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Executive Summary

I. INTRODUCTION

This report evaluates various strategies for controlling
high-altitude emissions from light-Guty motor vehicles. It was
prepared in response to section 206(f)(l) of the Clean Air Act,
as amended (the Act). That section requires all 1light-duty
vehicles (passenger cars) made during or after the 1984 mocel
year to meet the requirements of section 202 of the Act
regardless of the altitude at which they are sold. Section 202
establishes the current gaseous exhaust emission standards for
light-duty vehicles (LDVs): 0.41 gram rper mile (g/mi) for
hydrocarbons (HC), 3.4 g/mi for carbon monoxide (CO), ané 1.0
g/mi for oxides of nitrogen (NOx). This section was also used
to rpromulgate evaporative emission and particulate standards
for these vehicles. The evaporative standard for
gasoline-fuelea LDVs 1is 2.0 g/test HC and the gparticulate
standards for diesel-powered LDVs are 0.6 ¢/mi beginning in the
1982 model year and 0.2 ¢/mi beginning in the 1985 mocdel year.

Section 206(£)(2) requires the u.sS. Environmental
Protection Agency (here after referred to as EPA or the Agency)
to report to Congress regarding the economic impact and
technical feasibility of the above "all-altitude"™ requirement,
in aadition to the technical feasibility and health
consequences of rproportional high-altitude emnission standaras
that reflect a percentage reduction in emnissions comparable to
that achieved in low-altitude areas. For 1982 and 1983 rniocel
year LDVs, EPA establishea rroportional high-altitude stanaarads
of 0.57 ¢/mi HC, 7.8 ¢/mi CO, 1.0 g¢/mi NOx, and 2.6 ¢/test
evaporative HC at 5,300 feet above sea level. No rprorportional
diesel particulate standard was promulgatea, but this report
examines the possibility of such a standard.

One problem in developing this report was that the exact
emission control requirements of the all-altitude passenger car
provision are not <clear. The statute and accomnpanying
legislative history can plausibly be interpreted in various
ways. The two basic areas where interpretation of the statute
is necessary are:

1) the altituue or altitudes where compliance with the
standaras of section 202 is specifically required; ana

2) whether exemptions from the all-altitude reguirement
are permissible.

The Agency will formally establish the exact requirements
of the statute in the future.. This report responds to the
congressional mandate by analyzing various control scenarios
which encompass possible interpretations of the all-altitude
provision. The report also explores some alternatives not
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currently allowed in the statute, but does not evaluate all of
the many possible options. High-altitucde emission control
alternatives are directly influenced by several factors, and
probably most inportantly by the low-altitude standaras. There
is also significant uncertainty in the prediction of in-use
" emission factors from new technologies only recently
introduced, and this uncertainty bears directly on the Agency's
ability to make firm conclusions regarding the relative merits
of some altermnatives. Certain conclusions can be confidently
made and have been. Other conclusions are highly uncertain and
have been qualifiea as such., Hopefully, however, the options
analyzed proviue an incuication of the complexity of the various
interactions and a frame work for further analysis.

This document also investigates other areas of interest.
The most important of these other areas include:

1) the consequences of controlling 1light-duty trucks
(LDTs) in adcition to LDVs; and

2) the consequences to high-altitude emission control
strategies of possible revisions in the current statutory
(low-altitude) standards.

II. CONTROL SCENARIOS BASED ON CURRENT STANDARDS

A. Analytical lMethodology

For this report, EPA evaluated seven emission control
scenarics representing a wicde range of options (see Table ES-1
for a summary). Six of these control strategies were analyzeaq
in detail for their economic and environnental impacts relative
to the base scenario (i.e., the current fixed-point
proportional standards). Therefore, the six control scenarios
are evaluated as alternatives to continuing the base scenario.

The economic analysis included the costs of the capital
investment, the hardware, and changes in fuel economy and
maintenance. The environmental impact was measurea through
projected changes in 1lifetime enissions from motor vehicles
sola auring the first 5 years of the regulation, &ana through
estimates . of future ambient air quality in several
high-altitude cities.

The analysis of alternative emission control strategies
was conducted in two parts. The primary analysis was conaucted
for light-duty gascline-fueled vehicles (LDGVs) and was used to
reject unacceptable emission control strategies from the
various alternatives. The secondary analysis further
considered the most desirable control scenario for its effects
on light-duty gasoline-fueled trucks (LDGTs) and light-duty
diesel-powered motor vehicles (LDDs) before a final assessment
of the desirability of any alternative scenario was made.



Table ES-1

Summary of the Seven Control Scenarios Evaluated in the Report

Compliance Strategy

Standards[a]l Continuous|[b] Fixed-Pointic] Exemnptionsid]
Scenario Statutory Proportional 10,200 Ft 6,000 Ft 9,30V Ft Yes No
la X X X
1b X X X
lc X X X
2 X X X
3a X X X
3b X X X
Basele] X X X

[a] See Table ES-2 for numerical values. ,

[b] Continuous strategies require that a vehicle automatically comply with the
appropriate standards at all elevations up to a certain maximum altitude.

[c] Fixed-point strategies allow a modified or recalibrated vehicle to be sold above
4,000 feet. Compliance with the appropriate standards must be demonstrated at
the single elevation of 5,300 feet.

[d] Exemptions or waivers from the high-altitude requirements would be avaiiable for
some vehicles to reduce the economic burden of the standards or to prevent
negatively affecting model availability at all altitudes.

[e] Scenarios 1 through 3 are evaluated as additional requirements to continuinyg the
1982-83 proportional high-altitude standards.

£€-s3
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B. pescription of the Control Scenarios

1. Base Scenario

The base scenario is primarily a continuation of the
high-altitude requirements currently in place for 1982 and 1983
model year vehicles sold above 4,000 feet. Collectively, these
requirements are termed a "fixed-point proportional strategy"®
because compliance with the proportional high-altitude
standards must be demonstrated only at 5,300 feet (Table
ES-2).* Such a standard allows vehicles to be modified to
meet the high-altitude requirements after production if they
will be sold above 4,000 feet.

Exemptions to these current high-altitude standards are
available to reduce the economic burden of compliance. At
present they are granted for certain low-power LDVs which are
expected to perform unacceptably at high altitude and which may
have technical difficulty in meeting the standards cost
effectively. Such exempted vehicles cannot be sold at high
altitudes,

Future regulations could, of course, include other types
of exemptions, or perhaps waivers that allow some vehicles
certified only at low altitude to be sold at high altitude.
Performance-based exemptions appear to work satisfactorily,
however, and they are the only type of exemptions considered in
this study.

As previously stated, the six remaining control strategies
in this report were examined as increments to the base
scenario. The Agency believes that these regulations were
justified during the final rulemaking process and that little
benefit would result from again presenting the detailed
supporting analyses. Therefore, the primary purpose of this
report 1is to determine which alternatives to the current
standards warrant further consideration. '

2. Scenario 1

This alternative scenario is termed a "continuous
statutory strategy" because it would require compliance with
the low-altitude (statutory) standards at all altitudes up to a
maximum elevation (Table ES-2). Every vehicle sold in the
nation would have to automatically meet the standards, (i.e., no
modifications are allowed). The variations of this scenario
are:

* Technically, any place over 4,000 feet is currently
considered high altitude. Compliance is demonstrated at
5,300 feet because that 1is the altitude of Denver,
Colorado which has appropriate test facilities,



Table ES-2

Proportional and Statutory Standards for
High-Altitude Vehicles at 5,300 Feet
{based on current low-altitude standards)

Gaseous Standards

Evap. Particulate
Standard HC co NOx HC[b] Standards(c]
Type Vehicle[a] (g/mi) (g/mi) (g/mi) (g/test) (g/mi)
Proportional LDV 0.57 7.8 1.0 2.6 [(d]
LDT 1.0 14 2.3 2.6 (4]
Statutory LDV 0.41 3.4 1.0 2.0 0.2
LDT 0.8 10 2.3 2.0 0.26
la] Light-duty vehicle.
Light-duty truck. Although not required by the Act,

[b]
(c]
[d]

statutory LDT standards were included in this

completeness.

report for

Evaporative standards apply only to gasoline-fueled motor
vehicles.,

Particulate standards apply only to diesel-powered motor
vehicles. ~

Exact level to be determined in the future. 1In this report,
we estimated that a proportional particulate standard would
be approximately 50 percent more than the corresponding
low-altitude standard.
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1) la - Compliance 1is up to 10,200 feet without
exemptions;

2) lb - Compliance up to 6,000 feet with exemptions; and

3) lc - Compliance up to 6,000 feet without exemptions.

Exemptions can significantly reduce the economic buraen of
the standards. Under control strategies such as scenario 1
where vehicles must meet emission standards without
moaification, however, they also appear important in preventing
an adverse impact on model availability at all elevations. For
many low-power, high fuel economy LDVs, compliance with the
statutory standaras at high altitude may degrade performance to
such a degree that these vehicles may actually become unsafe to
use at higher elevations. Rather than market such potentially
unsafe vehicles, manufacturers would 1likely decide to remove
them from the national market. This woula affect model
availability and fuel economy throughout the nation. Exempting
these low-power vehicles for sale only at low altitude would
generally not affect model availability at high altitucde, since
these vehicles would normally not be so0ld in these areas
because of their poor performance, even in the absence of
high-altitude standards.

3. Scenario 2

This is termed a "fixed-point statutory strategy®"™ and is
similar to the base scenario except that it would require
vehicles toc meet the statutory (low-altitude) standards at
5,300 feet rather than proportional standaras (Table ES-2).
Modifications to vehicles sold above 4,000 feet would be
allowed anda exemptions would be available.

4. Scenario 3

This is termeda a "continuous proportional strategy." At
1,800 feet, the standards are the 1low-altitude (statutory)
standards. At 5,300 feet, the standards are the proportional
standards shown in Table ES-2. In between these elevations ana
up to 6,000 feet the standargs would vary linearly with
altitude. scenario 3, 1like scenario 1, would require all
vehicles in the nation to meet the standards Wwithout
modification. The variations of this scenario are:

1) 3a - Exemptions; and
2) "~ 3b - No exemptions,

cC. Comparison of the Alternative Control Scenarios

Each alternative scenario was analyzed in detail for LDGVs
to determine its emission control technology, economic, and
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environmental impacts beyond the base scenario (i.e., the
current fixed-point proportional standards). (See summary 1in
Table ES-3). Based on this analysis, one alternative was
further evaluated for LDGTs and LDDs.

1. control Technology

The costs of each alternative scenario vary with the
technical requirements they impose for controlling exhaust
emissions, The emission control technology requirements for
reducing gaseous pollutants are primarily based on three
factors:

1) the maximum elevation for which control must be
demonstrated;

2) the extent of exemptions, if any; and

3) the level of the standards.

Emission standards based on scenario la represent the most
stringent interpretation of the Act's requirements. Requiring
compliance up to 10,200 feet with no exemptions, these
statutory standards would require the use of sophisticated
electronic equipment and turbochargers, and are the most
technically difficult alternative. Standards based on scenario
2 would require the least complex emission control hardware.
These statutory standards would require the use of either
specifically calibrated control modules, or an expansion of the
capabilities of existing units on high-altitude vehicles
equipped with electronic control systems. Less sophisticated
aneroids (pressure sensing devices) would be required on
high-altitude vehicles equipped with non-electronic control
systems. Standards based on the remaining alternatives would
fall between the hardware estimates for scenarios la and 2.

2. Economic Impact

Scenario 2 is by far the least costly of the alternative
scenarios (Table ES-3). Even without the estimated
fuel-economy benefit, the incremental cost of this control
strategy is only $17 million during the first 5 years of the
regulations. In comparison, the incremental costs for the
other alternatives range from $187 million to $4.97 billion,
The primary reason for this is that scenario 2 is a two-car
strategy, so only those vehicles sold at high altitude need
additional emission controls. The other scenarios are one-car
strategies and require high-altitude emission control hardware
on all vehicles nationwide, regardless of where they are sold.



Table ES-3

Costs and Beneifts of Alternative LDGV Control Strategies[a]

Incremental

Aggregate Costs Total Reductions Cost Effectiveness

(5-year total)lb] (5=-year total) (dollars/metric tou)lcj

(106 dollars) (103 metric tomns) HC co

Scenario  Low High HC co Low High Low Higyh

la 4,151 4,974 24.6 -425 101,000 121,000 [d] Ld}
1b 524 1,010 24.6 -425 12,600 24,500 (d] Ldl
lc 1,384 1,907 24.6 -425 33,600 46,200 (d] ldJ
2 Uncertainfe] 17.9 331 neg. 575 ney. 30
3a 187 224 1.1 18.0 95,000 115,000 6,200 7,50V
3b 449 636 1.1 18.0 230,000 325,000 14,900 21,100

[a]

[b]
[c]

[d]

[e]

Each control scenario is examined as an increment to contiunuinyg the
1982-83 proportional high-altitude standards. For comparison, over the
first two years of the regulation, these standards will cost the nation
about $24 million (1981 dollars discounted to 1982), and reduce HC and
CO emissions by about 33 and 1,200 tons, respectively. The cost
effectiveness of these standards is $365 per metric ton for HC and $10
per metric ton for CO. (These costs and benefits are relative to the
total absence of high-altitude regulations.)

1981 dollars discounted to the effective date of the reyulations (1984).
Cost effectiveness was determined on a per vehicle basis. For scenario
2 the high-cost estimates exclude the estimated fuel economy benefit.
The cost-effectiveness values for CO under scenario 1 were not
presented in the table since emissions of this pollutant may increase
under this strategyy. However, it is also possible that CO emissions
may decrease by about the same total amount listed for both scenarios 2
and 3. Using this assumption, the cost effectiveness would range $535
to $5,100 per metric ton for CO.

A net savinys can result if the incremental purchase price increase
(about $15 per high-altitude vehicle) is offset by a potential fueui
economy benefit (about $25 per high-altitude venicle). If the
potential fuel economy improvement is excluded for scenario 2, the cost
would randge up to $17 million. The estimated fuel savinys is tentative
at this time because of the limited data base.

8-s3
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3. Environmental Impact

Significant differences are possible in the environmental
impacts associated with each of the alternative scenarios.
Scenario 1 (all options) predicts the greatest incremental
reduction in HC emissions, although it also agppears to increase
CO emissions in high-altitude areas. These projections are
based on tentative emissions factors, however. 1In the future
as more complete data are collected, it 1is possible that
scenario 1 may substantially reduce CO emissions in areas above
1,800 feet insteaé of producing an adverse environmental
impact. Therefore, a final judagment on the impact of scenario
1 must await additional information.

The incremental emission reductions predicted for
scenarios 3a and 3b are relatively small. Scenario 2 appears
to offer the largest incremental emission recauctions of all the
alternatives. Again, the uncertainty in predicting emission
factors adiscussed above applies here also.

Air quality modeling projections show that scenario 2 has
a positive impact on the ambient air quality in high-altitude
regions, although the affect is relatively small. This is not
surprising, however, because scenario 2 1is an 1incremental
control strategy and future improvements in air quality will
only come by combining several incremental controls, each
having a small benefit of its own. More detailed analysis is
needed before a firm conclusion can be-made regarding whether
these more stringent controls are needed, or if those provided
by the base scenario are sufficient to attain the NAAGS in
particular areas.

4, Cost Effectiveness

Table ES-3 shows that scenario 2 1is predicted to be the
most cost effective of the alternatives analyzed. The
incremental cost effectiveness of reducing HC emissions ranges
from less than $0 to $575 per metric ton, compared to $12,600
to $325,000 per metric ton for scenarios 1 and 3. The
incremental cost effectiveness of reducing CO emissions under
scenario 2 ranges from less than $0 to $30 per metric ton,
compared to $535 to $21,100 per metric ton for the other
alternative scenarios.

Scenario 2 is the only alternative scenario with
cost-effectiveness values comparable to those for other mnobile
source emission control regulations. Even with high-cost
estimates, scenario 2 appears to be a cost-effective approach
to reducing high-altitude emissions from LDGVs, using the
assumptions previously discussed.
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5. Rationale for the Consideration of Scenario 2

The complexity of analyzing alternative high-altitude
standards for 1984 and later model year motor vehicles requires
the use of simplifying assumptions. However, these assumptions
may affect the consideration of scenario 2 as an alternative to
continuing the current standards. It is, therefore, important
to examine the sensitivity of scenario 2 to the underlying
analytical assumptions.

Five potentially important assumptions underlay the
economic and environmental impact chapters of this report:

1) the estimated fuel economy saving;

2) the number of exemptions;

3) the levels of the emission standards;

4) the use of 1low-altitude vehicles in high-altitude

areas; and

5) the fleet mix of electronic (feedback) and
non-electronic (nonfeedback) systems.

The first three assumptions are most important and are briefly
discussed below.

a. Estimated fuel economy savings. Scenario 2 is
sensitive to changes in fuel consumption caused by the use of
high-altitude emission control hardware. In fact, the

increniental net cost is so sensitive to this aspect of the
analysis that the 1lower 1limit of the possible fuel economy
benefit (i.e., no improvement) 'was includeda in the ¢previous
discussion of cost and cost-effectiveness values. 1If the upper
limit of 4 percent improvement were used in the analysis, the
potential net savings would be even greater. Because of the
sensitivity of the analysis to projected changes in fuel
economy, this subject area should be carefully reevaluated as
aaditional information becomes available so that the total cost
associatea with this scenario can be more accurately determined.

b. Number of exemptiocns. The desirability of scenario
2 may aepend on the number of vehicles needing exemptions.
Desirable high fuel-economy vehicles, which theoretically coula
be sold in the absence of scenario 2 (or any scenario proviaing
exemptions), might easily become unavailable &t  higher
elevations. Such vehicles could represent as much as about 10
percent of the market, possibly reducing model availability in
these areas. On the other hand, the absence of the exemption
provision may well prevent the availability of such vehicles
nationwide.
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Further technical achievements, however, may reduce the
neea for exempted vehicles. Also, as Letter information
becomes available, the exemption criteria may be refined to
resolve aprarent problems regarding the number ana type of
exempted vehicles. Finally, other options coula include
waiving the high-altitude requirements for some vehicles to
allow their continued sale at higher elevations, or allowing
these vehicles to meet a somewhat less stringent high-altitude
standard. Therefore, the desirability of scenario” 2 Gepends on
including appropriate exemptions or waivers to mitigate any
adverse effects on model availability.

c. Level of emission standards. The incremental costs
and benefits of scenario 2 are basea on the assumption that
statutory standaras woula be promulgated at high altitude. The
previous discussion in this section demonstrated that
high-altitude regulations, as with any requirement, must be
chosen to moderate or eliminate a complex mixture of
potentially adverse impacts (e.y., environmental, economic,
energy, anda model availability). The most efficient standards,
therefore, may be at some 1level other than the statutory
standards. While it appears that more stringent control beyond
the proportional standards 1is feasible perhaps down to the
levels of the statutory standards, less control may providae the
majority of the needed environmental benefit in a more
cost-effective manner. Only further study can identify the
optimum level of control.

D. Application Scenario 2 to LDGTs and LDDs

This report assumed that scenario 2 should also be applied
to gasoline-fueled light trucks and diesel-fuelea vehicles. As
with LDGVs, the analyses for these other vehicle types were
conducted to determine the incremental costs anda air quality
improvements of scenario 2 beyona those achieveable by
continuing the current standards (base scenario) for 1984 ana
later model year vehicles,

1. LDGTs

a. control technclogy. The technical requirements of
meeting the statutory LDGT standards 1in scenario 2 are
essentially the same as for LDGVs equipped with non-electronic
(nonfeedback) emission control systems.

b. Economic impact. The incremental economic impact
under scenario 2 should not be substantial. Depenaing on
whether the estimatea fuel economy benefit is included, this
scenario would either result in a net savings or a cost of $7
million for the first 5 years of the reqgulations. As with
LDVs, this potential fuel econcmy benefit should be carefully
reevaluated as adaitional cata become available.
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c. Environmental impact. The air quality projections
show a positive 1impact from aading LDT control to that for
LDVs., Controlling LDGTs under scenario 2 would provide a 50
percent ¢greater reduction in HC and a 40 percent greater
reduction in CO from vehicles sold during the first 5 years of
the regulations than if LDGVs were the only class of motor
vehicles subject to more stringent high-altitude standards.

d. Cost effectiveness. The addition of LDGTs to
"scenario 2 makes 1t a slightly more cost-effective HC control
strategy than controlling only LDGVs, but does not change the
cost effectiveness of reducing CO under worst case assumptions.

2. LDDs

a. Ccontrol technology. Under the statutory gaseous
emission standards of scenario 2, 1light-duty diesel-powered
vehicles (LDDVs) would probably require a recalibration of
their exhaust gas recirculation (EGR) system by changing the
electronic control nmodule at high altituge. Similarily,
light-duty diesel-powereéd trucks (LDDTs) would require a
recalibration of their non-electronic EGR systems at high
altitude.

The analysis of both proportional and statutory
particulate standards for 1light-duty diesel-powered vehicles
and trucks shows that a proportional particulate standard, when
definitively determined, will be readily achievable (there are
currently no such standards). In addition, the application of
gaseous emission control may achieve further reductions 1in
particulate with little or no addition effort. However, it is
not possible to determine if the 1985 low-altituae particulate
standaras will be fully achieveable at high altitude aue to the
severe limitations of the data base. Acdaitional data is neeced
before a conclusive judgnent can be made regarding the
technical feasibility of the 1985 statutory particulate
standards at high altitude.

b. Economic impact. The incremental cost of complying
with gaseous emission standards or Eproportional rparticulate
standards at high altitude during the first 5 years of the
regulations will be small.

c. Environmental impact. Adding control of
diesel-powered motor vehicles to scenario 2 should be
beneficial in further reducing HC emissions and should also
help reduce CO emissions.

d. Cost Effectiveness. controlling gaseous emissions
from LDDs makes scenario 2 more cost effective than if LDGVs
and LDGTs are controlled separately.
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III. CONTROL SCENARIOS BASED ON REVISED STANDARDS

Although revisions to the current statutory (low-altitude)
standards remain speculative, EPA has tried to anticipate the
effects of less-stringent standards on the previously
identified alternative scenarios. While there are a number of
different options for low-altitude standards, this study
assumes that if the statutory emission standards (g/mi) are
changed, the levels will be revised:

From TO
0.41 HC 0.41 HC
3.4 CO 7.0 CO

The corresponding revisea proportional standards (g/mi) at
5,300 feet would be:

Fron TO
0.57 HC 0.57 HC
7.8 CO l6.0 Co
1.0 NOx 1.5-2.0 NOx

However, the technical requirenents of meeting an 16 ¢/mi CO
standard appear the same as those for meeting an 11 g¢/mi CO
standard. The Agency, therefore, assumed fproportional standards
(g9/mi) of:

1) 0.57 HC
2) 11.0 co
3) 1.5-2.0 NOx

Revisions to the current 1low-altituae evaporative HC and
diesel particulate standards are not being considered by Congress,
hence, they were not analyzed in this report.

To be consistent with the previous analysis the control
technologies, costs, and benefits of the alternative revised
high-altitude scenarios were evaluated relative to a revised base
scenario (fixecd-point proportional standards based on revised
statutory stancards). This approach is valid because compliance
with the revised proportional standards is expected to be similar
to compliance with current proportional standards. 1In both cases,
leaning the excessively rich fuel/air mixtures at high altitude is
the primary emission control technigque.

A. Comparison of the Alternative Revised Scenarios

Several findings in the earlier analyses remain valid even
under revised standaras. All continuous control strategies
evaluated continue to be unreasonably burdensome and are not cost
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effective primarily because they would either seriously restrict
model availability at high altitude, require expensive and
complicated emission control technology on all vehicles, or
unnecessarily control emissions at elevations which are not
expectea to have an air quality problem (above 6,000 feet). Also,
exemptions continue to be valuable in reducing the economic burden
of the standards or preventing model availability problems at all
elevations. Therefore, the fixed-point standards associated with
the revisea base scenario (proportional standards) anc the revised
scenario 2 (statutory standards) are the scenarios analyzed in
this portion of the study.

B. Evaluation of the Revised Scenario 2

1. Control Technology

Complying with revisea statutory standards at low anda high
altitude would require essentially the same control hardware as
previously estimated for complying with current statutory
standards. For LDGVs, this haraware includes the use of two
aneroias in addition to the one aneroid that would already be in
place to meet the revised proportional standards, for a total of
three. However, with revised statutory standarés, the change in
low-altitude emission control technology may require that the air
pump system, which may be eliminated at 1low altitude on some
LDGVs, be replaced when these vehicles are sold at high altitude.
This may affect 40 percent of all high-altitude LDGV sales and is
included in the analysis as a worst case assumption. For LDDVs
sold at high altituadae, manual adjustments will be needed 1in
addition to those that may already be needed for proportional
standards toc 1limit the maximum fuel rate further and also to
recalibrate the fuel injection timing.

2. Economic Impact

Complying with the revised scenario 2 would slightly increase
the purchase price of an average high-altituce LDGV. The purchase
price of LDDVs should not increase.

The incremental cost of fixed-point statutory stanaaras with
revised levels is greatly influenced by the fuel economy benefit
the Agency expects from the wuse of high-altitude control
technology. Inclucding this fuel savings in the cost of the
standards would result in a net incremental savings to the nation
during the first 5 years of the regulations. Excluaing the
estimated fuel economy benefit from the calculation would cost the
nation up to $40 million during the first 5 years. Because of
this great variability, the fuel economy benefit should be
reevaluated as additional information becomes available.

In comparison to the incremental cost of fixed-point
statutory standards based on the current low-altitude
requirements, implementing the revised statutory standards could



ES-15

be more costly to the nation if the estimated fuel economy
benefits of the standards are excludea. 1If the fuel benefits are
included, both types of standards will provide a net savings to
the nation.

The incremental purchase price for the average high-altitude
LDV should not affect a dealer's sales or a consuner's ability to
purchase a vehicle. One aspect of the revised scenario 2,
however, may have a significant negative impact on trading between
low- and high-altitude dealers. As discussed earlier, EPA has
made a worst case assumption that 40 percent of the high-altitude
fleet may require the addition of an air pump to meet the
statutory standards in the revised scenario 2. If true, these
particular vehicles may be prohibitively expensive to nodify for
high-altitude use after proauction. This could result in model
availability problems in some high-altitude areas. However, more
data is needed to confirm this potential effect.

2. Environmental Impact

Implementing statutory standards at high altitude over
proportional standards would reduce HC and CO emissions somewhat
less under the revised 1low-altitude standards than under the
current low-altitude standards.

There are no significant differences for ozone between the
high-altitude standards based on: l) the revised 1low-altitude
standards, and 2) the current low-altitude standards. This is to
be expected, since the emission standards for HC are the same for
the respective statutory (0.41 ¢g/mi) and base (0.57 ¢g/mi) control
scenarios,

The same conclusion can be reached for co with
Inspection/Maintenance, that is, there 1is no difference between
the number of violations under the two types of standards.
Without I/m, however, the number of CO NAACS violations under the
scenarios based on revised standards is generally less than that
under the previous scenarios based on current standaraés. This
difference in CO NAAQS violations is a function of the assumed
catastrophic failure rates for currently used feedback emission
control systems. 1If these failure rates are significantly reduced
in the future as more experience is gained with these new systems,
then the observed difference in CO levels between the two types of
standards coulda be elimninated or even reversead.

For NCX, high-altitude standards based on revised
low-altitude standards will have a small negative impact on NAA(QS
violations near the end of this century.

3. Cost Effectiveness

Implementing revised fixed-point statutory standards with
exemptions rather than revised fixed-point proportional standards
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with exemptions would either provide further HC and CO emission
reductions at no net cost, or cost up to $1,250 per metric ton of
HC and up to $85 rer metric ton of CO. The wide range of
incremental cost-effectiveness values is caused by the inclusion
or exclusion of the estimated fuel economy benefit that may
accompany implementating the revised statutory standards at high
altitude. In the worst case analyzed (i.e., no fuel economy
improvement) this scenario is nearly twice as costly per ton of HC
than the most expensive emission control strategy that has already
been implemented. For CO, it is more comparable to the other
strategies., On the other hand (i.e., inclusion of the estimated
fuel economy benefit) the revised scenario 2 is very cost
effective in relation to the other control strategies,

IV. CONCLUSIONS AND RECOMMENDATIONS

The existing proportional high-altitude standards have proven
valuable in improving the air quality of high-altitude areas in a
cost-effective manner. This report  has analyzed various
high-altitude control scenarios to determine their incremental
costs and air gquality benefits relative both to the current
standards and to less stringent revised standards. The evaluated
scenarios covered control ogptions for both gasoline and
diesel-powered vehicles.

A. control Scenarios Based on Current Standards

The major conclusions for each vehicle type are presented
separately below.

1. LDGVs

The Agency considered six alternative scenarios to continuing
the current fixed-point proportional standaras. The costs of
these alternatives vary with their technical requirements, which
in turn are based on three basic factors:

1) the maximum elevation for which <control must be
demonstrated;

2) the extent of exemptions, if any; and

3) the level of standards.

Based on these three factors, EPA concludes that:

1) Continuing the current statutory high-altitude
requirements, as mandated in section 206 of the Act, is extremely
costly, may significantly limit model availability at both low and
high altitudes, and is extremely cost ineffective;

2) there 1is no air quality Jjustification for controls
above 6,000 feet;
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3) statutory standaras at high altitude can provide a
small incremental improvement in air quality;

4) exemptions, or similar waivers, can significantly
reduce compliance <costs, while maintaining acceptable model
availability at higher elevation;

5) exemptions, or similar waivers, can prevent the
potential for adversely affecting model availability throughout
the nation that may accompany implementing statutory standards at
higher elevations in 1984, as required by the Clean Air Act; and

6) fixed-point statutory standards which require vehicles
solda above 4,000 feet to comply with the standards when tested at
5,300 feet and which provide for some exemptions are the most
cost-effective alternative beyond the current requirements, of the
six alternatives analyzed. Of course, there are many other
possible alternatives, one of which may be better than any of the
six analyzed here.

2. LDGTS

In the case of LDGTs, EPA finds that controlling these
vehicles in addition to LDVs results in a positive impact on the
ambient air quality of high-altitude areas. Controlling 1light
trucks to statutory standardas, while not specifically required by
the Act, would reauce vehicle emissions of HC by 50 percent more
anad of CO by 40 percent more than if LDGVs were controlled alone.
In acadition, the Agency finas that controlling 1light truck
emissions under fixed-point statutory standards 1is nore cost
effective than the same degree of control for LDGVs.

