleet.
Unfortunately, the only existing example of a
scrappage program, the Unocal program in Califor-
nia, was far too small to cause measurable changes
in the overall car market, and data are insufficient to
credibly evaluate the changes likely to occur from a
large scrappage program.

For the purpose of roughly quantifying costs and
benefits of a major scrappage program, we make the
following critical assumptions:

a.

b.

There will be no change in total vehicle miles
traveled (VMT) of the fleet; that is, we assume
that car owners who sell their cars to a
scrappage program will, on average, replace
all of their miles as drivers of other vehicles.

We recognize that it is unlikely that each
owner will drive as many miles as he or she
drove before. Some owners may reduce driving
or cease driving altogether, shifting to transit
or carpools—with a net decrease in total VMT.
Other owners will shift their driving to newer,
possibly more reliable, and probably more fuel
efficient vehicles-and, in turn, will push other
drivers into newer vehicles (by buying vehicles
they otherwise would have owned)---with a
likely net increase in total vehicle miles for
these drivers. The overall effect is uncertain,
but an assumption of NO CHANGE IN TOTAL
VMT seems a reasonable starting point.
The VMT “lost’ due to the scrappage of older
vehicles will be regained in either one of three
ways:
1. All of the regained VMT will be obtained

from new cars added to the fleet, with no
change in the use of the remainder of the
existing light-duty fleet.

2. The regained VMT will be obtained from
increased driving in the existing fleet, with
this VMT distributed across the fleet in the
same proportions as the total VMT per
model year of the fleet is currently distrib-
uted. This method assigns only a small
percentage of the total replacement VMT to
new vehicles.15

3. Half of the regained VMT will be obtained
from new cars, and half distributed across
the existing fleet as above.

Note that, in assumption b, we do not assume that
the sellers of the old cars are the purchasers of the
postulated additional new cars. It is more likely that
many of these sellers will use their bonus to
purchase a later model used car; some may simply
stop driving, or may have been using the car for a
‘‘spare’ and will simply drive another family car a
bit more. We assume, however, that the increased
demand for later model used cars will reverberate
upwards through the total market for both used and
new cars and ultimately lead to some increased
demand for new cars. In other words, the later model
used car purchased by a participant in the scrap-
page program would have been bought and driven
by some other individual had the program not
existed. That individual must seek another car. If the
program is large enough to create a squeeze on
models of this vintage, many of this second group of
individuals will be forced to purchase still newer
cars, which will in turn force some of the would-be
purchasers of those cars to look for still newer cars
and eventually will force some would-be purchasers
of virtually new used cars to decide instead to buy a
new car.

In assumption b1, we assume that these new cars
absorb most of the net demand for VMT lost by the
early retirements; in assumption b2, we assume that
these new cars absorb only a small part of the VMT,
and that increased usage of later model used cars
absorbs most of the mileage. However, even if
assumption b2 more accurately reflects the initial
effect on new car sales of a scrappage program, the
increased usage of the existing vehicles in the fleet
may shorten the lifespan (in years) of these vehicles,
creating additional demand for replacements-and
additional sales of new cars-some years after the

15 TMS method is UWI in W.L. Schroeer,  ‘A Cost-Effective Accelerated Scrappage Program for Urban Automobiles, ’ presented to tie Transportation
Research Board, Jan. 13, 1992.
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Box A—Unocal’s  Vehicle Scrappage Program

Unocal’s South Coast Recycled Auto Project (SCRAPtm) was designed to demonstrate that there are more
efficient ways to solve urban air pollution problems than to clamp down on stationary sources in the absence of local
authority to regulate mobile sources. In the South Coast Air Quality Management District, Unocal has selected an
area that fails to meet Federal air standards for four of the six criteria pollutants-ozone, CO, fine particulate matter,
and NOX. In fact, the Los Angeles Basin in general has the worst air pollution problems in the United States. And
in the basin, vehicles account for three-quarters of all emissions,l making them a tempting target for further control.

After extensive public opinion surveying, Unocal began the SCRAP program on June 1,1990 with a goal of
scrapping 7,000 pre-1971 automobiles. Unocal offered owners of pre-1971 cars $700 each to relinquish their
vehicles if the cars could be driven to the facility and if they had been registered during the previous year. Unocal
also limited participation in the program to one car per owner and required participants to show they had owned
the car for at least 6 months. These conditions sought to avoid paying to scrap vehicles that were already essentially
retired, and to avoid providing profits to middlemen. The number of vehicles actually scrapped eventually grew to
8,376 with monetary contributions from Ford Motors, the South Coast Air Quality Management District, and others.

SCRAP was more successful in eliminating air pollution than Unocal had expected. Unocal estimates an annual
reduction in emissions of 12.8 million pounds based on average driving of 5,500 miles per year (determined by
surveying the owners of vehicles participating in the program), 53 percent more per car than expected. Based on
a test sample of 74 vehicles subjected to the Federal Test Procedure, tailpipe HC emissions averaged 16.3
grams/mile versus 8.3 grams/mile projected and .25 grams/mile for new 1990 cars. CO emissions averaged 84
grams/mile versus an expected 50 grams/mile and 1.8 grams/mile for 1990 cars, Only NOX emissions, at 3.0
grams/mile, were less than expected (4.4 grams/mile), though they were still much higher than the .27 grams/mile
level of 1990 cars.

SCRAP cars generally were relatively inefficient—12.1 miles per gallon (mpg) on the Federal Test Procedure
test for city cycle driving, versus about 23.4 mpg on the same cycle for 1990 cars.

A critical factor affecting net emissions and other benefits is the manner in which SCRAP vehicles were
replaced. In a postprogram survey, 46 percent of those surveyed had bought a replacement vehicle, 6 percent
intended to buy a replacement vehicle, and 36 percent were driving another vehicle they owned, The remainder were
using transit, carpooling, or not driving. Most of the replacement vehicles, either pre-owned or newly purchased,
were much newer than the pre-1971 vehicles sold to SCRAP: the pre-owned replacements had a median model year
of 1981, and the purchased replacements had a median model year of 1983-84,

1 SQUth Comt M Qwty Management District  Southern California Association of Governments, 1991 Air QuaZiO Management  plan,
~outh Coast Air Basin, Draft  FinaI,  May 1991, table 3-1. Vehicles emit 50 pereent  of reaetive organic gases, 70 pereent of NO=, and 9S peiremt
of co.

SOURCE: M. Tatsuta@ University of California at Berkeley, Unocd  Corporation’s SCRAP: An Experiment in Corporate Environmental
Initiative, June 19, 1991; and Unoeal  brochure, “SCRAP: A Clean-Air Initiative From Unoeal.”

scrappage program ceases. Assumption b3 repre - repairs, be in worse physical condition, be driven
sents a midway point between the two extremes.

Even with these simplifying assumptions, there is
a paucity of data applicable to complete this type of
analysis, and the estimates will have to rely on a
variety of ‘‘educated guesses. ’ Further, only data
from actual retirement programs will shed light on
the nonrandom process by which vehicle owners
choose to participate or avoid an early retirement
program (see box A on results of the Unocal
program). What is definite is that the vehicles
entering the program will not be “average.” Com-
mon sense would dictate that vehicles entering the
program would tend to be more in need of expensive

less, and be closer to retirement than the “average”
vehicle of that age, because all of these factors would
seem to encourage the owners to take a bounty and
give up the vehicles for scrapping. Predicting the
magnitude of these ‘‘excursions from the average, ’
and estimating their impact on emissions and fuel
use, will be an uncertain exercise.

It is important to remember that the environ-
mental and energy benefits of a limited program to
remove older vehicles from the fleet will die out over
time, as the vehicles would eventually have been
retired even if the program never existed. In other
words, an early retirement program will simply
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speed up the inevitable turnover of the fleet.
However, if the benefits outweigh the costs—and
our computations suggest that they will under some
circumstances-such programs can bring positive
short-term environmental relief to urban residents
and give time for other pollution remedies to take
hold.

As a final point, obviously the cost-effectiveness
of a vehicle retirement program will depend on the
magnitude of the bonuses paid to attract vehicles.
Aside from determining costs, the size of the
bonuses will affect benefits because it will affect the
type of vehicles attracted. Also, unless initial
bonuses are high, there may be some trial-and-error
involved in determining the size of the bonus needed
to attract enough vehicles to meet program targets.
Car values depend on a number of factors, but
vehicle condition is particularly important in deter-
mining the value of older vehicles, and data may be
lacking to allow reliable calculation of the numbers
of vehicles likely to respond to any particular bonus
level. Thus, program sponsors should be ready to
adjust bonus levels if program targets are not met.l6

In our analysis, we used two spreadsheet models.
The first was developed by OTA and run only with
assumption b1; that is, we assumed that all replace-
ment mileage was made with new vehicles. To
explore the effect of other assumptions about
replacement mileage, and to examine the sensitivity
of the results to changing other assumptions, we also
borrowed the spreadsheet model developed by EPA
to conduct its analysis of retirement programs,
which was based on the MOBILE4 model.17

Additional New Car Sales

The new car sales stimulated by a vehicle
retirement program may be an important benefit of
such a program, but there is controversy about the
magnitude of this benefit. Some programs-such as
proposed in S. 2049, for example-seek to stimulate
the sales of one new car for every older car retired.
However, because most owners of old cars cannot
afford to purchase a new car, and because most older
cars are driven fax less than new cars, programs such
as S. 2049’s will likely attract only a small percent-
age of available older cars-those owned by a

relatively wealthy driver, probably in a multicar
household where the older car was not the primary
means of transportation. We can also speculate that
such cars might be in better condition than average,
given the affluence of their owners. Because pro-
gram benefits are maximized when the vehicles to be
scrapped are in below-average condition and when
they are the primary means of transportation, and
thus driven more, one-for-one programs may not
achieve hoped-for benefits.

Further, it is entirely unclear that programs such
as S. 2049 will actually “replace’ old cars with new
ones. Although the sponsors of S. 2049 may
envision auto dealers offering bounties for trade-ins
that might stimulate new car sales that would
otherwise not be made, the program might not work
this way. Instead, dealers might simply select certain
of their lower value, low fuel economy trade-ins to
scrap rather than resell, pocketing the value of the
CAFE credit to compensate themselves for the loss
of the sales value of the traded-in vehicle. In fact, it
is easy to envision this program simply substituting
for each dealer’s normal system of wholesaling its
lower value trade-ins (new car dealers generally
keep only their better trade-ins to sell in their own
used car operations, wholesaling the rest). If the
program works this way, the overall effects will be
virtually identical to an ordinary scrappage program
that does not include CAFE credits, except that the
automakers will now have these credits to use in
satisfying fuel economy requirements. If so, the true
‘‘replacement vehicles, ” that is, the vehicles that
actually replace the VMT lost by scrapping the old
cars, may not be new cars at all,18 and the emission
and fuel savings benefits will be correspondingly
lower.

Other vehicle scrappage programs, not incorpo-
rating CAFE credits for new car trade-ins, cannot
hope to stimulate one new car sale for every
retirement-even if all of the miles ‘‘lost’ to
increased scrappage are replaced by new cars. Since
older cars, especially those that would be candidates
for scrappage, on average are driven much less than
new cars, a “one-to-one” exchange of new cars for
old would imply either that total driving would
increase significantly or that the new cars purchased

16 Presuming that higher bonus levels will not push the program out of the cost-effective range.
17 me spreadsheet  ~~el was developed  by William schro~r of EPA’s Energy poficy Branch. EPA’s  @ysis is discussed in W.L. sChrOtXr,  “A

Cost-Effective Accelerated Scrappage  Program for Urban Automobiles,” presented to the Transportation Research Board, Jan. 13, 1992.
18 Udess  assumption bl holds.
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under an early retirement program will be driven
much less than average. Although a newer fleet may
create an increase in driving because it will have
lower “per mile” gasoline costs (because of higher
fuel economy) and greater reliability, it is not
plausible that VMT would increase by the large
amount implied by a one-to-one replacement of new
cars for old. Neither does it seem likely that the new
replacement cars would be driven much less than
average. Finally, and most importantly, it is not clear
at all that the net replacement travel will be provided
by new cars-it is entirely conceivable that much,
perhaps most, of the replacement miles will come
from increased usage of existing cars. Even if all
replacement miles are provided by new cars, how-
ever, a likely result of an early retirement program
is that only enough new cars will be purchased so
that total miles driven will not change much-
implying that considerably fewer new cars will be
purchased than old cars scrapped.