3. LDDs

The Agency analyzed both gaseous emissions ana particulate
emissions from LDDs. For ¢aseous emissions, EPA concludes that
achieving fixed-point statutory standards should be no more
difficult for diesel engines than for gasoline engines, and that
the cost over a 5-year period should be small. The Agency finds
that particulate emissions will be reduced by the same technigques
that readuce gaseous emissions, although it 1is too early to
determine if the statutory particulate standards can be met with
these techniques alone. Also, controlling the gaseous emissions
from LDDs to statutory high-altitude standaras 1is expected to be
more cost effective than controlling LDGVs.

B. Control Scenarios Based on Revised Standards

The Agency also consicerea the effects of the same six
alternative scenarios under revised stanaaras. The major
difference is that uncer revised fixed-point statutory standards,
the control options might tend to reduce model availability
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somewhat more than they would under the current fixed-point
statutory stanaards. Otherwise, EPA concludes that:

1) the technical difficulties of compliance would remain
about the same;

2) exemptions, or similar waivers, would retain their
positive effects of overall costs and model availability; and

3) fixed-point statutory standards would likely be the
most cost-effective alternative to proportional standards.

Based on the assumption that revised LDV standards at low altitude
are as stated above (i.e., 0.41] g/mi HC, 7.0 g/mi CO, and 1.5-2.0
g/mi NOx), these conclusions would remain valid for both
gasoline-fuelea ana diesel-powered cars and trucks. Nevertheless,
different conclusions are possible under scenarios which assume
other revised low-altitude standards.

C. Recommendations

EPA recommenas that section 206 of the Clean Air Act be
amendea to:

1) Provide the Administrator the flexibility to adopt
two-car compliance strategies, and to establish high-altituce
standaras, within the range from proportional to statutory, for
any class of motor vehicles that is necessary to attain the NAAGS
for ozone and carbon monoxicde after considering the technical
feasibility, impact on rniodel availability, and economic impact of
any such requirements; and

2) Confirm the Administrator's authority to exempt certain
vehicles from the high-altitude certification requirenents or
waive the high-altitude standards for certain vehicles, and to
decide on the maximum number of such exemptions or waivers,



Chapter I

Introduction

I. AIR QUALITY IN HIGH-ALTITUDE AREAS

Many metropolitan areas located at higher elevations have
significant air quality problems. The automobile is an
important source of air pollution in these regions. For
example, in the rapidly dgrowing automobile-oriented cities of
Denver, Albuqueryue, and Salt Lake City, motor vehicles account
for more than half of all hydrocarbon (HC) emissions and almost
all of the carbon monoxide (CO) emissions. In combination with
summer sunlight and stable winter atmospheric conditions, these
ewissions cause serious air pollution problems.

II. PAST AND PRESENT STANDARDS AFFECTING HIGH-ALTITUDE VEHICLES

To combat these problems, the U.s. Environmental
Protection Agency (hereafter referred to as EPA or the Agency)
established several programs to control emissions from motor
vehicles in high-altitude locations. As part of these past and
present regulatory programs, EPA has defined a high-altitude
location as any county with most of its land area located 4,000
feet above sea 1level.[l] This description includes mwuuch of
Colorado, Utah, Wyoming, New Mexico, and Idaho, and parts of
Nevada, Montana, Nebraska, Arizona, Oregon, and Texas. Thouygh
California has counties above 4,000 feet, it sets 1its own
emission standards for motor vehicles.[1]

For the 1977 model year, EPA promulgated ygaseous emission
regulations requiringy all dealerships in high-altitude counties
(i.e., essentially areas above 4,000 feet) to sell only
light-duty vehicles (LDVs) and 1light-duty trucks (LDTs) that
were certified to meet special high-altitude standards when
tested at 5,300 feet (i.e., the location of test facilities at
Denver, Colorado). These standards were numerically identical
to the applicable emnission standards at 1low altitude. The
numerical values of the 1977 standards were 1.5 ygrams per mile
(g/mi) HC, 15 ¢/mi CO, and 2.0 g/mi NOx for LDVs and 2.0 g/mi
HC, 20 ¢g/mi CO, and 3.1 g/mi NOx for LDTs.

buringy the first model year these regulations were in
effect (1977), many vehicle models and optional engine
configurations available at low altitudes were unavailable at
high altitudes. Manufacturers chose to limit model
availability at higher elevations because the small percentage
(3 to 4 percent) of the market represented by high-altitude
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sales did not justify the costs required to develop
high-altitude emission control capabilities for all of their

vehicle gonfigurations. Thgs, high-altitude consumers could
not readily purchase approximately 50 percent of the vehicle
configurations offered at lower elevations.

These limitations on model availability affected
high-altitude consumers primarily in two ways: 1) sowe
consumers Wwere unable to purchase the specific vehicle
configuration they wanted, and 2) if the desired model was
unavailable, the consumer mnay have had to pay siynificantly
more for an alternative, certified model. This additional cost
was as high as $500 in a small proportion of cases. A lesser
economic impact on consumers was the incremental cost of
high-altitude emissions control hardware, typically $20-40,
although it was as high as $194 on some imported models.[1l]

Limited model availability affected manufacturers and
dealers to a lesser degree., Although it did not reduce total
vehicle sales at higher elevations, some dealers thought it
prevented the expected 10-20 percént growth in sales.
Moreover, some dealers complained that fleet sales were reduced
and that employee morale suffered. Also, near the perimeter of
high-altitude areas there was some difficulty 1in tradinyg
vehicles between low- and high-altitude dealers.

As a result of these problems, Congress vacated the 1977
high-altitude reygulations when the Clean Air Act (the Act) was
amended on Augqust 7, 1977. The Act also authorized EPA in
section 202(f) to reestablish high-altitude requirements, but
no sooner than the 1981 model year.

In response to these awmendments, EPA revised the 1977
standards so that in 1978 and later model years, manufacturers
could voluntarily certify special high-altitude vehicles. In
1978, another voluntary program was also established. Under
this program, manufacturers could provide, with EPA's approval,
instructions explaining how vehicles operated at higher
elevations could be adjusted to improve performance,
sigynificantly reduce emissions, and, in some cases, increase
fuel econonmny. These 1instructions were made mandatory on
October 8, 1980, under the authority of section 215 of the
Act.[2] .

For 1981 model year vehicles, the year in which the
low-altitude standards became more stringent, EPA established a
voluntary program so that manufacturers could certify their
vehicles to separate "proportional® standards at high
altitude.[3] These voluntary gaseous emission standards were
the same as those promulgated on October 8, 1980, as the
current mandatory standards for 1982 and 1983 model year LDVs
and LDTs.[4]
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According to section 202(f) of the Act, proportional
high-altitude standards require a percent reduction in
emissions from 1970 vehicles at high altitude comparable to
that from the same vehicles at 1low altitude. In no case,
however, may the standard at higyh altitude be numerically less
than the corresponding standard at 1low altitude. This 1last
requirement is significant for NOx emissions which, unlike HC
and CO emissions, generally decrease with increasing altitude.

Table I-1 presents the current proportional high-altitude
standards for 1982 and 1983 model year LDVs and LDTs, and the
egually stringent, but numerically smaller, low-altitude
standards for 1981 and later model years.

The current high-altitude regulations are structured to
minimize any negative impact on model availability by requiring
nearly all 1982 and 1983 models to either automatically meet or
be <capable of beiny modified to meet the hiygyh-altitude
standards. Thus, each manufacturer's product line can be made
available to high-altitude purchasers if the manufacturer so
chooses. The Agency expects manufacturers will make almost all
models available once they have been certified.

The 1982 and 1983 regulations also reduce the potential
economic impact on the automotive industry by providing
exemptions for certain low-power vehicles, which perform poorly
at high altitude. Controlling the emissions of these vehicles
in a cost-effective manner is expected to be difficult. In
addition, by virtue of their poor performance, these vehicles
are not expected to be in demand by high-altitude consumers.
Therefore, by exempting low-power vehicles and allowing them to
be certified for sale at low altitude only, model availability
is not significantly affected in either low- or high-altitude
areas of the country and the cost of high-altitude regulation
is reduced without reducing the benefits.

III. REQUIREMENT TO ASSESS AND IMPLEMENT STANDARDS FOR 1984 AND
LATER MODEL YEARS

Section 206(f)(l) of the Clean Air Act, as amended in
1977, provides future high-altitude LDV standards by mandating
that:

All light-duty vehicles and engines manufactured during or
after model year 1984 shall comnply with the requirements
of section 202 of this Act regardless of the altitude at
which they are sold.

Section 202 contains the current low-altitude ¢aseous exhaust
emission standards for LDVs. This section also contains the
authority used to promulygyate the evaporative emission and



Table I-1

Current High- and Low-Altitude Emission Standards for
Light-Duty Vehicles and Light-Duty Trucks

Gaseous Standards Diesel
Evap. Particulate
HC COolal NOx[bllc] HC[Ad] Standards|[e]
Altitude Vehicle Year (g/mi) (g/mi) g/mi (g/test) (g/mi)
High LDV[f] 1982-83 0.57 7.8 1.0 2.6 [g]
LDT[h] 1982-83 2.0 26.0 2.3 2.6 [g]
Low LDV 1981-84 0.41 3.4 1.0 2.0 0.6
1985 and 0.41 3.4 1.0 2.0 0.2
later
LDT 1982-83 1.7 18 2.3 2.0 0.6
1984 0.8 10 2.3 2.0 0.6
1985 and 0.8 10 2.3 2.0 0.26
later

[a]
[b]

[c]

[d]
[e]
[f]
[g]

[h]

If the CO standard for 1982 LDGVs 1is waived to 7,0 g/mi at low
altitude, the standard is 11.0 g/mi at high altitude.

If the NOx standard for 1982 and 1983 LDDVs is waived up to 1.5 g/mi
at low altitude, the high-altitude standard is the same numerical
value,

For 1982, American Motors Corporation must only meet an NOx standard
of 2.0 g/mi at both high and low altitude.

Only applies to gasoline-fueled vehicles.

Only applies to diesel-powered vehicles.

Light-Duty Vehicle.

No particulate standard was promulgated for high-altitude vehicles,
but such a standard is analyzed in this report.

Light-Duty Truck.
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diesel particulate standards applicable to these vehicles.
These 1984 and later model year standards are summarized in
Table I-1.

In section 206(f)(2), the Administrator of EPA is requireaq
to report to Congress on the economic impact and techological
feasibility of the “"all-altitude®™ requirements found in
subparagraph (1) of that subsection. The report is also to
evaluate the technological feasibility and the health
consequences of separate proportional emission standards for
light-duty vehicles and engines in high-altitude areas, as
described earlier,.

In preparing this report, the Agency has found that while
the nature of proportional requirement is clear, the exact
nature of the all-altitude requirement is not. Section
206(£) (1) and the accompanying legislative  history «can
plausibly be interpreted in various ways. For example, EPA
must dcetermine whether vehicles must meet the standards of
section 202 at the highest altitude where they are sold, even
though there are no air quality problems in such areas, or at a
lower altitudée, which can be justified on the basis of air
quality concerns. Another issue is whether exemptions from the
high-altitude standards (i.e., the all-altituae requirement)
are allowable.

Because the Agency has not yet taken a formal position on
these matters, the exact emission control requirements of
section 206(f)(l) are not clear at this time. Nevertheless,
this document responds to the Congressional mandate for such a
study by analyzing var}ous control scenarios that encompass all
the possible interpretations of the all-altitude provision,

The report also explores some alternatives not currently
allowed in the statute, but does not evaluate all of the many
possible options. High-altitude emission control alternatives
are aqairectly influenced by several factors, and probably more
importantly by the 1low-altitude standards. There 1is also
significant uncertainty in the prediction of in-use emission
factors from new technologies only recently introduced, and
this uncertainty bears directly on the Agency's ability to make
firm conclusions regarding the relative merits of some
alternatives. Certain conclusions can be confidently made ana
have been. Other conclusions are highly uncertain and have
been qualified as such. Hopefully, however, the options
analyzed provide an indication of the complexity of the various
interactions and a frame work for further analysis.

. Furthermore, in an effort to identify the most effective
high-altitude regulatory strategy, we have examined other areas
of interest. The additional areas of investigation include:
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1) controlling light-duty trucks in addition to
light-duty vehicles; and

2) evaluating the consequences of possible revisions in
the current statutory (low-altitude) emission standards on the
control of emissions in high-altitude areas.

IV. ORGANIZATION AND SCOPE OF THE REPORT

Because light-duty gasoline-fueled vehicles (LDGVs)
dominate the motor vehicle fleet nationwicae, any control
scenario that is unacceptable for them should be unacceptable
for the entire national fleet. Using LDGVs to screen the
various control scenarios reduces the complexity of the report,
but does not compromise identifying the most desirable strategy
for controlling emissions at high altitudes.

Thus, after the potential control scenarios are identified
in Chapter 1II, LDGVs are used to screen various strategies in
Chapters III through 1V with regard to the requisite control
technology, the environmental and economic impacts, and their
cost effectiveness. Using this information, the most
reasonable scenario of those analyzed is selected in Chapter
VII. Chapters VIII and IX then determine how the selected
scenario would effect <controlling gaseous emissions from
light-duty gasoline-fueled trucks and light-duty diesel-powered
vehicles a&and trucks. Chapter X specifically evaluates the
selected scenario for its effect on controlling particulate
emissions from light-duty diesel-powered vehicles and trucks.

Recently, the debate concerning amending the Clean Air Act
has included the possibility of revising the statutory
low-altitude emission standards for LDVs upward from the
current levels, Although such a revision remains speculative
at this time, Chapter XI evaluates the effect of less stringent
low-altitude standaras on potential high-altitude standards.

The final chapter (Chapter XII) presents EPA's conclusions
and recommendations,
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Chapter 1II

Identification of the High-Altitude
control Scenarios

I. INTRODUCTION

The high-altitude control scenarios analyzed in this
document will be chosen from a variety of possibilities. This
screening 1is necessary to 1limit the analysis to manageable
proportions ana to avoid needless elaboration on 1less 1likely
control options. The selection process in this chapter will be
conauctea in two steps. First, the relevant variables that
form the basis for the alternative scenarios will be discussed
to provide a thorough understanding of the control strategies
and to introduce information that will be used to select the
specific scenarios for the study. Second, these variables will
be combined into the various potential scenarios, and those not
justifying further consideration at this time will  Dbe
eliminated. At this point in the selection process, the
scenarios that represent what currently appears to be the range
of possible interpretations of the section 206(£f) (1)
"all-altitude®” requirement will also be identifieaq.

II. THE BASIS FOR THE CONTROL SCENARIOS

There are many Fpossible strategies for controlling motor
vehicle emissions in high-altitude areas of the country. These
strategies are a combination of variables which incluaue: 1)
the philosophy of high-altitude emission <control, 2) the
maximum altitude at which the standards will apply, 3) the
allowable emission levels for each standard, anc 4) the
availability of exemptions for certain 1low-power vehicles,
Each of these variables is discussed below.

A. The Philosophy of High-Altitude Control

This report considers two basic certification options.
The first option requires that motor vehicles be certified to
meet the applicable standaras continuously at all elevations
without rnodification. Scenarios that require demonstrating
compliance in this manner are referred to as "continuous"®
standaras in this document.

The second option is primarily patterned after the
certification program that was promulgated in the 1982 ana 1983
high-altitude regulations.([1] This rule specifies that all
vehicles subject to the regulations must be capable of meeting
high-altitude standaras either automatically or by
modification. Furthermore, demonstrating compliance with these
standards is limited to a single fixed-point of 5,300 feet., 1If
modifications are necessary to meet the emission standards at
5,300 feet, those modifications must be made to all such
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vehicles sold above 4,000 feet. Scenarios which incorporate
this type of <certification program are referred to as
*fixed-point" standards.

B. The Maximum Elevation Required for Control

This variable applies only to the continuous standards,
since the fixed-point standards analyzed in this report only
require compliance with high-altitude regqulations at a single
elevation of 5,300 feet. Under fixed-point standaras
*high-altitude®™ vehicles are so0ld at any elevation above 4,000
feet.

Continuous standards require that a vehicle be designed to
compensate automatically for the effects of reducea air density
as altitude increases. Therefore, <choosing the maximum
altitude at which emission control must be demonstrated is
important, since the wrong decision could either: 1) cause
manufacturers to equip their cars with costly control hardware
to reduce emissions at altitudes where such reductions are not
warranted by air quality needs, or 2) lead to the absence of
additional control in a significant number of regions that do
indee¢ need it, Because this issue affects the entire
analysis, it is discussed at length below.

A literal reading of the Act implies that vehicles must be
certified up to the highest altitude at which sales occur,
approximately 10,200 feet. However, the intent underlying the
provision may be satisfied with an alternative interpretation.
That interpretation, which is supported by the applicable
legislative history, requires compliance only up to a certain
elevation. A key purpose of section 206(f) 1is to improve the
air quality in high-altitude areas of the country that violate
the National Ambient Air guality Standards (NAA(¢S). The air
quality monitoring data currently available indicate that
future violations will be 1limited to high-altituae areas
substantially below 10,200 feet.

ColoraGgo Springs, Colorado, at 6,012 feet and the Tahoe
Air Basin in California and NevadGa at 6,225 feet are the two
highest areas designated as nonattainment areas for carbon
monoxide (CO) or ozone (03) as specified by section 107 of
the Clean Air Act. That is, they are violating one or more of
the NAAQSs referred to in Table II-1. Thus, an elevation of
approximately 6,000 feet forms a logical upper boundary above
which all regions are likely to be attaining the NAACSSs.

This is especially true with regard to ozone since it
normally is only a problem in areas that are more aensely
populated (and that have  higher emission dGensities of
hydrocarbons (HC) and nitrogen oxides (NOx)) than those found
above 6,000 feet. Another factor that 1is critical to the
formation of ozone but that is not prevalent in these high

elevations is the presence of stagnated high-pressure cells,
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Table II-1

National Ambient Air Quality Standards

Pollutant
Qzone

Carbon Monoxide

Nitrogen Dioxide

Sulfur Dioxide

Suspended Particulate
Matter

Lead

Averaging Time

1 Hour

8 Hour
1 Hour

Annual Averaye

Annual Average
24 Hour

Annual Geometric Mean
24 hour

Quarterly

[al] HMicrograms per cubic meter.
(b] Milligrams per cubic meter.

235

10
40

100

80
365

75
260

1.5

Staundards

ug/m3[a]

ng/m3(b]
mny/m3

uy/m3

ug/m3
ug/m3

uy/n3
ug/m3

ug/n3
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such as those <common to the Los Angeles area. These
meteorological conditions are characterized by long periods of
cloudless skies and essentially no winds, which combine to
provide ideal conditions for prcducing and retaining ozone.

CO, however, is a more localized problem. CO violations
can occur whenever localized traffic is heavy enough for a
sufficient time period. To determine the extent of CO
violations between the altitudes of approximately 6,000 feet
and 10,000 feet, EPA's, Region VIII monitcred ambient CO levels
at these elevations during the 1978-79 winter season.[2]

Two CO monitors were available for this study. Region
VIII used the following criteria to select the best locations:
1) the level of CO emissions in the area, 2) the frequency ana
severity of unfavorable meterological dispersion conditions, 3)
the altitude, 4) the availability of suitable monitoring sites,
and 5) the availability of local support for the monitoring.

One site was chosen at 10,500 feet near the Lovelanda Basin
ski area. Being near the east entrance of the Eisenhower
Tunnel, this site was exposed to one of the largest sources of
CO emissions in the Rocky Mountains. It was also near two
other significant sources of CO emissions: the highway to
Loveland Pass and the Loveland ski area parking lot. The ski
area complex also provided a significant source of population
exposure. The monitor was located in a trailer approximately
20 meters south of U.S. Highway 6, 50 meters south of I-70, 300
meters east of the ski area parking lot, and 1,000 meters east
of the tunnel's entrance. This site, operated during the high
traffic ski season, was expected to measure the highest ambient
CO levels at an altitude of 10,000 feet or above.

At the elevation 8,150 feet, Vail, Colorado was selected
for the other CO monitoring site for three primary reasons.
One, Vail is a major ski area located near a major traffic
artery (I-70) and has a high level of CO from automokile
enissions. A significant additional source of CO is wood
burning in residential fireplaces. 17Two, Vail is located in a
deep, narrow valley and experiences some of the pcorest
atmospheric dispersion conditicns in the Rockies. Three, Vail
has an ongoing program that monitors air gquality. 1t 1is
headquartered in City HKall approximately 50 meters scuth of
I1-70 and 50 meters west of one of Vail's major intersections.
Established quality control procedures were followed.

No violation of the CO standard was observed at the
Loveland Basin site. Thus, controlling CO to altitudes of
10,000 feet or above should be unnecessary. However, there
were_ 27 violations of the CO 8-hour running average NAAQGS of 10
mg/m3 during December 1978 and January 1979 at the Vail
site. The highest measured 8-hour concentration was 12.6
mg/m , 26 percent above the NAAQS. (The term 8-hour running
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average means that a new 8-hour average is taken every hour;
thus, as many as 24 violations could occur in a given day.)
The first five violations occurred 1immediately after the
instrument became operational on December 11, 1578. Therefore,
more violations might have been recorded if the analyzer had
been put into operation sooner. Also, many of the 27
violations occurred on the same day.

This sampling was done when the low-altitude CO emission
standard for light-dauty vehicles (LDVs), the largest source of
CO emissions, was 15 g/mi. In high-altitude areas, CO
emissions from in-use 1978-79 LDVs averaged 53.69 g/mi halfway
through their expected 100,000-mile lifetime.[3] 1In 1980, the
low-altitude CO standard for LDVs dropped to 7 ¢/mi and was
further lowered to 3.4 g/mi beginning with the 1981 model year.
These two reductions have lowered the average CO emission level
from in-use 1980 and 1981 LDVs to an average of 32.52 ¢g/mi and
26.13 ¢/mi in high~altitude regions, respectively (Appendix
II1).[3] 1Implementing the 1582 and 1983 (interim) high-altitude
standards will further reduce the in-use LDV CQO emission level
to an average of 23.54 g/mi. This will be a net reduction of
approximately 56 percent from the 1979 nmnodel year level
(Appendix 1I). Thus, as newer, cleaner vehicles replace the
pre-1980 models (those affecting the results from the Loveland
and Vail studies), CO concentrations at these sites will
significantly decrease. Therefore, in all 1likelihooa, Vail
will be in compliance with the CO NAA(S in the future without
more stringent high-altitude control.

It should be pointed out that the Motor Vehicle
Manufacturers Association (MVMA) monitored CO 1in Leadville,
Colorado, from January to March 1980.[4] However, because the
guality control procedures it used were not documented, the
study's findings are duestionable. The results seem to
indicate that the CO levels in Leadville are less than those of
Vail. Leadville was considered as a test site for this study
since it is the highest U.S. city with an automobile dealership
and, hence, is the altitude up to which manufacturers may have
to comply with the low-altitude standards. It was rejected for
the EPA study, hcwever, for two reasons: l) low traffic
densities (i.e., low CO emission production), and 2) generally
good atmospheric dispersion characteristics.

In conclusion, no region above approximately 6,000 feet is
expected to have an ozone proklem mainly because the emission
density is not high enough. The only identifiea
automotive-related air quality problem at these elevations
concerns CO and is in Vail, Colorado, at an elevation of 8,150
feet. This problem, however, should definitely disappear when
cleaner 1980 and later model year vehicles replace their older,
higher-emitting counterparts, particularly given the presence
of interim high-altitude stancdards. Thus, there do not appear
to be significant air quality problems above approximately



I1-6

6,000 feet which woula warrant control in these areas. The
maximum control altitudes for scenarios with <continuous
standards are, therefore, limited to 10,200 feet (the highest
elevation where control may be required by the Act), and 6,000
feet (the highest elevation where emission controls appear to
be justifiable based on air quality concerns).

C. The Levels of the Standards

This report considers two types of high-altitude emission
standards. The first type are called "statutory" standards.
Section 206(f)(l) of the Act requires that, beginning in the
1984 model year, all LDVs must comply with the statutory
emission standards as authorized in section 202 regardless of
altitude. Thus, statutory high-altitude standards would be the
same numerical value as the existing low-altitude standards.

For LDTs, the Agency has the option of promulgating
emission standards under the general provisions of section
202(a) of the Act. This section authorizes the Administrator
to establish regulations that are necessary to protect the
public health and welfare. 1In the 1984 model year, statutory
HC and CO standards for LDTs become more stringent than in
previous years. These statutory standards could also be
implemented at high altitude,. In this analysis, statutory
high-altitude standards for LDTs are consicereaq for
implementation beginning in the 1984 model year.

The current gaseous ané particulate emission standards are
shown in Table II-2. ©Under the current Congressional mandate,
it is clear that the numerical values for the LDV standaras
would remain unchanged regardless of the altitude at which
compliance is requiread.

The second type of emission standards are referred to as
"proportional™ standards. These standards generally represent
the same reduction in vehicle emissions at high altitude a&as the
statutory standards require at low altitude. The levels of the
proportional gaseous emission standards for 1984 and later
model year LDVs were determined in the recent interim (1982 and
1983)[high—altitude rulemaking action for an elevation of 5,300
feet.[1])

With regard to proportional gaseous emission standaras for
LDTs, it was previously stated that the statutory
(low-altitude) light truck standards for HC and CO become more
stringent in 1984. These new standards will cause
manufacturers to redesign and, in turn, recertify every LDT in
their product lines at low altitude. Although at the time this
document is being prepared no high-altitude standards have been
promulgated for 1984 and later LDTs, the Agency intends to have
some type of requirement in force beginning in that year.
(This is consistent with President Reagan's recent announcement



Table II-2

Current Statutory and Corresponding Proportional Emission
Standards for Light-Duty Vehicles (LDVs) and Light-Duty 'Wrucks (LDTs)

Gaseous staundards Diesel
Evap. Particulate
Type of Year of HC Cco NOx HCla] Stanuarus
Standard Vehicle Implementation (g/mi) (4/mi) (y/mi) (y/test) (y/mi) ()
Statutory LDVic] 1984 0.41 3.4 1.0 2.0 0.6
(Low- 1985 0.41 3.4 1.0 2.V 0.2
Altitude) LDT[d] 1984 0.8 10 2.3 2.0 U.6
1985 0.8 10 2.3 2.0 0.26
Propor- LDV 1984 0.57 7.8 1.0 2.6 Lel
tional 1985 0.57 7.8 i.0 2.6 le]
(High- LDT 1984 1.0 14 2.3 2.6 iel
(Altitude) 1985 1.0 14 2.3 2.6 le]

la]

Evaporative emission standards do not apply (N/A) to diesel-powered
vehicles. The 1low volatility of diesel fuel produces few evaporative
emissions.

Particulate standards apply only to diesel-powered vehiclies anu trucks.
Light-duty vehicle.

Light-duty truck.

No particulate standards have been set for higyh-altitude venicles or trucks
(see Chapter X).



11-8

concerning regulatory relief for the automobile industry.)
Regardless of the stringency of such standards, manufacturers
will have to develop and certify their newly designed LDTs at
high altitude also.

EPA believes that the incremental cost of complying with
proportional standards, which are based on the more stringent
1984 low-altitude LDT standards, should  Dbe relatively
inexpensive. This should be true because compliance with the
interim standardas for LDTs is relatively inexpensive and those
standards reflect approximately the same level of high-altitude
control technology as would be required to meet the more
stringent proportional stanaaras beginning in 1984 for
LDTs.[3,5]} Therefore, proportional control relative to the new
statutory standards shoula be cost effective. EPA determined
the proportional gaseous emission standards for LDTs that are
equivalent to the 1984 statutory requirements in the proposal
for interim high-altitude regulations.[5] Thus, proportional
high-altitude standards for gaseous emissions have already been
established for LDVs and LDTs.

The interim high-altitude rulemaking action, however, did
not consider particulate emissions from diesel-powered
vehicles, Such standards now exist for both LDVs and LDTs
under the authority of section 202(a) of the Act. Although the
Act does not specify a procedure for setting proportional
particulate standards, if the guidelines of section 202(f) for
determining proportional gaseous emission standards were
followed, particulate standards would be based on high-altitudge
emissions from diesel-powered vehicles manufactured during the
1970 model year. Such a stuay has never been performeda. Even
if it were, it would be of limited usefulness since the great
majority of diesel-powered vehicles sold today were not
produced in 1970. (Only a few of diesel models were available
in 1970 ana these were sold in relatively small quantities.)
Unfortunately, no comprehensive study of the effect of high
altitude on 1later model year diesels 1is available, either,
Thus, proportional particulate standards will have to be
estimated from the available data. This will be done 1in
Chapter X.

Table II-2 summarizes the proportional gaseous emission
standards which are used in analyzing fixed-point scenarios.
For continuous  scenarios, the numerical value of the
proportional standard is different at each elevation. Since
emission standards have only been determined for two elevations
at this time (i.e., low altitude up to 1,800 feet and high
altitude at 5,300 feet), the proportional standara at any other
altitude can be found by assuming that a linear relationship
exists between elevation and vehicle emissions. In other words,
the proportional standara for altitudes between 1,800 feet and
5,300 feet 1lies along a straight 1line between the known
emission standards at these two altitudes. This is graghically
depicted for CO in Figure 1II-1, which also shows that the
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FIGURE II-1

Graphic Example of All-Altitude and Proportional
Reduction Standards Based on Current Automobile Requirements

Key:

—————— Proportional CO Reduction Standard
— — — = All-Altitude CO Statutory Standard

ALTITUDE (thousands of feet)

DENVER TEST
SITE
(5300 FT)
78
34 / __ _ __ _STATUTORY__ -
(1,800 FT.)
0 1 2 3 4 5 6 7 8 9

10
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proportional standard for altitudes above 5,300 feet is found
by extending the line to the desired elevation.

The statutory CO standard is included in Figure II-1 for
comparison. As shown, this type of standara represents an
increasingly more stringent requirement at higher elevations
when compared to the proportional standardg.

D. High-Altitude Exemptions

It may be technically difficult to modify some vehicles to
meet the various high-altitude standards shown in Table I1II-2 in
a cost-effective manner or, as might occur in some instarnces,
in a safe manner. These vehicles ¢enerally should be
low-power, high fuel economy cars and trucks that perform
acceptably at 1low altitude but poorly at higher elevations.
Their poor performance arises from using smaller engines anad
low numerical axle ratios for improvea fuel economy.

The less dense air at high altitude provides less oxygen
(per unit of volume) to combust the fuel/air mixture in the
engine's «cylinders. This reduces the engine's ability to
produce power, some of this 1lost power, however, can be
recovered by adding extra fuel to the engine through the
power-enrichment system of the fuel-metering aevice. This
results in a richer fuel/air ratio which, in turn, produces
more power when it is burned. Unfortunately, richer fuel/air
mixtures also produce excessive HC and CO emissions.

At low altitude, the deleterious effects on enissions from
using power-enrichment rarely affects compliance with emission
standards because the system is seldom engaged during the
Federal Test Procedure (FTP), the test used to measure
compliance. Power-enrichment operation 1is increasingly more
frequent as altitude increases and drivers attempt to
compensate for 1lost vehicle performance. Therefore, it can
become much more difficult to control emissions and maintain
acceptable vehicle operation at successively higher elevations.

There are two principal reasons for exempting such
low-power vehicles from high-altitude standards, as briefly
alluded to above. The first reason is to reduce the economic
burden of the standards by saving manufacturers the needless
expense of developing and certifying these vehicles for high
altitude when they are either not normally sold there or are
sold there in only small numbers because of their poor or
unacceptable performance. For this reason, exemption criteria
were included in the 1982 and 1983 high-altitude regulations.

The second and more compelling reason primarily affects
control strategies that require vehicles to meet the stringent
statutory standards at higher elevations without modification.
For many low-power vehicles, compliance with these standards at
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high altituce may degrade performance to such low levels that
the vehicles may actually become unsafe to wuse at higher

elevations. Rather than market such fpotentially |unsafe
vehicles, manufacturers would probably remove them from the
national market. This would adversely affect mocel

availability and fuel economy at low altitude, which accounts
for about 97 percent of the total market.

Regardless of the reason for exemptions, such vehicles
would not be allowed to be sold in high-atitude areas with air
guality problems in order to maximize the environmental
benefits of the regulations. In most cases, however, these
exemptions would not seriously affect model availability at
high altitude because such low-power vehicles would not
normally be sold in these areas, as noted above,

For theses reasons, this analysis evaluates exemptions
based on performance. As more information becomes available,
however, it may actually be preferable to implement other
typres of exemption schemes. For example, waivers could be
granted to certain vehicles that could then be solé at high
altitude. Such an important determination, however, 1is not
within the scope of this study. It is more appropriately made
as part of the rulemaking process used to establish any new
regulations, depending on available statutory authority.

At present, estimating the number of exemptions that may
be required in the 1984 high-altitude reqgulations is
speculative. Not enough data are available from the 1982 and
1983 high-altitude program to estimate the number of vehicles
needing exemptions accurately. In adaition, fuel economy
pressures are forecast to significantly change to the motor
vehicle fleet in the future, such changes may 1include
continued downsizing (weight reduction) of the fleet, which
could manifest itself in the need for more exemptions than may
currently be expected. Conversely, as aescribed in Chapter
111, EPA estimates that to comply with the current statutory
(low-altitude) emission standards, vehicle manufacturers will
increasingly rely on more sophisticated electronic control
systems having the inherent capability to significantly control
emissions at high altitude significantly with 1little or no
moGification. Such systems <could recduce the need for
exemptions in the future. 1In fact, the beneficial aspects of
these new emission control devices may more than offset the
negative effects that vehicle downsizing has on exemptions,

The following estimates for the various control scenarios
are, therefore, basea primarily on: 1) experience in
dgeveloping the 1982 and 1983 high-altitude standards, 2) the
knowledge that at successively higher elevations the technical
difficulty of achieving the standards is greater, and 3) the
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fact that compliance with more stringent standards  is more

difficult to achieve (i.e., statutory versus proportional
standards, or continuous versus fixed-point reguirements),

EPA estimates the following maximum (i.e., worst case)
volume of exemptions for each scenario:

1. Five (5) percent of the fleet for scenarios with
fixed-point proportional standards;

2. Ten (10) percent of the fleet for scenarios with
continuous proportional standards up to 6,000 feet;

3. Fifteen (15) percent of the fleet for scenarios with
fixed-point statutory standards;

4. Twenty-five (25) percent of the fleet for scenarios
with continuous statutory standards up to 6,000 feet; '

5. Forty (40) percent of the fleet for scenarios with
continuous proportional standards up to 10,200 feet; and

6. Sixty (60) percent of the fleet for scenarios with
continuous statutory standards up to 10,200 feet. ‘

III. IDENTIFYING AND SELECTING THE CONTROL SCENARIOS

This report coulu analyze 12 rossible scenarios, as
presented in Table II-3. They are conbinations of the four
variables Jjust discussed: 1) continuous or fixed-pcint
certification requirements, 2) the maximum elevation of
control, 3) the levels of the standaras, and 4) the possibility
for exemptions.

A. Eliminating Five Scenarios

Of the 12 scenarios that have been icdentifieda, several can
be discarded without compromising the analysis. All of the
scenarios requiring emnission control up to 10,200 feet are
likely candidates for elimination. The air gquality information
previously presented in this chapter showed that no future
NAA(S violations are likely in areas above approximately 6,000
feet. In addition, only one of the four possible scenarios
with & ceiling of 10,200 feet need be retainea to represent
what 1is widely believed to bLe the most stringent of the
possible interpretations of the Congressionally manaatea
program. This scenario is shown as Number 1 in Table II-3 and
requires continuous statutory standaras without exenptions ana
a ceiling of 10,200 feet, Finally, the continuous statutory
and continuous proportional standards that may reguire
exempting 60 and 40 rpercent, respectively, of the motor vehicle
fleet are
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Table II-3

Potential High-Altitude Control Scenarios

Number Description

1-4 Continuous Statutory Standards:

1. Without exemptions and a ceiling of 10,200
feet.

2. With exemptions (60 percent) and a ceiliny of
10,200 feet.

3. Without exemptions and a ceiling of 6,000 feet.
4

. With exemptions (25 percent) and a ceiliny of
6,000 feet,

5-8 Continuous Proportional Standards:

5. Without exemptions and a ceiling of 10,200
feet.

6. With exemptions (40 percent) and a ceiling of
10,200 feet.

7. Without exemptions and a ceiling of 6,000 feet.
8. With exemptions (10 percent) and a ceiling of
6,000 feet.
9-10 Fixed-Point Statutory Standards (certification at

5,300 feet):

9. Without exenptions.
10. With exemptions (15 percent).

11-12 Fixed-Point Proportional Standards (certification
at 5,300 feet):

11. Without exemptions.,
12. With exemptions (5 percent).
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not viable options because they could severely restrict model
availability at higher elevations (above 1,800 feet). This
woula negate the reason Congress vacated the 1977 high-altitude
standaras. Therefore, three control scenarios are eliminated
from further study:

1. Continuous statutory standards with exemptions and a
ceiling of 10,200 feet (Number 2 in Table II-3);

2. Continuous proportional standards without exemptions
and a ceiling of 10,200 feet (Number 5 in Table I1I-3); and

3. Continuous proportional standards with exemptions
and a_ceiling of 10,200 feet (Number 6 in Table II-3).

Two acdditional scenarios can also be eliminated. The
fixea-point proportional standaras are evaluated as a
continuation of the 1982 and 1983 high-altitude regulations.
Since exemptions already have been found to be necessary in
these regulations, it 1is 1likely that exemptions will remain
necessary in 1984 anda later model years. Also, the fixed-point
statutory standards are considered in this report primarily to
represent a variation of the 1982 and 1983 high-altitude
regulations. As such, it is relevant to consider inplementing
statutory standards at 5,300 feet with exemptions, while
retaining the provision of the 1982 and 1983 program that
allows vehicles to be specifically modified for sale at high
altitude (this latter provision would likely require statutory
changes). This scenario is shown as Number 10 in Table II-3.
Thus, the two scenarios which can be eliminated are:

1. Fixed-point proportional standarads without
exernptions (Number 9 in Table II-3); and

2. Fixed-point statutory standards without exemptions
(Number 11 in Table I1I-3).

B. Categorizing the Remaining Scenarios

With this elimination, seven scenarios remain to be
analyzed. For clarity, the scenarios can be grouped into four
broad categories with specific variations listed under each
category. This hierarchy is presented in Table II-4 and will
be referreda to throughout this document.

One further remark concerning the analytical methodology
of the report is necessary Lefore proceeding with the
analysis. All alternative strategies are evaluated by
comparing them with a continuation of the 1982 and 1983
(interim) high-altitude standards. EPA believes that the value
of these interim regulations was proved during the recent final
rulemaking process, and. that little benefit would result from
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Table 1I-4

Control Scenarios Selected for Evaluation

Continuous Statutory Standards:

a. Without exemptions and a ceiling of 10,200 feet.[a]
b. With exemptions and a ceiling of 6,000 feet.

c. Without exemptions and a ceiling of 6,000 feet.

Fixed-Point (5,300 feet) Statutory Standaras, with
exemptions.

Continuous Proportional Standards:

a. With exemptions and a ceiling of 6,000 feet.
b. Without exenptions and a ceiling of 6,000 feet.

Fixed-Point (5,300 feet) Proporticnal Standards, with
exemptions (referred to as the "base" scenario).

L

[J]

|

Scenario la appears to be consistent with the most
stringent interpretation of section 206(f)(1l) of the Act.
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again presenting the detailed analyses that support those
standarés.[3,7,8] The technical requirements of fixed-point
proportional standards were found to be readily feasible. 1In
fact, some vehicles could already comply with the emission
levels with no changes to their original low-altitude hardware
designs or control settings. A significant air quality
improvement was also forecast to occur by reducing the
pollution from 1982 and 1983 high-altitude vehicles. For
exanple, in Denver, Colorado, the total HC emissions would be
reduced by up to 1.0 percent and CO emissions would be reduced
up to 3.4 percent. The proportional standards were also found
to be cost effective, at $393 per metric ton for HC and $12 per
metric ton for CO. Therefore, through the remainder of the
analysis the fixed-point proportional standards are referreé to
as the "base®" scenario (Table 1II-4), and are specifically
analyzed in this report as is required to complete the analysis
of alternative contrcl scenarios. Appendix 1 contains nmore
information on the costs and benefits of the base scenario.
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Chapter III

Technology Assessment

I. INTRODUCTION

In this chapter, the control technology expected to be
required for light-duty gasoline-fueled vehicles (passenger
cars) to comply with the wvarious high-altitude control
scenarios under consideration will be discussed. In
particular, the control technology required by each alternative
scenario over and above that required by the base scenario will
be identified. The potential control scenarios were determined
in the ©previous chapter and are summarized below for
convenience,.

A, Base Scenario: Fixed-Point Proportional Standards with
Exemptions

This scenario will require vehicles to comply Wwith
high-altitude standards of 0.57 g/mi HC, 7.8 g/mi CO, 1.0 g/mi
NOxXx, anGg 2.6 g/test evaporative HC at only one elevation (i.e.,
5,300 feet). It is essentially a continuation of the current
high-altitude requirements for 1982 and 1983 model year
vehicles.[1l] Exemptions may be granted for certain low-power
vehicles that would perform unacceptably at high altitude and
that may have technical difficulty in meeting the stancardas
cost effectively.

B. Scenario l: Continuous Statutory Standards

This alternative scenario will require vehicles to comply
with standards of 0.41 ¢/mi HC, 3.4 g/mi CO, 1.0 g/mi NOX, anad
2.0 g/test evaporative HC (the current low-altitude standards)
is required at all elevations up to a maximum altitude. This
scenario is subdivided further, depending on the maximum
altitude to which compliance mnust be demnonstrated and on
whether performance-based exemptions are provided.

1. la - Compliance requireda up to 10,200 feet ana no

exemptions allowed;
2. lb - Compliance regquired up to 6,000 feet with
exemptions allowed; and
3. lc - Compliance required up to 6,000 feet and no
exemptions allowed.
C. Scenario 2 Fixed-Point Statutory Standards  with
Exemptions

This strategy is similar to the base scenario, except that
at 5,300 feet vehicles must meet the low-altitude statutory
emission standards (0.41 ¢/mi HC, 3.4 ¢g/mi CO, 1.0 ¢g/mi NOx and
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2.0 g/test evaporative HC) instead of the ©proportional
standards presented in the base scenario.

D. Scenario 3: Continuous Proportional Standards

Under this control strateqgy, vehicles must meet standardés
that increase proportionally with altitude up to 6,000 feet,
At 1,800 feet, the emission standards are the low-altituae
standards; at 5,300 feet, they are the high-altitude stanaardas
outlined in the base scenario. The standards vary linearly in
between these two altitudes and up to 6,000 feet. Like
scenario 1, this scenario has two variations:

1. 3a - Exemptions are allowed.
2. 3b - No exemptions are allowed.

The above scenarios differ with respect to their basic
approach to sclving the high-altitude emissions problem. The
base scenario and scenario 2 are termed "two-car" strategies
since they allow vehicle modifications to be performed on
vehicles solc for principal use above 4,000 feet. This is not
the case for scenarios 1la, 1b, 1lc¢, 3a, and 3b. Any
modifications which are necessary to satisfy the high-altituae
requirements in these scenarios must be performed on &ll
vehicles regardless of the altitude at which they are sold.
These scenarios are terried "one-car® strategies.

The technical analysis of the various control scenarios is
‘presented in three separate sections. First, the effect of the
reduced air density found at higher elevations on regulated
gaseous emissions from current automotive systems will be
discussed, In addition, the ability of current low-altitude
control systems to meet the alternative standards and the
techniques available to reduce high-altitude emissions will be
described. Second, the regquisite control technology for each
scenario will be estimated. Finally, any potential adverse
effects of high-altitude standards on low-altitucde control
technology will be assessed.

II. THE EFFECTS OF INCREASING ALTITUDE ON EXHAUST EMISSIONS

As altitude increases, the density of air decreases. 1In a
conventional (e.g., carbureted) fuel-metering system (the type
found on most cars today), the amount of fuel metered is a
function of the velocity of air passing through a venturi
tube. Since the density of air is lower at high altitude, the
mass of air (ané oxygen) corresponding to a given mass of fuel
is less than that occurring at 1low altitude. Therefore, as
altitude 1increases, the fuel/air ratio that enters the
combustion chamber will increase, or become richer,
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The production of emissions from a gasoline engine is very
sensitive to this fuel/air ratio. As the ratio increases, HC
and CO emissions increase markedly, because not enough oxygen
is available to burn the fuel completely. At the same time,
NOx emissions decrease, because the peak combustion temperature
is lower with rich fuel/air mixtures. Thus, in order to meet
emissions standards for HC and CO at high altitude, one of the
primary considerations is to prevent excessive enrichment of
the fuel/air ratio.

A, Basic Types of Exhaust Emission Control Systems

The degree to which reduced air density at high altitude
affects emissions depends on the type of emission control
system already on the vehicle. By 1984, nearly all light-duty
gasoline-fueled vehicles will be equipped with three-way
catalysts to reduce HC, CO, and NOx emissions to the current
statutory levels. The term three-way comes from the fact that
all three of the regulated pollutants are controlled by this
catalyst.

While it is fairly easy for the catalyst to oxidize the HC
and CO in the exhaust to carbon dioxide and water, it is more
difficult to remove the NOx in the exhaust. Effective NOx
control depends on keeping the level of oxygen in the exhaust
to a fairly low level. Otherwise, any excess level of oxygen
will react with the HC and CO, preventing the CO from reducing
the NOx to elemental nitrogen. :

One basic mnethod for controlling the level of oxygen in
the exhaust 1is called "feedback™ (or <closed-loop) control,
where the oxygen level in the exhaust is measured by an oxygen
sensor. The electrical signal produced by this sensor is sent
to a minicomputer (microprocesser) which makes the appropriate
adjustment in the fuel/air mixture setting. While requiring
fairly sophisticated electronics, this type of system is fairly
easy to set up to work efficiently. Also, changes in engine
operating conditions due to temperature, engine wear, and, to
some extent, altitude are automatically compensated for since
the exhaust oxygen level is measured directly.

Due to the predominance of feedback control systems and
their unique way of controlling the engine's fuel metering
device, all other types of control systems can be grouped
together in a single category termed "nonfeedback"” (or
open-loop) control systems. These systems are used on vehicles
equipped with three-way catalysts and on smaller vehicles using
only oxidation catalysts to control only HC and CO.

Unlike feedback systems, nonfeedback systems have no
inherent ability to control the fuel/air mixture automatically
(and oxygen concentraticn for three-way catalysts) in response
to c¢hanging engine-related- parameters. Insteaa, "fixed"
settings meter the fuel into the engine.
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The effect of reduced air density (i.e., high altitude) on
the effectiveness of these two types of exhaust emission
control systems will now be examineda. The nonfeedback control
systems will be examined first and the feedback control systems
second. Brief discussions of the high-altitude control
techniques available for each of these two types of systems
will also be included.

B. Nonfeedback Control Systems

The effects of increasing altitude on exhaust emissions
from typical nonfeedback systems are shown in Table III-1. The
high-altitude data were obtained from emission tests conducted
near Denver, Colorado at 5,300 feet. The fact that nonfeedback
systems have no 1inherent ability to compensate for the
increasingly rich fuel/air mixture at higher elevations 1is
reflected by the significantly greater 1levels of HC and CO
emissions at high altitude compared with their low-altitude
performance. The increase for HC emissions 1is 31 to 625
percent, and for CO emissions, 195 to 924 percent. Emissions
of NOX generally decrease by 4 to 75 percent, although for one
vehicle they actually increased.

There are several conventional methocds to compensate for
the increasingly rich fuel/air ratio at high altitude. Some of
these methods were used to comply with the initial
high-altitude emission standards, which were only in effect for
the 1977 model year. Manufacturers might again use such
techniques, 1in varying degrees of sophistication, to comply
with the requirements of the various control scenarios being
analyzed here. 1In general, for the 1577 program, manufacturers
used different carburetors on their high-altitude vehicles that
were designed for the air censities founa at higher
elevations.

These carburetor changes were generally accomplished by
either a different jet size to reduce the amount of fuel
metered, or by providing an air bleed separate from the main
fuel metering system. The air bleed allowed fresh air to enter
the intake manifold without introducing additional fuel. It
could be introduced manually at high altitude, for example, by
opening a separate air bypass with a screwdriver. However, the
same air bleed (or bypass) could be automatically openea or
closed by using an aneroid control device. An aneroid is a
pressure-sensing device usually consisting of a diaphragm that
expands with decreasing pressure and contracts with increasing
pressure, The diaphragm can be constructed so that when it
expands at high altitude it forces the air bleed to open,
allowing adc¢itional air to flow intc the engine. At low
altitudes, the diaphragm keeps the air bleed closed.

Aneroids also can be employed to control the operaticn of
essentially any other parameter on the vehicle. For example,
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Table III-1

Low- and High-Altitude Emissions From Various
Nonfeedback Vehicles for Past and Present Model Years

Low Altitude High Altitude
(g/mi) (y/mi)
Manufacturer Car HC CcO NOX HC co NOX Comment
Nissan([2] 510 0.34 4.1 U.51 0.94 31.5 0.13 [a]
210 0.34 2.4 0.98 0.51 12.9 0.94 [a]
Ford [2] 4.2L 0.39 1.9 0.87 0.51 5.6 0.57 (a,b]
Subaru[3] 97 CID 0.89 4.2 3.09 1.54 8.0 2.63 La,cl
Volkswayen(3] 97 CID 0.16 2.9 0.35 1.16 29.7 1.14 [c,d]

laj] Carburetor system.

[b] vVvalues include assigned deterioration factors of 1.3 for HC,
1.2 for CO, and 1.1 for NOX (Reference 4),

In-use vehicle tests.

Fuel injection system.

Q0
[S—y—
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aneroids can be adapted to adjust continuously (or in steps)
the operation of the exhaust gas recirculation (EGR) systenm,
the spark advance, the transmission shift points, the flow from
the air injection system into the exhaust, the deceleration
valve calibration, and many other engine parameters as well,

C. Feedkback Control Systems

. As discussed earlier, the feedback control system uses an
oxXxygen sensor to measure the concentration of oxygen in the
engine exhaust which then sends an electrical signal to an
electronic control unit indicating whether the system is
operating too rich (too much fuel) or too lean (not enough
fuel). The control unit adjusts the amount of fuel being
metered accordingly. Thus, the sensor will automatically
compensate for the natural enrichment of the fuel/air mixture
when a vehicle is driven at high altitude.

However, this system has two basic 1limitations in 1its
ability to maintain good air/fuel ratio control at all
altitudes. The first occurs during certain portions of vehicle
operation in which the feedback system operates in what 1is
termed "open-loop." This means that the feedback
characteristic of the system is not functioning, and the oxygen
sensor is not controlling the amount of fuel being metered into
the system. Open-loop operation commonly occurs auring two
types of vehicle operation. The first type occurs when a
vehicle is cold startea and requires a richer than normal
fuel/air ratic in orGer to operate. This continues until the
engine is warmed-up. The second type is wide-open throttle
(WOT) operation (or nearly wide-open throttle operation), where
a very rich fuel/air ratio 1is required to increase engine
power. This technique is called power enrichment. 1In both
cases, the enrichment at high altitude will be greater than at
low altitude, and CO and HC emissions will increase.
Therefore, additional altitude compensation must be provided
for these particular modes of operation ocf the vehicle to
assure maximum emission control.

Two basic types of electronic fuel metering devices that
nay be used in the future are carburetor systems or fuel
injection systems. Bcth of these feedback systems may function
much like the system on a nonfeedback controlled vehicle during
open-loop operation where the fuel metering setting is fixed.
Under these conditions the fuel/air mixture is significantly
richer at high altitude than at 1low altitude. Unless some
altitude compensation is added during these open-loop periods,
HC and CO emissions will increase substantially.

some electronic fuel 1injection systems (e.g., General
Motors' throttle body injection (TBI)) "are currently more
sophisticated than their carbureted counterparts during
open-loop operation. Such fuel injection systems may continue
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to monitor & variety of engine sensors (other than the oxygen
sensor) to maintain the correct fuel/air mixture entering the
engine.[5] More specifically, the electronic microprocessor of
these systems in effect "senses"™ the atmospheric pressure to
determine the engine's fuel requirement. This automatically
compensates for the effects of high altitude, since the fuel
metering system will account for the 1lower atmospheric
pressures at higher elevations.

It is possible, however, that even TBI systems may not be
fully compensating during open-loop operation. For example,
the microprocessor may be incapable of fully using the range of
sensor outputs that would accompany not only the normal engine
operating regime, but also the added pressure variation because
of changes in elevation. Also, the pressure sensors themselves
may lack an adequate response range to account for the pressure
variations. Finally, it 1is possible that all future TBI
systems may not include such sophisticated fuel management
because of cost considerations. Any of these circumstances
would make these systems behave more like the less
sophisticated <carbureted feedback systems during open-loop
operations. The fuel/air mixture would likely become richer
with increasing altituace. As a result, hydrocarbons anda CO
will increase during these open-loop periods without some type
of additional compensation.

The second limitation of these feedback control systems to
compensate for changes in altitude pertains predominately to
closed-loop operation and is related to the basic design of the
fuel-metering system itself (i.e., the carburetor or fuel
injection). Feedback carburetors typically incorporate two
circuits to meter fuel. One circuit, the lean authority limit,
meters fuel at a set air/fuel ratio through a fixed orifice,
while the other circuit, the controllable portion, meters an
increased level of fuel. The amount of additional fuel metered
throcugh this controllable circuit is varied to maintain the
air/fuel ratio at the proper level as dictated by the oxygen
sensor. As the density of air decreases at higher elevation,
the controllable portion of the fuel flow 1is cut back to
maintain the proper air/fuel ratio.

This compensation is 1limited by the absolute amount of
fuel metered through the lean authority limit, which is fixed.
Once this 1limit is reached, the ability to compensate for
altitude disappears, and HC and CO emissions will increase with
further increases in altitudge. The degree to which the 1lean
authority remains rich at high altitude will determine the
degree to which emissions increase. Therefore, to compensate
for higher elevations, the lean authority limit must not be
reached before the maximum altitude of control.

For some fuel injection systems, an analogous situation
exists. The fuel injectors used in these systems also have



III-8

mechanical 1limitations reqarding the minimum amount of fuel
that can be metered into the engine.[5] As previously
discussed for carburetors, this could affect the ability of the

system to adequately lean the fuel/air mixture and control HC
and CO emissions at high altitude.

The effects of increasing elevation on the emissions from
vehicles equipped with various feedback control systems are
shown in Table III-2. The inherent ability of these systems to
compensate for the effects of altitude at least partially is
readily apparent when the data in Table I11I-2 are comparea to
the data listed in Table III-1 for nonfeedback systems. The
low- and high-altitude results for feedback systems show
changes of about =11 to 110 percent for HC, -5 to 376 percent
for CO, and -8 to 31 percent for NOX. These low-to-high
altitude differences are significantly less than those
previously cited for nonfeedback systems., In acdition, the
throttle body fuel injection systems shown in this table
clearly demonstrate the ability to control emissions at higher
elevations, although some increase still occurs.

It 1is unclear, however, if these systems, which are
currently produced in limited numbers, characterize those which
will be used on many future vehicles. If future throttle body
systems are less sophisticated than the few for which data are
available (Table III-2), the emissions increase with altituae
may be significantly greater and could even be as poor as that
for the Nissan electronic fuel injected vehicle.

The absolute emission levels shown in Table III-2 at high
altitude are also important to note. Many feedback control
systems already meet the proportional standards of 0.57 g/mi
HC, 7.8 g/mi CO, ana 1.0 ¢g/mi NOx. Scome systems also meet the
statutory standards of 0.41 g/mi HC, 3.4 g/mi CO, and 1.0 g/mi
NOXx at high altitude.

As previously mentioned, the greater emnissions from
feedback systems at high altitude result from inadequate fuel
metering compensation when the fuel-metering system is
operating in the "closed-loop" mode, or from an increasingly
rich fuel/air mixture when the system 1is operating in
"open-loop®™ modes (e.g., wide-open throttle and cold-start
operation). For the feedback systems that will be used in the
1984 and later model years, the rich fuel/air mixtures during
"open-loop" operation will be the Dbiggest roadblock to
compliance with the various scenarios. As with nonfeecdback
systems, there are various ways to reduce emissions from
feedback systems. These procedures and the requisite hardware
for each scenario will be outlined 1in the next section.
Generally, however, the open-loop fuel settings will have to be
recalibrated either by changing the electronic module of the
microprocessor of high-altitude vehicles, by expanding the
capability of the existing electronics to adjust the open-loop
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Table III-2

Summnary of Unmodified Feedback Systems
for the 1981 Model Year

Low Altitude High Altitude
(g/mi) (¢/mi)
Manufacturer Car MC CO - NOX HC CO NOX Comment
Nissan[2] 280ZX 0.31 2.1 0.47 0.65 10.0 0.46 ja)
Ford[6] 2.3 L 0.53 5.7 u.8 [b]
5.8 L 0.30 2.3 1.6 [b]
0.24 2.4 1.6 [b]
5.0 L 0.35 3.6 0.5 [b}
0.37 4.4 0.5 lb]
GM[6] 2.5 L 0.57 6.6 6.8 [b]
0.60 7.5 0.9 [b]
3.8 L 0.41 4.4 0.8 [b]
0.46 4.6 0.8 [b]
4.3 L 0.52 4.7 0.7 [b]
0.53 4.5 0.8 [b]
4.9 L 0.35 3.5 u.8 [b]
0.46 4.2 0.7 [b]
4.4 L 0.52 9.4 0.6 [b]
0.55 8.8 0.6 [b]
5.5 L 0.29 2.7 U.7 [b]
0.40 3.8 0.8 [bl
5.7 L 0.24 1.9 0.5 [L]
0.34 2.8 0.6 [b]
Chrysier([2] 1.7 L 0.17 1.02 0.88 0.26 4.10 0.88 [L,c]
2.2 L 0.13 0.78 1.38 0.73 6.65 1.58 [(b,c]
225CID 0.29 1.94 0.385 0.74 4.34 0.90 [b,c]
GU(7] 2.5 L 0.30 0.44 0.74 0.32 0.80 0.97 [c,d]
2.5 L 0.36 2.00 0.72 0.42 3.19 0.92 [c,d]
2.5 L 0.17 1.58 V.52 0.25 2.15 0.48 [c,d]
4.9 L 0.48 2.14 0.85 0.49 4.78 U.80 {c,d]
4.9 L 0.34 2.38 0.60 0.38 2.26 0.77 [¢c,d]
Volvo(G] 0.1le 2.15 0.39 0.31 2.86 0.32 fd]

Electronic fuel injection system.

Carburetor systemn.

Values include assigned deterioration factors of 1.3 for HC,
1.2 for CO, and 1.1 for NOx (Reference 4).

[d] Throttle body injection systen.

~———
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fuel/air mixture, or by adding a pressure sensing device which
will automatically allow the microprocessor to adjust the
open-loop calibration for changes in altitude.

II1. EFFECTS OF INCREASING ALTITUDE ON EVAPORATIVE EMISSIONS

Evaporative emissions consist of hyarocarbon (kC) vapors
that escape (evaporate) primarily from the fuel tank and the
carburetor bowl of a gasoline-~fueled vehicle. They are,
therefore, relatively independent of the type of exhaust
emission control system (feedback or nonfeedback) used on the
vehicle. Evaporative emissions are affected by the
distillation temperature curve of the fuel. At higher
elevations where atmospheric pressure is 1less, the curve 1is

lowered so that the fuel becomes relatively more volatile and
evaporation increases.

Evaporative emissions are currently controlled by routing
the fuel vapors from the carburetor and fuel tank into the
intake manifold of the =engine when the vehicle 1is 1in
operation. In this way, the vapors are burned in the
combustion chamber along with the main fuel/air mixture. When
the vehicle is not operating, the fuel vapors are routed to a
charcoal-filled canister where they are stored until the engine
is restarted. At that time, the vapors are transferred to the
intake manifold and are burned in the combustion c¢hamker.
Unless the capacity and purge rate of the canister are properly

designed, excess evaporative emissions may result at high
altituaqge,

1V. TECHNOLOCGIES NECESSARY FOR COMPLYING WITH THE SCENARIOS

The emission control devices and techniques necessary toc
comply with the various scenarios will be outlined 1in this
section. The first step in this task will be to explain the
methodology used to determine the techniques required for
compliance. The second step will be to actually estimate the
requisite emission control hardware which may ke necessary to
comply with the control scenarios that provide exemptions for
low-power~to-weight vehicles (the base scenario ana scenarios
lb, 2, and 3). The third step will be to estimate the
requisite hardware which may be necessary for vehicles to meet
the control scenarios not prcviding such exemptions (scenarios
la, lc, and 3b).