Using the assumption that total VMT will not
change demands that data be gathered on the VMT
of older vehicles of the type likely to participate in
a scrappage program. Data on vehicle mileage as a
function of vehicle age is somewhat spotty, how-
ever. Two sources give data on mileage for different
vehicle age groups: the Nationwide Personal Trans-
portation Study19 and the Residential Transportation
Energy Consumption Survey .20 Data in both sur-
veys, presented in Oak Ridge National Laboratory’s
Transportation Energy Data Book, Edition 10, lump
all vehicles equal to or greater than 10 years of age
together in one group, restricting application of the
data to a program aimed at pre-1980 cars. A more
recent data source, apparently produced from an
update of the latter Residential Transportation En-
ergy Consumption Survey, presents mileage data
that includes a value for pre-1975 vehicles.21 Poli-
cymakers might prefer programs aimed at such an
older group of cars because scrapping vehicles from

model years 1975-79 will yield only moderate
benefits-the new car fleet had already reached
about 20 miles per gallon (mpg) by 1979, and major
reductions in vehicle emissions were mandated for
the 1975-76 model years.22

Table 3 presents the age-related vehicle mileage
data from the two surveys, along with the ratio of
miles driven per year for new vehicles (up to 2 years
old) compared to vehicles 10 years old and older.
(These are national data; wide variations among
regions may exist.) The table supports the thesis that,
if vehicles 10 years old and older are scrapped
randomly, between 1.5 and a bit over 2.0 older cars
will be replaced by 1 new car (or by some
combination of somewhat fewer new cars than
predicted and increased driving of newer used
cars) .23 Figure 1 presents more recent data on
age-related mileage, including a value for pre-1975
vehicles. These data support the thesis that for
random scrappage of pre- 1975 vehicles, 2 or more of
the scrapped cars would be replaced by 1 new car.

As noted previously, scrapping old cars under an
early retirement program is not going to be at
random. Instead, sellers of old vehicles will be
responding to monetary incentives, and thus should
tend to be more eager to sell vehicles which have
less-than-average value. We expect these vehicles to
be somewhat closer to retirement and to be driven
less than the average, since presumably the value of
the vehicle to its owner generally will be a function
of the vehicle’s time to retirement and degree of use.
Consequently, we choose the ratio 2:1 for an
estimate of the ratio of old cars scrapped to new cars
purchased for a program to retire pre-1980 cars. We
hypothesize ratios of 3:1 and 3.5:1 for programs to
retire pre-1975 and pre-1970 cars, respectively. We
note, however, that it is quite possible that the initial
surge in new car sales associated with a vehicle
retirement program may result in somewhat fewer

19 D. ~ger and  J. Richard  K- CX)MSIs  Corp., Personal Travel in the Um”ted States, Volume Z; 1983-84 Nationwide personal Trmel St~Y,
prepared for the U.S. Department of Transportation Washington DC, August 1986, table 4-22, p. 4-21.

m Energy  InfO~tiOn ~“ “stration,  OffIce of Markets and End Use, Energy End Use Divisioq  1985 Residential Transportation Energy
Consumption Survey, Washington DC, unpublished data.

21 Da~ from U.S. Department of Energy, Energy Mormation  ~“ “slration,  Household Vehicles Energy Consumption, 1988, presented in Motor
Vehicle Manufacturers Associatio~ MVMA Motor Vehicle Facts & Figures ’90, p. 44.

22 ~ 197$’76,  Wowd HC ~d CO ~me  reduced from  3.4  ~d 39 gr~ per tie @pm)  to 1.5 ~d 15 gp~  re~tively.  h.1 197’7,  allowable NOxwere
reduced from 3.1 to 2.0 gpm. In 1980, HC and CO were further reduced to .41 and 7.0 gpm, respectively, and CO was again reduced, to 3.4 gp~ in
1981, with NOX reduced to 1.0 gpm that same year. Source: U.S. Environmental Protection Agency, Oi13ce  of Air and Radiatio~  Oct. 15, 1988.

23 The lower v~ue  of 1.5, derived from tie Residenti~  Tr~spo~tion  Energy consumption  survey,  might  be preferred be(XUISe he &h from ht
survey is based on odometer readings and is likely to be more reliable than the driver estimates collected by the Nationwide Personal Transportation
Survey.
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Table 3—Average Annual Miles per Automobile by Automobile Age

Nationwide Personal Residential Transportation
Transportation Study Energy Consumption Survey

Vehicle age (years) 1969 1977 1983 1983 1985

Under 1 . . . . . . . . . . . . . . . . .
1 . . . . . . . . . . . . . . . . . . . . . . . .
2 . . . . . . . . . . . . . . . . . . . . . . . .
3 . . . . . . . . . . . . . . . . . . . . . . . .
4 . . . . . . . . . . . . . . . . . . . . . . . .
5 . . . . . . . . . . . . . . . . . . . . . . . .
6 . . . . . . . . . . . . . . . . . . . . . . . .
7 . . . . . . . . . . . . . . . . . . . . . . . .
8 . . . . . . . . . . . . . . . . . . . . . . . .
9 . . . . . . . . . . . . . . . . . . . . . . . .
10 and older . . . . . . . . . . . . .

17,500
16,100
13,200
11,400
11,700
10,000
10,300
8,600

10,900
8,000
6,500

11,800
13,400
13,400
12,100
11,300
10,700
10,500
9,500
8,600
8,800
7,100

14,200
17,000
14,000
12,500
11,400
11,000
9,900
9,400
8,700
8,100
6,900

13,400
13,000
12,700
12,100
11,300
9,700
9,700
9,500
8,700
8,400
8,700

12,700
13,000
12,600
12,400
11,100
10,600
10,000
9,700
8,900
8,600
8,400

All vehicles . . . . . . . . . . . . . . 11,600 10,300 10,400 9,500 9,900

miles/year, 10 and older
.42 .55 .46 .67 .66

miles/year, 2 and younger

SOURCE: Oak Ridge National Laboratory, Transportation Energy Data Book Edition 70, ORNL-6565, September
1989. Based on: Nationwide Personal Transportation Study: D. Klinger  and J. Richafd  Kuzmak, COMSIS
Corporation, Personal Travel in the United States, Volume 1: 1983-84 Nationwide Personal Travel Study,
prepared for the U.S. Department of Transportation, Washington, DC, August 1986, tabie 4-22, p. 4-21; and
Residential Transportation Energy Consumption Survey: Energy information Agency, Office of Markets
and End Use, Energy End Use Division, 7985 Residential/ Transpofiation  Energy Conswnption  Survey,
Washington, DC, unpublished data.

sales in later years when the scrapped vehicles would
have been retired. If we focus more on maintaining
lifetime mileage rather than on retaining annual
mileage, the long-term ratio of old cars scrapped to
new cars purchased that would otherwise not have
been purchased might be closer to 4:1 for pre-1980
cars and even higher for older cars.

It is possible to make a case for a much lower
immediate boost in new car sales. The values
estimated above depend on the thesis that the
mobility lost by early retirement of older vehicles
will be replaced by additional vehicles in the fleet,
i.e., more new cars (which leads to assumption bl,
above). However, it is possible that the additional
miles could be made up by increased VMT/year over
all model years in the existing fleet (as in assumption
b2). We note, however, that increasing such driving
should shorten the lifetime of these vehicles, causing
the need for additional new cars sometime in the
future. In other words, we may add approximately
the same additional new cars to the fleet, but they
might be added slowly rather than in the first year or
two after the program begins. An important uncer-
tainty here: Will the lifetime of vehicles in the
existing fleet be shortened in direct proportion to
their increase in driving? Given the importance of
maintenance as well as sheer time as determinants of
vehicle life, is it possible that the vehicles will not

have significantly shorter lifetimes because of their
increased use, but simply last approximately the
same length of time with more total miles?

The possibility that the loss of large numbers of
older cars will be compensated for by increased
driving in the remaining existing fleet, rather than
the addition of substantial numbers of new cars, adds
a significant note of uncertainty to the rest of the
impact analysis as well. Both the volume of gasoline
saved and the amount of emissions reduced would
be lower than estimated if the existing fleet satisfied
most of the VMT demand created by the increased
scrappage rate of older vehicles, because the remain-
der of the existing fleet is both less fuel efficient and
more polluting than the new car fleet. As noted
above, we account for this uncertainty by examining
three scenarios of vehicle replacement, ranging from
all miles being replaced by new cars to virtually no
miles replaced by new cars.

Fuel Savings or Losses

Another way of looking at the market shift caused
by an early retirement program is that every remaini-
ng mile left in the normal lifetimes of the retired
cars is replaced by a “mile driven” at the higher
efficiency of the replacement car. This concept can
be used to calculate the fuel savings of a program
that simply attempts to retire older cars without



Retiring Old Cars: Programs To Save Gasoline and Reduce Emissions ● 11

15

12

9

6

3

0

Figure l—Average Miles Traveled per Vehicle
in 1988 by Model Year (thousands)

13.4

10.0

74 75 77 79 81 82 83 84 85 86 87 88
or to to to to

earlier 76 78 80 89

Vehicle model years

SOURCE: Motor Vehicle Manufacturing Association, MVMA Motor Vehicle
Facts and Figures ’90. Based on: U.S. Department of Energy,
Energy Information Administration, Household Vehicles Energy
Consumption, 1988.

granting any compensatory adjustment in fuel effi-
ciency regulations (CAFE credits) to those running
the program: simply multiply the estimated VMT
that the old car would have been driven had it not
been scrapped by the difference in the fuel econo-
mies (measured in gallons/mile) of the old and
replacement vehicles. This value may have to be
adjusted by any bias introduced by the nature of the
incentive-that is, the older cars are not selected at
random. Also, the estimated average mpg of replace-
ment vehicles must account for the increase in sales
of light trucks as vehicles for personal transporta-
tion; this will decrease the expected efficiency of the
replacement vehicles. As shown in box B, we
estimate that a program aimed at retiring pre-1975
cars would achieve a fuel savings of 649 to 866
gallons per car if the average car retired by the
program would otherwise have had a remaining
lifetime of 15,000 to 20,000 miles and the vehicle
miles traveled are replaced by new cars. Similarly,
a fuel savings of 454 to 681 gallons per car could be

achieved by retiring pre-1970 cars with an average
of 10,000 to 15,000 miles remaining, and a savings
of 472 to 661 gallons would be saved by retiring
pre-1980 cars with 20,000 to 28,000 miles remain-
ing.24

We note that, if the removal of older vehicles and
additional purchase of new vehicles does lead to
increases in driving-due to lower gasoline costs per
mile and improved reliability of the new vehicles—
the actual fuel savings will be reduced. Although
there is no consensus about the magnitude of this
effect, a typical value would be about a 10 percent
reduction in the gasoline savings expected. This
would reduce the expected fuel savings from retiring
pre-1975 cars to 613to817 gallons, from 681 to 908
gallons.

By awarding CAFE credits to automakers who
retire old cars taken in trade for new cars, bills like
S. 2049 and S. 2237 will allow the automakers to
produce cars of lower efficiency than required
without the program. For these programs, the fuel
savings must be calculated differently. Because the
CAFE credit theoretically creates a fuel loss—the
decrease in fuel economy of new cars using the
credit from what the cars’ fuel economy would have
been without the credit-the calculation of net fuel
savings must account for this loss over the lifetime
of the new cars.25

The auto industry disagrees with the argument
that CAFE credits create actual fuel losses. It argues
that the CAFE regulations play little role in deter-
mining fleet fuel economy levels, but instead these
levels are determined primarily by market forces. As
an extension of this argument, the industry claims
that CAFE credits would be used only when
compliance with CAFE regulations was essentially
impossible for a company, i.e., when the company
has run out of engineering and marketing options. In
other words, removing such credits would yield
violations of the CAFE regulations, not a more
efficient fleet.

It is beyond the scope of this paper to ascertain the
relative merits of the various arguments about the

24 me fiel sav~gs  for tie pre-l$)go  cars is lower than for the earlier model cars despite the longer remaining life of these cars, because there is less
difference between the replacement vehicles and those being scrapped-the average fuel economy of pre-1980 cars is better than the earlier models due
to the influence of CAFE standards and rising fuel prices in the late 1970s.

25 me cm ~e~t ~fied  from tie re~ement  of one Vebicle  is not appfied  to ~ individ@  new car, but is spread out over a company’s entire fleet
and incorporated into the company’s corporate average fuel economy. If, for example, a company retires 100,000 vehicles and gets an average of 15
mpg CAFE credit for eac&  it can reduce the fiel  economy of a 1,000,000 vehicle fleet by about 1.0 mpg. (The value is not 1.5 mpg because fleet fuel
economy is averaged harmonically, that is, the inverse of fuel economy, in gprq is averaged arithxnetically.)