A, Methodology

The feasibility of meeting high-altitude standards
involves several significant issues. One of the most important
is that whatever the solution, it must be acceptable in terms
of its social, environmental and economic impacts. Some ways
of achieving the high-altitude standards may be environmentally
and technically sound, but unacceptable because of their social
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or economic impacts. Therefore, some judgment has been applied
at an early stage in an effort to restrict the alternative
technologies to only those with the potential to be
environmentally, technically, socially, andg economically
acceptable,

The technical analysis was 1limited to the use of
conventional power-plant systems. No exotic technology was
considered, since such applications would be unavailable in the
immediate future. Some conventional neans of meeting
high-altitude standards also were excluded because of their
potential for significant adverse energy and economic impacts
on the national automotive fleet. While no guarantees can be
made that some vehicles sold at 1low altitude will not be
adversely affected by the high-altitude requirements, there are
ways to mitigate this prospect, and the control hardware for
each scenario has been chosen with this in mind. For instance,
with respect to the standards that are continuous with
altitude, any significant increase in the noble metal loading
of catalysts beyond that required to meet the standards at low
altitude was rejected. Among other things, the high cost of
such metals (platinum, palladium, and rhodium) would easily
preclude high-altitude standards from being cost effective.
(This is not to imply that the high-altitude requirements could
be met in every case simply by increased catalyst loading.)

Other more conventional means of complying with
high-altitude standards were also rejected if they would need
to be implemented on all vehicles (continuous strategies).
Increases in engine size or drive axle ratio that could be used
to effectively increase the power-to-weight ratio of low-power
vehicles are among these techniques. Although these techniques
would reduce the time spent at or near wide-open throttle,
thereby reducing the overly-rich mixtures associated with power
enrichment operation, they could also increase fuel consumption
throughout the nation by eliminating the more fuel economic,
smaller displacement engines or lower numerical axle ratios at
low altitudes. Of course, manufacturers might be able to
recover that lost fuel efficiency through such other, unrelated
means as weight reduction, but such programs would Le very
costly and their cost would have to be considered a conseqguence
of high-altitude control. By assuming that these options would
be unacceptakle, this analysis focused on only the more likely
and, therefore, reasonable emission control technologies.

The preferred approach in conducting a technological
assessment of any emission requirement is to use actual test
data. However, since Congress enacted the (lean Air Act
Amendments of 1977, the automotive industry has reported very
little development data that demonstrate the capability of
current or future emission control systems to abate gaseous
pollutants significantly at higher elevations. This 1limitead
amount of testing information prevents identifying the
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requisite exhaust emission control hardware for each scenario
based only on empirical data. 1In addition, no development data
have been submitted regarding the statutory evaporative
emission standards. When such data are lacking, the types of
systems required must be chosen based on engineering judgment.

In aadition, all of the information that is availakle was
obtained from tests conducted at Denver, Colorado's altitude of
approximately 5,300 feet. While tests at this altitude are
useful 1in characterizing emission performance at 6,000 feet
because of the relatively small difference in elevation, the
data cannot be extrapolated to characterize emission
performance at 10,200 feet. 1In these cases, technical judgment
must be used to estimate emission control requirements. - Also,
no emission tests have been conducted to demonstrate a control
technology's ability to compensate continuously for changes 1in
altitude and still meet the appropriate standards. This should
not be a serious fault, however, since the data collected at
5,300 feet can easily be extrapolated to characterize the
continuously applicable standards. The same parameters that
must be recalibrateéd to comply with a fixed-point standard can
be made to vary continuously with altitude by changing the
electronics, adding an aneroid, and using a servo motor.

Rather than attempt to specify the requisite control
hardware for each individual manufacturer, a task that would be
impossible given the 1limitations of the data base, vehicle
types will be grouped according to the design of their control
system and g¢general control techniques will be selected which
have a high probability of achieving the desired emission
levels. Of course, implicit in this approach is that some
individual systems will cost more or less than the generic
system used in the analysis. Also, the hardware estimates are
based on EPA's projections of the 1984 and later fleet mix of
fuel-metering cevices.[8] These estimates are, in turn, based
on statements from various manufacturers regarding their future
prcduct plans. Because 0f the current state of the automotive
industry, however, considerable uncertainties exist with these
projections.

B. Technology Required for the Scenarios with Exemptions

The scenarios providing low-performance exemptions are 1b,
2, 3a, and the base scenario. The existing exhaust emission
control systems fall into three basic categories: 1) those
that will not require modification to meet high-altitude
requirements, 2) feedback systems that will require
modification, anéd 3) nonfeeaback systems that will require
modification. Each of these three basic types will ©be
discussed separately in relation to their ability to meet the
increasingly stringent proportional and statutory exhaust
emission stancaras. This discussion will be focllowed Ly a
brief analysis of the control hardware required to meet the
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proportional and statutory evaporative emission standards.
Evaporative systems can be estimated independently from the
required exhaust emission systems.

1. Systems Requiring No Nodification

As previously stated, some emission control systems that
were originally designed for <compliance with low-altitude
standards also have the ability to meet the proportional and
statutory high-altitude standards. For example, with respect
to current (198l) nonfeedback systems, the Ford vehicle 1in
Table 1III-3 met the proportional standaras with no known
modifications. However, since nonfeedback systems do not have
the inherent ability to compensate for changes in altituae, the
resulting excessively rich mixture at high altitude shoulad
prevent all but a very few vehicles from meeting the
high-altitude standards. Thus, the Ford vehicle's compliance
is considered the exception rather than the rule. The opposite
is true for unmodified feedback vehicles. Table III-2 shows
that many of these systems met the proportional standards and
that a few of the GM and Volvo systems even complied with the
statutory standards at high altitude. :

Feedback systems have the inherent ability to compensate
for changes in altitude by automatically adjusting the fuel/air
mixture. In the 1982 and 1983 high-altitude standards
rulemaking action,[l] EPA determined that about 78 percent of
the feedback systems should be <capable of nmeeting the
proportional standards without modification, since they already
appear to possess an adequate range of adjustability. No
better estimate regarding the number of future feedback systems
which may comply with proportional standards without
modification 1is available. Therefore, this percentage 1is
assumed in this study to characterize both fuel injected (i.e.,
throttle body 1injection) feedback systems and carbureted
feedback systems. These systems are expected to account for 59
percent a&and 10 percent, respectively, of the total motor
vehicle fleet. As shown in Table III-4, the resulting market
shares are useu in the base scenario and also in scenario 3a
since these feedback systems compensate continuously for
altitude as well as at a fixed point of 5,300 feet.

Even though & few of the vehicles in Table III-2 with
unmodified feedback systems were abkle to meet the statutory
standards at high altitude, EPA has estimatea that no
unmodified feedback systems will be certified to these emission
levels in scenarios 1lb and 2. The rationale for this estimate
is included in the following discussion of modified feedback
systems.
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Table III-3

summary of Unmodified Nonfeedvback Systems
for the 1981 Model Year

Low Altitude High Altitude
(g/mi) (g/mi)

Manufacturer Car HC [o]¢] NOX HC CO NOX Comment
Nissan{2] 510 0.34 4.1 0.51 0.94 31.5 0.13 [a]

210 0.34 2.4 0.98 0.51 12.9 0.94 [a]
Ford[ 2] 4.2L 0.39 1.9 0.87 U.51 5.6 0.57 la,b]
[a] Carburetor system.
[b] Values include assigned deterioration factors of 1.3 for HC,

1.2 for CO, and 1.1 for NOx (Reference 4).



Table III-4

Estimated Exhaust Emission Control Requirements
for Scenarios with Exemptions

Scenario 1lb: Scenario 2:

Sceunario 3a:

Base Scenario:

Continuous Fixed-Point Continuous Fixed-Point
Statutory, Statutory, Proportional, Proportionail,
Control 6,000 Feet 5,200 Feet 6,000 Feet 5,200 Feet
Hardware W/Exenptions W/ Exemptions W/ Exemptious W/ exemptions
Nonfeedback Vehicles
Fixed-Step Aneroid: N/Alal 31% A,B,C N/A 31% A
A. Carburetor
B. Power Enrichment
C. EGR or air
injection rate
Continuous Aneroid: N/A N/A 31% A,B N/A
A. Carburetor
B. Spark
Feedback Vehicles[Db]
Feedback Control w/Map 31% N/A N/A N/A

(Three-Way Ford and
Foreiyn Market Share)

Expand Function of
Existing Electronic

A.
B.

Expand Capability

Add MAP Sensor

59% (TBI) A 59% (TBI) A
10% (FBC) A,B N/A

13% (TBI) A
2% (FBC) A

143% (TBI) A

ST-ITI



Table III-4 (cont'd)

Estimated Exhaust Emission Control Re4uiremeunts
for Scenarios with Exemptions

Scenario lb: Scenario 2: scenario 3a: Base Sscenario:
Continuous Fixed=-Point Continuous Fixed-Point
Statutory, Statutory, Proportionas, ~Proportiouad,
Control 6,000 Feet 5,200 Feet 6,000 Feet 5,200 Feet
Hardware W/ Exenptions W/ Exenptions W/ Exemptious W/Exenmptions
Feedback Vehicies
Chanye Electronic N/A 108 (FBC) B N/A 2% (FBC) A
Modules (FBC Only)
A. Recalibrate fuel
metering
B. Recalibrate fuel
metering, spark,
and EGR plus add
MAP for fuel
No Change FBC N/A N/A 8% 8%
No Change TBI N/A N/A 46% 46%
Type of Strategy One-Car Two-Car One-Car Two-Car

[a] Not Applicable.
[b] FDC means nonfeedback carburetor systems.

TBI means throttle body injection feedback systeus,

9T-III
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2. Feedback Systems Requiring Modification

Some feedback systems Wwill require modification to meet
either the proportional or statutory standards. Table III-5
and Figure III-1 present data on systems with varing degrees of
modification. The emission 1levels in Table III-5 are
representative of recalibrating (leaning) the fuel/air mixture
during the cola-start portion of the test cycle when the
systems are operating in the open-loop mode (i.e., the oxygen
sensor 1is not functioning to <control the fuel/air ratio
entering the combustion chamber).

Figure 1I1-1 presents the available data on vehicles that
have had more significant modifications to their feedback
emission control systems than the vehicles 1listed in Table
III-5. These tests were conducted in an attempt to achieve sea
level emission performance at high altitude. Before discussing
the results shown in Figure III-1 further, an explanation of
the GM test program which generated the results is necessary.
The test results were obtained wusing three-way catalyst
vehicles &and, therefore, are not representative of the
three-way-plus-oxidation catalyst vehicles that were certified
by GM for the 15981 model year. For this reason, it 1is not
surprising that test vehicles in Figure III-1 failed to meet
even the statutory low-altitude standards. Also, modifications
were apparently made to the vehicles after the 1low-altitude
tests had been conducted. This prevents a direct comparison
between emissions performance at sea level and high altitude.
The high-altitude modifications included aading EGR at
wide-open throttle for all vehicles, disconnection of the power
enrichment circuit for all vehicles and recalibration of the
open-loop, cold-start operating modée for some vehicles.[7]

Generally, comparing the 1low- and high-altituae results
presented in Table III-5 shows that the vehicles with only
recalibrated cold start fuel/air mixtures experience rather
small emission increases of up to 0.2 g/mi HC, 3 g/mi CO, and
0.4 g/mi NOx. These increases should Lbe able to Le reauced or
eliminated by compensating other engine operating parameters
for the effects of altitude (e.g., fuel/air ratio wide-open
throttle (WOT), spark timing, and exhaust gas recirculation
(EGR) ).

The vehicles depicted in Figure V-1 show mixed results,
but some vehicles are definitely Lelow the corresponding
low-altitude 1levels. This shows that such extremes as
disconnecting the power enrichment <circuit <can Le very
effective. Both Table 1III-5 and Figure III-1 indicate that
controlling HC and CO emissions at high altitude may increase
NOx to unacceptable levels, even when EGR is used at WOT.

Looking specifically at only the high-altitude data, the
effectiveness of controlling emissions to the proportional
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Table III-5

Modified Feedback Systems

Low Altitude

High Altitude

(g/mi) (g/mi)

Manufacturer car HC CO NOX HC CO NOX Comments
JRT[6] 122 CID 0.40 7.34 0.45 [a,b]
0.55 7.34 0.45 [a,b]
Chrysler[2] 1.7 L 0.17 1.62 0.88 0.21 2.65 1.25 ta,b,c]
2.2 L 0,13 0.78 1.38 0.25 3.76 1l.41 fa,b,c]
225 CID 0.29 1.94 0.85 0.52 2.74 0.98 la,b,cl
Toyota[6] 168 CID 0.47 6.94 0.31 [a,b]
Nissan 2.0 L[5] 0.42 4.3 0.5 {a,b]
280zx[2] 0.31 2.1 0.47 0.52 5.4 0.35 [b,d]

Carburetor system.
Recalibrated open-loop mode.

Values include assiyned deterioration rates of

1.2 for CO, and 1.1 for NOx (reference 4).
Electronic fuel injection system.

1.3 for HC,
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FIGURE ITI-1

Emissions Performance
Of Modified C-4 Systems
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standards with a relatively easy recalibration of the
cold-start fuel/air mixture is apparent (Table III-5). The HC
and CO emissions are below the proportional standards for every
vehicle. NOx is exceeded Ly two vehicles but one of these also
violated the standard at low altitude. The other had such low
HC and CO 1levels that these emissions could be allowed to
increase by increasing the fuel/air ratio somewhat so that NOx
would be reduced. (Richer mixtures increase HC and CO, but
reduce NOX.) Therefore, a recalibration of the cola start,
fuel/air mixture should bring even these problem vehicles into
compliance with the proportional standards.

An estimate can now be made regaraing the vehicles that
will require modification to their feedback systems in order to
meet the proportional standards in the base scenario anad
scenario 3a. In the interim (1582-83) high-altitude
rulemaking[9] (the bLase scenario), EPA estimatead that all
manufacturers using carbureted feedback systems that could not
comply with the regulations in their unmodified configuration
would use differently calibrated electronic modules on the
vehicles sold above 4,000 feet than on vehicles sold Lelow that
elevation. As previously shown in Table 1I1I-4, carbureted
feedback systems are expected to bLe used on about 10 percent of
the total fleet ana that 78 percent of these feedback vehicles
will not require changes to their systems. This leaves 2
percent that will require a module change in the base scenario.

The &above emission control technology estimates from the
interim rulemaking pertained predominately to <carbureted
systems which are expected to dominate the motor vehicle fleet
during the early 1980's. 1In later model years, TBI systems are
expected to dominate with 59 percent of the fleet utilizing
such systems. In this analysis it is assumed that, a&although
TBI may compensate fuel/air mixtures during open-loop
operations, some of these vehicles may 'not be adequately
designed to account for the effects of high altitude in the
absence of high-altitude standards, Since TBI systems are
still being refined, there is a serious dearth of information
regarding the possible modifications which may be needed to
ensure compliance in every case. To estimate the potential
modifications, an analogy using carbureted systems is useful.

Previously it was stated that carburetea systems would be
nmodified by providing new open-loop calibrations on only
high-altitude vehicles. Since TBI systems are already assumed
to recalibrate open-loop calibrations to some degree, the
modifications to these systems should be less rigorous. It may
only be necessary to ensure that the system's microprocessor
(or perhaps sensors) has sufficient capability to account for
the changes .in various engine operating parameters as a result
of higher elevations. For 7TBI systems it woula Le far less
expensive to build this capability into every vehicle sold in
the nation rather than change electronic hardware only on
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high-altitude vehicles. (The cost implications of such a
change are discussed further in Chapter V.) Basically, the
carbureted systems requiring modification have no existing
capability to recalibrate their open-loop fuel/air mixtures
automatically and would require additional hardware to be able
to do so. Such automatic systems would be expensive to add to
every vehicle when the modules on only high-altitude vehicles
would be changed instead. TBI systems are assumed to already
possess the inherent ability to compensate, hence, changes to
the existing electronics would be much easier than for
carbureted systems.

As previously described, TBI feedback systems are expected
to comprise about 59 percent of the total fleet and 78 percent
of these vehicles will not require modifications to comply with
proportional standards. This leaves 13 percent that will
require expansion of existing electronics in the  Dbase
scenario. The requisite control hardware for this scenario 1is
summarized in Table III-4.

Scenario 3a has the same standards at high altitude as the
base scenario, but, in addition, a vehicle must automatically
meet a proportional standard at all altitudes up to 6,000
feet. This one~car strategy will prevent the affected vehicles
from being modified for high altitude use by requiring that all
such vehicles incorporate appropriate modifications regardless
of where they are sold. The continuous requirements of this
scenario present no problems for either the feedback systems
which already comply with the proportional standards in the
base scenario or the TBI systems that would be modifiea in the
base scenario since these systems compensate automatically with
changes in elevation. This scenario does affect the carbureted
systems that woulad have had new electronic control modules
installed on only higyh-altitude vehicles in the base scenario,
however.

The necessary changes for this scenaric can readily be
accomplished by expanding the memory capacity of the electronic
control unit in either of two ways. First, control of the
fuel/air mixtures can be enhanced by enlarging the
microprocessor's memory to include a greater number of engine
operating values (i.e., combinations of engine 1load and
speed). Increasing the number of values with which to set the
carburetor will result in more precise control of fuel metering
and, ultimately, better emissions performances.[10]

Second, a "continuously-powered memory" may be used to
compensate the fuel-metering system during open-100p
operations. This is accomplished by utilizing the computer's
existing capability to memorize the carburetor settings which
are required to maintain the proper fuel/air ratio during
"closed-loop" operation before the ignition is switched off.
When the engine is restarted, the last closed-loop operating
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conditions can be used to modify the open-loop carburetor
settings. Open-loop compensation for the effects of altitude
is, therefore, autcmatic since as previously stated, feedback
systems inherently compensate for variations in the fuel/air
ratio during closed-loop operation. Such systems are readily
available with current technology. In scenario 3a, 2 percent
of the fleet will require an expanded memory in the electronic
control unit rather than simply changing the module on
high-altitude vehicles (Table III-4).

The statutory levels at high altitude represent a more
stringent standard than at low altitude bLecause of the effect
of decreasing air aensity at higher elevations on engine
performance, This fact is reflected in the data. Table I1I-2
shows that even systems with the bLest ability to control
emissions at higher elevations (i.e., TBI) did not nmeet
statutory standaras at high altitude in every case when
compliance at low-altitude was also demonstrated. Furthermore,
Table 11I-5 indicates that the relatively simple readjustment
of the fuel/air mixture that 1is sufficient to meet the
prcportional levels will not bke enough to bring "problem"
vehicles into compliance with the statutory standards at high
altitude. No vehicle simultanecusly met these more stringent
stanaards for all three pollutants. Furthermore, while HC and
CO are wusually considered the “"problem" emissions at high
altitude, the data in Table III-5 and Figqure III-1 suggest that
as these pollutants are controlled to 1lower 1levels, NOX may
increase to marginal or unacceptable levels. Therefore,
addaitional emission reductions beyonad those required by the
proportional standards appear be relatively easy for most
vehicles, but as the statutory levels are approached many
engines will require more significant modifications to their
feedback systems, including some that are represented in Figure
I1I-1. 7The available techniques include further leaning of the
cola start fuel/air mixture, disconnecting the power enrichment
circuit of the <carburetor, modifying the choke setting,
changing spark timing, changiny the automatic transmission
shift points, modifying the air injection rates, recalibrating
EGR at part-throttle operation, and adaing EGR at WOT.

Specifically, to meet the statutory standards at 5,300
feet in scenario 2, the vast majority of feedback systems would
require more significant changes than were needed to conmply
with the proportional 1levels. Of course, Table 1II1I-2 shows
that some wunmodified systems currently comply with the
statutory standardas of 0.41 g/mi HC, 3.4 g/mi CO, and 1.0 g/mi
NOx. Conversely, scme vehicles may require such extreme fixes
as disconnecting the power enrichment circuit and adaing EGR
at WOT. It is expected that such vehicles would be relatively
few in number because exemptions would be available,
Therefore, the generic emission control system would Le
somewhere in between these two extremes and would affect 100

percent of the feedback systems or 69 percent of the total
fleet.



III-23

Since scenario 2 is a two-car strategy, the necessary
modifications need only be made to high-altitude vehicles where
it is practical by changing the electronic module as in the
base scenario. In scenario 2, however, the modifications would
be more extensive. The cold start fuel/air mixtures of
carbureted systems would be recalibrated as in the base
scenario but would be more refined to provide the precise fuel
metering that would be required. This recalibration would
probably include a revised choke setting to prevent excessively
rich mixtures when the engine is first started. The
high-altitude electronic control module would probably include
special calibrations for spark timing and EGR to provide
further emission reductions. Another major change would likely
include the aadition of a manifold absolute pressure (MAP)
sensor to the high-altitude electronic module. This sensor
would be used to ensure acceptable driveability if the vehicle
is driven at sea level. During the open-loop portion of the
feedback carburetor system's operating regime, the fuel/air
ratio is not properly compensated for changes in altitude. As
a result, the mixture kecomes leaner at lower elevations since
the air is more dense and has more oxygen per unit volume, but
the amount of fuel metered remains the same. A very lean
mixture will cause hard starting under certain conditions and
lean nmisfiring. The MAP sensor will prevent unacceptable
ériving characteristics by signaling the microprocessor to
provide a richer fuel/air mixture at a predetermined altitude
below 4,000 feet. This device was not needed in the base
scenario, because the special high-altitude calibration is not
significant enough to cause unacceptable performance if the car
was used at sea level.

In scenario 2, TBI systems probably would have the
capability of their existing electronics expanded as previcusly
described for the base scenario. Such expansion may be nmnore
significant than for proportional standards, as it would be for
carbureted systems. Throttle body systems would not require
the addition of a MAP sensor Lecause this device is already
present.[5] The emission control technology for scenario 2 is
shown in Table III-4.

To meet the statutory standards at all altituces up to
6,000 feet (scenario 1lb) would require essentially the same
emission control hardware as in scenario 2. However, the
one-car strategy of scenario 1lb would mean installing the MAP
sensor on all feedback-carbureted vehicles regardless of the
altitude at which they are sold. The memory of the electronic
control unit would have to be expanded beyond that required in
scenario 3a to include additional open-loop calibrations for
various altitudes. As before, TBI systems would not require
further modifications to meet the statutory requirements of
scenario 1lb keyond that needed for scenario 2. Table III-4
shows that 1in this scenario (1lb) all feedback <carbureted
systems (10 percent of the fleet) are expected to require
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expansion of their electronic capability and the addition of
MAP sensor, while all TBI systems (59 percent of the fleet) are

expected to require only the expansion of their existing
electronics.

In addition to modifying current feedback systems, meeting
the statutory standards at all altitudes is expected to be
difficult for nonfeedback systems even with significant
modifications. While it 1is possible to design continuously
compensating nonfeedback systems, as will ke discusseda in the
next section, controlling these systems to the precise levels
needed to attain the statutcry standards may be of such
complexity as to preclude that approach in most instances.
This difficulty could precipitate a change from nonfeedback to
feeadback carburetor systems which are capable of much more
precise control and, therefore, can meet the reguirements.
This is not to say that nonfeedback systems cannot be nade to
do an adequate Jjob for some vehicles, but even 1in these
instances the amount of development effort may ke so costly, in
terms of time and money, that feedback systems will probably ke
used in the vast majority of cases. For scenario lb, then, EPA
estimates that the 31 percent market share held primarily Ly
Ford and the foreign manufacturers would be converted to
feedback carburetor systems using the same modifications as
previously described. (Table II1-4).

3. Ncnfeedback Systems Requiring Modification

As previously stated, it is expected that all nonfeedback
systems will require some type of modification in order to
comply with the high-altitude standards. Table III-6 presents
data on modified nonfeedback systems. T1hese data were compiled
in response to the rulemaking that implemented the 1982 and
1983 high altitude standardas.[l] The goal of the test programs
which generated these values was to demonstrate compliance with
proportional standards, and w&s not to develop a system that
would achieve the statutory standards at high altitude. For
this reason, the vehicle modifications uepicted in the table
are relatively simple. The two Nissan vehicles utilized an
anercié to lean the fuel/air mixture of the carburetor during
all operating modes other than wide-open throttle (WOT) (i.e.,
no comnpensation for power enrichment compensation). The
remaining vehicles had aneroids 1installed to control spark
timing and automatic transmission shift points,

The effectiveness cf installing aneroids to contol certain
engine parameters is Lest shown by comparing the high-altitude
emission levels in Tables II1-3 and I11I-6 for unmodified ana
nodified nonfeedback vehicles, respectively. The Nissan and
Ford vehicles in both tables are icdentical except for the
installation of aneroids. The aneroid compensated carburetor
on the Nissan vehicles in Table II1-6 reduced HC up to 64
percent, CO up to 82z percent, and increased NOx from 70 t¢ S00
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Table III-6

Modified Nonfeedback Systems

Low Altitude

High Altitude

[a] Carburetor system.

[b] Aneroid on carburetor,
[(c] Aneroids on transmission and igynition timiny.

(g/mi) (g/mi)

Manufacturer Car HC CO NOX HC CO NOX Comments
Nissan[2] 510 0.34 4.1 0.51 0.34 5.7 1.3 [a,b]
(pbatsun) 210 0.30 2.4 0.98 0.36 5.1 1.6 [a,b]
Toyotal6] 78 CID 0.51 4.73 1.0 la,c]
‘Chrysler[6] 2.6 L 0.44 5.6 1.0 [a,c]

0.37 6.8 l.U [a'c]
Ford{2] 4.2 L 0.30 1.3 0.96 0.49 2.3 0.99 [a,c]
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percent. The ignition and transmission aneroids on the Ford
vehicle in Takle III-6 reduced HC by 4 percent, (O Ly 59
percent and 1increased NOx Ly 74 percent. As expected,
compensating the carburetor (i.e., controlling the fuel/air
ratio) is the most effective way to control HC and CO emissions
at high a&altitude, although compensating the ignition anad
transmission are also quite effective. The data also shows
that NOx emissions may be greater at high altitude for vehicles
with some forms of altitude compensation. Generally, however,
the information in Table 1II-6 shows the above modifications
can be effective in reducing high-altitude emissions.

It is clear that the HC and CO proportional standards can
readily Le net with relatively simple recalibrations of key
engine operating parameters (Table III-6). The results also
show that leaning the fuel/air mixture to reduce HC ana CO
emissions may increase NOXx emissions beyond allowable levels
(1.0 g/mi). However, the NOx emissions in Table III-6 shoula
not be a significant problem with regard to the proporticnal
standards, because the values were achieved during early
development testing. The Nissan vehicles which exceeda the NOx
standard are sufficiently below the HC and CO requirements of
0.57 g/mi HC and 7.8 g¢/mi CO so that enriching the fuel/air
mixture should reduce NOx to acceptable levels while still
meeting the HC and co standards. Also, other NOX

counter-neasures may be employed, such as recalibrating the EGR
system.

The specific emission control requirements for the Lase
scenario are shown in Table III-4. As explained earlier, the
estimates of the generic systems for the base scenarioc are
taken from the interim high-altitude rulemaking. In that
action, EPA estimated that all nonfeedback vehicles, 31 percent
of the future fleet socld akove 4,000 feet, would be eqguipped
with aneroid-controlled carburetors even though special
high-altitude hardware with fixed calibrations could be used at
a lower price. Aneroids are the preferred solution for
compensating fuel/air mixtures so that if a vehicle is driven
at sea level, the otherwise accompanying lean mixture would ke
avoidead. Therefore, using an aneroid to slightly richen the
mixture at a predetermined altitude below 4,000 feet will
ensure acceptable driveability at lower elevations, This
approach is followed in this study, as shown in Table III-4.

170 meet the proportional standards at all altitudes up to
6,000 feet 1in scenario 3a, nonfeedback vehicles will have to
switch from aneroids that engage at a precetermined altitude to
aneroids that operate in a continuous manner. The perfection
of a continuous aneroid that will properly meter the precise
degree of fuel needed over a wide range altitudes (i.e., 1,800
to 6,000 feet is a more difficult task than developing a
fixed-step aneroid). While one fixed-step aneroid was
estimatec for the Lase scenario, the complexity of adopting a
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single aneroid which must precisely meter an air bleed to lean
the fuel/air mixture may result in a less than perfect device.
Therefore, an additional aneroid may be needed to control a
second engine operating parameter, such as ignition timing, to
assure compliance with the standards at all elevations up to
6,000 feet. Thus, two aneroids of this type have Leen
estimated for the generic emission control system reqguired
under scenario 3a.

The <choice of two aneroids for scenario 3a 1is a
compromise. It is possible for one aneroid to operate more than
one engine parameter. However, since it is also reasonable to
expect that more than one aneroid may be required to meet the
emission requirements for some vehicles, it has been
conservatively estimated that two aneroids are needed in the
average case.

In order to comply with the statutory standards at high
altitude (scenarios 2 and 1lb), nonfeedback systems will require
additional compensation. Table III-6 shows that no vehicle
simultaneously met the statutory levels of 0.41 g/mi HC, 3.4
g/mi CO, and 1.0 g/mi NOX. To reduce HC and CO emissions
further, these vehicles may employ a variety of technigues.
The Nissan vehicles may require a greater degree of aneroid
control of the fuel-metering system. This could be
accomplished by further refinement of the existing aneroid
control mechanism or by adding additional aneroid control to
the power enrichment or accelerator pump circuits of the
carburetor. Also, aneroids could Le added to control spark
timing or the shift points of automatic transmissions. The
acGaition of an air pump or a change from a pulse air pump to a
continuous air pump could also be used to reduce the CO
emissions to the required levels. 1The Toyota, Chrysler, and
Ford vehicles already have the equivalent of aneroid-controlled
spark timing and transmission shift points but the remaining
emission control techniques mentioned abkove could also be
used. This includes the adoption of the very effective
aneroid-controlled carburetor which the Nissan vehicles alreaay
have,

Regarding NOX emissions, the Nissan vehicles already
exceed the allowable level and further leaning of the fuel/air
mixture entering the combustion chamber may increase the amount
of this pollutant to unacceptable 1levels for the Toyota,
Chrysler, and Ford vehicles also. Added EGR control should
help remedy this problem. Generally, this requirement is most
likely for low-power vehicles which spend a significant amount
of time during the Federal Test Procedure (FTP) at or near WOT
when tested under high-altitude conditions. Many conventional
EGR systems are inoperative under these circumstances in order
to maximize engine power. Alternatively, additional air
injection rates from an existing system might be sufficient for
some vehicles to reduce the HC and CO 1levels without
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significantly increasing NOxXx. These aneroiés may be used to
control various engine parameters, The first aneroid can
provide the most effective control by compensating the fuel/air
ratio of the fuel-metering device. The second and third
aneroids would probably be most effective if used to regqulate
spark timing and air injection rates. One of these aneroids
may be needed to control the rate of exhaust gas recirculation
(EGR) for reduced NOx emissions.

From this, EPA estimates that the typical emission control
system used under scenario 2 will include three fixed-step
aneroids (Takle III-4). Again, some vehicles may require more
significant emission control countermeasures and some less, but
three aneroids should adequately characterize the average
vehicle. As an example, one of the more expensive options for
recducing emissions is the addition of an air injecticn system.
Air injection systems are used to oxidize HC and CO emissions
to water and carbon dioxide by introducing adaditional air into
the exhaust mnanifold after combustion has occurred. NOx
emissions are relatively unaffected since they are produced

during the high temperature and pressure of the combustion
process.

-The aadition of an air injection system, or a shift from a
less expensive pulse air system to a more costly air pump
system, was not specifically included in the generic emission
control system for two reasons. First, this course of action
is primarily restricted to the nonfeedback systems of smaller
displacement engines since the vast majority of other engines
currently employ air pump systems. Such smaller displacement,
nonfeedback engines are estimated to be 1less than about 10
percent of the LDV market. Also, many of these low-power
vehicles may qualify for exemption under this scenario.
Second, the significant 1increase 1in «cost will 1limit its
application to those vehicles that simply cannot comply with
the standards by using aneroids or other less costly techniques.

The exhaust emission control requirements for scenario 1lb
already have been described in the section regarding modified
feedback systems but will be summarized here for convenience.
Meeting the statutory standards at all altitudes up to 6,000
feet may Le possible by using continuous anercias such as those
estimated for scenario 3a. However, the precise control of
several engine operating parameters which woula Le necessary to
attain the statutory standards is expected to be sc difficult
as to preclude that approach in most instances. Therefore, EPA
estimates that the 31 percent market share which is currently
held by nonfeedback systems will be converted to feedback
carbureted systems (Table III-4).
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4, Evaporative Emission Systems

Evaporative HC emissions are greater from uncontrolled
vehicles at higher elevations because of the reduced barometric
pressure at these locations. The increase 1in evaporative
emissions is proportional to the change in barometric pressure
and, therefore, altitude.

In the interim (1982-83) high-altitude rulemaking (the
base scenario in this analysis), EPA found that existing
evaporative emission control systemns should have adequate
capacity to comply with the proportional standard of 2.6 y/test
HC at 5,300 feet.[1] Any system capable of meetinyg the
standard at this altitude should be able to comply with a
proportional standard at any elevation, since both the level of
the standard and evaporative emissions increase linearly with
the change in barometric pressure. Therefore, no additional
evaporative emission control hardware should be necessary for
scenario 3a and the base scenario (Table III-7).

The statutory evaporative emission standard (2.0 g/test)
is about 25 percent more stringent at 6,000 feet than the
proportional standard. EPA estimates that compliance with this
standard will generally require an increase of approximately 25
percent in the capacity of the carbon storaygye canister,
Additional capacity can be acquired in two ways. First, the
quantity of activated charcoal, upon which the fuel vapors are
adsorbed, can be increased. Second, a more efficient adsorber
can be used, usually a better grade of activated charcoal. A
properly desigyned system that complies with the statutory
standard at the highest elevation where control is required,
should comply with the standard at any altitude. Therefore,
the required evaporative emission <control hardware for
scenarios 1lb and 2 are essentially the same (Table III-7). The
difference is, of course, that in scenario 1lb higher capacity
canisters would be required on all vehicles sold in the nation,
where scenario 2 would require these canisters on only vehicles
sold aoove 4,000 feet.

C. Regyuired Technology for the Scenarios Without Exemptions

Scenarios 1la, 1lc, and 3a have no provision for exemptiny
certain vehicles from the regulatory requirements. Without
granting exemptions, these scenarios will certainly limit model
availability at both high and 1low altitudes to varying
degrees. Such limitations are of concern at both altitudes, of
course, but they become more onerous at low altitude where 95
to 97 percent of the sales occur. This is because many of the
vehicles which may require exemptions are low-power, high fuel
economy vehicles principally designed for low-altitude
operation. Many of these vehicles would not be sold at high
altitude, or would be sold in very small numbers, since the
reduced air density at higher elevations reduces their
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Table III-7

Estimated Evaporative Emission Control
Technology Requirements for All Scenarios

No Change to 25% Increase 50% Increase
Scenario Carbon Canister Carbon Canister Ccarbon Canister
la N/Ala] N/A 100%
1b N/A N/A N/A
1lc N/A N/A N/A
2 N/A 100% N/A
3a 100% N/A N/A
3b 100% N/A N/A
Base 100% N/A N/A

ial] Not applicable.
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performance below acceptable levels., In the future, this
situation can be expected to become more common as engines
become even smaller to further improve fuel economy.

The lack of exemptions in scenarios la, 1lc, and 3b would
probably result in one of two possible courses by the
manufacturer. Either some low-power, high fuel economny
vehicles would be discontinuea with an attendant increase in
national energy consumption, or more costly emission control
hardware woulda be added to the vehicles so that they may be
certified and sold. This analysis assumes that the obvious
disadvantages of dropping these vehicles from the mnational
sales offering woulad be avoided by using the more costly
emission control haréware. Nevertheless, at this time it |is
impossible to state that simply adding niocre costly emission
control systems would, in every instance, allow these low-power
vehicles to meet the applicable standards, while retaining
acceptable performance,

1. Feedback and Nonfeedback Systems

The national vehicular fleet can be separatea into two
categories for the purposes of estimating the emission control
hardware required in scenarios la, 1lc, and 3b: vehicles that
would not qualify for exemptions and vehicles that woula
Ggualify for exemptions. The requisite hardware for the
vehicles that would not qualify for exemption is the same as
was estimated in the previous section for scenarios with the
same standards ancd control ceiling but cGiffering in that they
allow exemptions., For these vehicles, scenario lc corresponas
to 1lb andé scenario 3b corresponds to 3a. In scenario lc and 3b
the technology mix which has been assumed in the analysis up to
this point (10 percent feedback carbureted, 59 rpercent TBI, and
31 percent nonfeedback systems), would change somewhat if the
previously exempted vehicles were inclucea in the fleet. Since
such a change would be well within the uncertainty of the
analysis, the original fleet composition is assumea to tremain
the same as previcusly cescribed for consistency. Scenario la
has no corresponding scenario that allows for exemption.
Therefore, it is necessary to discuss the requisite control
technology for the nonexempt vehicles in this scenario before
describing the hardware that may be needeé tc bring exempt
vehicles intc compliance,

In scenario la, &all vehicles must neet statutory standards
without modifications wup to 10,200 feet, As previously
described for scenario 1b, the continuous statutory
requirements will likely force all nonfeedback-equipgea
vehicles tc use feeaback systems of scme Kkind, The adaec
requirement to meet these stringent standards to an elevation
of 10,200 feet will require the manufacturers of nany if not
all feedback carburetor equipped vehicles to seek exemptions.
Since this scenario does not include the possibility of
exemptions, these vehicles would be forced to use the control
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technology discussed in the succeeding paragraphs. This same
predicament would be faced by manufacturers of TBI systems. 1In
this case, however, the sophistication of these systems with
their ability to control fuel/air mixtures more precisely
auring both open- and closed-lcop operation makes it more
likely that many of these systems could comply with the
requirements of scenario 1la. These systems may require
additional refinement of the open-loop fuel/air mixtures than
was estimated to occur in scenario 1lb, It is also possible
that additional changes to the power enrichment and EGR
algorithms contained in the microprocessor unit will be needeg.

The requisite exhaust emission control haraware for
vehicles that woula qualify for exemptions 1is, in reality,
likely to be quite varied and would be difficult to establish
at this time. To simplify the analysis, therefore, two
emission control systems have been chosen as representative,
These two systems will be applied to various percentages of the
fleet under the scenarios of interest. The number of vehicles
that would otherwise qualify for exemption increases with the
stringency of the standards (proportional or statutory), and
the altitucde at which the standards must be met (6,000 feet or
10,200 feet). As shown in Table 11I-6, the fraction of the
fleet that is expected to have significant difficulty meeting
the standards is approximately 60 percent for scenario 1la, 25
percent for scenario 1lc, and 10 percent for scenario 3b. The
derivation of these percentages was previously presented in
Chapter II, Identification of the High-Altitude Control
Scenarios, ana represents a "wocrst case" assumption.

The first system for vehicles which might otherwise be
eligible for exemption is the electronic load control system
(ELCS). GM aqevised this system as a way to achieve sea level
emissions at higher elevations. Basically, the ELCS 1is an
existing GM feedback carburetor system which incluaes the
addition of a manifola absolute pressure (MAP) sensor. This
device was usea in conjunction with engine speea to calculate
the engine load. The load experienced by the vehicle's engine
determines the amount of fuel or gquantity of fuel/air mixture
which is requireda. Since road load is also nearly independent
of altitude, the MAP sensor input can be used to meter the
correct amount of fuel, EGR rate, and spark advance for a given
operating condition regardless of the altitude. GM has stateaq
that this engine-lcad control system (ELCS) should result in
emissions performance that 1is independent of any change in
elevation. 1Indeed, Figure III-2 shows that this is generally
the case. HC and CO emissions are below the statutory
stanaards and are basically equivalent at both low and high
altituce, However, NOx emissions are greater at high altitude
than at 1low altitude. This problem may require further
refinements in the EGR calibration at high altitude. The
ability of the ELCS to control emissions, albeit at a higher
cost, makes it suitable for some "problem" vehicles which are
equipped with carburetors. This system is estimatea to be
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Table III-8

Estimated Exhaust Emission Control Reyuirements
for Vehicles Reyuiring Exemption
(based on the total fleet)

Scenario 1la: Scenario 1lc: Scenario 3b:
Continuous Continuous Continuous
Statutory, Statutory, Proportional,
Control 10,200 Feet 6,000 Feet 6,000 Feet
Hardware W/0 Exemptions W/0 Exemptions W/0 Exemptions
Electronic Load 20% 20% 10%
Control Systemn
(ELCS)

Turbocharger 40% 5% 0%
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FIGURE III-2

Emissions Performance
Of Engine Load Control Systems
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representative of the emission control hardware that may be
used by 10 percent of the vehicles in scenario 3b, 20 percent
in scenario lc, and 20 percent in scenario la (Table III-§).

It should be noted that vehicle performance may be very
bad if the high-altitude emission control system, regardless of
whether it 1is carbureted or TBI, includes eliminating power
enrichment at WOT ‘and very heavy EGR. In these cases,
maintaining vehicle performance may force the use of the second
control system which is more expensive. Turbocharging can be
used to overcome the cdifficult task of meeting the emission
standards at altitude when such situations as increased use of
the power enrichment circuit of the fuel metering device may
preclude such compliance or when total disconnection of this
circuit as well as heavy EGR lead to unacceptable vehicle
performance. Such drastically degraded performance could
possibly force some vehicles off the market because of safety
considerations or adverse consumer reaction.

A turbocharger is essentially an intake air compressor
which is propellecé by an exhaust gas turbine. The compressor
is used to increase the charge of intake air by increasing its
pressure (and gensity). In most light-duty vehicle
applications, the reason for the use of a turbocharger has been
to improve performance. With increased inlet charge density,
more fuel and air can be processed through a given engine
displacement ana, therefore, more power can be generated. 1In
the future, however, this increased performance may be traded
for higher fuel economy since the same amount of power can be
generated by a lighter, smaller «aisplacement turbochargea
engine as can be generated by a larger, naturally aspirated
"engine,

Use of a turbocharger at high altitude would definitely
prevent the loss of power and the attendant performance anad
emission control ©problems that plague naturally aspirated
engines. The turbocharger simply maintains the density of
intake air incderendent of altitude and the engine cannot tell
the difference. The use of a turbocharger as part of a system
that maintains low-altitude performance at high altitude is not
new, Turbochargers were first widely used for heavy-duty truck
application in the western states in order to maintain
performance when crossing the mountains. The concept of
turbocharging light-duty vehicles in order to maintain
low-altitude performance at high altitude, therefore, has some
precedence. While some performance gains at low altitude still
may be possible, the prime function of the turbocharger in the
high-altitude case 1is to maintain low-altitude performance.
The application of turbocharqging as a high-altitude concept
would enable manufacturers to retain low-performance packages
which may be important for meeting the corporate average fuel
economy (CAFE) standards or advertising considerations.
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wWhile turbochargers should theoretically solve the
high-altitude exhaust emission problem for some spark-ignition
engine vehicles, there appear to be some practical problems
which must be resolved before their use becomes widespreaa.
Ford, Chrysler, and GM have all reported some durability and
emission control aifficulties with current turbocharged
spark-ignition engines. Also, the current production of these
units 1is very 1low. Significant expansion of manufacturing
capacity woula have to take place if turbochargers were used to
the degree requirea by scenario la. Although these problems
can be overcome, it would take time, The required 1leacdtime
would very 1likely extend beyond the 1984 implementation date
for high-altitude standards. Nevertheless, this is the type of
exhaust emission control harcdware which may be required to keep
some models in production. Turbocharging is estimated to be
used by all vehicles unable to meet the standaras with
modifications to their TBI systems or with ELCS. This accounts
for approximately 5 percent of the vehicles in scenario 1lc¢ and
40 rpercent of the vehicles in scenario la (Tables III-8 and
11I1-9).

The exhaust emission control technology requirements for
the entire fleet under each scenario (la, 1lc, and 3b) are
summarized in Table III-9.

2. Evaporative Emission Systems

As previously stated, the evaporative emission control
systems are g¢enerally independent of the type of exhaust
emission control system used on the vehicle., Therefore, the
evaporative systems for vehicles that would gqualify for
exenption are the same as previously estimated nonexempted
vehicles in scenarios with similar control ceilings, For
scenario 3b, complying with the proportional standard up to
6,000 feet would be accomplished with existing hardware. For
scenario 1lc, complying with the statutory standard at every
elevation up to 6,000 feet woula generally require that
affectec vehicles be equipped with charcoal storage canisters
with 25 percent larger cagpacity.

EPA expects that meeting the statutory evaporative
emission standard up to 10,200 feet in scenario la would be
aifficult. Additional countermeasures other than the
relatively easy task of increasing the canister capacity may be
requirea. A lack of aqata, however, ©prevents making any
estimate of these added requirements at this time. If
increasing the working capacity of the canister is sufficient
to meet the requirements of scenario la, EPA estimates that
such an increase would be about 50 percent greater than the
capacity of current systems (Table III-7). This estimate is
based on the fact that the statutory standard at 10,200 feet is
approximately twice as stringent as the proportional standard
at 6,000 feet,



Table IIIL-9

Estimated Exhaust Emission Control Reyuirements
for Scenarios Without Exenptions

Contol Control Scenario la: Scenario ic: scenario 3b:
Hardware Hardware Contiunuous contiuuous Coutiuuous
Before After Statutory, statutory, groportionai,
Modifi- Modifi- 10,200 Feet 6,000 Feet 6,000 Feet
cationfa] cationfa] W/0 Exemptions W/0 Exemptions W/0 Exeunptions

OL OL w/aneroid Us 0% 23%

oL Turbocharged 18% 5% Us

OL FBC 13% 20% 8%

FBC ELCS [Db] 21% 20% lus

FBC Turbocharged 2% us Us

FBC No Change 0% 0% 8%

TBI Expaunsion 39% 59% 13%

TBI " Turbocharged 20% U% 0%

TBI No Chanye 0% 0% 46%

tal

[(b]

OL means nonfeedback or open-loop system.

FBC means feedvack carburetor system.

ELCS means electronic load control system.

TBI meauns throttle body iujection system.

Expansion meauns the capability of the existinyg electronic compoiuents

is upyraded.
The feedback carbureted systems that chanye to electronic load control

systems include a portion of opeu-ioop systems <rfrow tue previous
category that have switched to feedback systens. Therefore the
percentagyes listed for each scenario do uot total 1uU0.

LE-III
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V. EFFECTS OF HIGH-ALTITUDE STANDARDS ON LOW-ALTITUDE CONTROL
TECHNOLOGY

The generic systems presented in Tables 1I1I-4, III-7 and
III1-8 were <chosen to reduce the economic impact on the
low-altitude fleet. However, the regqulatory strategies in some
scenarios will have, by definition, some unavoidable effects.
These effects may be positive or negative.

High-altitude standards will significantly affect
low-altituce vehicles in scenarios 1 ana 3 that require
compliance with proportional or statutory standargs at all
altitudes by all vehicles. Since all vehicles must be cagable
of meeting the applicable standards without modification, these
one-car strategies will require high-altitude emission controls
on any low-altitude vehicles that could not otherwise comply
with the applicable high-altitude standards. Many of these
vehicles will never be operated at high altitudes, hence, it is
logical to expect that the cost cf these one-car strategies
generally will be significantly higher than the two-car
strategies without a corresponding reduction in high-altitude
emissions.,

The fuel efficiency of 1low-altitude vehicles may also
change. For instance, if turbochargers are used as a result of
these stancaras, the fuel economy of the 1low-altitude fleet

will increase. (This topic 1s discussed further in the next
section.)

High-altitude regulations could also have a significant
environmental impact throughout the nation (i.e., even at low
altitude). Tables 1I1I-4, I1II-8 and 1II1I-9 show the dramatic
change from nonfeedback systems to feedback in scenarios la,
lb, and 1lc where all vehicles must be certified in compliance
with the statutory stanaards regarcdless of altitude. Since
individual control technologies exhibit different in-use
emission characteristics, fleet composite emissions will change
under these scenarios.

The available evidence suggests that the electronic
components of current feedback systems may have a significant
failure rate, and that such failures could lead to emission
increases as a result of excessively rich operating
conditions.[12] Nonfeedback systems, therefore, may have lower
in-use emissions because they do not exhibit such catastrophic
failures. Any rrojection that the catastrophic failures of
feedback systems will continue 1is very speculative, however,
because of the preliminary nature of the evidence, ana the
uncertain ameliorative affect of inspection/maintenance
programs. Therefore, increasing the number of feedback systems
at all altitudes may have a significant adverse impact on air
quality throughout the nation, but the effect cannot be
confirmed at this time. This will be discussed further in the
Chapter 1IV.
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VI. EFFECT OF HIGH-ALTITUDE CONTROL TECHNOLOGY ON FUEL ECONOMY

The fuel economy of vehicles affected by a 1984
high-altitude standard could increase or decrease due to the
requisit emission control hardware. Because these fuel economy
changes could significantly affect the overall net cost of 1984
high-altitude standards and they need to be determined as
accurately as possible. Although 1l1limited data are available
concerning the fuel economy of vehicles equipped with altitude
compensating control hardware, encugh information was available
to estimate the effect of a turbocharger, a closea-loop
feedback control system, and one or more aneroids on fuel
economy .

A. Turbochargers

When comparing a turbocharged vehicle with a naturally
aspirated vehicle of similar driving performance, the engine cof
the turbocharged vehicle will most likely have fewer cylinders,
less total engine displacement, and therefore less weight than
the naturally aspirated engine. This will usually result in a
fuel economy aifference. Data examined by EPA showed both an
increase and decrease in fuel economy. In particular, GM ang
Ford turbocharged gasoline vehicles were analyzed from data
presented in technical reports or from emission certification
test results.[13,14,15]

First, GM's turbocharged 6-cylinder Buicks were examined:
a 1978 Lesabre ana a 1578 Regal. GM studies showed that a
3.8-1liter turbocharged 6-cylinder engine gave very similar
driving performance to that of a 5.7-liter, 8-cylinder
engine.[13] 7The urban fuel economy of the turbocharged vehicle
was 19 miles per gallon (mpg), while the urban fuel economy of
the naturally aspirated engine was 18" mpg.[13] Thus,
turbocharging enhanced fuel economy by roughly 5 percent in
this case. The turbocharged Regal had an urban fuel economy of
21 mpy. The Regal with the naturally aspirated, 8-cylinder
engine exhikited an wurban fuel economy of 20 mpg. Again,
roughly a 5 percent increase in fuel economy occurred.

Second, Ford's turbocharged 4-cyclinder, 2.3-liter engine
was examined. Accordéing to Ford, the turbocharged 4-cylinder,
2.3-1liter engine had slightly bLetter driving performance than
the naturally aspirated 5.0-liter, 8-cylincger engine.[l14] The
fuel economy for the turbocharged 2.3-liter engine was 22.0
mpg, while that for the naturally aspirated engine was 19.0
mpg, a 15 percent improvement.

Recent certification data on the Ford 2.3-1liter
turbocharged enygine, however, conflict somewhat with Ford's
data.[15] The certification data reveal a fuel economy of
18-19 mpg for the 2.3-liter turbocharged Ford engine and lists
a fuel economy of 19, 20, and 21 mpg for Ford's 6-cylinder,
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2.3-1liter engines and 18 mpg for an 8-cylinder, 4.2-liter
engine., The 2.2-liter and the 4.2-liter engines were naturally
aspirated. These engines were all installed in the same type
of vehicle as the turbochargyed 2.3-liter engine and it can be
assumed that these vehicles had similar driving performnance.
Therefore, based on Ford's data, turbocharying the enyine of a
vehicle may either reduce fuel economy by about 15 percent or
increase fuel economy by about 5 percent.

The above certification data may not be a true comparison
between vehicles with similar driving performance. Ford has
also indicated in its SAE paper that a 2.3-liter turbocharged
engine has a driving performance rating similar to that of a
much larger 5.0-liter engine, while the <certification data
compared the 2,3-1liter turbocharged engine with either
2.3-1liter enygines or a 4.2-liter engines.[1l5] Thus, the
previous comparisons of fuel economy and performance by GM and
Ford may be nmnore reliable than that constructed from
certification data. It is 1likely, then, that turbochargyed
vehicles will show some fuel economy improvement when compared
with a vehicle of similar driving performance.

In this analysis, a fuel econony increase of 5 percent
will be used as a single best estimate. This estimate is very
conversative considering that both Ford and GM show
improvements of up to 15 percent. 1In the sensitivity analysis
of Chapter V, a larger fuel economy range of 0-5 percent will
be examined to evaluate the effect on the overall net cost of
these regulations of an even more conservative fuel econony
estimate.

B. Closed-Loop Feedback Control

The fuel ecbnomy changde associated with converting an
engine from nonfeedback to feedback control will be examined
for the Ford Granada, Ford Thunderbird, and other Ford vehicles
equipped with the 2.3-liter engyine. EPA records show that Ford
certified each of these vehicles with both nonfeedback and
feedback enission control systems within the same mnodel
years.[16,17]

First, for the Ford Granada, which had an enygine
displacement of 4.2 liters and a weight of 3,625 pounds, the
nonfeedback version had a fuel economy of 20 mpygy while the
feedback version had a fuel economy of 21 mpg 5 percent
improvement.[16] Second, the Ford Thunderbird with a weight of
3,750 pounds and an engine size of 5.0 liters had a fuel
economy of 20 mpg is shown for both nonfeedback and feedback
systems. Thus no fuel economy improvement 1is observed.
Finally, the «certification results for the Ford 2.3-liter
enyine showed the feedback version obtaining 22 mpy, while the
nonfeedback version had fuel economies of 20.0, 20.2, and 20.7
mpg.[17)] The fuel economy improvement in this case is 6 to 20U
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percent. Thus, based on fuel economy data from the Ford
Granada, Ford Thunderbird, and other Ford vehicles, converting
an engine from a nonfeedback system to a feedback system may
improve fuel economy from 0 to 20 percent.

Admittedly, the data presented here are very limited and
show a very wide range of fuel economy improvement. Thus, it
is difficult to make this range smaller, but EPA believes a
conservative best estimate would range from 0 to 5 percent.
For purpose of estimating fuel savings in this report, a 3
percent improvement will be used as a best estimate. The 0 to
5 percent range and its effect on the net cost of a 19384
high-altitude standard will be analyzed <further in the
sensitivity of Chapter IV, Economic Impact.

cC. Aneroids

Vehicles equipped with aneroids generally show better fuel
economy than the same venicle without an aneroid. The fuel
economy improvements of adding one, two, or three aneroids on
Ford vehicles are shown in Table 1III-10.[18] A straiyght
average of the numbers shown in this table yields an urban tuel
economy benefit of 3 percent and a highway fuel economy benefit
of 7 percent for vehicles with one or two aneroids, and an
urban fuel economy of 9 percent and a highway fuel economy of
10 percent for vehicles with three aneroids. The composite
fuel economnies (based on a 55/45 urban/higyhway weighting)
yields the followiny improvements: 1 aneroid, 5 percent; 2
aneroids, 5 percent; and 3 aneroids, 9 percent,

To be conservative, it will be assumed that the averaye
fuel economy gains that were estimated above will be the
maximum fuel economny improvements that would occur by utilizing
aneroids. Thus, 1, 2, and 3 aneroids yive improvements of 0-5,
0-5, and 0-9 percent, respectively, over vehicles with no
aneroids. O0Of course, the fuel economy benefit will take place
at high-altitude areas, as this is where an aneroid allows a
leaner air/fuel mixture.

At the time 1984 high-altitude standards become effective,
vehicles will have already had to couwply with the 1982-83
interim standards. As a result, most hiyh-altitude vehicles
with nonfeedback emission control systems will aiready be
equipped with an aneroid on the carburetor. The iucrewmental
benefits of fuel economy from one aneroid in addition to the
one already in place should not bring about any fuel economy
improvement (or an improvement of 0 percent). However, two
aneroids in addition to the existing one could provide a fuel
econony improvement of 0-4 percent. Based on this very limited
amount of data, a sinygyle best estimate would be the midpoint of
this range (U-4 percent), or 2 percent. This incremental
savings will be carried through as EPA's best estimate of fuel
economy savings for the addition of two aneroids. However, a
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Table III-10

Percent Fuel Econony Improvement Due to Aneroids

Fuel Econony Fuel Economy Fuel Econouy

Improvement Inprovement Improvement
Engine Size of 1 Aneroid of 2 Aneroids of 3 Aneroids
(liter) Urban HW Urban HW Urban HW
5.0 +4 NA +5 NA +8 NA
5.8 +1 +2 0 +2 +9 +7
5.8 +6 +10 +7 +13 +11 +14
6.6 -1 +13 +1 +11 +5 +13

6.6 4 +4 +4 0 +11 +5
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range of fuel economy increments will be evaluated 1in the
sensitivity analysis of Chapter VI, Economic Impact, because of
the larygye variability in the Ford data and because of the
limited amount of information that was available with which to
formulate a "best estimate." This range will be 0-2 percent
for the addition of one aneroid and 0-4 percent for the
addition of two aneroids.

D. Expansion of Adaptive Menory

Expandiny the range of authority for feedback control
systems could 1lead to fuel economy improvements at hiyh
altitude. Discussions with a few manufacturers indicate that
this iwprovement could be 1 percent. However, no data has been
encountered concerning fuel economy on this modification, and
thus to be conservative, the benefit will not be considered in
this report.

E. Summary

The following best estimates for fuel econony inprovement
were determined: turbocharyer, 5 percent; closed-loop feedback
control (compared to open-loop of same vehicle), 3 percent; one
additional aneroid (to a vehicle with an existing aneroiu), U
percent; and 2 additional aneroids (to a vehicle with an
existing aneroid), 2 percent. These fuel economy benefits are
summarized in Table III-1l. The effect of these fuel economy
improvements on the overall net cost of potential high-altitude
regulations will be analyzed in Chapter V of this document.



II1-44

Table III-11

Percent Fuel Economy Improvement Due to Altitude
Compensating Emission Control Hardware

"Best Estimate"
Fuel Economy

Control Hardware Improvenent
Turbocharger 5
Feedback control 3
Aneroids:

1 additional
2 additional

N O
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Chapter 1V

Environmental Impact for Light-Duty Vehicles

I. INTRODUCTION

A. Scenarios Being Studied

The four basic control scenarios being evaluated were
described earlier. However, to facilitate the analysis in this
chapter, they are restated briefly below:

1. Base Scenario: Fixed-Point Proportional

Tnis scenario is essentially a continuation of the 1982-83
interim high-altitude emission standards.[1l] Tnese standards
apply to areas above 4,000 feet and were determined by
increasing the low-altitude emission standards in proportion to
the effect of altitude on uncontrolled enissions.
Certification in hiygn-altitude areas would be at a specific
altitude (e.y., 5,300 feet).

2. Scenario l: Coutinuous Statutory

All light-duty vehicles (LDVs) sold in this country must
certify to the same emission standards, independent of where
they are sold. These standards would be the same as those in

low-altitude areas (below 1,800 feet) and would apply to every
vehicle sold up to a maximum elevation of 6,000 feet.

3. Senario 2: Fixed-Point Statutory

The same emission standards would apply to vehicles sold
in low-altitude areas (below 1,800 feet) and in hign-altitude
areas (above 4,000 feet) areas between 1,300 and 4,000 feet
would not be subject to special control.

4. Scenario 3: Continuous Proportional

All 1ligyht-duty vehicles would be subject to control but
the deyree of control would vary in direct proportion to
altitude for areas between 1,800 and 6,000 feet. The standards
at 5,300 feet would be the same as in the base scenario.

B. Genheral Approach

As in the previous chapter, the fixed-point proportional
standards of the base scenarios are assuwmed to be in effect for
1984 and later. Therefore, all alternative control strategies
(scenarios 1 through 3) will be analyzed to determine their
incremental environmental impacts.
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Two basic measures will be used to evaluate the impact of
the various alternative scenarios. The first is simply tue
overall emission reduction of hydrocarbons (HC), <carbon
monoxide (CO), and oxides of nitroyen (NOx). These reductiouns

will be used primarily to determine the cost eifectiveness of
each scenario.

The second method goes further and evaluates the relative
impacts of the three scenarios on air quality. Here, computer
nodels will be employed to exawmine the consequences of each
scenario on the abilities of four specific high-altitude cities
to comply with the National Ambient Air Quality Standards
(NAAQS) for CO, NOx, and ozone, These models also project
yearly emission reductions relative to pre-control base years.

This chapter concludes with a sensitivity analysis of
certain critical assumptions.

II. TOTAL EMISSIONS

Although this report focuses on high-altitude areas, as
described earlier, scenarios 1 and 3 have standards that apply
to intermediate altitudes as well, Therefore, any
determination of the emission reductions under these scenarios
should include the impact in these regions in addition to
higyh-altitude areas.

Lifetime emnissions were determined from LDVs sold during
1984 throuyh 1988 1in the areas affected by the dJifferent
scenarios. This particular b5-year period was <chosen to
correspond with the time increment used to determine the
aggreyate economic costs of the four scenarios. The cost
effectiveness of the various options beiny studied can then be
determined since both cost and emissions data cover the same
periods of time. '

A. Basic Methodoloyy

In order to determine total lifetime emnissions from tne
vehicles being studied, three basic factors were multiplied
together: 1) the number of miles the average vehicle is
expected to cover in its lifetime, 2) emission factors (the
amount of pollutant emitted per vehicle per mile of travel),
and 3) the number of vehicles sold in the affected areas.