325-558 - 92 - 2 : QL 3
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Box B—Fuel Balance Calculations for Retiring Pre-1975 Cars

The change in fuel use associated with early retirement of a pre-1975 car, its replacement with another, newer
vehicle, and possibly, application of a full Corporate Average Fuel Economy (CAFE) credit (as in proposed S. 2049)
obtained by the destruction of the older car can be estimated if a number of assumptions are made based on available
data:

2.
3.

4.

5.
6.
7.

Actual fuel economy of average pre-1975 car= mpg.old = 11 mpg,l

Recorded test value for average pre-1975 car = mpg.oldr = 12 mpg2

For scrappage program without CAFE credits, actual fuel economy of new replacement vehicle3 = mpg.new
=21 mpg (assuming 30 percent light truck sales4)
For scrappage program with CAFE credits, recorded fuel economy of replacement vehicle= mpg.rec = 24
mpg (current new car fleet average),5

Actual value of CAFE credit= mpg.rec - mpg.oldr = 24- 12= 12 mpg/vehicle,
Remaining miles of old vehicle without early retirement= 15,000 to 20,000 miles, and
Lifetime miles of new vehicle= 100,000 miles.

Fuel savings associated with early retirement of one vehicle
For a scrappage program without CAFE credits, under assumption b1 in text (that is, new cars replace all of

the VMT lost to scrapped old cars):
Fuel = miles X (1/mpg. old - l/mpg.new)

= 20,000x (1/11 - 1/21)

= 866 gallons for an assumed 20,000 mile lifetime
= 649 gallons for an assumed 15,000 mile lifetime.6

For a scrappage program without CAFE credits, under assumption b2 (that is, scrapped old cars are replaced by an
average of the fleet, say about 18 mpg):

Fuel = 20,000X (1/11 - 1/18)
= 707 gallons for an assumed 20,000 mile lifetime
= 530 gallons for an assumed 15,000 mile lifetime.

For a scrappage program with CAFE credits (assuming that a full credit is awarded), if the program actually
stimulates the sale of a new replacement vehicle7:

Fuel = miles X (1/mpg.old - l/mpg.rec)
= 20,000x (1/11 - 1/24)

= 985 gallons for an assumed 20,000 mile lifetime
= 739 gallons for an assumed 15,000 mile lifetime.

1 As-a 10 Pacent  1OSS h ~el emnomy due to performance deterioration. Based on ~ assumed @PA) *st ra~g of 14 mPg when
new. ‘IMs Iattervalue may be a bit low, because Federal Highway A&mm- “strationdatashow total fleet fueleconomydmpping  during the 1950s,
1960s, andfmt  few years of the 1970s-implying  that the early 1970s mpg rating of 14 may represent a minimum, and earlier model years may
have attained higher fuel economies.

2 On-road, EPA test value of about 14 mpg.
3 Note tit we d. not ~sme  hat ea&  mm~  ve~~le  is repl~ed  wi~ one new  Veticle.  Given  the  k’)Wer  lllte  Of &h@J  ge~~y

experienced with pre-1975 cars, we estimate that 1 new vehicle would replace 3 pre-1975 cars if all cfthe VMT “lost” by scrapping the vehicZe
is regained by new cars. If some of this W is regained by increased driving of the existing fleet-without shomning  * Metimes  of ~
fleet-the replacement vehicles will be composites of that fleet rather than new vehicles.

4 ~t is, tie average  ~m is .7 ties tie new cm fleet avemge  gpm plus .3 ties tie new light truck fl@ average gpm. Here, ~m is

used to obtain the harmonic average of fleet fuel economy, in mpg.
5 ~s ~sues  tit mere  is n. b~ in tie de~~s’  sele~tion of cm to include in tie cm ~t scrappage  ~0~ tow~d  IOWtX  mpg

cars. Note also that the actual  replacement vehicle for the scrapped car will not necessarily be the new car purchased by the former owner of
the scrapped car-since the scrapped car would otherwise have either stayed with that owner or have been traded in for a new car anyway but
then sold to another buyer. In the latter case, the actual replacement vehicle is that vehicle that substitutes for the miles that would have been
driven by the potential buyer of the scrapped car.

6 Note tit tie EPA alternative to our assigning all “replacement miles” to new vehicles assigns these miles to earlier model cars that
will be, on average, less eflicient than new cars. Consequently, the EPA method will estimate lower gasoline savings than obtained with our
approach.

7 ~s may be a VW  optimi~ti~ ~sumptio~  sfi~  my  of tie new cus would have bt2eIl botlght SnyWly.
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If the program does not actually stimulate the new car sale, the new car is then not the actual replacement vehicle
for the old one. In this case, fuel saved is the same as for a vehicle retirement program without CAFE credits.

Fuel loss associated with CAFE credit gained for retiring one vehicle
Fuel loss = (lifetime of new vehicles for which CAFE credit is used)
X (1/mpg.rec - l/mpg.credit)

where mpg.rec is the actual measured fuel economy value of the new replacement vehicle and mpg.credit is the fuel
economy value that the replacement vehicle is credited with in CAFE calculations:

= 100,000 miles X (1/24 -1/36)
= 1,389 gallons.

Net loss associated with retirement program/vehicle = fuel loss - fuel savings
1. Replacement vehicle is actual new vehicle purchased. = 404 gallons for assumed

20,000 mile lifetime for retired vehicle
= 652 gallons for assumed

15,000 mile lifetime

2. Replacement vehicle is an entirely different new vehicle = 523 gallons for assumed
20,000 mile lifetime

= 740 gallons for assumed
15,000 mile lifetime

3. Replacement vehicle is an entirely different vehicle = 682 gallons for assumed
representative of the fleet as a whole. 20,000 mile lifetime

= 859 gallons for assumed
15,000 mile lifetime

Partial CAFE credit needed to achieve a net fuel balance
Need fuel loss to equal fuel savings
1. Replacement vehicle is actual vehicle purchased:

for 20,000 mile lifetime
985 = 100,000X (l/u - l/(24+C)) where C = credit needed for fuel balance
C = 6.5 out of a full credit of 12, or 54 percent of full credit

for 15,000 mile lifetime
739 = 100,000 x (1/24 - l/(24+c))
C = 5.2 out of 12, or 43 percent of full credit.

2. Replacement vehicle is different new vehicle:
for 20,000 mile lifetime
866 = 100,000 X (1/24 - l/(24+C))
C = 6.3 out of 12, or 53 percent of full credit.

for 15,000 mile lifetime
649 = 100,000 x (1/24 - l/(24+c))
C.= 4.4 out of 12, or 37 percent of full credit.

3. Replacement vehicle is different existing vehicle
for 20,000 mile lifetime
C = 4.9 out of 12, or 41 percent

for 15,000 mile lifetime
C = 3.5 out of 12, or 29 percent.
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ability of CAFE regulations to stimulate increases in
fleet fuel economy that would otherwise not occur.
Instead, we assume for the sake of this exercise that
the manufacturers do have the means to achieve a
higher fuel economy to comply with CAFE stand-
ards but instead exercise the credits because it is
cheaper to do so.

When a CAFE credit is applied to a new car, that
credit will effectively lower that car’s fuel economy
for its lifetime-at least 100,000 miles, many times
as long as the older car’s remaining lifetime (had it
not been retired by the program). Consequently, the
net fuel savings of a vehicle retirement program with
a CAFE credit incentive will equal the savings
associated with the replacement of the older vehicle
with a more efficient newer vehicle26 (equal to the
difference in the gallons per mile of the old and
replacement vehicles multiplied by the older car’s
lifetime of perhaps 15,000 to 20,000 miles), minus
the fuel loss associated with the CAFE credit over
the lifetime of a new vehicle (or several vehicles) to
which the credit is applied (perhaps 100,000 miles).

As shown in box B, awarding a full CAFE credit
based on the difference in fuel economy between a
new vehicle and the vehicle to be retired yields a net
increase in fuel use, rather than a savings. OTA
believes it unlikely that Congress would accept a
program that resulted in a net increase in U.S. oil use.
One possible compromise would be to award a
partial CAFE credit that would yield no net
increase in use. For the net change in fuel use to
equal zero over the long term, that is, no fuel savings
or loss, the CAFE credit would have to be equal to
a fraction of the differential fuel economy between
the old and new car. For example, as shown in box
B, we estimate that a retirement program for
pre-1975 cars that offered a full CAFE credit for the
fuel economy difference between retired and pur-
chased vehicles when a customer traded in an older
vehicle and bought anew one would suffer a net loss
of 404 to 859 gallons of gasoline for every vehicle
scrapped. For such a program to ‘‘break even” in
terms of fuel use, it would have to reduce the value
of the CAFE credit awarded to .3 to .5 times the
difference between the fuel economies of the old and
new vehicles. Similarly, this type of program
applied to pre-1970 vehicles would lose 708 to 935
gallons and break even only with a CAFE credit of

.3 to.5 times the fuel economy difference of old and
new vehicles. Applied to pre-1980 vehicles, the net
loss would be 529 to 718 gallons, with a breakeven
achieved if the CAFE credit were .4 to .5 times the
fuel economy difference.

As noted earlier, it is possible that the changes in
fuel economy caused by both the early retirement of
the older vehicles and the application of the CAFE
credits will cause small changes in vehicle miles
traveled. According to our calculations, adjusting
for such changes yields only modest changes in the
breakeven CAFE credit.

The remaining potential years of operation of the
cars attracted to an accelerated scrappage program
are a critical determinant of the benefits of the
program. The value for the remaining lifetime
assumed here—15,000 to 20,000 miles for pre- 1975
vehicles—seems in line with the annual mileage
figures used in the EPA MOBILE4 model discussed
below. It appears low, however, in comparison with
the annual mileage figures given in figure 1, since a
15,000 mile lifetime implies retirement within 2
years and 4 months at the pre-1975 annual mileage
value of 6,300. On the other hand, it seems
reasonable to assume that the program will tend to
disproportionately attract vehicles whose lifetime is
somewhat below the average.

Reductions in Vehicle Emissions

Retiring old vehicles will have a positive impact
on vehicle emissions because the vehicles being
retired were originally subject to emissions stand-
ards that were weaker than those required of new
vehicles, and because mechanical breakdowns and
effects of general wear and tear in the engines,
exhausts, and pollution control systems of the older
vehicles will likely have increased their on-road
emissions substantially.

Table 4 shows the Federal automobile tailpipe
emissions standards for 1968 to the present. Assum-
ing that the relationship between on-road emissions
and the appropriate standard (generally, average
on-road emissions are expected to be somewhat
higher than the standard) remained the same over the
years and poor maintenance did not affect older cars
more than younger ones, we might have expected
pre-1970 HC and CO emissions to be about 20 times
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Table 4—Federal Motor Vehicle Tailpipe Emission Standards (grams per mile)

Automobile emissions Light-duty truck emissions

Model year HC CO NOX HC CO NOX

1966 precontrol . . . . . . . . . . . . . . . . . .
1968 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1970 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1971 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1972 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1973 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1974 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1975.. . . . . . . . . . . . . . . . . . . . . . . . . . .
1976 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1977 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1978 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1979 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1980 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1981 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1982 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1983 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1984 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1985 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1986d . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1987 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1988” . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1989g . . . . . . . . . . . . . . . . . . . . . . . . . . . .

10.60’ 84.0
6.30 51.0 (6.0)b

4.10 34.0
4.10 34.0
3.00 28.0
3.00 28.0 3.0
3.00 28.0 3.0
1.50 15.0 3 . lC

1.50 15.0 3.1
1.50 15.0 2.0
1.50 15.0 2.0
1.50 15.0 2.0
0.41 7.0 2.0
0.41 3.4 1.0
0.41 3.4 1.0
0.41 3.4 1.0
0.41 3.4 1.0
0.41 3.4 1.0
0.41 3.4 1.0
0.41 3.4 1.0
0.41 3.4 1.0
0.41 3.4 1.0

2.00 20.0 3.1
2.00 20.0 3.1
2.00 20.0 3.1
2.00 20.0 3.1
1.70 18.0 2.3
1.70 18.0 2.3
1.70 18.0 2.3
1.70 18.0 2.3
1.70 17.0 2.3
0.80 10.0 2.3
0.80 10.0 2.3
0.80 10.0 2.3
0.80 10.0 2.3
0.80 10.0 1.7f

0.80 10.0 1.7
acrankcase  emissionsof  4.1 g/minot  included; fully controlled.
bNOxemissions (nostandard)  increasedwithcontrol  ofHCand  CO.
%hangein test procedure.
dFulluseful life requirement= llyr/120,000 mi(was5yr/50,000 mo.
eNOx Federal standard _l.2g/mi  under 3,751~b Ioadedvehicleweight (Lvw),l.7g/mifor~ 3,751Ab WW,and 2.3
g/mifor26,000Ab  LVW.

‘1.2 for>3,751  lb.
9These values hold until 1994, when more stringent standards apply. In 1994, automobile standards are .25 g/mi for

HC, 3.4g/mi  for CO, and .4g/mmi  for NOx.  Forlightdutytrucks,  40 percent of the trucks larger than 3,751 lb must meet
.32 g/mi  for HC, 4.4 g/mi  for CO, and .7 g/mi  for NO,. By 1996, 100 percent of the fleet must meet these standards.

SOURCE: Adapted from Johnson, 1988; in R. Andersen, “Reducing Emissions From Older Vehicles,” American
Petroleum Institute Research Study #053, August 1990, Washington, DC.

higher than 1990 emissions, and NOx emissions to
be about 5 times higher. Presumably, a higher ratio
of pre-1970 emissions to 1990 emissions would
imply that inadequate maintenance of engines and
controls also plays a significant role in the emissions
imbalance between the two groups of vehicles.

Table 5 shows the emissions, as measured with
the Federal Test Procedure used by EPA to certify
new automobiles, of 74 of the approximately 8,400
cars scrapped under the Unocal program. According
to Unocal, these emissions should be a conservative
representation of the whole set of vehicles because
some of the worst examples could not be tested.27

The Unocal cam’ emissions were far higher than
the expected emissions level of new 1990 automo-
biles: for tailpipe emissions, 65 times for HC,28 over
50 times for CO, and over 10 times for NOx. These
values imply that a similar program conducted on a

nationwide scale would substantially reduce vehicle
emissions.

The Unocal experiment focuses on pre-1970
vehicles not only because they represent the worst’
group of vehicles from an emissions standpoint but
because California, with its warm climate (and thus,
lack of salt use for icy roads), has an unusually large
number of such vehicles. It is likely that a national
early retirement program would focus on vehicles of
more recent vintage, because pre-1970 vehicles
represent a very small fraction of vehicles in the
fleet. In fact, in 1985 pre-1970 cars represented only
6.7 percent of the total automobile fleet, and a much
smaller percentage of the mileage driven; today, the
value must be much lower, about 2 percent of the
fleet if General Motors’ “ 20 percent per year’ rule
of thumb for scrappage is approximately correct.
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Table 5-Federal Test Procedure (FTP) Test Results
vs. Projections (grams per mile)

HC CO NOx

SCRAP test results
HP results . . . . . . . . . . . . . . . . . . 16.28 84.3 2.96
Adjustments a . . . . . . . . . . . . . . . . . 8.49 16.5 -0.02
“in-use” emissions . . . . . . . . . . . 24.77 100.8 2.94

Air quality model EMFAC-7D
1966-70 cars . . . . . . . . . . . . . . . . 8.34b 50.1 4.39
1975 cars . . . . . . . . . . . . . . . . . . . 3.88b 23.4 2.53
1990 cars . . . . . . . . . . . . . . . . . . . 0.25 b 1.8 0.27

aTo reflect nontailpipe emissions and scale to 16 mph.
bTailpipe only.

SOURCE: Unocal, 1991.

Table 6—Estimated Auto Emissions by Model Year,
in 1990 (grams per mile)

Average
Model year miles HCa BEF NO. CO

1971 . . . . . . . . . . . . . . . . . 4,562
1972 . . . . . . . . . . . . . . . . . 4,823
1973 . . . . . . . . . . . . . . . . . 5,099
1974 . . . . . . . . . . . . . . . . . 5,390
1975 . . . . . . . . . . . . . . . . . 5,608
1976 . . . . . . . . . . . . . . . . . 6,024
1977 . . . . . . . . . . . . . . . . . 6,369
1978 . . . . . . . . . . . . . . . . . 6,733
1979 . . . . . . . . . . . . . . . . . 7,117
1980 . . . . . . . . . . . . . . . . . 7,524
1981 . . . . . . . . . . . . . . . . . 7,954
1982 . . . . . . . . . . . . . . . . . 8,409
1983 . . . . . . . . . . . . . . . . . 8,889
1984 . . . . . . . . . . . . . . . . . 9,398
1985 . . . . . . . . . . . . . . . . . 9,935
1986 . . . . . . . . . . . . . . .  10,503
1987 . . . . . . . . . . . . . . . . . 11,103
1988 . . . . . . . . . . . . . . . . . 11,737
1989 . . . . . . . . . . . . . . . . . 12,408
1990 . . . . . . . . . . . . . . . . . 13,118

13.450
10.856
10.408
10.218
9.428
9.074
8.835
6.997
6.763
4.028
2.506
2.295
2.017
1.878
1.703
1.554
1.438
1.327
1.228
1.173

3.902
3.902
3.104
3.103
3.384
3.336
2.899
2.818
2.733
2.943
1.442
1.370
1.061
1.011
0.929
0.857
0.808
0.756
0.701
0.667

63.56
59.27
62.92
62.54
70.31
67.63
64.28
61.76
59.13
20.03
19.80
16.96
10.90
9.48
8.10
6.81
5.91
5.03
4.17
3.51

aTotal  emissions, including evaporative losses.
NOTE: BEF=basictaiipipeemission  factor.

SOURCE: MOBILE4; R. Anderson, “Reducing Emissions Fn
Vehicles:’American  Petroleum institute Research St
Washington, DC,August 1990.
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Table 6 presents estimates of 1990 automobile
emissions/mile for different vintages of autos from
1971 to 1990 models. These estimates are obtained
from EPA’s MOBILE4 model which is derived
from tests of vehicles with unhampered emission
control systems. These data do not appear to show as
large a variance between new and old vehicles as
obtained from the Unocal tests, primarily because
the EPA model is considering average 1990 on-road

Table 7—Number of Older Cars Still in Operation
in 1990, by Model Year

Number of cars
Model year (thousands)

1961 . . . . . . . . . . . . . . . . . . . . . . . . . . 23
1962 . . . . . . . . . . . . . . . . . . . . . . . . . . 45
1963 . . . . . . . . . . . . . . . . . . . . . . . . . . 70
1964 . . . . . . . . . . . . . . . . . . . . . . . . . . 105
1965 . . . . . . . . . . . . . . . . . . . . . . . . . . 163
1966 . . . . . . . . . . . . . . . . . . . . . . . . . . 222
1967 . . . . . . . . . . . . . . . . . . . . . . . . . . 270
1968 . . . . . . . . . . . . . . . . . . . . . . . . . . 392
1969 . . . . . . . . . . . . . . . . . . . . . . . . . . 528
1970 . . . . . . . . . . . . . . . . . . . . . . . . . . 706
1971 . . . . . . . . . . . . . . . . . . . . . . . . . . 832
1972 . . . . . . . . . . . . . . . . . . . . . . . . . . 1,244
1973 . . . . . . . . . . . . . . . . . . . . . . . . . . 1,600
1974 . . . . . . . . . . . . . . . . . . . . . . . . . . 1,742
1975 . . . . . . . . . . . . . . . . . . . . . . . . . . 1,780
1976 . . . . . . . . . . . . . . . . . . . . . . . . . . 2,957
1977 . . . . . . . . . . . . . . . . . . . . . . . . . . 4,147
1978 . . . . . . . . . . . . . . . . . . . . . . . . . . 4,911
1979 . . . . . . . . . . . . . . . . . . . . . . . . . . 5,281

SOURCE: AdaptedfromMotorVehicle ManufacturingAssociation,MVMA
Motor Vehicle Facts &Figures ’89, extrapolated from 19S6to
1990 byassuming 20 percenVyear  scrappage  rate.

models, whereas Unocal compares its emissions to
1990 newcars.29

Table 6 also contains estimates for annual miles
driven per vehicle for each model year. These values
are lower than the values shown in Table 3 and figure
l for the older cars.

The average volume of emissions per vehicle
changes sharply from model year to model year, so
that estimating the emissions reductions obtained
from an early retirement program must account for
the likely differences in numbers of vehicles remain-
ing in each model year and average miles driven per
vehicle. The data we located for the number of
vehicles remaining in each model year are somewhat
outdated; we updated them to 1990 values by
assuming a 20 percent annual scrappage rate for each
model year. Table 7 presents our estimates for the
number of cars in operation in 1990 by model year,
for model years 1960 through 1979 (to allow us to
calculate weighted average emission rates for pre-
1980 autos). If there is a second phase to this project,
we will attempt during that phase to obtain better
data.30

29 AISO,  the values for 1990 cus in  table  5 do not include evaporative emissions. The HC comparison in that table should compare Mlpipe emissiom
only, thus yielding a ratio of 65:1, not the 99:1 ratio that Unocal has claimed in its written material.

~ For example,  tie Motor Veticle  Manufacturers Association has published additional, more recent data since we conducted this ~ysis.
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Table 8a—Auto Emissions “Saved” by Scrapping Older Vehicles

Emissions Emission reductions upon replacement Cost-effectiveness
(grams/mile) (grams/mile) (lb/vehicle/yr)a (lb/vehicle)b ($/ton) c

Hydrocarbons
1990 . . . . . . . . . . . . . . 1.2
Pre-1970 . . . . . . . . . . 16.5
Pre-1975 . . . . . . . . . . 12.1
Pre-1980 . . . . . . . . . . 8.8

Carbon monoxide
1990 . . . . . . . . . . . . . . 3.5
Pre-1970 . . . . . . . . . . 86.5
Pre-1975 . . . . . . . . . . 66.8
Pre-1980 . . . . . . . . . . 63.9

Nitrogen oxides
1990 . . . . . . . . . . . . . . .67
Pre-1 970 . . . . . . . . . . 3.90
Pre-1975 . . . . . . . . . . 3.53
Pre-1 980 . . . . . . . . . . 3.07

15.3
10.9
7.6

83.0
63.3
60.4

3.23
2.86
2.40

126
113
101

686
654
800

27
30
32

337 to 506 2,900 to 4,900
240 to 361 3,700 to 4,700
335 to 469 5,500 to 7,300

1,830 to 2,745 600 to 900
2,094 to 2,792 600 to 800
2,664 to 3,730 700 to 900

71 to 107 16,000 to 23,000
95 to 126 14,000 to 18,000

106 to 148 17,000 to 23,000
aEstimated VMT/Yr:  pre-1970-3,747; pre-1975-4,684; pre-1 980-6,004.
bA~~umedvehicle  lifetimes: pre.197&l o,o~ to 15,()()0  mile~2.7-4+o  yrs;  pr&197&l  5,000  tO  20,000  mibS/3.2-4.3

yrs; pre-1980-20,000 to 28,000 miles/3 .3-4.7 yrs.
CBonus  = $700/car for Pre-l 970 and prel 975,  and $1  ,OOO/~r for pre-1 980,  assumed  10 percent interest.

SOURCE: Office of Technology Assessment.

Table 8b—Auto Emissions “Saved” by Scrapping Older Vehicles Assuming
Older Vehicles Driven More, Last Longer

Emissions Emission reductions upon replacement Cost-effectiveness
(grams/mile) (grams/mile) (lb/vehicle/yr)a (lb/vehicle) b ($/ton)

Hydrocarbons
1990 . . . . . . . . . . . . . . 1.2
Pre-1970 . . . . . . . . . . 16.4 15.2 149 402 to 603 3,000 to 4,100
Pre-1975 . . . . . . . . . . 12.1 10.9 136 325 to 529 3,300 to 4,400
Pre-1980 . . . . . . . . . . 8.8 7.6 121 369 to 503 5,000 to 6,500

Carbon monoxide
1990 . . . . . . . . . . . . . . 3.5
Pre-1970 . . . . . . . . . . 86.3 82.8 812 2,191 to 3,286 500 to 800
Pre-1975 . . . . . . . . . . 66.6 63.1 786 2,226 to 3,061 600 to 800
Pre-1980 . . . . . . . . . . 63.9 60.4 958 2,930 to 3,995 600 to 800

Nitrogen oxides
1990 . . . . . . . . . . . . . . .67
Pre-1970 . . . . . . . . . . 3.90 3.23 32 85 to 128 14,000 to 19,000
Pre-1975 . . . . . . . . . . 3.52 2.85 35 101 to 138 13,000 to 17,000
Pre-1980 . . . . . . . . . . 3.07 2.40 38 116 to 159 16,000 to 21,000
aEstimated VMT/yr:  pre-1970-4,450; pre-1975-5,648; pre-1 980-7,194.
bA~sumed  vehicle  lifetimes: ~re-l 97&l 2,000”  to 18,()()()  mile~/2.7-4.O  yrs; pre-1 97&l 6,000  to  22,000”  miles/2 .8-3.9

yrs; pre-1980-22,000 to 30,000 miles/3.l -4.2 yrs.

SOURCE: Office of Technology Assessment.