1, Average Miles Traveled

For light-duty vehicles, the average lifetime mileage used
in this study 1is 100,000 miles.[1] For liygyht-duty trucks
(LDTs) (addressed in Chapter VIII), the 1lifetime is 120,000
miles.[(2] 1In both cases it is assumed that the lifetimes are
independent of altitude, that is, a light-duty truck or vehicle
is expected to travel the samne number of niles during its
lifetime whether it operates at low- or high-altitude regions.



Iv-3

2. Emission Factors

EPA has done considerable work in an attempt to determine
accurate emission factors for mobile sources. To cdetermine how
well vehicles perform in actual use, EPA acdministered a series
of exhaust emission surveillance programs. Test fleets of
consumer-owned vehicles in various major cities:were selected
by model year, make, engine size, transmission, and carburetor
in such rproporticn as to be representative of both the normal
production of each model year and the contribution of that
model year to total vehicle miles traveled. These programs
have focused principally on light-auty vehicles ana light-cduty
trucks. As a result of EPA's test programs, emission factors
for past mcdel years are known with the ¢reatest degree of
accuracy, while projected emission factors for vehicles with
recently introduced control technologies are subject to
considerable uncertainty.

The surveillance fprogram dGata were used to determine mean
emissions by model year in each calander year, the change 1in
emissions with the accumulation of mileage and age, the
percentage of vehicles complying with standards, ana the effect
of vehicle ©fparameters on emissions (engine displacement,
vehicle weight, etc.). These surveillance data, along with
prototype vehicle test data, assembly 1line test data, and
technical judgment, formed the basis for the MOBILE2 emission
factor model which was then wuseé toc determine fleetwide
composite emission factors for the specified study years (usea
as inputs to EKMA &and Rollback models discussed later in this
chapter).[3]

Table IV-1 1lists the 1low-altitude (1,800 feet) emission
factors in grams per mile for the gasoline-fueled and
diesel-powerea light-duty vehicles that were used as the basis
for determining emission factors at other altitudes in this
study. These emission rates were determined from tests
conducted using the Federal Test Procedure (FTP) ana are
further discussed in Appendix II.[4] The control technology
expectea to be required for each scenario has already been
discussed in Chapter III.

When ceterrining the high-altitude eniission rates for
areas above 4,000 feet, twoc pertinent factors must be
considered which are unigque to this stuay. The first is the
exact altitude for which emission rates are desired and the
second 1is vehicle age 1in terms of miles traveled. The
high-altitude emission data available were based on tests
conducted at Lenver (elevation 5,300 feet). Thus, the emission
factors developed to stucdy the high-altitude impact of the
various scenarios, listed in Table 1V-2, were based on this
elevation. 1Implicit in this procedure is the assumption that
the average high-altitucde place of residence is 5,300 feet,
Since Denver, the largest high-altitude city, 1lies at this
approximate elevation and since 5,300 feet 1is roughly the
average altitude above 4,000 feet that these scenarios apply,
this assumption does nct significantly affect the results of
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Table 1IV-1

Emission Rates for 1984-88 Light-Duty Vehicles at 1,800 Feet[a]

LDGV{b]
Scenarios 1, LDDVIbL]
Pollutant Scenario 1 2, 3, & Base All Scenarios
HC Zero-Mile Emission 0.37 0.33 0.39
Level (g/mi)
~ Deterioration Rate 0.17 0.18 0.03
(g/mi/10,000 miles)
Average Lifetime Emis- 1.22 1.23 0.54
sion level (g/mi)lc]
Cco Zero-Mile Emission 4.27 3.21 1.27
Level (g/mi)
Deterioration Rate 2.13 1.88 0.05
(g/mi/10,000 miles)
Average Lifetime Emis- 14.92 12.61 1.52
sion Level (g/mi)-
NOX  Zero-Mile Emission 0.56 0.63 6.75
Level (g/mi)
Deterioration Rate 0.10 0.11 0.05
(g/mi/10,000 miles)
Average Lifetime Emis- 1.06 1.18 1.0
sion Level (g/mi)
Evap. Zero-kile Emission 0.10 0.10 -
HC Level (g/mi)[d]
Deterioration Rate 0.0 0.0 -
(g/mi/10,000 miles)
Average Lifetime Emission 0.10 0.10 -

Level (g/mi)

(a] Emission Rate = Zero Mile Level + (Cummulative
Mileage/10,000) (Deterioration Rate)
Values on this table are further discussed in the Appendix.
[b] Light-duty gasoline-powered vehicle
Light-duty diesel-fueled vehicle
Based on average lifetimes of 100,000 miles for light-duty vehicles.
See Table 1V-7 for derivation of these figures,

—

0.0
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Table 1IV-2

Emission Rates for 1984-88 Light-Duty Vehicles at 5,300 Feet[a]

Scenario
Base and §3 #1 #2
Pollutant LDGV LDDV LDGV LDDV LDGV LDDV
HC Zero Mile Emission 0.44 0.54 . 0.38 0.39 0.34 0.35
Level (g/mi)
Deterioration Rate 0.19 0.03 0.18 0.03 0.19 0.03
(g/mi/10,000
miles)
Average Lifetime Emis- 1.39 0.69 . 1.28 0.54 1.29 0.54
sion level (g/mi)[b]
Cco Zero-Mile Emission 6.25 2.22 5.22 1.27 3.75 1.27
Level (g/mi)
Deterioration Rate 2.22 0.05 2.76 0.05 2.24 0.05
(g/mi/10,000
miles)

Average Lifetime Emis~ 17.35 2.47 16.02 1.52 14.95 1.52
sion Level (g/mi)

NOx Zero-Mile Emission 0.58 0.75 0.54 0.75 0.58 0.75
Level (g/mi)
Deterioration Rate .10 0.05 0.10 0.05 0.10 0.05
(g/mi/10,000
miles)
Average Lifetime Emis- 1.08 1.0 1.04 1.0 1.08 1.0
sion Level (g/mi)
Evap. Zero-Mile Emission 0.13 - 0.10 - 0.10 -
HC Level (g/mi)[c]
Deterioration Rate 0] - 0 - 0 -
(g/mi/10,000
miles)
Average Lifetime Emis- 0.13 - 0.10 - 0.10 -

sion Level (g/mi)

[a] Emission Rate = ZML + (M) (DR)
Where: ZML = Zero-Mile Level
M = Cumulative Mileage/10,000 (cumulative mileage = 50,000
miles, half the lifetime mileage)
DR = Deterioration Rate
Values in this table are further discussed in Appendix II.
[b] Based on average lifetimes of 100,000 miles for light-duty vehicles.
[c] See Table 1IV-7 for the derivation of these numbers.
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this analysis. The procedure used to determine emissions in
intermediate altituces (1,800-4,000 feet) is discussed below,

Light-duty vehicles sola at intermediate altitudes are
subject to special standards under scenarios 1 anéd 3 (as
opposed to scenaric 2 and the base scenario where only those
vehicles sold above 4,000 feet are subject to control). Thus,
to determine the emissions from vehicles in these intermediate
altitudes another set of emission factors needs to be
developed. 1Icdeally, a different set of emission factors would
be derived for each altitude above 1,800 feet at which vehicles
are driven., These values would then be used to examine
scenarios 1 and 3. Such a methodology would involve literally
thousands of emission factors, however, and is thus beyond the
scope of this report. 1Instead, EPA has determined the average
altitude where the population above 1,800 feet (the altitude at
which these scenarios first apply) resides and calculated an
average set of emission factors based on that altitude to
approximate the emission 1levels from vehicles above 1,800
feet. By examining the population and altitude distrikbutions
of the 20 largest U.S. cities, (excluding those in California,
which has its own motor vehicle emission program) this
elevation was determined to be 4,100 feet. For the purpose of
this study it 1is assumed that the per capita ownership of
light-duty vehicles dces not significantly vary with altitude.
Thus, population daistribution is an appropriate surrogate for
light-duty vehicle usage,

The 5,300 feet enission factors can be used to estimate
emissions in areas above 4,000 feet. By using the 4,100 feet
emission factors, emissions in areas above 1,800 feet can bLe
determined. The difference between the total emissions
calculatea by these two sets of emission factors is equal to
the emissions in the intermediate altitudes of 1,800 to 4,000
feet.

The secona important factor used in determining
high-altitude emission rates is vehicle age. This is important
since enissions tend to increase with vehicle usage, To
estimate lifetime emissions, emission factors were determined
for vehicles that were halfway through their average lifetirnes
(i.e., 50,000 miles). The actual egquations used in this
procedure can be founda in Tables IV-1l and 1IV-2,

Table IV-3 contains emission factors for the 4,100 feet
elevation; these factors were obtained by interpoclating values
from Tables IV-1] and 1IV-2. The enission factors developed to
determine total emissions Go not include the potential benefits
of inspection/maintenance programs. This was done because most
areas affected by the various scenarios are not expected to
have such programs. A further discussion of the derivation of
the emission factors in Tables 1IV-1l and 1V-2 can ke found in
Appendix II,.
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Table I1IV-3

Average Lifetime Emission Rates for 1984-3dg
Light-Duty Vehicles at 4,100 Feet (y/wi)lal

Vehicle Class

Scenario Pollutant LDGV LDDV
HC 1.26 ' 0.54
Co 17.61 1.52

NOx 1.05 1.0

Evap. HC 0.10 -
HC 1.34 0.64
co 15,72 2.14

NOx 1.09 1.0

Evap. HC 0.12 -
Uncontrolled HC 1.41 0.88
Cco 16.47 2.14

NOX 1.04 1.0

Evap. HC 0.12 -

la]

The exhaust emission rates in this table were derived by
interpolating those found in the previous 2 tables for 1,800
and 5,300 feet. Derivation of the evaporative hydrocaroon
emission factors is discussed in the text and presented in
Table IV-6. The uncontrolled hiyh-aititude emissioan factors
used to derive the above intermediate uncontrolled enission
factors are ygiven in Appendix I1I.
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From Table 1IV-1l, it is apparent that under scenaric 1 the
LDGV lifetime emission levels for CO are significantly greater
than those for the other control scenarios at 1,800 feet. This
is the result of one of the most uncertain assumptions used in
Ggeveloping the emission factors for this analysis (i.e., the
expected failure rate for feedback emission control systems).

In Chapter III, it was estimated that manufacturers would
need to replace existing nonfeedback emission control systems
with feedback systems to meet the stringent all-altitude
requirements of scenario 1. Current information indicates that
some in-use feedback systems are subject to catastrophic
failures which cause CO emissions to increase well beyond
allowable 1levels, Since nonfeedback systems do not exhibit
such gross failures, emissions in both 1low- and high-altitude
areas of the country could increase with a switch to feedback
systems. However, the data base with which these emission
factors were aeveloped is very limited and extrapolating these
results to characterize the behavior of feedback systems in the
future is speculative. 1Indeed, it is possible that additiomnal
information will show markedly lower failure rates than are
assumed in this analysis. If this occurs, the potential
adverse impact could be moderated or eliminated at low altitude
and emission reducticns like those found under scenario 2 may
be possible at high altitude. The sensitivity of the analysis
to such a reauction in the expected catastrophic failure rates
for feedback vehicles in scenario 1 is discussed further at the
end of this chapter.

3. Number of Vehicles

Nationwide sales projections of new 1light-duty vehicles
for each year are presented in Table 1V-4. These projections,
published by Data Resources Corporation,[5] take into account
such factors as the driving-age distribution of U.S. citizens,
changes in real disposable income, and unemployment estimates.
The percentage of diesel-powered vehicles in the total fleet
was taken from previous EPA estimates made to support the
recently promulgated particulate emission standards fromn LDDVs
and LLDDTs.[6]

As discussed earlier, the scenarios being evaluateda dGo not
always affect the emissions performance of each car sold 1in
this country. Scenario 2 and the base scenario only apply to
vehicles so0ld above 4,000 feet ana scenarios 1 and 3 have
intermediate altitude control in aadition to that at high
altitude. Thus, sales projections need to be determined for
areas affected by each of the scenarios. Based on cities whose
population is over 10G,000 (excluding those in California), EPA
found that approximately 5.25 percent of the U.S. population
resides above 1,800 feet and 3.1 percent above 4,000 feet.

For the purposes of this study, it will Lbe assumed that
all cars sola above 4,000 feet will comply with high-altitude
standards as depictea by the various scenarios. (The fraction
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Table 1IV-4

Nationwide Sales Projections of
Light-Duty Vehicles[5,6] (millions of vehicles)

Year Gasoline-Fueled Diesel-Powered
1984 10.5 1.1
1985 10.3 1.3
1986 9.9 1.6
1987 9.5 1.9
1588 _9.4 2.0
5-Year Total 49.6 7.9
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of cars above the ceilings for which the standards apply is too
small to significantly affect the outcome of this analysis.)
Scenarios 1 ana 3, therefore, affect the emissions of 5.25
percent of the non-California, light-duty wmotor vehicle fleets,
while scenario 2 and the base scenario will apply to 3.1
percent cf these vehicles. As previously stated, it is assumed
that population distribution is an appropriate surrogate for
light-duty vehicle sales.

Since the scenarios being analyzed a@o not apply to
California for reasons aiscussed earlier, the above-mentioned
intermediate- ana high-altitude sales fractions should apply to
the nationwide sales estimates in Table IV-4 minus those in
California. Population estimates indicate that roughly 10
percent of the nation resides in California.[7] Therefore,
assuming this rpercentage remains fairly constant for the years
being studied anda that light-duty vehicle sales are
proportional to the gpopulation distribution, the numbers of
vehicles subject to emission control wunder the various
scenarios can be readily calculated and are shown in Table IV-5.

4. Evaporative Hydrocarbon Emissions

The 1982-83 interim high-altitude emission regulations
call for an evaporative hydrocarbon emission standard of 2.6
grams per test for light-duty gasoline-fueled vehicles and
trucks; the low-altitude standara is 2.0 grams per test.[l]
Each test consists of a diurnal and a hot-start portion in
order to simulate actual evaporative conditions.[8] To
determine the amount of evaporative hydrocarbons emitted per
mile, results from the hot-start test are first nultiplied by
the expectea number of trips per day. Next, results from the
Giurnal test are added to this product and the sum is dividea
by the number of miles traveled per day. Based on in-use data
and the above-mentioned standaras, evaporative hydrocarbon
emissions up to 1,800 feet are 0.10 grams per mile (Table
Iv-6). Similarly, 0.13 grams of evaporative hydrocarbons are
emitted per mile at 5,300 feet. By interpolating the inputs
used to dcerive these emission rates, it was daetermined that
0.12 grams of evaporative hyarccarbons are emitted per mile at
4,100 feet. Evaporative emissions under the various scenarios
were then determined by using these emission factors together
with the same vehicle miles traveled used to deternine total
exhaust emissions.

B. Presentation and Discussion of Results

Following the procedures outlined in the previous section,
total hydrocarbon (HC), carbon nonoxide (CO) and oxides of
nitrogen (NOx) emissions from 1984-88 LDVs were determined for
each scenario. These are g¢given in Tables 1IV-7 and 1IV-8. 1In
any evaluation of pollution control options, a comparison of
the relative amounts of emission reduction is beneficial. Such
a presentation can be found in Tables 1IV-9 and 1IV-10.
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Table IV-5

Number of New<Vehicle Sales in Selected Areas
for Indicated 5-Year Periods (millions of vehicles)

LDGV[a] LDDV
Scenarios 1 and 3 2.34 0.37
(above 1,800 feet)
Scenarios 2 and the 1.38 0.22
Baseline (above 4,000
feet)

[a] The 5-year period for LDVs is 1984-88.



Table IV-6

Determination of Evaporative Hydrocarbon Emission Levels[a]

Altitude Hot Start Diurnal Enission Rate
(feet) (yrams/test) Trips/Day (yramws/test) Miles/bay (yrawms/nile)(w)
1,800 0.63 3.05 1.07 3i.1 0.10
4,100 0.75 3.05 1.28 31.1 V.12
5,300 0.82 J.U5 1.39 31.1 .13

[a]l] Values reported for 1,800 and 5,300 feet were based on 1iun-use data.
The 4,100 values were obtaiuned by interpolation.
[b] Evaporative Emission Rate = (HS)(TPD) + D
MPD

Where:

CT-AI

HS = Hot Start

TPD = Trips Per Day
D = Diurnal

MPD = Miles Per Day
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Table 1IV-7

Total Lifetime Emissions of 1984-88
LDVs Above 4,000 Feet (1,000 metric tons)

Pollutant

HC

Cco

NOx
Evap. HC

HC

co

NOx
Evap. HC

HC

Co

NOX
Evap. HC

Vehicle Class

LDGV

191.8
2394
149.0
17.94

176.7
2625

143.5

13.8

178.0
2063

149.0

13.8

LDDV

15.18
54.34
22.0

11.88
33.44
22.0

1.88
33.44
22.0
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Table 1IV-8
Total Lifetime Emissions of 1984-88 LDVs from

1, 800 4,000 Feet for Affected Scenarios
(1,000 metric tons)

Vehicle Class

Scenario Pollutant - LDGV LDDV
Base [a] HC 122.9 9.5
CoO 1302 24.86
NOx 109.5 15.0
Evap. HC 10.2 -
HC 118.2 8.12
Cco 1496 22.76
NOx 102.2 15.0
Evap. HC 9.6 -
HC 121.8 8.52
Cco 1284 24.86
NOx 106.1 15.0
Evap. HC 10.2 -

[a]

Note that the base scenario calls for no special standards
for these altitudes. The emission factors used here come
from Table 1IV-3 and Appendix II, adjusted to the desired
altitude Ly the same ©procedures discussed previously.
Evaporative emissions are the same as those in scenario 3.

These base scenario emission levels a&are used to determine

emission reductions from scenarios 1 and 3 in intermediate
altitudes.
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Table IV-9
Lifetime Emission Reductions for 1984-88

High-Altitude Vehicles Relative to Base Case
for Regions Above 4,000 Feet (metric tons)

Vehicle Class

Scenario Pollutant LDGV LDDV
1 HC 15,200 3,300
Cco -231,000 20,900
NOx -5,500 0
Evap. HC 4,140 -
Total HC 19,340 3,300
2 HC 13,800 3,300
Cco 331,000 20,900
NOX 0 0
Evap. HC 4,140 -
Total HC 17,940 3,300
3 HC 0 0
Cco 0 0
NOx 0 0
Evap. HC 0 0
Total HC 0 0



Table IV-10

IV-16

Lifetime Emission Reductions for 1984-88
High-Altitude Vehicle Relative to Base Case
for Regions Between 1,800 and 4,000 Feet (metric tons)

Scenario

1

Pollutant

HC

co

NOx
Evap. HC
Total HC

HC

co

NOx
Evap. HC
Total HC

Vehicle Class

LDGV

4,700
-194,000
-7,300
600
5,300

1,100
18,000
3,400
0
1,100

LDDV

1,380
2,100
0

1,380
980

0

0

980
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As shown in Tables IV-9 and IV-10, implementing sceunario 1
would reduce exhaust HC emissions from 1984-88 LDGVs by 15,200
metric tons in areas which 1lie above 4,000 feet. In areas
between 1,800 and 4,000 feet, an additional reduction of 4,700
metric tons beyond those provided by the base case could be
realized.

Lookiny at the results for CO emissions in these areas, it
is obvious that scenario 1 may have significant detrimental
effects. Above 4,000 feet, 231,000 more metric tons of CO could
be emitted under scenario 1 than under tne base scenario. From
1,800 to 4,000 feet, an additional 194,000 wetric tons could be
einitted. These emission penalties, as discussed earlier, are
due to the projected higher emission rates of feedback vehicles
when they underyo catastrophic failure. (Scenario 1 would
require that essentially all ligyht-duty yasoline-tfueled
vehicles be equipped with feedback systems, as opposed to only
69 percent under the other scenarios.) However, the predicted
increase in CO is particularly sensitive to the failure rate
that has been assumed in developing the emission rates used in
this analysis. The failure rate may, in reality, be far less.
The effect of such a decrease in the failure rate is further
discussed at the end of this chapter.

NOx emissions would decrease under scenario 1 by 5,500
metric tons in regions above 4,000 feet and by 7,300 metric
tons between 1,800 and 4,000 feet. Similarly, evaporative HC
eiissions would decrease under scenario 1 by approximately
4,740 metric tons above 1,800 feet. This is due to the
application of laryer canisters (as described in the Technoloyy
section). These evaporative HC reductions plus reductiouns in
exhaust  HC emissions yield a total HC reduction of
approximately 26,640 metric tons for scenario 1.

Again, 1if the assumed catastrophic failure rates for
feedback vehicles in this analysis are valid, scenario 1 will
also affect emissions in areas below 1,800 feet since vehicles
sold at 1lower elevations would also adopt feedback systems.
The effects this might have on emissions in these areas 1is
indicated by Table 1IV-1. HC enissions from 1984 and later
model year LDGVs would decrease by 0.8 percent but CO emissions
would rise by 18.3 percent. NOX enissions would decrease by
8.3 percent. While the increases in CO emissious do not appear
to be significant, it is important to remember that these
increases would occur over approximately 95 percent of the
nationwide non-California fleet. Table IV-4 shows that rouygyhly
47 million vehicles would be so affected in the years beinyg
studied. Thus, the implementation of scenario 1 would cause CO
emissions from 1984-88 ligyht-duty, 4asoline-fueled vehicles to
increase by approximately 10,900,000 metric tons in areas below
1,800 feet. However, as mentioned before, the estimated rate
of catastrophic failure is tenuous at best and could easily
change in the future. The effect of lowering the failure rate

will be examined at the end of this chapter.
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Comparisons of scenario 2 to the base scenario in terms of
total emissions can be found in Table IV-9. This option, if
implemented, would decrease exhaust HC emissions from 1984-88
LDGVs by 13,800 metric tons and lower CO emissions by 331,000
metric tons 1in regions above 4,000 feet. No further NOx
reductions would result under scenario 2 but an additional
4,140 metric tons of evaporative HC emissions would be removed
from the atmosphere in these high-altitude areas. This would
yield a total HC reduction of roughly 17,900 metric tons. 1In
other areas of the country, scenario 2 and the base scenario
have the same emission characteristics.

To examine the ©benefits of requiring LDGVs sold 1in
intermediate regions to comply with proportional standards
similar to those for high-altitude areas under the 1982 ana
1983 interim standcards, scenario 3 was devised. As mentioned
earlier, scenario 3 and the base scenario would offer the same
emission reauction potential in areas above 4,000 feet. From
Table 1IVv-10, it can be seen that 1,100 metric tons of HC and
18,000 metric tons of CO would be removed per year under this
scenario in intermediate altitudes relative to the base
scenario, NOx emissions would not change in this scenario over
the base.

In conclusion, even though scenario 1 would reduce HC
emissions nationwice, the potential negative effect of
catastrophic failures in feedback-equipped vehicles could cause
CO emissions to increase throughout the country. If the
assumed failure rate for feedback systems is valia, scenario 1
does not appear to be a viable alternative to the base
scenario. Scenario 2 woula apparently reduce enissions from
light-duty gasoline-powered vehicles in high-altitude areas
more than any other option. While scenario 3 would not further
reduce emissions over the base scenaric above 4,000 feet, it
would reauce HC, CC, and NOX eniissions 1in regions o¢f the
country lying between 1,800 and 4,000 feet, scenario 2 woula
not. However, high-altitude areas are in greater neea of
improved emission control than the intermediate areas, and the
CC emission reduction offered by scenario 2 1is much greater
than that of the other scenarios. Also, relatively 1little
Gifference 1lies 1in the reduction potential for the other
pollutants among the scenarios. Thus, scenario 2 appears to
offer the greatest eniission reductions of all the scenarics
which were analyzed as alternatives in this report to
continuing the current proportional standards.

When considering the impact of the various ortions on
emissions from diesel-powered light-duty vehicles (LDDVs),
comparisons are simplifiea. Returning to Tables 1IV-§S and
IV-10, scenarios 1 ana 2 offer the same reduction potentials in
regions above 4,000 feet. (This 1is because both scenarios
require essentially the sane type of control technology.) The
emissions reductions for  these scenarios are approximately
3,360 metric tons of HC anda 20,900 metric tons of CO from
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1984-88 vehicles. As was the <case with LDGV emissions,
scenario 3 and the base scenario produce the same benefits in
areas above 4,000 feet. No NOxXx reductions are expected from
the control technology which 1is applied to these vehicles.
Since diesels are not a significant source of evaporative HC
ewnissions (due to inherent diesel fuel characteristics), diesel
evaporative eunissions are not evaluated in this report.

In areas between 1,800 and 4,000 feet, scenario 1 would
reduce LDDV HC emissions by rouyghly 1,380 metric tons and CO
enissions by 2,100 metric tons. Scenario 3, the ouly other
control option which controls emissions in this range, would

reduce lIC emissions by 980 metric tons. No benefit is seen
with regard to CO reductions since diesels enit relatively

small amounts of CO compared to dasoline-powered vehicles and

can comply with either the statutory or proportional standards
without significant modifications.

In order to gain further insight into the environmental
consequences of the four scenarios being examined, an analysis
of the air yuality impact was performed. This is discussed in
the following section. After the results of that analysis are

presented and discussed, the effect of critical assumptions
made in this environmental impact study will be assessed,
III. AIR QUALITY

A. Basic Methodoloyy

In order to evaluate the relative air yuality impacts of
the control scenarios, two computer models were used whicn
attempt to represent the relationship Dbetween pollutant
ewissions and the resultingy ambieant pollutant concentration.
These are the Rollback and Emperical XKinetic Modeliny Approach
(EKIHA) models. RrRollback was used to study CO and NOX while the
wore complex EKMA model was utilized for osone. Detailea
discussions of these models can be found in the
literature.[9,10]

In preparing the air guality projections, future control
strategies and yrowth rates were applied to baseline emission
rates for various non-motor vehicle source categories taken
from the National Emissions Data System (NEDS).[1l1l] These data,
in combination with siwmilar projections made for motor vehicle
sources of air pollution (discussed below), allow an evaluation
of the effects on air quality of the various scenarios. Due to
the large number of composite emission factors used in this
analysis, they are not included in this chapter but are listed
in Reference 11.

With Dboth the Rollback and EKMA models, the relative
changes from scenario-to-scenario are more reliable than the

absolute predictions of pollutant conceutration. Followinyg



IV-20

this guide, results are compared to the baseline emission
inventories in two ways: 1) chanyges in the percent reductions
from the base year, 1979, and 2) changes in the number of NAAQS

violations expected. This was done for 1986 throuyh 1990 and
in 1993 and 1995.

The air yuality analysis in this chapter focuses on those
high-altitude cities which are projected to maintain or develop
air quality problems in the future. For CO, these are:
benver, Colorado Sprinys, Ft. Collins, Greeley, Albugyuergue,
and Sait Lake City. For ozone, Denver and Salt Lake City were
modeled. For NOX, only Denver 1is expected to have difficulties
meeting the NAAYS.

B. Growth Rates and Stationary Source Control Assunptions

To project Dbase year inventories and air uality
concentration levels, it 1is unecessary to estimate the future
activity 1levels of both mnobile and stationary pollution
sources. In yeneral, two sets of yrowth rates were used in
this analysis to provide a ranye of air Juality estimates for
each pollutant. A special zero-gyrowth rate case was also run
for CO and NOXx to 1indicate the air yuality iwpact of a
siynificant error in estimated growth rates. However, since
high-altitude areas currently experience relatively high-yrowth
rates, the results of this analysis are not discussed here and
are instead presented in Appendix II.

As shown in Table 1IV-11, LDV and LDT vehicle miles
traveled (VMT) were projected to gyrow by 0.4 to 2.4 percent per
year, compounded. This rangye was arbitrarily establisheu as
being +1 percentage point of the historical ¢rowth rate for
these vehicle classes.[9] Similarly, HDG and udDD VMT were
projected to chanye at the rate of -3 to -1 and 4 to 6 percent,
respectively. These heavy-duty dgrowth rates are based on sales
figures indicating that diesel trucks are replacingy
gyasoline-powered trucks in the heavy-duty fleet.[12]

The stationary and off-highway mobile source yrowth rates
which were used in this analysis are consistent with EPA's most
recent guidelines for conducting air Juality modeliny
analyses. The various Jrowth rates for each pollutant are
presented in Appendix II. The additional assumptions regarding
stationary source emission controls are described in References
9 and 13.

cC. Presentation and Discussion of Results

As mentioned earlier, Rollback and EKMA results from
scenarios 1, 2, and 3 will be compared to those from the base
scenario in two ways: changes in projected numbers of NAAQS
violations and relative percentaye reductions in pollutant
concentrations. The results in the first half of Tables IV-1l2
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Light-Duty
Heavy-Duty
Light-Duty

Heavy-Duty
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Table IV-1ll

Growth Rates for Light-Duty Vehicles,
Light-Duty 1rucks,and Heavy-Duty Vehicles

Gasoline Vehicles
Gasoline Trucks
Gasoline Vehicles
Diesel Vehicles

Diesel Vehicles

Annual Compound Growth Rate (percent)

Low

+0.
+0.
-3.
+0.

+4.

4
4
0
4
0

High
+2.4

+2.4

+6.0



Table 1IV-12

Average Percent Reduction in Expected Maximum l-Hour Qzone
Concentrations from 1979 Base Year in Denver and Salt Lake City (low aund hiyh yrowth)ia)

With Inspection/Maintenauce

1986 1987 1988 1989 1990 1993 19YH
Scenario Low  High Low  High Low  Hiyh Low  Hiyhb Low  Hiyh Low  diyh Low  Hiyl
Base 24-32 23-28  26-34 23-30 27-35 24-32 28-36 25-32 29-37 25-33  29-38 25-32  2d4-36 24-31
1 24-32 22-29 26-34 23-30 28-36 24-32 28-37 25-33 29-38  25-34 29-39 25-33 29-38 25-32
2 24-32 22-29  26-34 23-30 27-35 24-32 28-36 25-33 2Yy-37 25-33 29-34 25-32 28-36 Zl4-31
3 24-32 22-28 26-34 23-30 28-36 24-32  28-37 25-32 29-37 25-43  29-38 25-32  28-30 24-31

Without Inspection/Maintenance

1986 1987 1988 1989 1999 1993 1995
Scenario Low High Low  High Low  High Low  High Low  High Low  Higyh Low  Higyh
Base 21-27 18-24 22-29 19-25 24-31 20-27 24-32 21-28 25-33 22-28 26-34 22-29 26-34 21-2v
1 21-27 18-24 22-29 20-26 24-31 20-27 25-32 21-28 25-34 22-2Y 27-35 23-29 20-35 22-29
2 21-27 18-24 22-29 19-25 24-31 20-27 25-32 21-28 25-34 22-29 26-35 22-29 26-35 21-28
3 21-27 18-24 22-29 19-25 24-31 20-27 25-32 21-28 25-34 22-29 26-3> 22-29 26-35 21-28

[a] Note that a range of values are reported. These reflect two different ratios of HC/NOX awbient
concentrations, as discussed in the text. Values from the higyher HC/NUx ratio are listed first.