The data in tables 6 and 7 can be combined to product of miles driven/vehicle and the number of
produce average emission rates (averaged over a vehicles in that model year) .31 As shown in table 8,
variety of model years, e.g. for all pre- 1980 vehicles) the 1990 weighted average emission rates for
for HC, CO, and NOX weighted by total miles driven pre-1970 vehicles are only 14, 25, and 6 times as
by vehicles from each model year (total miles is the large as 1990 model year values for HC, CO, and

31 We based our estimates of emission rates for vehicles in model years 1960-70 on the precontrol values shown in table 4 and an examination of the
relationships between standards and estimated on-road emission rates in later years. We estimated the mileage/vehicle/year for the same model years
by assuming a 5.7 percent/model year reduction in mileage/year down to 3,500 miles/yew in 1967; we assumed that thereremaining vehicles of earlier
vintage would also be driven 3,500 miles/year.
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NOX, respectively—versus 65, 56, and 10 times as
large as the 1990 model year cars in the Unocal tests.
As noted, the primary reason for this difference is
EPA’s higher estimates for 1990 emissions
(Unocal’s values reflect new cars, while EPA’s
presumably do not); the EPA and Unocal estimated
emissions rates for older vehicles are not that
different.

Table 8a also presents the total emissions ‘saved’
per vehicle retired, by assuming that pre-1970
vehicles have a remaining lifetime of 10,000 to
15,000 miles. (This strikes us as generous but is in
line with some estimates of ‘miles driven per year’
for these vehicles; it may seem low when compared
to the high VMT/year values obtained from the
Unocal program, but Unocal’s data reflect California
vehicles, which should be expected to have longer
lifetimes for each model year than the national
average. Pre-1975 vehicles have a remaining life-
time of 15,000 to 20,000 miles, and pre-1980
vehicles have a remaining lifetime of 20,000 to
28,000 miles. This is a guess based on available data
on mileage values for these vehicles and an assumed
scrappage rate of 20 percent per year for the older
vehicles. Table 8b presents the same values with
different assumptions about the VMT/year and
lifetime VMT remaining for old vehicles—12,000 to
18,000 miles remaining for pre-1970 vehicles,
16,000 to 22,000 miles for pre-1975, and 22,000 to
30,000 miles for pre-1980 vehicles.32 (These values
are more in line with the estimates in table 3 and
figure 1 and with Unocal’s results for the amount of
driving of retired vehicles).

Note that the “per vehicle” emissions estimates
used as a basis for our calculations represent
estimates of current emissions from older cars.
Changes in fuels and control programs mandated by
the Clean Air Act Amendments of 1990 will likely
change these emissions values, and thus this analysis
applies primarily to early retirement programs sched-
uled for the immediate future. If a program is
contemplated for a later date—say, 1995-emiss-
ions, net benefits, and overall cost-effectiveness of
a retirement program maybe different. In particular,
the amendments require oil companies to introduce
reformulated gasoline into nonattainment a reas  by
1995, and this gasoline will reduce emissions from

all cars, and particularly from older vehicles. This, in
turn, will reduce the net emissions savings from each
retired vehicle, and reduce overall program cost-
effectiveness. Similarly, the amendments call for
increased waiver limits for I/M programs in key
nonattainment areas, to $450/vehicle (waiver limits
are the dollar amount that a vehicle owner must
spend in emissions repairs before he or she can be
granted a waiver from State emissions standards).
The increased limits should both force more repairs,
with reduced emissions, and cause more retirement
of high-emission vehicles, with the result likely to be
a generally lower average emission rate for older
cars. This, too, will reduce the net emissions
savings/retired vehicle and reduce retirement pro-
gram cost-effectiveness. Thus, unless the per ton
value of emissions savings increases, the cost-
effectiveness of vehicle retirement programs should
decline somewhat after the provisions of the Clean
Air Act Amendments go into effect. Of course, it is
entirely possible that the value (dollars/ton) of
emissions savings will increase in the future, and this
would tend to reverse the effect of the reduced level
of savings.

Emission Cost-Effectiveness

Although a vehicle scrappage program
a variety of costs and benefits, most of

will have
these are

difficult to quantify in dollar terms. We will examine
program cost-effectiveness in the limited fashion of
balancing emission benefits against direct program
costs. There are a variety of other costs and benefits,
both public and private, including gasoline savings,
investment costs for replacement vehicles, changes
in insurance costs, improved vehicle reliability
(when the replacement vehicles are newer), and so
forth. Other analyses of early retirement programs
have included gasoline savings in their cost/benefit
equations. 33 However, including gasoline savings, a
private benefit, in our analysis would at least require
that we also include private costs such as investment
costs (to the extent that new vehicles are purchased),
changes in insurance costs with purchases of higher
value vehicles, and so forth, and possibly other
private benefits (such as improved vehicle reliabil-
ity) as well.

32 C@sler’s  estimates for re mainingvehicle lifetimes are even more optimistic than these: 18,000 miles forpre-1970 cars, 23,000 forpre1975  cars,
and 33,000 miles for pre-1980 cars, from a 1990 baseline.

33 For example,  the EPA analysis.
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We are not here attempting a true cost/benefit
calculation, that is, balancing costs against the actual
physical and financial effects of reductions in
emissions levels caused by a vehicle retirement
program (as well as other benefits, including jobs
created by increased demand for new cars). Aside
from the obvious difficulty of obtaining reliable
estimates of the physical effects on health and
welfare of emission reductions, or placing a mone-
tary valuation on these effects if they were known
(see OTA’s report on reducing urban ozone, Catch-
ing Our Breath34), a cost/benefit analysis would
miss the point that the Clean Air Act requires that
the national ambient air quality standards be met
regardless of cost (in fact, the act forbids the use of
cost/benefit estimates in establishing the ambient
standards). Instead, our analysis simply asks whether
there are other ways to accomplish similar emissions
reductions more cheaply than retiring old vehicles,
rather than whether or not the cost of the retirement
program is truly lower than the societal benefits of
the program. In other words, the emissions “bene-
fits’ that we compare to program costs are measured
as the costs for alternative measures that would
instead have to be used to reduce emissions in the
absence of an early retirement program-i. e., this is
an ‘‘avoided cost” method of measuring benefits.

Tables 9 and 10 and figures 2 and 3 show the
cost/ton of emissions removed for various strategies
to reduce HC and NOX, estimated by OTA.35 As
shown, strategies to reduce HC are available to
nonattainment cities for less than $4,000/ton
through 1994; generally, only measures costing less
than about $1,000/ton will be applied in atttainment
cities during that time period. The results in Table 8
indicate that retirement programs aiming at pre-1970
or pre-1975 vehicles registered and/or driven in
nonattainment cities may be cost-competitive with
other HC reduction measures even if the full cost of
retirement is borne by HC control.

NOX reduction is available in all but southern
California cities for $3,300/ton or less through 1994.
Although NOX reduction from vehicle retirement is

thus not cost-effective by itself, the value of the
reduction is an important component of overall
cost-effectiveness.

EPA, in recent published analyses of the cost of
future CO controls, estimates that new vehicle
controls will cost about $200/ton of CO removed,
but will save enough fuel to more than compensate
for this cost—yielding a net cost savings associated
with CO control.36 CO control is also accomplished
by adding various oxygenates to gasoline; EPA
estimates their cost at $208 to $905/ton of CO
reduction. ETBE, an ether made from ethanol, is the
most expensive of the likely oxygenates slated to be
used; if its use can be avoided, the cost range is
somewhat lower, about $208 to $576/ton of CO
reduction.37

The EPA report on accelerated scrappage38 cites
EPA values for the dollar benefits (or, more pre-
cisely, the alternative control costs) of reductions in
HC, NOX, and CO as $3,050, $2,750, and $300/ton,
respectively. These values are generally consistent
with OTA’s values for available control measures in
nonatt ainment cities. Coupled with estimated bounty
costs, the values can provide the basis for an estimate
of emissions cost-effectiveness of a vehicle scrap-
page program.

The above “benefits” should not be applied to
most attainment areas. The Clean Air Act does not
require the same kind of expensive controls in
attainment areas, and many of the control measures
that are applied there are simply part of nationwide
programs. In fact, it might be argued that the
emissions benefits in most attainment areas are zero,
since complying with the air quality standards is
supposed to protect against all adverse health
effects. However, there may be some chronic health
effects from long-term exposure to ozone levels
lower than the primary standard.39 Moreover, attain-
ment areas may still experience adverse effects on
materials, agriculture, and the natural environment,
and emissions in some attainment areas may ad-
versely impact downwind nonattainment areas as

~ U.S. Congress, OfIce  of Technology Assessmen$  Catching Our Breath: Nat Stepsfor  Reducing Urban Ozone,  OTA-O-412  (w@@tOU  ~:
U.S. Government Printing Office, July 1989).

35 Ibid.

sbFederal  Register, Sept. 17, 1990, pp. 38263-38264.

ST EPA, technic~  support document for Co ti~“ g, ch. 7; Joseph Somers, EPA, personal communicatio~ Nov. 6, 1990.
38 W.L. Schroeer,  op. cit., footnote 15.

X9 Catching our Breath, op. cit., footnote  34.



Table 9—Estimated Cost-Effectiveness of Selected Control Strategies Analyzed by OTA (dollars per ton of VOCa reduced)b

1994 1999 2004

Nonattainment Attainment Nonattainment  Attainment Nonattainment  Attainment
cities areas Total cities areas Total cities areas Total

RACT . . . . . . . . . . . . . . . . . . . . . . . 2,200-6,600 — c —

New CTGs . . . . . . . . . . . . . . . . . . 5,300-6,600 — —
TSDFs . . . . . . . . . . . . . . . . . . . . . . 900 — —
Architectural coatings . . . . . . . . 1,100 1,100 1,100
Onboard . . . . . . . . . . . . . . . . . . . . -not effective in 1994-
Stage Ii . . . . . . . . . . . . . . . . . . . . 1,000 — —
Combined onboard and

Stage II . . . . . . . . . . . . . . . . . . . 1,000 — —
Enhanced I/Md . . . . . . . . . . . . . . 2,100-5,800 — —
Gasoline volatilitye . . . . . . . . . . . 120-760 120-770 “1 20-770
New highway vehicle

standards d . . . . . . . . . . . . . . . . -not effective in 1994-
Methanol fuels ..............8,700 to 51,000 — —

2,300-6,700
5,400-6,700

900
1,100

1,000-1,200
1,000

1,200-1,700
3,000-8,500

120-730

2,700
8,700-51,000

—
.

—
—

1,100
1,100

—

1,100
—

120-750

2,700
—

1,100
1,000-1,200

1,100-1,700
—

120-740

2,700
—

2,400-6,800
5,400-6,700

900
1,100

1,000-1,200
1,000

1,200-1,900
3,300-9,700

120-740

2,700
8,700-51,000

—
—

—
—

1,100
1,100

—

1,100
—

120-750

2,700
—

1,100
1,000-1,200

—

1,100-1,900
—

120-750

2,700

aavm = Volatile organic compounds.
bRanges represent variability among nonattainment cities and should not be construed as uncertainty in our estimates.
c~$—~f means control strategy applied only in nonattainment  cities.
dEstimates refl=t ~sts  ~s~at~ with VOC ~ntrol  Oniy, We ~sume  that one-third of the total  cost of enhanced  ~M programs is attri~table  to VOC  control,  with one-half and one-sixth to

carbon monoxide and NOX control, respectively. Range in I/M costs represents uncertainty in repair cost and frequency.
estimates refl~t  ~st-effectiveness  during the 5-month summertime period when COfttrOk are required.

Strategy Descriptions
RACT = “Reasonably Available Control Technology” on all existing stationary sources that emit more than 25 tons per year of VOC.
New CTGS = new Control Technique Guidelines for existing stationary sources that emit more than 25 tons per year of VOC.
TSDFS = controls on hazardous waste treatment, storage, and disposal facilities.
Federal controls on architectural coatings.
Onboard  controls on motor vehicles to capture gasoline vapor during refueling.
Stage II control devices on gas pumps to capture gasoline vapor during motor vehicle refueling.
Gasoline volatility controls which limit the rate of gasoline evaporation.
Enhanced inspection and maintenance (I/M) programs for cars and Iightduty  trucks.
New highway-vehicle emission standards for passenger cars and Iightduty  gasoline trucks.
Methanol fuels as a substitute for gasoline as a motor vehicle fuel.

SOURCE: U.S. Congress, Office of Technology Assessment, Catching Our Breath:  Next Steps for  Redwing  Urban Ozone, OTA-O-412 (Washington, DC: U.S. Government Printing Office,
Jldy 1989).
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Table 10-Estimated Cost-Effectiveness of Selected
NOX Control Methods in Nonattainment Cities in 1994

and 2004 (In dollars per ton of NOX reduced) a

Cost-effectiveness

1994 2004

Stationary source controls
Electric utility boilers . . . . . . . . 240-5,500b 240-5,500 b

Industrial boilers, stationary
engines, gas turbines,
process heaters . . . . . . . . . . 690-1,400 670-1,400

370-2,700 390-2,500
Enhanced l/M ................. 1,200-3,300 1,400-4,400

New highway-vehicle emission
standards . . . . . . . . . . . . . . . . . — 1.600

Table 1 l—”Per Vehicle” Costs and Benefits of
Retiring Older Vehicles

Value of Program Value of
emissions costs,bexcluding gasoline
reductions administrative savings,c

Model years included ($/year) ($/year) ($/year)

Pre-1970 . . . . . . . . . . . . . 332 221 to 312 205
Pre-1975 . . . . . . . . . . . . . 311 209 to 266 256
Pre-1980 . . . . . . . . . . . . . 318 279 to 368 170
61HfJ  “alu~  at $s,o~~on,  Nox  at $2,7~/ton,  coat $soo~on,
bBonu~e~  @d: $700/=r for pre-1970 or pre-1975, $1 ,MO for Pre-1980.

Interest rate of 10 percent applied over remaining lifetime scrapped cars
would have attained.

cGasoline valued at $1 .20/gallon.

SOURCE: Office of Technology Assessment.

~otals  are rounded.
b~cluding the southern California cities, the upper-bound estimate is

about $1,000 per ton of NOX reduced.
clncludes  costs of NO, only.

Strategy Descriptions
Stationary sources controls _ moderately stringent controls on all existing
stationary sources that emit more than 100 tons per year of NO,.
Considered to be “reasonably available control technologies.”
Enhanced inspection and maintenance (liM)  programs for cars and
Iightduty  trucks.
Newhighway-vehicle  emission standards forpassengercars  and Iightduty
gasoline trucks.

SOURCE: U.S. Congress, Office of Technology Assessment, Catching
Our Breath: Next Steps for Reducing Urban Ozone, OTA-O-41 2
(Washington, DC: U.S. Government Printing Office, July 1989).

well. In fact, emission reductions virtually anywhere
in the Northeast corridor, for example, probably
should be valued highly because of the effects of
regional transport of pollutants.

As shown in Table 11, unless administrative costs
are large, total benefits will modestly exceed costs
for vehicle retirement programs aimed at pre-1970
and pre-1975 model years; projected costs straddle
projected benefits for the pre-1980 models. The
results are, however, quite sensitive to a variety of
assumptions including remaining lifetime of
scrapped vehicles, condition of the vehicles retired
by the program (average fuel economy and emis-
sions levels), type of replacement vehicles, and so
forth.

The EPA dollar values for emissions controls are
unlikely to hold for the longer term, that is, more
than a few years. According to Catching Our Breath,
the currently available HC and NOX controls will
leave many cities short of meeting national ambient
air quality standards for ozone. Current controls will
allow good progress up to the middle of this decade,
but afterwards, if the standards are to be met, new

controls will have to be added to our arsenal, at
unknown costs. Although it is likely that new
controls will be more expensive than those in current
use, this is not certain because of the potential for
technological innovation.

Further Analysis Based on
EPA Scrappage Model

OTA’s initial analysis, described above, assumed
that all replacement miles were driven by new cars.
Criticism of this assumption during our review
process led us to borrow EPA’s scrappage model40

to evaluate the effects of using other assumptions
about the replacement miles. In addition, we used
the EPA model to examine the effect of changing
assumptions about the emission rates of both the
replacement vehicles and the vehicles being
scrapped.

Table 12 displays the results of four model runs,
each examining a scenario reflecting different as-
sumptions about either or both the scrapped vehicles
and the replacement vehicles:

Scenario 1. This scenario reflects EPA’s as-
sumption that scrapping large numbers of
older vehicles will result in greater use of the
existing fleet rather than the purchase and
use of new vehicles. As in EPA’s analysis,
additional miles are assigned to each model
year according to its existing share of total
VMT.

Scenario 2. This scenario assumes that half of
the replacement miles are driven by new
vehicles, reflecting OTA’s belief that re-
moving many older vehicles will cause

40This model was developed by William Schroeer, Office of Planning  and Policy Evaluatiom Environmental Protection Agency.
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Figure 2—Estimated Cost-Effectiveness of Volatile Organic Compound Emission Control Methods
in 1994 in Nonattainment Cities

I

Gasoline volatility

TSDFs

RACT

Enhanced l/M

Stage II

New CTGs

Methanol fuels

Architect. coatings

Onboard controls

New mobile std’s.

Stage II and Onboard

I

Low= $8,700 per ton
Mean = $30,000 per ton
High = $51,000 per ton

/
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$1,000/ton of VOC reduced

The cost-effectiveness of enhanced inspection and maintenance (l/M) programs and new mobile standards include only the cost of VOC
control. Since Onboard controls and new mobile standards do not take affect until after 1994, we present the cost-effectiveness in 2004.
The thick horizontal bars represent the average cost-effectiveness in nonattainment cities. The thin horizontal lines for gasoline volatility,
methanol fuels, and l/M programs represent ranges of uncertainty associated with assumptions we used to estimate total annual costs.
The very large uncertainty associated with the methanol fuels is due to the uncertainty of methanol prices relative to gasoline prices. We
were unable to estimate cost-effectiveness uncertainty for other control methods. See table 9 for description of control methods.
SOURCE: U.S. Congress, Office of Technology Assessment, Catching Our Breath: Next Steps for Reducing Urban Ozone, OTA-O-41 2 (Washington, DC: U.S.

Government Printing Office, July 1989).

changes in vehicle demand that reverberate emissions twice as high as the (EPA-
throughout the existing fleet and work their estimated) average for those years.
way up to the demand for new vehicles. Each scenario contains two cases: retirement of 1971
Also, increased driving of existing vehicles and older vehicles only, and retirement of 1980 and
will cause some shortening of their life- older vehicles. A key assumption of this model is
times, also increasing demand for new that the average lifetime of each retired vehicle is 3
vehicles. years. Although this seems quite reasonable for the

Scenario 3. This scenario accepts scenario 2’s 1971 and older case, it maybe too short for the 1980
assumption about replacement miles, and and older case. If 1980 and older vehicles deserve a
examines the effect of a program that begins longer lifetime than assigned by this analysis, the
near the introduction of the 1994 model correct value of emission benefits would be higher.
year. New cars and light trucks of this model The values in parentheses after the 1980 emissions
year must comply with tier 1 emission benefits values in table 12 represent the emissions
standards as established by the new Clean benefits based on a 4 year lifetime.

Air Act Amendments.41

As shown in the ‘total value’ column of table 12,
Scenario 4. This scenario accepts scenario 2’s the emission benefits of retiring pre-1971 vehicles

assumption about replacement miles, and exceed the assumed $750/vehicle program costs in
examines the effect of retiring vehicles with every case. On the other hand, in none of the first

41 Actually, we assume that  total emissions from  in-use  vehicles  equal the tier 1  tailpipe standards,  an  optimistic assumption.
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Table 12—Benefits of a Vehicle Retirement Program: Emissions Reductions and Dollar Value, Gasoline Savings

Total
HC co

Gasoline
NOX valuea saved

(lb/year) ($)a (lb/year) ($)a (lb/year) ($)a ($) (gal/year)

Scenario l—miles replaced by existing fleet
Pre-1971 . . . . . . . . . . . . . . . . 107 448 707 327 29 108 883 168
Pre-1980 . . . . . . . . . . . . . . . . 72 300 898 245 27 102 647 (821) 115

Scenario 2—miles replaced by existing fleet (half) and new cars (half)
Pre-1971 . . . . . . . . . . . . . . . . 119 495 895 368 33 125 988 182
Pre-1980 . . . . . . . . . . . . . . . . 88 367 737 303 33 126 796 (1,010) 135

Scenario 3-as in Scenario 2, with new cars meeting tier 1 emission standards
Pre-1971 . . . . . . . . . . . . . . . . 124 520 907 373 35 131 1,024 182
Pre-1980 . . . . . . . . . . . . . . . . 95 396 752 309 35 133 838 (1,063) 135

Scenario 4-as in Scenario 2, selective retirement of high emission vehicles only
Pre-1971 . . . . . . . . . . . . . . . . 261 1,090 193 790 78 294 2,174 182
Pre-1982 . . . . . . . . . . . . . . . . 206 851 165 675 81 305 1,831 (2,324) 135
aOver 3 years at 10 percent discount rate; numbers in parentheses represent the value over 4 years at 10 percent discount rate.

SOURCE: Office of Technology Assessment.

Figure 3—Estimated Cost-Effectiveness of NOX

Emission Control Methods in 1994 in
Nonattainment Cities
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a100-ton/year “Reasonably Available Control Technology” (RACT) source-
size cutoff

The cost-effectiveness of enhanced inspection and maintenance
(l/M) programs and new mobile standards include only the cost of
NO, control. The thick horizontal bars represent the average
cost-effectiveness in nonattainment cities. The thin horizontal line
for l/M programs represents the range of uncertainty associated
with assumptions we used to estimate total annual costs, We were
unable to estimate cost-effectiveness uncertain y for other control
methods. See table 10 for description of control methods.
SOURCE: U.S. Congress, Office of Technology Assessment, Catching

Our Breath: Next Steps for Reducing Urban Ozone, OTA-O-412
(Washington, DC: U.S. Government Printing Office, July 1989).

three scenarios do the benefits of retiring pre-1980
vehicles exceed the assumed $1,050/vehicle pro-
gram costs.42 AS noted above, however, assuming

slightly longer lifetimes for these vehicles would
raise benefit levels. For example, if these vehicles
had had 4 year instead of 3 year lifetimes, benefits
would have exceeded costs in scenario 3 and would
have come close in scenario 2. In OTA’s view, an
assumption of a longer-than-3-year lifetime for
pre-1980 vehicles makes sense. Further, assigning
societal benefits to gasoline savings would have
increased total benefits still further.

Scenario 4 demonstrates that adding selectivity to
a retirement program-for example, retiring only
vehicles with higher-than-average emission rates—
has the potential to significantly improve the benefit/
cost ratio. The results in table 12 show that, if such
emissions selectivity can be accomplished, the net
benefits of the program can more than double. A
caveat to this result is, however, that it assumes no
relationship between emissions performance and
vehicle longevity, that is, the higher emitting vehi-
cles will continue operating about as long as low
emitting vehicles. To the extent that this assumption
is false, table 12 will overstate the net benefits of a
retirement program selectively retiring high emiss-
ion vehicles.

Scenario 4 also illustrates the potential outcome
of retirement programs if the emissions estimates

42 Further, the benefit values in scenario 3 do not account for the effect of the reformulated gasoline and more strigent I/M  component of the Clean
Air Act Amendments, which would tend to reduce per vehicle emissions savings and net benefits. This is particularly important for this scenario because
it contemplates waiting until 1994 or so before beginning the retirement program, and thus overlapping with those requirements of the act designed also
to reduce emissions from old cars.
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used in the baseline cases are significantly under-
stated. There is important evidence that this may be
the case. In particular, on-road measurements of
vehicle emission rates using highway tunnels show
that the predicted emission rates appear to be low,
sometimes by a factor of two, three, or more.43

Unless the relative error in emission rates is much
larger for newer cars than old, this implies that the
estimated emissions reduction obtained from mov-
ing from an older car to a newer one is considerably
larger than predicted using MOBILE4 emissions
data.

Effects on Mobility and Other
Socioeconomic Impacts

To a certain extent, the used car market operates
like a “trickle-down” source of mobility for lower
income individuals and families: old cars provide an
affordable form of transportation for those who
cannot afford a new car or a late model used car.
Consequently, a program designed to eliminate large
numbers of older vehicles may have the potential to
reduce the access to transportation of some members
of these groups, specifically those who may seek
such vehicles within a few years after the program
takes effect. Those who already own older vehicles,
on the other hand, may achieve improved mobility
by using their payment to purchase later model
vehicles. The net effect will depend largely on the
nature of price changes in the used car market;
assuming reasonably constant demand for transpor-
tation, eliminating one class of vehicles should boost
prices for all others, particularly for those model
years just above the years eliminated or reduced by
the program. We suspect that a large program would
cause some real problems for lower income drivers
as a class, though we cannot quantify the effect.