T-AT
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through 1IV-15 are based on controls placed on light-duty
vehicles and assume the presence of inspection/maintenance
(I/M) programs in these areas. Similar results without I/M are
found in the lower half of these tables. Light-duty trucks
will be discussed separately in Chapter X.

Tables 1IV-12 and IV-13 contain the air quality impacts of
ozone, It should be pointed out that the hydrocarbon emission
factors used as input to these and other ozone projections in
the air quality analysis contain contributions made by
evaporative emission losses. As can be seen, there is a range
of values reported in these tables. This was done in order to
reflect two different possible ratios of nonmethane hydrocarbon
to oxides of nitrogen ambient concentrations (i.e., 7 to 1 and
9.5 to 1). (The EKMA model relies upon such a technique to
yield ozone projections.) The future ozone air quality should,
therefore, fall within the range of the estimates.

Table 1V-12, shows that only scenarios 1 and 2 are
predicted to yield reductions in the expected maximum ozone
concentrations in Denver and Salt Lake City below that already
provided by the base scenario. Table IV-13 shows that in 1989
and 1990 without I/M, one less violation of the ozone NAAQS
could occur under the high-growth case of both scenarios 1 and
2, compared to the base scenario. In 1993, only scenario 1
appears to provide fewer violations than the base scenario, one
less under high growth. All scenarios lead to the same number
of violations in 1995.

The results with I/M indicate that the number of
exceedances 1is projected to be the same for each scenario in
all years except 1989. 1In that year, scenario 1 could lead to
one less violation under low growth.

Tables 1IV-14 and 1IV-15 contain similar results for CO
levels as only scenarios 1 and 2 offer different projections
from the base scenario. Looking just at scenario 1, one more
violation is projected for 1993 for the high-growth, no-I/M
case compared to the base scenario (Table 1IV-15). In other
years, there appear to be no high-growth differences in the
number of exceedances under these two scenarios. with 1/M,
Table 1V-14 shows that scenario 1 should result in a slightly
greater reduction in the expected second highest 8-hour CO
concentrations in several of the years studied compared to the
base scenario. However, this benefit 1is quite small since
scenario 1 and the base scenario do not differ in the number of
projected violations under the I/M case (see Table IV-15).

Scenario 2 appears to be the only alternative to the base
scenario which can offer fewer CO NAAGS violations. Without
I/M, the expected benefits of scenario 2 begin in 1986, the
first year investigated, when one less violation is projected
under the low-growth case. 1In each year after that until 1993,



Table IV-13

Number of Violations of Ozone NAAQS
in Denver and Salt Lake City (Low and High Growth)[a]}

With Inspection/Maintenance

1986 1987 1988 ‘ 1989 1990 1993 1995
Scenario Low High Low High Low High Low High Low High Low High Low High
Base 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-0 0-1 0-0 0-1 0-1 0-1
1 0-1 0-1 0-1 0-1 0-1 0-1 0-0 0-1 0-0 0-1 0-0 0-1 0-1 0-1
2 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-0 0-1 0-0 0-1 0-1 0-1
3 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-0 0-1 0-0 0-1 0-1 0-1
Without Inspection/Maintenance
1986 1987 1988 1989 1990 . 1993 1995
Scenario Low High Low High Low High Low High Low High Low High Low High
Base 0-2 1-2 0-1 1-2 0-1 1-2 0-1 1-2 0-1 0-2 0-1 0-2 0-1 1-2
1 0-2 1-2 0-1 1-2 0-1 1-2 0-1 0-2 0-1 0-1 0-1 0-1 0-1 1-2
2 0-2 1-2 0-1 1-2 0-1 1-2 0-1 0-2 0-1 0-1 0-1 0-2 0-1 1-2
3 0-2 1-2 0-1 1-2 0-1 1-2 0-1 1-2 0-1 0-2 0-1 0-2 0-1 1-2
[a] Note that a range of values are reported. These reflect two different ratios of I[C/NOx ambient

concentrations, as discussed in the text. Values from the low HC/NOx ratio are listed first.
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Table IV-14

Average Percent Change in Expected Second Highest 8-Hour CO Concentrations
from 1979 Base Year in 6 High-Altitude Cities (low and high growth)la]

With Inspection/Maintenance

1986 1987 1288 1989 1290 1993 1995
Scenario Low High Low High Low High Low High Low High Low High Low High
Base 55 48 60 54 64 58 68 61 71 65 76 69 78 70
1 55 48 60 54 65 58 69 62 71 65 77 70 78 71
2 55 49 61 55 66 5¢ 6° 63 72 65 77 71 80 73
3 55 48 60 55 64 58 68 61 71 65 76 69 78 70
Without Inspection/Maintenance
1986 1987 1088 1989 1990 1993 1995
Scenario Low High Low High Low High Low High Low High Low High Low High
Base 45 37 51 42 55 47 60 51 63 54 ° 70 61 72 62
1 45 37 51 42 55 47 60 51 63 54 68 59 71 60
2 46 38 51 43 57 48 61 53 64 56 71 62 74 65
3 45 37 51 42 55 47 60 51 63 54 70 61 72 62

la)] The cities modeled are Denver, Colorado Springs, Ft. Collins, Greeley, Albuguerque, and Salt Lake City.
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Table IV-15

Number of Violations of CO NAAQS
in 17 High-Altitude Counties (low and high growth)[a]

With Inspection/Maintenance

1986 1987 1988 1989 1990 1993 1995
Scenario ow High Low High Low High Low High ow High ow High Low High
Base 7 18 2 8 0 3 0 1 0 0 0 0 0 1]
1 7 18 2 8 0 3 0 1 0 0 0 0 0 0
2 7 16 2 7 0 3 0 1 0 0 0 0 0 0
3 7 18 2 8 0 3 0 1 0 0 0 0 0 0
Without Inspection/Maintenance
1986 1987 1988 1989 1990 1993 1995
Scenario Low High Low High Low High ow High ow High Low High Low High
Base 21 43 10 28 3 17 1 9 0 4 0 0 0 0
1 21 43 10 28 3 17 1 9 0 4 0 1 0 0
2 20 43 10 26 3 14 0 8 0 3 0 0 0 0
3 21 43 10 28 3 17 1 2 0 4 0 0 0 0
[a) The cities modeled are benver, Colorado Springs, Ft. Collins, Greeley, Albuquerque, and Salt Lake City.
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scenario 2 may yield from one to three fewer violations than
the base scenario, with benefits appearing under both low- and
high-growth rates, In 1993 and 1995, no violations are
projected under either the base case or scenario 2. Table
IV-14 indicates, however, that lower CO concentrations could be
expected in these two years under scenario 2.

with I/M, the advantages of scenario 2 over the base
scenario still appear to be present, although they are not as
pronounced. Table IV-14 indicates a general trend of lower CO
concentrations under scenario 2 as compared to the base
scenario. However, from Table 1IV-15, the number of CO NAACS
violations under these two scenarios are projected to differ
only in 1986 and 1987 when scenario 2 has 1-2 less violations.

As was mentioned |earlier, none of the potential
alternative control scenarios nor the base scenario have
high-altitude NOx standards that are numerically different from
those at 1low altitudes. This is because NOx emissions
generally decrease with altitude. The rollback analysis was
nonetheless performea for Denver, the only high-altitude city
which 1is projected to have a NOx problem, to examine the
possible situation whereby some control strategies for HC or CO
could detrimentally affect NOx emissions. The results of this
analysis indicate that there are no significant air quality
differences among the scenarios. For this reason, the results
of the NOx air quality analysis are not presented in this
chapter. (The actual NOx air quality data are included in
Chapter XI.)

In conclusion, without I/M, scenarios 1 and 2 could reduce
ozone concentrations slightly more than the base scenario in
Denver and Salt Lake City. With I/M, only scenario 1 appears
to reduce ozone concentrations. In terms of violation of the
ozone NAAQGS standard, scenarios 1 and 2 could yield one 1less
violation in 1989 and 1990 under the high-growth, no-I/M case.
Scenario 1 alone could yield one less violation in 1993 under
the high-growth, no-I/M case. wWith 1/M, scenario 1 is
projected to provide one 1less violation in 1989 under 1low
growth. Thus, scenario 1 appears to have a slight overall
advantage with regard to ozone NAAGS violations. Scenario 2,
however, seems to offer by far the most benefit with regard to
CO air quality. It is projected to reduce the second highest
8-hour concentrations by as much as 3 percent and provide the
fewest NAAQS exceedances. No significant NOX air quality
differences are expected among the scenarios.

These air quality projections must be wused with a
considerable degree of caution, however. The errors associated
with air gquality models can be considerable, One source of
potential error involves the emission factors projected for
future model years which are based on limited data. Also, due
to time and resource constraints many of the input parameters
used in the model, such as growth rates, were national averages
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and not site-specific values. While ranges of values were used
in many cases to ensure the inclusion of varying local values,
it is still possible that the use of site-specific input data
would result in more optimistic or pessimistic projections.
This 1is especially true when these improved input aqata are
coupled with more sophisticated air quality models optimized
for a specific locale. Thus, the air quality projections made
here <can serve as a general indicator of when nost
high-altitude areas will comply with the NAAQS for CO and
ozone. However, they cannot be used to predict with confidence
when any one, or all, of the areas will comply with the NAACS.

Unfortunately, the absolute air quality need for further
control beyond that provided by the base scenario depends on
the number of violations of the NAAQS occurring under the base
scenario. For ozone, only one or two violations are projected
in 1986 or beyond under any scenario. At the same time, these
violations persist to beyond 1595. While additional control
would appear to be needed to bring these one or two areas into
compliance, more detailed analyses are necessary to ensure that
this is the case. At the same time, those areas just complying
with the NAAQS should alsc be examined in greater detail to
ensure that they will indeed comply in the future. The same
qualifications hola for any conclusions concerning attainment
of the NAAQS for CO. Thus, while further control appears to be
merited at this time, a firm decision cannot be made. Further
air quality analysis will be necessary before this decision can
be made with confidence.

IV. SENSITIVITY ANALYSIS

0f the assumptions made in this analysis, two appear to
have the possibility of changing the conclusions drawn as to
which of the alternative scenarios is most beneficial: 1) the
catastrophic failure rate of feedback systems, and 2) the
impact of low-altitude LDVs at high altitude.

A. Catastrophic Failure Rate

The environmental impact of scenario 1 is greatly
influenced by the assumed catastrophic failure rate for
feedback systems. This failure rate is important in scenario 1
because EPA expects the stringent requirements of meeting the
statutory standards at all altitudes to force manufacturers to
replace nonfeedback systems, currently 31 percent of the
market, with feedback systems., Nonfeedback systems do not
require electronic controls; therefore, they do not exhibit
catastrophic failures that can lead to excessive in-use vehicle
emissions. Because of this, any increase in the use of
feedback systems throughout the nation has the potential to
affect air quality adversely in both 1low- and high-altitude
areas.
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The effect of a substantial reduction in the catastrophic
failure rate assumed in this analysis needs to be considered
because the currently projected failure rate was derived from a
very limited data Dbase, Only a swall number of feedback
systens have currently been tested in the Agency's in-use
surveillance proyrams and many of the test vehicles in these
programns were equipped with "early" feedback systems which may
be less reliable than future designs. Thus, EPA expects that
as more information becones available the observed rate ot
catastrophic failures will change. The direction of this
change is, of course, unknown at this time, but it 1is most
likely that the rate would decrease. If this does occur, the
ecfect of scenario 1 on emissions in areas above 4,0Uu feet may
be much like the benefits of scenario 2, since both strategies
control enissions at high-altitude to statutory levels.
Benefits may also occur at intermediate altitudes (1,800 feet
to 4,000 feet) that are yreater than scenario 3 which controls
enissions to only proportional levels. ‘fherefore, depeuding on
the assuned catastrophic failure rate of feedback systems,
scenario 1 could have a positive environmental imnpact instead
of the negative effect that was projected in the air quality
analysis. For example, the CO benefit may be a total reduction
of approximately 350,000 metric tons as opposed to an increase
of approximately 425,000 metric tons.

B. Low-Altitude Vehicles at Higyh Altitude

The recreation popularity of high-altitude areas and the
relatively higyh population growth rate of high-altitude states
could siynificantly affect the outcoue of this analysis.
People who visit and migyrate to these areas from low-altitude
sections of the country often brinyg low-altitude vehicles with
then. Under fixed-point high-altitude emnission standards,
these 1low-altitude vehicles would pollute nmnore than their
counterparts sold in high-altitude areas since mnany of them
would not be able to compensate for the lower air density at
hidher elevations. (As mentioned in Chapter III, approximately
69 percent of the future 1low-altitude LDGV flieet uunder the
fixed-point scenarios, number 2 and the base sceunario, are
eXpected to Dbe eyuipped with closed-loop emission control
s/stems which will be able to compensate to some extent for
altitude effects.) This implies that the estimates in tinis
chapter of future pollution levels wunder the fixed-point
scenarios are sowewhat lower than will actually occur.

Estimates made of future pollution 1levels under tue
continuous scenarios, numbers 1 and 3, would not be affected by
bringing low-altitude vehicles to high-altitude reygions since
they regquire all vehicles to be able to compensate for chanyges
in altitude automatically. Thus, if enouyh cars in
high-altitude areas (above 4,000 feet) were in fact from lower
altitudes, the benefits of scenarios 1 and 3 could increase
relative to the base scenario to such an extent that scenario 2
would no longer offer the most emissions reduction potential,
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One way to examine the impact of low-altitude venicles at
high-altitude in the context of this analysis is to replace a
certain fraction of the high-altitude vehicles expected to be
sold there with 1low-altitude vehicles. Unfortunately, there
are no studies available which indicate what this percentaye
should be. A relatively high estimate would be to assume that
one out of every ten vehicles operated at hiygyh altitude is a
low-altitude vehicle. This conservative approach was followed
below.

To compare the effectiveness of scenarios 1, 2, and 3 to
the base scenario in this condition, emission factors must be
deternined for low-altitude vehicles in high-altitude areas.
Table IV-16 contains these emission factors which were derived
based on the in-use surveillance proygram mentioned earlier. As
can be seen by comparison to Table 1IV-1, vehicles not eyuipped
for high-altitude <conditions would be expected to emnit
approximately 22 percent more HC and 47 percent more CO than
they would at low-altitude. Since NOx emission rates naturailly
decrease with increasing altitude, they are not 1included in
this sensitivity analysis.

By weiyhtiny the emission factors in Tables IV-2 aud IV-16
for a fleet comprised of nine high-altitude vehicles to every
one 1low-altitude vehicle, the averaye 1lifetime HC and CO
enission factors for 1934-88 model year LDGVs wvecome 1.40 y¢/ni
and 17.46 y/mi, respectively, for the base scenario. For
scenario 2, this same procedure yields adjusted enission
factors of 1.31 y/mi for HC and 15.3U0 y/mi for CO. It should
be pointed out that evaporative HC emissions would also rise
uiider scenario 2 from low-altitude cars brouyht to
higyh-altitude regions since the canisters used at low-altitude
would not be able to control evaporative emissions to the level
specified by scenario 2. However, this emission increase is
negliyible and will not be considered further.

The two sets of adjusted emission factors described in the
previous paragraph, can be multiplied by the same sales and
mileage data discussed earlier in this chapter, to determine
the revised total lifetime emissions from 1984-88 model year
LDGVs above 4,000 feet. According to this wetnouoloyy,
approximately 1,400 more metric tons of HC (113,200 versus
111,800) and 15,000 more netric tons of CO (2,409,0u0 versus
2,394,000) would be emitted over the lifetime of 1Y84-88 model
year LDGVs sold above 4,000 feet under the base scenario if one
out of every ten was a low-altitude vehicle. For scenario 2,
2,300 more metric tons of HC (180,800 versus 178,000) and
48,000 more metric tons of CO (2,111,000 versus 2,063,000)
would be emitted by factoring in the impact of low-altitude
vehicles.

The revised emission reductions, relative to the new base
scenario, for scenarios 1, 2, and 3 are listed in Tabie 1IV-17
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Table IV-16
Emission Rates of 1984-88 Model Year Low-

Altitude Vehicles at 5,300 Feet Under
the Base Scenario and Scenario 2[a])

Pollutant
HC CO
Zero-Mile Emission Level (g/mi) 0.55 7.44
Deterioration Rate 0.19 2.21
(g/mi/10,000 miles)
Average Lifetime Emission Level 1.50 18.49

(g/mi)

[a] Emission rate = ZML + (M)(DR)
Where:

ZML = Zero-Mile Level

M = Cumulative Mileage/10,000 (cumulative mileage =
50 miles, half the lifetime mileage).

DR = Deterioration Rate
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Table 1IV-17

Lifetime Emission Reductions for 1984-88 LDGVs Relative
to Base Scenario for Regions Above 4,000 Feet (metric tons)

With Low- Without Low-
Scenario Pollutant Altitude Vehicles Altitude Vehicles

1 HC 16,600 15,200
co -216,000 -231,000

NOx -1,300 -5,500

Evap HC 4,140 4,140

Total HC 20,740 19,340

2 HC 12,400 13,800
co 298,000 331,000

NOX 0 0

Evap HC 4,140 4,140

Total HC 16,540 17,940

3 HC 1,400 0
co 15,000 0

NOx 0 0

Evap HC 0 0

Total HC 1,400 0
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for areas above 4,000 feet. For comparison, this table also
includes the emission reauctions from Table 1IV-9 which were
generated without accounting for 1low-altitude vehicles at
high-altituée. As can be seen, the overall merits of scenario
2 still appear to outweigh those of scenarios 1 and 3 since the
potential CO penalty associated with scenario 1 remains
sizeable. The consequences of adding low-altitude vehicles to
high-altitude areas with regard to cost effectiveness will be
addressed in Chapter VI.

V. SUMMARY

In this chapter, the emissions and air quality
characteristics of the three basic control options were
compared to the base scenario (a continuation of the 1982 and
1983 interim high-altitude standards). The analysis found that
scenario 1 would reduce HC and NOX emissions in areas above
1,800 feet. ©Unfortunately, this scenario also appears to have
the potential for increasing CO emissions in all parts of the
country due to the predicted catastrophic failures of the
requisite emission control systems. Neither scenario 2 nor 3
exhibited such potential problems as both yielded reductions in
HC and CO emissions. Unaer scenario 2, the projected HC
emission reductions at high-altitude were slightly less than
that of scenario 1 but substantially greater than under
scenario 3. The projected CO benefit of scenario 2, over both
scenarios 1 and 3, 1is significant however. Because of this
effect on CO, scenario 2 appears to be preferable to the other
options. The air quality analysis of selected high-altitude
cities verifies this finding as scenario 2 also appears to be
the course of action which could provide benefits to both CO
and ozone air gquality beyond that provided by the base
scenario. The slight HC emissions benefit of scenario 1 over
scenario 2 mentioned above was large enough to yield only one
less violation of the ozone NAAQS for that scenario relative to
scenario 2 both with and without I/M.

Scenario 1 could still be a viable control alternative,
however, 1in spite of 1its potential adverse environmental
impact. The adverse impact is totally dependent on the single
assumption regarding the <catastrophic failure rate of the
requisite technology. This assumed failure rate is based on
preliminary information and may change as additional data
becomes available, In fact, it 1is possible that the air
quality impact of scenario 1 may be greater than the combined
benefits of scenario 2 and 3. Therefore, the viability of
scenario 1 remains to be decided in subsequent chapters.

It would appear that aaditional control beyond that
provided by the base scenario (e.g., scenario 2) is merited,
since violations of the NAAQS for ozone could persist to at
least 1995. Violations of the NAAQS for CO could persist as
far in the future as 1993-95 or may disappear as early as 1988,
depending on external factors such as VMT growth and the
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presence or absence of 1local I/M prograus. However, as
discussed earlier, these projections nust be used with caution
because of the mnany kunown sources of potential error. Before
any firm conclusions can be drawn concerning the absolute need
for additional high-altitude control beyond that provided by
the base scenario, more detailed air yuality analysis of those
areas just iu and out of compliance with the NAAyS will be
necessary.
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Chapter V

Economic Impact for
Gasoline-Fueled Light-Duty Vehicles

I. INTRODUCTION

This chapter will examine the incremental costs of
complying with each of the alternative high-altitude regulatory
scenarios outlined in Chapter II relative to complying with the
base scenario. This will be done by evaluating the cost to
manufacturers and the cost to consumers. mManufacturers'
primary expenses will 1involve the variable costs of adding
emission control hardware to their vehicles, the fixed costs of
new vehicle certification, and the development of special
high-altitude calibrations. The consumer will pay for the
expenses incurred by the manufacturer and, in addition, pay fot
a profit that the manufacturer must make on his investment.
Consumers will also bear the cost or savings of any changes in
vehicle maintenance or fuel economy.

Following these two sections, the aggregate cost to the
nation for the first five years that high-altitude standards
are in effect will be determined. After this, the
socioeconomic impact on high-altitude areas and the nation of
each alternative control scenario will be discussed.

I1. CCSTS TO MANUFACTURERS

The costs of high-altitude standards to manufacturers can
be conveniently separated into two types: variable and fixed.
The variable costs, which are essentially the costs of emission
control hardware, will be analyzed first. This cost will be
determined on a per vehicle basis in terms of the retail price
equivalent (i.e., the change in the purchase price o¢f the
vehicle). The fixed costs will be arnalyzed next. These costs
will be determined for the entire vehicle fleet and then
converted to a per vehicle basis. The fixed costs are examined
separately Dbecause they represent the capital investment
manufacturers must make prior to the actual implementation of

the standards. These fixed costs will include research and
development (R&D), equipment for manufacturing control
hardware, Gdevelopment of high-altitude calibrations,

certification, and test facility additions or modifications.

A. Emission Control System Costs

In this section, the retail price equivalent (RPE) of the
emission contrcl hardware required by each control scenario
will be dcGetermined. First, the methodology used 1in the
analysis will be presented and cdiscussed. Second, the cost of
each emission control component will be estimated using this
methodology. Finally, the total control hardware cost for each
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scenario will be summarized. The control technology upon which
these cost estimates are based was identified in Chapter III.

1. Cost Methodology

In general, the RPE of emission control hardware includes
the direct material, direct labor, fixed and variable overhead
and profit at the vendor 1level, tooling expense, land and
building expense, and overhead and profit at the corporate ana
dealer level. In this analysis, R&D is not included in the
emission control hardware costs hecause it is not considered to
be a variable cost. R&D costs will be estimated separately
under "Fixed Costs." With this one exception, the RPE and
estimates used in this chapter will follow the methodology used
in recent regulatory analyses,[1,2] and will not be discussed
in detail here. These regqulatory analyses consider corporate
overhead and profit, in addition to dealer overhead and profit
(29 percent of the vendor level costs) since the manufacturers
must receive a return on their investment. For the most part,
estimates of vendor-level costs will be taken from
Lindgren.[3,4]

In addition, the cost of each component depends on its
production volume. For the continuous statutory or continuous
proportional scenarios (numbers 1 and 3), all vehicles must be
certified for use at high altitude unless they are exempted
from sale at high altitude. Thus, control hardware will be
installed on nearly all vehicles nationwide unless the
standards can be met without additional altitude-compensating
equipment. For fixed-point scenarios (the base scenario and
number 2), only those vehicles sold at high altitude will
require control devices (unless the vehicle can meet
high-altitude standards with its normal low-altitude
configuration). This amounts to only about 3 percent of all
vehicles certified as was discussed in Chapter IV. Thus, the
production volumes vary markedly between scenarios and hardware
costs will have to reflect this variation.

In the estimates which follow, the range of costs
determined for scenarios 1 and 3 is large enough to account for
variations in production volumes. For scenario 2 and the base
scenario, approximately 3.1 percent of vehicles are affected by
a high-altitude standarad. As aiscussed in Chapter 1V,
approximately 1.38 million non-California light-duty
gasoline-fueled vehicles will be sold between 1984-88, and 3.1
percent of this total is approximately 260,000 vehicles
annually. This will affect the costs of fixed-step aneroids.
The cost for this device has been estimated by Lindgren based
on a production volume of 1 million units per year. In
scenario 2 and the base scenario, it 1is estimated that 31
percent of all high-altitude vehicles will require aneroids,
corresponding to a volume of 87,000 units per year. It 1is
assumed that these aneroids will be produced by, at most, two
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outside suppliers with an annual production of 38,000 units for
each supplier. Therefore, the aneroid cost estimate from
Lindgren must be adjusted to reflect the lower production
volumes. If a 12 percent learning curve is used, as in past
regulatory analyses,[2,3] an economy-of-scale factor is
calculated to be 1.8. This economy-of-scale factor should bLe a
conservatively high estimate, when considering that at most two
suppliers would manufacture these aneroids. In scenario 2
only, it is estimated that 10 percent of all high-altitude
vehicles will require the addition of a MAP sensor. Unlike
aneroids, however, no adjustment to Lindgren's cost estimate is
necessary for the MAP sensor in this scenario. These sensors
already will have attained the proper economy-of-scale since
they are assumed to be used in throttle body injection (TBI)
systems on 59 percent of the fleet even in the absence of
high-altitude standards (this is further discussed in Chapter
III). Thus, only the costs of aneroids will be adjusted to the
lower production volumes associated with scenario 2 and the
base case.

In this analysis, the number of suppliers for emission
control development is also of particular concern for
estimating the total R&D cost for expanding the capability of
existing electronic control  units. The total number of
suppliers is estimated to range from two to four, depending on
the number of vehicles affected. 1In this case, these suppliers
may be the larger vehicle manufacturers or outside suppliers,
and for purposes of this analysis, it is assumed that half of

the total suppliers are the vehicle manufacturers themselves.
This information will be used for estimating the capital costs

to manufacturers in a later section.

All costs in this analysis will be estimated in 1981
dollars. Nearly all cost estimates are taken from Lindgren([4,5]
where costs are quoted in 1977 dollars. As in past regulatory
analyses,[1,2,3] an 8 percent per annum inflation rate will be
used to convert control hardware costs from 1977 dollars to
1581 dollars. This inflation rate can be supported by the fact
that the new car price index (NCPI) for the years 1977, 1978,
1979, and 1980 was 7.2, 6.2, 7.4, and 7.5 percent,
respectively. While the NCPI is much lower than the Consumer
Price Index for the past 3-4 years, it is a better indicator of
the specific inflation rate for vehicle manufacturing. The
NCPI may reflect some lowering of profits to sell cars in the
last few years. However, the 8 percent inflation rate provides
some degree of compensation for the effect of such practices.

2. Estimated Cost for Each Component

This section analyzes the cost of each emission control
component that is expected to be used to meet high-altitude
standards under the various scenarios. The cost estimates are
presented as RPE, and in most cases a cost range is given due
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to variations in the production volume, material, and design
that could occur with each scenario.

The following emission control items or engine
modifications will be examined in this section: electronic
load control system (ELCS), fixed-step aneroid, continuous
aneroid, turbocharger, feedback control system, expansion of
existing electronic functions, modification of the electronic
control module, and enlargement of the charcoal canister for
the storage of evaporative emissions. A summary of these costs
are shown in Table V-1.

a. Electronic Load Control System (ELCS). The ELCS was
developea by GM and a complete description of the exact
hardware 1included has never been given. However, from the
preliminary description that is available, EPA estimates the
primary components should include a manifold absolute pressure
(MAP) sensor, an air temperature sensor, and an expanded
capability of the microprocessor memory. The MAP sensor is
currently used by GM in some of its computer command control
systems and is expected to be used on over half of the vehicles
produced in the future. It is estimated that the sensor's
production cost is about $15 based on data in an unpublished
report by DOT.[6] The air temperature sensor will also be used
in over half of the vehicles. The production cost of this
device is about $1.[5] Assuming about $5 to install both the
MAP and temperature sensors, and $6 for corporate overhead ana
profit, the total hardware cost for these two sensors is about
$27. Expanding the adaptive memory 1involves additional
development of the electronic control unit (microprocessor).
This cost is due mostly to research and development and is
discussed separately uncer "Fixed Costs" 1later in this
chapter. Thus, without the cost of expanding the adaptive
memory, the RPE for the ELCS is about $27.

In comnjunction with the ELCS, it may be necessary to
incorporate idle speed adjustment for acceptable vehicle
operation, especially for vehicles expected to meet the sane
standara at high altitude as well as low altituae. In Chapter
IITI it was estimated that only those vehicles under the
continuous statutory scenario applicable to 10,200 feet
(scenario la) would require idle speed control. Little cata
are available on the cost of this item but one manufacturer has
indicated that this cost is similar to that of an aneroid. As
discussed below, an aneroid costs between $7-9; therefore, this
cost applies to the idle speed control also,.

b. Fixed-step aneroid. In Chapter 1V, Technology
Assessment, it was projected that a fixed-step aneroid would be
used under fixed-point scenarios requiring that compliance be
demonstrated at a single high-altitude location (2 and the base
scenario). Under these scenarios, only vehicles sold at high
altitude will require modification. Thus, fixed-step aneroids
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Table V-1

Vehicle Hardware Costs (RPE, $.1981)

Control Technigue Ccost
Electronic Load Control Systenm $27
Idle Speed Control 7-9
Fixed-Step Aneroid 7-9
Continuous Aneroid 7-9
Turbocharger 253
Feedback Control 190-243
Expand Function of Existinyg Electronics

A) Expand Microprocessor Capability U

B) Add MAP Sensor 26
Change Electronic Modules

A) Recalibrate 0

B) Add MAP for Fuel, Spark, and EGR 26
Enlargyed Charcoal Canister 2-3

A) Statutory 10,200 feet scenarios 6

B) Statutory 6,000 feet scenarios 2-3
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will be manufactured at a low production volume which will
result in a relatively higher unit cost.