We note also that an early retirement program
could have strongly negative impacts on auto
recyclers and spare parts dealers, by absorbing the
source of their materials, and on repair shops and
used car dealers. In the Unocal program, the cars
were crushed on the spot, and no stripping of the car
was allowed. This, of course, need not be the case,

and program designers might decide to allow
stripping. Some might consider stripping somewhat
antithetical to the purposes of the program, because
this would contribute to keeping other old cars on the
road, and the early retirement program is designed to
get them off. However, allowing stripping might
lead to easier access to inexpensive spare parts and
abetter-maintained fleet-good for safety and good
for emissions performance, though bad for fleet
turnover.

To the extent that an early retirement program
might substitute for certain stationary source emis-
sions controls (if pollution credits are awarded to
industry participants in the program), overall pollu-
tion control costs will be reduced, with some
positive economic effects on product prices and
employment in the affected industries. Calculation
of these effects requires a model of the national
economy, and the results should be particularly
sensitive to input assumptions.

A further impact of a retirement program should
be to improve fleet safety. In general, the crash-
worthiness and crash avoidance capabilities of
automobiles have improved over time despite a
decrease in average vehicle weight. This improve-
ment in safety capability is shown by the sharp
declines over time in passenger fatality rates for
every size class,44although changes in driver
behavior, especially declines in drunk driving and
increased seat belt usage, also play a role in these
positive trends.

45 Also, the potential higher-than-
average deterioration of safety systems in the older
cars should add another positive component to the
safety impact of a retirement program.

IMPLEMENTATION OF A
RETIREMENT PROGRAM

The cost-effectiveness and impacts of a vehicle
retirement program will depend strongly on the
method and details of the implementation program.
Some choices available to designers of early retire-
ment programs include:

43 W.R. Piersoq  A.W. Gertier, and R.L. Bradow, ‘‘Comparison of the SCAQS ‘llmnel  Study With Other On-Road Vehicle Emission Data,’ Journu2
Air Waste ManagementAssoc., vol. 40, No. 11, November 1990.

44 B. ()’Neill, “Relationships Betw~n  occupant  Deaths and Injuries, and Car Size, Weigh4 and Fuel Economy, ” 1992 S~ Governmen~dus@
Meeting, Apr. 30, 1992, Washingto@ DC.

45 me eff=~ of shifts fi ~ver ~~vior  over tie ~o~d ~ e~ated by doing  a cross-section~  @ysis  of vehicle  fatality  rates for each model
year for a given year, adjusted for differences in exposure (older CarS  are  driven less than newer ones). We understand that the Insurance Institute for
Highway Safety is beginning such an analysis (personal communication Brian O’Neill, Presiden4  III-IS, May 1, 1992).
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1. Which vehicles are selected
a. All vehicles in a cohort (e.g., pre-1975 or

pre-1980) satisfying basic conditions such
as having been registered for the previous’
year and being driveable. Programs must
take care to avoid the resurrection of
already-junked vehicles.46

b. Only those vehicles that satisfy conditions
related to the primary goals of the program,
for example, vehicles that emit more than
a predetermined level of HC or other
pollutants, or that fall below a minimum
level of fuel economy, as measured by mpg
or mpg adjusted by interior volume.

2. Nature and magnitude of incentives offered
a. Incentives to the vehicle owner-presum-

ably a bounty will be offered either as a
uniform dollar value per vehicle or a value
based on the type of vehicle.

b. Incentives to the program sponsors
1.

2.

3.

Tax credits, development rights, emis-
sions credits, or other rewards based on
number of vehicles retired, possibly
also based on vehicle type.
CAFE credits based on fuel economy
of the vehicles retired, or on the differ-
ence between fuel economies of the
retired vehicle and replacement vehicle
(if credit is obtained through retiring a
vehicle traded in cm a new car), or
simply based on the number of vehicles
retired.
Magnitude of incentives-at one ex-
treme, to get a wide-ranging cross-
section of the vehicle population, or
instead at the other extreme, only to
remove the worst-performing vehicles.

To the extent that the details of implementing the
program affect the type of vehicle retired, these
details are bound to affect the quantitative outcome
on pollution and oil use because of the large
differences among vehicles. For example, low boun-
ties will tend to sweep only vehicles in poor
condition-with high emissions or poor fuel econ-
omy, but also with minimum remaining lifetimes

and low rates of use. Thus, the magnitude of the
bounty paid to vehicle owners will surely affect the
pollution outcome, though the net effect is not
obvious since changing the bounty will change the
average emission rates and rates of use (and lifetime
remaining) of the vehicles brought into the program
in ways that counterbalance each other.

Basing the magnitude of the bounty on the
performance of the specific vehicle can avoid
retiring relatively clean vehicles but will add to
program costs (by requiring tests to be performed)
and may cause owners to attempt to distort test
results, e.g., by sabotaging their vehicles’ emission
controls. If significant levels of tampering occur,
measured outcomes will be misleading because
many of the vehicles would not have performed as
badly as measured had the program not existed.

Added program costs for a retirement program
based on vehicle performance can be minimized or
eliminated by combining the program with existing
inspection and maintenance programs. In current
I/M programs, owners of vehicles that fail emission
tests must repair the problem and demonstrate
compliance, but many escape this requirement by
spending more on repairs than a preset limit, such as
$100. We understand that each year California
waives about 50,000 cars-2 percent of the vehicle
populatin; 47Delaware waives about 1,000 cars
each year, well under 1 percent of its vehicles.48 In
a combined retirement-I/M program, vehicles that
fail inspection would have the option of either repair
or scrappage with a bounty. Although such a
program might entice some owners to sabotage their
vehicles to deliberately fail inspection, these owners
clearly would have offered their vehicles for scrap-
page under a more straightforward Unocal-style
scrappage program. Consequently, the emission
effects of such a program will at worst be similar to
those of a simple scrappage program, and most
likely will be somewhat better.

Of course, the concept of limiting a retirement
program only to poor-performing vehicles raises the
issue of why such vehicles are allowed to remain in
service even in areas having vehicle inspection

~ Other  proced~~  s~e~ds  may  include  requirements  that the vehicles be insured, that a computer hookup to the jtiSdiCtiOn’S motor  vehicle
records be maintained at the retirement site to avoid problems with forged papers, and so forth. Absence of such safeguards will provide a powerful
incentive for fraud,

47 ~c~el RieNe, Unod, Personal communicatio~ m. 26, 1992.

4sDa~  from Delaw~e  Dep~ent of Motor Vehicles and Department of Natural Resources and Environmental Conmol,  1991.
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programs. The lifting of the very low repair cost
limits of existing inspection programs would force
retirement of the worst vehicles without the need for
a separate retirement program paying a bounty to
owners. Such a change in inspection programs
would, however, have a severe economic impact on
low-income drivers.

The Clean Air Act Amendments of 1990 will
eliminate some of the low repair cost limits.
According to the amendments, by 1992 the areas
with the worst ozone problems (a design level of. 16,
which applies to approximately the worst 25 urban
areas) will have to enact a repair cost floor of $450.
This should force the repair or retirement of many
vehicles that would otherwise have escaped enforce-
ment of emission standards under the old cost limits.
As noted earlier, however, by forcing additional
repairs on emission control systems and causing
additional high-emission vehicles to retire, the
amendments will tend to reduce the net emissions
savings from a retirement program instituted late
enough for the two programs to overlap.

An alternative to an absolute pass/fail system that
would reduce the total impact on low-income drivers
is a two-tier system: vehicles that are out of
compliance but not drastically so would be subject
to a dollar limit on repairs, as in today’s systems,
while vehicles outside of this “moderate failure”
range would have to at least be brought within the
moderate failure range, or be retired. This would get
the very worst vehicles off the road.

The potential problem of owner tampering can be
avoided by basing program entry or size of reward
on average fuel economy or emissions of the model
type rather than on the specific vehicle’s perform-
ance. For example, it may be possible to screen for
model types, engine families, or emission control
technologies that have been shown to cause prob-
lems as a class. However, we are not aware of
previous analysis that has defined such classes;49

further analysis may be necessary before the practi-
cality of this type of approach can be evaluated.
Also, even basing the magnitude of the bounty on the

performance of the model type has the potential to
create problems or inefficiencies. For example, a
retirement program that focuses particularly on fuel
economy might reward higher bonuses to vehicles
with low fuel economy levels. Because vehicle size
is a primary determinant of fuel economy, old large
cars would receive, on average, a larger bonus than
small cars and might get a disproportionate share of
program awards. If old large cars tend to be replaced
by new large cars with lower-than-average fuel
economy, the added increment to a bonus keyed to
old car fuel economy might be misspent. This
problem might be alleviated by basing the bonus on
a combined measure of fuel economy and vehicle
interior volume, so that the program would attract
vehicles with lower-than-average fuel economy in
each size class .50 We cannot, however, be sure of the
effectiveness of this type of approach unless we can
both evaluate the effect of other variables, such as
vehicle performance, on fuel economy and also
determine the extent to which these characteristics
would tend to be ‘‘replaced’ in new car purchases.
In other words, would old high performance, lower-
than-average fuel economy vehicles be replaced
with new high performance, lower-than-average fuel
economy vehicles? If so, a higher bonus might not
be justified for such cars.

An alternative option with intriguing potential is
to use remote-sensing equipment to measure on-road
pollution from vehicles, photograph their license
plates, and invite the owners of older cars identified
as high polluters by the surveillance to retire their
vehicles for a bonus. The technology for such a
program is relatively new and the results highly
controversial, 51 but continued development and
testing of the technology might well lead to a
feasible method of screening for high-polluting
vehicles.

Another important aspect of a retirement program
is its duration. If the program lasts for more than a
year or so, there will be a temptation for the owner
of an old car to wait until his or her vehicle is ready
to be retired anyway before bringing it in for a

4’3 AS mecdo~  evidence,  EPAapparen~y~s  found tbat  middle to late 1970s cam with air pumps tend to give less  emission problems ticars wi~out
air pumps. Phil Imrang,  EPA Arm Arbor, personal communication Nov. 16, 1990.

~ Such a system shotid  still be  structured to favor scrapping large cars, because average fUel economy has bCreaSed prOpOrtiOmtely  more for 1mge
cars than for small cars over the past 15 years, and because absolute fuel savings for a “large car to newer large car” substitution would still be greater
than for a “small car to newer small car” substitution even if large and small cars had proportionately identical improvements in fuel economy during
the period.

51 J. Carey, “IfDon Stedman  Is Right  The Clean Air Act Is All Wrong,” Business Week, Nov. 1, 1990.
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Table 13—Benefits and Costs of Vehicle Scrappage Program Retiring 1 Million Vehicles

costs,’ Emission reduction
(1,000 tons/year)

Gasoline savings
$million/ (million gallons/

Model years in program year HC c o NOX year)

Method 1 (assumes all miles replaced by miles in new cars)
Pre-1970 . . . . . . . . . . . . . . . . . . . . . 221 to 312 63 343 13.5
Pre-1975 . . . . . . . . . . . . . . . . . . . . . 209 to 266 57 327 15.0
Pre-1980 . . . . . . . . . . . . . . . . . . . . . 279 to 368 51 400 16.0

Method 2
Scenario 1 (miles replaced by existing fleet)
Pre-1971 . . . . . . . . . . . . . . . . . . . . . 258 53.5 353 14.5
Pre-1980 . . . . . . . . . . . . . . . . . . . . . 369 36.0 449 13.5
Scenario 2 (miles replaced by existing f fIeet (half) and new cars (half))
Pre-1971 . . . . . . . . . . . . . . . . . . . . . 258 59.5 16.5
Pre-1980 . . . . . . . . . . . . . . . . . . . . . 369 44.0 369 16.5

Scenario 3 (as in Scenario 2, with new cars meeting tier 1 emission standards)
Pre-1971 . . . . . . . . . . . . . . . . . . . . . 258 62.0 454 17.5
Pre-1980 . . . . . . . . . . . . . . . . . . . . . 369 47.5 376 17.5
Scenario 4 (as in Scenario 2, selective retirement of high emission vehicles only)
Pre-1971 . . . . . . . . . . . . . . . . . . . . . 258 130 965 39
Pre-1980 . . . . . . . . . . . . . . . . . . . . . 369 153 825 40

171
213
142

168
115

182
135

182
135

182
135

Emission
benefitsb Cost-effectivenessc

($million/year) ratio

366 .60 to .85
354 .59 to .75
346 .81 to 1.06

326 .79
239 1 .54(1 .21)d

365 .71
294 1.26 (.99)

378 .68
309 1.19 (.94)

802 .32
676 .55 (.43). .

afi~~e~  ~dministrative  ~o~t.s-  A~~umes  10 percent  interest rate, $700/vehicle bonus for pre-1970/71  and pre-1975 cars,  $1,000/vehicle bonus fOr
pre-1980/81 cars.

bHC valued at $3,c)50/ton,  NO, at $2,750/ton, CO at $300flon.
clncludes  emissions benefits Only.
dvalues in parentheses  are the ~o~t-eff=tiveness  ratios if the pre-1 980  vehicles have  a A-year  rather  than g-year  lifetime.

SOURCE: Office of Technology Assessment.

retirement bonus-drastically decreasing the fuel
savings. Consequently, retirement programs must be
of short duration to be effective. Further, the
programs cannot be repeated often, because expecta-
tions of such repetition will have the same effect of
promoting delays in vehicle retirement.

Despite OTA’s optimism that an early vehicle
retirement program can be a cost-effective way to
control emissions, we have also stressed how
sensitive program results are to a number of varia-
bles that are quite uncertain. Thus, policymakers
would do well to view a national early retirement
program as essentially experimental in nature. Any
such program should be carefully monitored, with
random examination of vehicles for operability and
emissions performance and followup interviews to
determine postsale behavior of participants. Infor-
mation gained from such a monitoring effort will be
invaluable for any future repetition of a nationwide
program, and might help jurisdictions that do not
participate in the initial wave of programs or that
must regulate corporations that seek program entry
well after the program begins.

SCENARIO FOR A VEHICLE
RETIREMENT PROGRAM

This section illustrates the potential costs and
benefits of early retirement programs by postulating
a simple program that will retire 1 million vehicles.

The simplest, most straightforward type of retire-
ment program would resemble that of Unocal’s
California experiment-a paid bonus offered to any
vehicle that can be driven to the disposal facility and
whose owner can prove previous registration for the
past year. Presumably, such a program would focus
on nonattainment areas for ozone or CO, since
benefits (measured as avoided control costs) would
be higher in such areas. We postulate that the
program would last for a year.

Costs and benefits for the program are shown in
Table 13. Total costs52 would be $700 million for a
program aimed at either pre-1975 or pre-1970
vehicles or $1 billion for a program aimed at
pre-1980 vehicles, plus administrative costs.53 At a
10 percent interest rate, under the assumptions of
method 1 (see table 8a), these costs would be $221

52 NOte tit we ~ ~~mming tit we ~a at~act a ~lion p~cipanfi  wi~  ~n~es  of this size. ~s IXMy  not be the cme, and it Ill@ht be neCeSSary
to offer higher bonuses, with resulting probable higher cost/benefit ratios, to attain a program this large.

53 EPA ass~es that these costs can be held to about $50/vehicle, or $50 million fOr a 1 miwon vehicle  ProSr~.
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to $312 million/year (over the assumed remaining
lifetime of the vehicles) for pre-1970 vehicles, $209
to $266 million for pre-1975 vehicles, and $279 to
$368 million for pre-1980 vehicles; for method 2,
costs would be $258 million/year for pre-1971
vehicles and $369 million/year for pre-1980 vehi-
cles (or $291 million/year if the remaining lifetime
was 4 years rather than 3). Depending on the scrap
metal market at the time of implementation, a
portion of these costs could be defrayed by the
vehicles’ scrap value. In rural areas of the West,
scrap dealers pay approximately $40/ton for vehicles
that have not been stripped and can be driven in, and
about $30/ton for stripped vehicle carcasses.54

Given the likelihood that the usable parts will not be
salvaged, the vehicles might have salvage values
even less than the $30/ton value.55 Further, scrap
values in urban areas, the more likely sites for early
retirement programs, will be still less. Consequently,
it seems reasonable to ignore the scrap value in
cost/benefit calculations.

Using our original methodology,56 for pre-1970
vehicles, savings/year for the average remaining
lifetime of the vehicles (estimated 2.7 to 4 years)
would be 63,000 tons of HC, 343,000 tons of CO,
13,500 tons of NOx,, and 171 million gallons/year of
gasoline (not included among public benefits).
Emissions benefits per year would equal $332
million; total public benefits would include benefits
to the economy from additional new car sales
(possibly as many as 300,000 over 1 or 2 years, but
probably far fewer, and possibly spread out over
more years) and energy security and public eco-
nomic benefits from gasoline savings. The values for
pre-1975 and pre-1980 vehicles are shown in table
13. Similarly, the costs and benefits for pre-1971 and
pre-1980 vehicles are shown in the table for the four
scenarios used in the second method, which applies
EPA’s spreadsheet model.

As shown in table 13, the estimated quantified
benefits of a large Unocal-type program in nonat-
tainment areas would exceed expected costs by a
moderate margin in most cases, though extending
the program to 1975-80 vehicles may tend to reduce
overall benefits depending on the potential lifetime
of these vehicles. If the appropriate lifetime is 3

years for pre-1980 vehicles, costs may outweigh the
emissions benefits; for a 4 year expected lifetime, in
most cases they are less. Adding administrative
costs, not estimated here, would slightly reduce the
cost-effectiveness of the program. Policymakers
should, however, consider both the distribution of
costs and benefits and the uncertainties associated
with such a program.

The primary benefits are the reductions in emiss-
ions and the savings in gasoline. The emissions
reductions are public goods and therefore basically
can be considered to accrue to the government,
which will bear the costs. (Or, if the program is
funded by industry, the value of the emissions
reductions will be the avoided costs of any alterna-
tive emission control measures that industry would
otherwise have been forced to install; if emission
credits are awarded on a ‘‘ton for a ton” basis, the
public gains no net environmental benefits.) On the
other hand, the gasoline savings-except for any
benefits countable as “national security improve-
ments" —will accrue to the vehicle owner/partici-
pants in the program.

As discussed previously and as demonstrated by
the results of table 13, the emission “benefits” and
other effects of a vehicle retirement program are
uncertain, highly sensitive to both assumptions
about participant behavior and the physical charac-
teristics of the fleet and assumptions about policy,
that is, the precise nature of the program. Table 14
shows how the emissions benefits would change
with changes in some key assumptions about policy
and other factors.

Not surprisingly, both the emissions savings and
the cost-effectiveness of a retirement program ap-
pear to benefit from choosing older vehicles, since
these presumably would have the worst emissions
performance. Complicating this, however, is the
likelihood that the average remaining lifetime of
these vehicles might be significantly shorter than the
lifetimes of vehicles of more recent vintage. As
shown, if the pre-1980 vehicles had lasted 4 rather
than 3 years, the total emissions savings would be 27
percent higher; however, the higher costs of the
pre-1980 program and the lower discounted value of

fiKen Andersom  Anderson and Associates, personal communication meeley,  CO, Nov. 28, 1990.
55 s~w noweM pm ~1 eithm ~ remov~,  ~th additio~  ~~r costs, or the scrap wi~ be worth less to meti processo~  because of the

contaminants.
56 which  ms~es  that replacement miles are driven by new Cars.
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Table 14—Effects on Emissions Benefits of Changes in Policies, Assumptions

Change in policy Effect on emissions benefits
1. Select pre-1971 rather than pre-1980 . . . . . . . . . . . . . . . . . . . . . . . . . . . Up 22 to 36 percent
2. Wait until tier 1 standards take effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . Up 4 to 5 percent
3. Retire only vehicles with higher-than-average emissions . . . . . . . . . Up 100 percent or more
Change in assumption
4. Retired oars would have lasted 4 rather than 3 years . . . . . . . . . . . . . Up 27 percent
5. Miles actually replaced by half new cars/half existing cars rather

than all existing cars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Up 12 to 23 percent

SOURCE: Office of Technology Assessment.

the 4th year of savings still leaves the overall
cost-effectiveness of a pre-1980 program consider-
ably lower (higher cost-effectiveness ratio) than that
of a pre-1971 program.

As shown by tables 13 and 14, waiting until
still-cleaner new cars are available to replace some
of the retired vehicles will have only a small impact
on emissions savings, primarily because the emis-
sion gap between old and current new vehicles is
much larger than the gap between current and future
new vehicles meeting tier 1 emissions standards.

Major increases in benefits and cost-effectiveness
can be achieved if the retirement program can attract
vehicles with higher-than average emissions (or
lower-than-average fuel economy if the program
goals are weighted heavily toward fuel savings).
Programs can be designed to either screen potential
candidates for high emissions/low fuel efficiency, or
to attract these vehicles by offering rewards that
vary inversely with fuel efficiency and/or emissions
control effectiveness. As discussed earlier, however,
testing for emissions control effectiveness might be
compromised somewhat, because some owners may
sabotage their vehicles to qualify them for entry to
the program or a higher bonus. If further research
indicates there is substantial variation in control
effectiveness among different vehicle types, engine
families, and other vehicle characteristics, then
effective screening based on these differences be-
comes a possibility. Also, the use of remote sensing
to identify high-polluting vehicles should reduce or
eliminate the potential problem of owner tampering
designed to win a bonus.57

There has been substantial controversy about the
nature of the vehicles that will eventually substitute
for the retired vehicles. In the Unocal study, nearly
half of the study participants purchased a replace-

ment vehicle with a median model year of 1983-84,
and 36 percent were driving a previously owned
vehicle (and presumably driving it more miles than
before). However, as discussed earlier, these are not
necessarily the true replacement vehicles. In particu-
lar, drivers who in the absence of the program would
have purchased the vehicles bought by the study
participants had to find other vehicles-setting in
motion a ripple sales effect throughout the fleet. It
remains unclear just what the overall impact on the
fleet will be, especially the effect on new car sales.
The emissions and gasoline savings will vary
directly with higher impacts on new car sales. Thus,
the emissions savings, gasoline savings, and cost-
effectiveness all increase from scenario 1 (all
replacement miles involve additional driving in the
existing fleet) to scenario 2 (half of the replacement
miles come from new vehicles). However, the extent
of the difference in benefits depends on differences
in gasoline efficiency and emission control effec-
tiveness between the new car fleet and the existing
fleet. The relative stagnation of new car fuel
economy since about 1982 and the uniformity of
automobile emission standards since 1981 imply
that this effect should not be large, as shown in tables
13 and 14.

The above sensitivity analysis only scrapes the
surface of the uncertainty associated with a large-
scale vehicle retirement program. For example, the
above discussion dealt with “remaining lifetime”
primarily in the context of potential differences
between pre-1980 and pre-1971 vehicles. The as-
sumptions used for remaining lifetimes implicitly
presumed that vehicles entering the program would
be average. However, as discussed earlier, it seems
more likely that the vehicle population entering the
program will be skewed toward vehicles in poorer-than-
average condition, whose owners value them less

57 of ~om~e,  even ~ *emote-~em@  ~m=m co~d  ~ defraud~  if ~ o~er were aw~e  of me presence of a semor and deliberately drOve  VVithht
range of it with a tampered-with vehicle.
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than others and thus are more willing to sell them for
a relatively modest sum. Although Unocal’s experi-
ence implies otherwise, we are concerned about the
potential that the average lifetime of vehicles
entering the program might be considerably less
than the assumed 3 years. Obviously, if the program
attracts primarily owners who might otherwise have
soon retired their vehicles even without the program,
the pollution reductions that could be credited to the
program would be quite small.

PROPOSED ADMINISTRATION
PROGRAM

A vehicle scrappage program offered by the
Administration 58 proposes to tie emission credits to
vehicle retirements, that is, allowing companies to
substitute any emissions reductions they obtain from
retiring old cars for reductions they would otherwise
have to make in their own operations. The Adminis-
tration will publish a guidance document to the
States describing how such programs should be set
up. The draft document envisions tying the magni-
tude of the credits to factors that EPA believes will
affect the emissions gains from an accelerated
retirement program, such as the region in which the
program is sponsored (EPA expects there to be
regional differences in the average lifetimes of
vehicles, because of differences in climate and the

use of road salt) and the vintage of the cars in the
program. If done accurately, this tying of emission
credits (and, thus, the magnitude of bounties) to the
average emission benefits to be gained should
increase the cost-effectiveness of the program.
However, we are concerned about the availability of
adequate data to tailor emission credits to actual
benefits. Data accumulated by the Unocal program,
the only existing retirement program, are unlikely to
be widely applicable to a much larger nationwide
program, given the small size of Unocal’s program
and the unique characteristics of the California fleet.

Although the Administration program is still
being developed, the early documents imply that one
option for the States is to allow individual compa-
nies to create their own programs for retiring
vehicles, winning pollution credits to either offset
their own pollution or to market to other companies.
A concern about this type of system is that a
profusion of individual programs within a single
area may lead to an extended ‘‘window’ of time for
owners to retire their vehicles, allowing them to
delay retirement until the vehicles are close to their
likely retirement age without the programs—
reducing or eliminating actual emission benefits. As
discussed earlier, vehicle retirement programs must
be of limited time duration to achieve significant
emission benefits.

58 Press briefing of March 18, 1992 by Michael Boskin, Chairman of the Council of Economic Advisors; Richard Morganstern Assistant Admistrator
for Policy and Planning, U.S. Environmental Protection Agency; and others.
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