Fixed-step aneroids are currently used on some car and
truck models to control carburetion, and most other models
could easily be similarly modified. In addition, for some
scenarios aneroids may be used to improve the functions of
power enrichment and EGR. A fixed-step aneroid has been
estimated to cost $4-5 for a production volume of about 1
million per year.[5] At most, about 3 percent of the national
fleet could ©potentially wuse fixed-step aneroids (to be
developed by, at most, two suppliers). As discussed earlier,
an economy of scale factor of 1.8 should be a conservatively
high estimate for these 1low production volumes. At this
production volume an aneroid would cost $7-9.

c. Continuous aneroid. The continuous anerocid is more
likely to be used for scenarios with continuous standards
(numbers 1 and 3) and thus would be incorporated into vehicles
certified and sold at all altitudes. There is currently no cost
estimate available for continuous aneroids, but the major
differences between this type of aneroid and that of the
fixed-step aneroid is the added cost of a calibration needle
able to make continuous adjustments and the decrease in cost
due to larger anticipated production volumes. These effects
would bring the cost of a continuous aneroid close to that of a
fixed-step aneroid, which was estimated with a conservatively
high economy-of-scale factor. Thus, a cost of $7-5 is usea
here also.

d. Turbochargers. The cost of turbocharging has Leen
estimated by EPA for diesel-fueled light-duty vehicles,[7] and
these costs should apply to gasoline-fueled vehicles as well.
From these previous EPA estimates, the cost of. turbocharging a
4- and 6-cylinder engine (in 1979 dollars) was $207 and $226.
In 1981 dollars these costs are $241 and $264, respectively.
Included in the estimate is the turbocharger itself, oil lines
and other plumbing, and manifold and exhaust transition
hardware. The cost of turbocharging an 8&-cylinder engine is
not estimated because very few, if any of these engines are
expected to be produced after 1984. Since the future market
shares of 4~ and 6-cylinder engines 1is unknown, they are
assumed to be produced in equal numbers. Therefore, the
average cost of a turbocharger is $253.

e. Feedback control. The «cost of an electronic
feedback control system is difficult to estimate and EPA is not
aware of any documented cost analysis. However, an attempt has
been made by DOT in an unpublished report to determine the cost
of a feedback control system,[6] and these estimates will be
used in this analysis. For 1980 procduction levels, these costs
come to $190-210 (1981 dollars). This cost estimate includes
the following components: electronic control unit (ECU), ECU
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mounting bracket and screws, closed-loop wiring harness and
straps, 4rO3 oxygen sensor, MAP sensor, throttle position
sensor, electromechanical carburetor solenoid, high energy
ignition with electronic spark control, advance and retard
solenoid for spark control revisions, tubing, valves and
mounting brackets, detonation sensor, vacuum switch and idle
deceleration unit, cold start switch, maintenance indicator
lights, closed-loop carburetor, vortex mixer, a proportional
EGR system, intake manifold revisions, and exhaust manifold
revisions. The <cost of the feedback control system also
includes credits for the standard carburetor and backpressure
EGR system.

Only vehicle manufacturers who presently produce vehicles
with nonfeedback systems may need to convert their vehicles to
feedback control. These manufacturers include Ford (assumed to
have a 20 percent market share) and some foreign manufacturers
(assumed to have an 11 percent market share). While
certification data show that all of Ford's open-loop vehicles
are equipped with three-way catalysts,[8] some foreign
manufacturers do not currently use them. These latter vehicles
will probably use three-way catalysts when converting to
feedback control. The cost increment of a three-way catalyst is
about $95,(4] so the total cost of feedback control for foreign
manufacturers 1is $190-305 per vehicle. Based on the assumed
market shares for the manufacturers, the average «cost of
converting from nonfeedback to feedback is $190-243.

f. Expanding functions of existing electronics.
Expanding the functions of existing electronics consists of
primarily augmenting the electronic memory (microprocessor)
capability. For some feedback carburetor equipped vehicles, a
MAP sensor WwWill also be added. Expanding the microprocessor
capability is primarily an R&D cost, and this will bLe discussed
in detail later in the section on fixed costs. As was
estimated for the ELCS above, the MAP sensor costs about $15.
If $5 for installation is assumed along with $6 for corporate
profit and overhead, the total hardware cost of the MAP sensor
is $26.

g. Changing electronic control modules. Modifying the
electronic module 1involves either: 1) replacing an existing
module with a differently calibrated module to control fuel
metering, spark timing and EGR, or 2) the audition of a MNAP
sensor to automatically adjust the fuel metering, spark timing,
and EGR control. lhere 1is essentially no variable cost
associated with replacing the existing control module since no
additional hardware is required beyond that already present in
vehicles. An R&D cost will be involved, and this is discussed
below under "Fixed Costs" for engine recalikration. The cost
of the MAP sensor has already been estimated above at $26.
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h. Charcoal canister for evaporative emissions. A
charcoal canister is necessary for the storage of evaporative
emissions. Due to the decrease 1in air density at high
altitude, a larger canister is expected to be required. Thus,
a larger plastic container and an increased amount of charcoal
are necessary for high-altitude evaporative emission control.
The cost increase is then basically an increase in the cost of
additional charcoal. One estimate shows that a 50 percent
increase in carbon bed costs about $6.[9]

For the continuous statutory standard applicable to 10,200
feet, or scenario la, it is estimated that approximately 50
percent more carbon will be necessary for storage of
evaporative emissions. The cost in this case is $6. For the
continuous statutory standards applicable to 6,000 feet, or
scenarios 1lb and 1lc, or scenario 2 and for the fixed-point
statutory standard at 5,200 feet, approximately 25 percent
additional charcoal will be required to meet evaporative
emission standards. This will cost roughly $2-3. For
proportional standards, or scenarios 3a, 3b, and the base
scenario, no additional evaporative emission control should be
necessary, and thus no costs would be incurred.

3. Control Hardware Cost for Each Scenario

In the technology section of this report, EPA projected
the fraction of gasoline-fueled light-duty vehicles expected to
require each of the above-mentioned control hardware components
or modifications. For convenience, this information is
Guplicated in Tables V-2 through V-4 for the seven scenarios
being analyzed. With this information, the average hardware
cost for the vehicles affected by high-altitude standards in
each scenario 1s readily calculated by multiplying the
appropriate mnarket shares (Tables V-2 through Table V-4),
together with the cost of the respective emission control
components as detailed in the preceding section of this chapter
(section (B)(b)(1l-9)), and then adding these results. Rather
than present a detailed description o¢f the calculations for
each scenario, an example will be provided below for the base
scenario which is a continuation of the 1982 and 1983 interim
high-~altitude standards.

In the base case, only vehicles sold at high altitude neead
to comply with high-altitude standards. The effect of this
two-car strategy is that only about 3 percent of all vehicles
sold nationwide (excluding California vehicles) will Dbe
required to be equipped with high-altitude emission control
hardware.

Table V-2 shows that 31 percent of the vehicles sold at
high-altitude dealerships should require a fixed-step aneroid
for the carburetor. Also, 2 percent are estimated to require a
recalibrated electronic control module and 13 percent should



Table V-2

Estimated Exhiaust Buission Cuitroli Reguireencs
for Scenarios witn Exelaptious

Scenario lb:
coutinuous

Lcenario 2:
Fixed-2oilt

sceunagcio Ja:
Coutinuous

Base scenario:
Fixed=20.ut

Statutory, Statutory, Proportiounal, ~2roportionad,
Control 6,000 Feet 5,200 Feet v,ulU Feect 5,20U Feet
Hacdware W/Exemptions W/ Exemptions W/ Lxemptions W/ bExeuptious
Nonfeedback Vehicles
Fixed-Step Aneroid: N/Alal 31% A,B,C N/A 31% A
A. Carburetor
B. Power Enrichuent
C. EGR or air
injection rate
Continuous Aneroid: N/A N/ A 31% A,B N/A
A. Carburetor
B. Spark
Feedback Vehicles [b]
Feedback Control w/MAP 31% N/A N/A N/ A

(Three-Way Ford aund
Foreiyn Market ghare)

Expand Function oi
Existing Electronic
A. Expand Capability
B. Add MAP seunsor

9% A (TBI)

10% A,B (FBC)

59% A (WBI)

13% A (WwBi) 13% A (1'Bi)

2% A (FBC)



Table V-2 (cont'd)

Estimated Exhaust iBnission Coutrol Reyuireneuts
for Scenarios with Exemptious

Sceunario ib: Scenario 2: Sceuario 3a: Base scenario:
Contiuuous Fixed-Poiit Coutiuuvus Fixeu=Point
Statutory, Statutory, Proportional, ~Proportionad,
Control o ,0U0U Feet 5,2u0 Feet 6,v0U Feet 5,200 Feet
Hardware W/Exewptions W/ Exemptious w/Exenptious W/ pxenptions
Change Electronic N/A 10% B (FLC) N/A 2% A (Fbl)
Modules for FBC
A. Recalibrate Fuel
Metering
B. Recalibrate Fuel
Meterinygy, Spark, and
EGR Plus Add HAP for
Fuel
No Chanye FBC /A N/A 3% 8%
No Changye TBI 40% 40%
[a] Not applicable.

(L]

FBC meaus feedback carburetor systen.
TBI meaus throttle body injection systeu.

0T-A



Table V-3

Estimated Exhaust Emission Coutrol Reguiremeuts
for Scenarios Without Exemptions

Scenario la: Scenario 1lc: Scenario 3b:

Control Hard- Control Hard- Contiiuous Coutinuous Coutinuouus
ware Before ware After Statutory, Statutory, Proportionat,
Modifica- Modifica- 10,200 Feet 6,000 Feet 6,000 Feet

tion[al tions[a] W/ 0 Exemptions W/ 0 Exemptious W/Q Exewptions
OL OL W/Aneroid 0% U% 23%
OL Turbocharyed 18% 5% us
OL FBC 13% 26% 8%
FBC ELCS [b] 21% 20% ius
FBC Turbocuaryed 2% us 0%
FBC No Change 0% 0% 8%
TBI Expansion 39% 59% 13%
TBI Turbocharyed 20% Us E
TBI No Chauye 0% us 46%

lal

. [b]

OL means nonfeedback or open-1ioop systen.

FBC means feedback carburetor systeu,

ELCS means electronic load control systemn.

TBI means throttle body injection systeu.

Expansion means the capability of the existing eiectrouic components .s
upgraded.

The feedback carbureted systems which change to electronic countrol systems
include a portion of open-loop systems that have switched to reedback
systems. Therefore, the percentage listed for each scenario does not add to

100.

TT-A



Table V-4

Estimated Evaporative Emission Control
Technology Requirements for all Scenarios

No Change to 25% Increase in 50% Increase in
Scenario Carbon Canister Carbon Canister Carbon Canister
la N/A [a] N/A 100%
1b N/A N/A N/A
lc N/A N/A N/A
2 N/A 100s% N/A
3a 100% N/A N/A
3b 100% N/A N/A
Base 100% N/A N/A

Tal Not applicable.



require an expansion of their existing electronic controls
primarily for fuel metering. Since these are R&D costs,
however, they are not included here but are discussed later
under "Fixed Costs.” The remaining 54 percent should regquire
no new exhaust emission control hardware or modifications.
Unaer this scenario, no high-altitude vehicle requires
additional charcoal and larger canister for evaporative HC
controls (Table III-4). With costs taken from Table V-1, the
sales-weighted average cost is $2-3. Again, this cost applies
to only the 3 percent of all nationwide vehicles certified for
high-altitude sale.

The cost increase for each high-altitude vehicle can also
be stated as an average for all vehicles sola in the nation by
amortizing the costs over the entire fleet (i.e., both low- and
high-altitude sales). Stated in this way, the average cost
would be less than 10 cents per vehicle or essentially $0 per
vehicle.

In this analysis the incremental cost of each alternative
scenario is important. This cost is found by calculating the
total average cost of each alternative scenario, as previously
explained, and then including a credit for the costs of the
control hardware associated with the interim standards (base
scenario), if this hardaware is no longer needed. Therefore, a
credit of $2-3 is applied toward scenario 2 (two-car strategy),
while no credit ($0) is applied toward the remaining scenarios
(one~-car strategies).

It should be noted that for scenarios with exemptions, the
exempted vehicles must be included in the estimates when the
incremental cost is expressed as an average for all vehicles
sold in the nation. In scenario 2, as in the base scenario
example, this is accomplished by amortizing the high-altitude
costs over the entire national fleet (i.e., both 1low- and
high-altitude sales). In scenarios 1lb and 3a it 1is easily
accomplished by reducing the average sales price by the
respective percentage of exemptions for each scenario.

The average incremental hardware costs for the alternative
scenarios are presented in Table V-5.

B. Fixed Costs

The fixed (or capital) costs of high-altitude control are
examined in this section. These costs include R&D for
expanding the electronic capability, developing engiue
calibrations, <certification, selective enforcement auditing,
and test facility additions or modifications.
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Table V-5

Incremental Ccntrol Hardware Costs for
Each Scenario ($198l)[a]

Average Cost, Average Cost,
Scenario High—-Altitude Fleet(b] National Fleet{c]

la 140-148

ib 48-61

lc 67-81

2 8-9 1l [a)

3a 4-5

3b 21-26

{c]

(d]

Reflects costs of control over the base case scenario.
Applies only to vehicles sola at high altituce 1in
fixed-point scenarios. Assumes manufacturer has amortizea
costs over those vehicles affected (i.e., vehicles sold at
high altitude).

Applies to vehicles sold nationwide. Assumes
manufacturers will recover cost over entire national
fleet, ané not only on vehicles affectea by a
high-altitude standarc.

Although the average cost of scenario 2 on a fleet basis
is less than 50 cents, a value of $1 will be assumed to be
conservative,



1. Research and Development Costs for Expanding
Electronic Capability

Expanding the capability of electronic functions 1is
primarily an R&D expense. The total R&D expense will depend
first on the number of suppliers and second on the expense
incurred by each supplier. The total number of suppliers are
estimated to be two or four, depending on whether only
high-altitude vehicles or all vehicles are affected. These
suppliers may be the larger vehicle manufacturers or outside
suppliers. 1In this analysis, it will be assumed that half of
the total suppliers are manufacturers while the other half are
outside suppliers.

R&D costs for the expansion of the microprocessor's
capability should be much less than that for similar
technologies such as the electronic control unit (ECU), which
Lindgren estimates to be about $2.7 million in 1981
dollars.{4] This is because much of the work on electronic
capability should have been performed by 1984, so that any
futher development of the microprocessoring unit should cause
only a small increase in R&D expenses. A best estimate here is
that a total expense of $500,000 or less will be incurred by
each outside supplier. It will be assumed that this R&D cost
will be recovered during the 5-year period being analyzed, or
1984-89. The total R&D cost for all suppliers 1is then
estimateé to be $1-2 million, depending on the control scenario.

Expanding the memory capability is an integral part of
both the ELCS and upgrading the functional capacity of an
existing electronic-feedback system. All continuous scenarios
are projected to require either ELCS or increased
electronic~-control capacity on at least some vehicles. The
percentage of vehicles expected to use either technique 1is
presented in Tables V-2 and V-3 for each scenario.

Since continuous scenarios require that all vehicles sold
nationwide must meet the applicable standards it 1is assumed
that manufacturers will recover their R&D costs through
nationwide sales. The average annual nationwide sales has been
discussed in the Environmental Impact chapter of this report
and these sales projections are repeated in Table V-6. Between
the years 1984-88, or the first five years after the
high-altitude standard would Lecome effective for 1light-duty
vehicles, the average annual nationwide sales of
gasoline-fueled light-duty vehicles would be about 9 million.
Over the 5-year period, total sales would amount to about 45
million vehicles. This estimated sales volume 1is used for

predicting amortized costs later in section "g."

As shown in Tables V-2 and V-3, the number of vehicles
requiring expanded memory capability for ELCS or for upgrading
the electronic control system varies according to each
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Table V-6

Year-by-Year Projections of the Saies of Gasoline-Fueled
Light-Duty Vehicles (reduced by 10 percent to

elininate California vehicles)

Model Year

1984
1985
1986
1987
1988

la] Estimated ¢to be

vehicle group.

LDV Sales

{millions)

9.41
9.26
8.90
8.59
8.45

3.1 percent of

High-Altitude

LDV Sales

(millions)[a]

all

vehicles

in

each



scenario. In scenario la, approximately 60 percent of all
vehicles will reguire an expansion of the electronic
microprocessor either for the ELCS or the existing throttle
body injection (TBI) system, ané EPA estimates that a total of
four suppliers will perform the necessary R&D at a total cost
of $2 million. In scenario lb and 1lc, approximately 70-80
percent of all vehicles will require R&D for expanded
electronics, and again total R&D costs is projected to be $2
million. 1In scenario 3a, only 15 percent of vehicles certified
for high-altitude sale will require expanded electronics, and
this should only require two suppliers and $1 million of R&D.
In scenaric 3b, approximately 23 percent of vehicles will
require R&D, and EPA estimates this work will be done by three
suppliers for a total cost of $1.5 million.

The R&D cost to manufacturers (which is assumed to be half
of the total number of suppliers) is shown for each scenaric in
Table V-7. Included in this table is the cost of capital, which
is assumed to be 15 percent.

2. Development Costs for Recalibrating Existing Hardware

A detailed analysis of development costs for high-altitude
engine recalibration c¢an bLe found in Appendix 1III of this
report. A summary of development costs is shown in Table V-§
for families with unigue high-altituade calibrations.
Development costs for scenarios other than the base scenario
are estimated to be $3.2-8.2 million.

3. Certification Costs

This analysis assumes that a full-certification program is
in effect for motor vehicles sold at higher elevations. Such a
prcgram requires that actual vehicular emission tests be
conductea under high-altitude conditions. The high-altitude
certification requirements could incorporate a less rigorous
procedure by allowing engineering evaluations by the
manufacturers to be substitutecd for actual test aata. Such
"self-certification” requirements are now Leing used in
conjunction with the 1982 and 1683 1interim high-altitude
standards in response to President Reagan's regulatory relief
initiatives. This type of program would be somewhat less
costly and less time consuming than the program assumed in this
analysis. Nevertheless, the more rigorous certification
requirements are evaluated in this document to ensure that the
certification costs were not understated.

A cGetailed analysis of certification costs can be found in
Appendix III. A summary of the <certification costs,
incremental to the base scenario, is shown in Table V-9. The
incremental costs are $0-18,773,000 for the first year, ana
$0-14,000 for each year after. In addition to these costs,
there would be a 15 percent cost of capital. The large costs



Table V-7

R & D Costs for Expandiny liemory
Capability ($1981)(al

R&D with
Scenario R&D Cost of Capital

la 1,000,000 1,150,000
1b 1,000,000 1,154,000
lc 1,000,000 1,150,000
2 0 0
3a 500,000 575,000
3b 750,000 862,000

Tal It is assumed outside suppliers will incur costs eguai to
that shown for each scenario in this table.



Table V-8

High-Altitude Development Costs ($1981)

Recalibrated Total With Cost
Scenario Engine Families Tests[a] Costs|[b] of Capital{c]

la 109 16,350 8,175,000 9,4ul1,000
1b 82 12,300 6,150,U00 7,073,00U
1c 109 16,350 8,175,000 9,401,000
2 93 13,450 6,975,00U 8,021,0uUUV
3a 45 6,750 3,375,000 3,381,000
3b 50 7,500 3,750,000 4,313,00U

[a] 150 FTP tests for gasoline vehicles.
[b] $500 per FTP development test.
[c] 1Includes 15 percent cost of capital.
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Table V-9

Incremental Certification Costs ($1981l){al

Cert. Cost
First Year

Scenario (1984 models)

With Cost

of Capitallb]

la
1b
lc
2

3a

3b

18,773,000
6,104,000
12,624,000
0

0
3,107,000

21,589,000
7,020,000
14,518,000
0

0
3,573,000

Annual
Cert. Cost
Subsequent to
First Year
(1985-88 models)

With Cost
of Capitallb]

14,000

0 [c]
14,000

0

0 [c]
14,000

" Reflects certification costs over base scenario.

Includes 15 percent cost of capital.
is calculated to be actually less than
$0, or a potential cost savings over the Lase scenario.

Incremental cost

16,000
0
16,000

16,000



shown in Table V-9 for the first year are due to the fact that
the continuous scenarios (numbers 1 and 3) will require the
recertification of many or most low- and high-altitude vehicles
in 1984. These incremental certification costs will be carried
out through the remainder of this report.

The promulgation of a high-altitude standard in 1984
should not affect the number of Selective Enforcement Auditing
(SEA) tests performed on LDVs. High-altitude vehicles count
toward a manufacturer's annual quota and are merely substituted
for low-altitude audits. Manufacturers may experience a slight
cost 1increase due to transporting vehicles to SEA sites.
However, these costs shoula be negligible and shoulu not
adversely affect manufacturers of high-altitude vehicles.

4, Test Facility Modifications

There is difficulty in forecasting a manufacturer's needs
for test facilities. The possibility that new facilities are
needed should not be ruled out, especially considering that it
will be mnore difficult to comply with some scenarios than
others. For scenarios la, lb, and lc it is estimated that one
new facility may have to be built for each large manufacturer
(assumed to be GM, Ford, Chrysler, AMC, and Toyota 1in this
analysis). The cost of building a new high-altitude testing
chamber is approximately $2-4 million (assuming that a building
already exists for the testing chamber).[10] An average of $3
million will be used here. The additional egqguipment, which
includes the dynamometer, a CVS system, analyzers, software and
computer hookup, and other emission related test equipment,
costs about $1 million. The total cost for a fully-equippead
facility is estimated to be about $4 million. 17he total maximum
cost for all five large manufacturers is then $20 million for
scenarios la, lb, and lc.

For scenarios 2, 3a, 3b, and the base case, the
promulgation of a 1984 high-altituce standard should not
require manufacturers to purchase new equipment for
constructing new test facilities or for modifying existing
emission test cells, The existing facilities which
manufacturers use to measure emissions for the interim
standards should be adequate for any future standards. For
scenarios 3a, ana 3b, where emission standards apply
continuocusly between 1low and high elevations (i.e., between
1,800 feet and 6,000 feet), it is assumed that good engineering
judgment can be used to estimate emission results. Thus, a
cost of $0 will be used for these scenarios.

The test facility costs are shown in Table V-10. As with
the R&D costs above, a 15 percent cost of capital is used.



Taple V-10

Test Facility Costs ($1981)

Test With Costs
Scenario Facility Costs of Capitaila)]

la 20,000,000 23,000,000
1b 20,000,000 23,000,000
lc 20,000,000 23,000,000
2 0 ]
3a 0 0
3b 0 V)

[al] Includes 15 percent cost of capital.



5. summary of Capifal Costs to Manufacturers

~ The total capital costs to manufacturers consist of the
development, certification, and R&D efforts required by a
change in standards and any new test facilities required.
Other capital investments should Le incurred by outside
suppliers. A summary of the manufacturer's fixed or capital
costs are shown in Tabkle V-11.

6. Amortized Cost of Capital

"To estimate the development and certification, R&D for
expansion of memory capability, and test facility modification
costs on a per veliicle basis, first the production volume of
gasoline-fueled vehicles not sold in California 'must be
projected for the first five years after a 1984 high-altitude
regulation is promulgated. These sales projections are shown
in Table V-6 for the years 1984-88. Next, the development and
certification, R&D, ané test facility <costs previously
determined must be amortized over these production volumes.
Certification and development should take place one year before
the first year these standards would become effective, or in
1983. After that year, only certification costs will occur,
again one year prior to the actual year each vehicle is sold.
The final cost over the five-year period would then be
calculated at the present value when the regulation first takes
effect, or 1984 for LDVs, using a 10 percent discount rate for
each year's fixed cost. This cost is then amortized over
.1984-88 production and is weighted to result in an equal cost
per vehicle cver the years of production cited. Expenses are
assumed to occur on January- -l of the given year and revenues
are assumed to be received on December 31 of the given year.

The total development and certification costs and the
costs per vehicle are shown in Table V-12, Manufacturers may
choose to recover their costs over the 3 percent of total
vehicles sold at high altitude (for scenario 2 only), or they
may choose to recover costs over the entire national fleet..
The results of these costs for the different amortization
strategies are alsc shown in Table V-12. The fixed costs per
vehicle should Lbe about $1 for scenario la, lb, and 1lc,. ‘and
much less than $1 for scenarios 3a ana 3b. For scenario 2;
fixed costs amount to $6 per vehicle if amortized over vehicles
sold at high altitude only.

III. COSTS TO USERS

The total user cost of the various alternative control
scenarios includes changes in purchase price, maintenance, and
fuel economy.



Table V-11

Total Capital Costs to Vehicle Manufacturers ($198i)(aj

expanded microprocessor capability, anu assuues tuat udalf
of total R&D is periorumed by manufacturers.

3cenario Developmment Certification Faz?iity R&D([b] Total
la 9,401,000 21,653,000. 23,000,000 1,1%0,u00 55,204,000
1b 7,073,000 7,020,000 23,000,000 1,1i5V,uuy 38,243,000
lc 9,401,000 14,582,000 23,000,000 1,150,000 48,133,0u0y
2 8,021,000 0 U 0 é,U21,0U0U
3a 3,881,000 U 0 575,000 4,450 ,UUU
3b 4,313,000 3,u37,000 U 802 ,uuU 8,711,000

[a] Includes a cost of capital, which 1s estimated to wve 15

percent.
[b] This cost 1is for scenarios which require the use of

FZ-A



Table V-12

Amortized Capital Costs Per Vehicle ($1981)

Certification,
Development, Test Total Cost Cost Per Veniclelbl
Facility, and R&D[a] Certification (Present Value HA Nat.
Scenario (1983) (1984-87) in 1984) Fleet[c] Fleet
la 56,290,000 56,000 01,968,000 - 1
1b 39,393,000 0 43,334,000 -— 1
2 8,021,000 0 8,823,000 6 lid]
3a 4,456,000 U 4,902,000 -— 1[d]

[al

[b]

[cl
(4]

The cost for R&D 1in this tawie includes that cost wunich is incurred by
outside suppliers as well as manufacturers. As an exawmple, tne total R&D
cost for scenario la is $2.3 milliou instead of the $1.15 wmillion shown
in Table V-11.

Amoritization weighted to result in an eyual cost per vehicie over tue
years of production cited. Discount rate assumed to woe iU percent.
Expenses are assumed to occur in January 1 of the yiven year and reveunues
are assumed to be ‘received on December 31 of each year.

For fixed-point scenarios only. Assumes 3.1 perceut of ali vehicles are
sold at high altitude.

Although these costs are much less than $1, a cost of $1 will be carried
through the remainder of this report as a conservatively higyh estimate.

SZ-A
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A, Sticker Price Increase

Vehicle purchasers will have to pay for the costs of
emission control hardware and engine modifications on vehicles
affected by high-altitude standards. In addition, they will
have to pay for the costs of the capital investment required of
manufacturers. The vehicle manufacturers will pass on these
costs to the purchaser by increasing the retail price or
"sticker price" of the vehicle.

The average costs for control hardware has already been
estimatea for each scenario on a per vehicle basis and 1is

summarized in Table V-5. To these must be added the
amortization of the fixed «costs of <control, which are
summarized in Table V-12. The average sticker price increase

for vehicles affected by the high-altitude standards 1is
approximately $141-149 in scenario la, $49-62 in scenario 1k,
$68-82 in scenario lc, $5-6 in scenario 3a, $22-27 in scenario
3b, and $14-15 in scenario 2.

B. Maintenance Costs

Two control hardware items that will probably result in
additional maintenance <costs or operating costs are the
turbocharger and the feedback control system.

The turbocharger hardware itself should require no
maintenance. However, the addition of a turbocharger requires
that the engine o0il and the filter be replaced approximately
every 3,000 miles that the vehicle is driven[ll] rather than
every 6,000-7,500 miles for a naturally aspirated engine. Over
the 100,000 mile useful life of a light-duty vehicle this would
mean that & turbocharged vehicle would require roughly 15-20
more o0il changes than 1its naturally aspirateda counterpart.
With the cost of an o0il change around $15, this would amount to
a lifetime cost of about $225-300. The average lifetime of a
light-duty vehicle 1is 10 years, and assuming that the oil
changes occur at their regular intervals and using a 10 percent
discount rate, the maintenance cost is $150-185, discounted to
the time of vehicle purchase. This cost should be included in
the overall cost for each scenario requiring turbochargers
(i.e., 40 percent in scenario 1 and 5 percent in scenario 1lc).

The feedback control system may also require some
maintenance even though nmanufacturers are currently not
reconmending any maintenance intervals for these systems.
Recent dGata from EPA's 1I/M program implies that roughly 15
percent of all vehicles will require some maintenance of the
oXxygen sensor.[l1l2] A survey of local dealerships indicate that
the replacement cost of an oxygen sensor with labor is about
$20. This would probably occur once during the vehicle's
lifetime, and for purposes of this analysis, EPA assumes that
this will occur halfway through the vehicle's life, or about



five years after the vehicle was purchased. Thus, this cost
discounted tc the year of vehicle purchase is about $14. A
sales-weighted average cost is then 15 percent of $14, or about
$2 per light-duty vehicle. This cost would apply to 13 percent
of the vehicles in scenario la, 31 percent in lb, 26 percent in
lc, and 8 percent 1in 3b. These vehicles are estimated to
change from nonfeedback to feedback systems to comply with the
high-altitude standards.

It is also possible that the microprocessor will require
some maintenance. However, by 1584, or the first year of
high-altitude standards for LDVs, the development of a
microprocessor should be improved so that no maintenance is
necessary. '

If the above costs are sales-weighted appropriately for
each scenario in which they occur, then the total maintenance
cost 1is $61-75 in scenario la, $1 in scenario 1lb, $9-10 in
scenario lc, and essentially $0 in scenario 3b.

C. Fuel Economy

Purchasers may also benefit from fuel economy savings due
to implementation of high-altitude emission control technology,
as was already discussed in detail in Chapter 1IV. The fuel
economy benefits summarized here will be incremental to those
experienced by continuing the 1982 and 1983 interim rule, the
continuation of which is the base scenario. These fuel economy
benefits are best EPA estimates based on a wide range of data
indicating the fuel economy improvements or penalties
associated with the various control techniques. For
turbocharged vehicles, an average fuel economy benefit of 5
percent was observed compared to naturally aspirated vehicles
of similar driving performance. Vehicles with aneroids will
also experience some fuel economy benefit at high altitude. 1In
the baseline case, one aneroid is assumed to already exist on
some vehicles. If an additional aneroid 1is 1installed (see
scenario 3a and 3b), then a fuel economy benefit of 0 percent
is expected. If two aneroids are added (scenario 2) the data
indicate an improved fuel economy of 2 percent. For vehicles
with feedback control, a 3 percent fuel economy benefit should
be possible over those vehicles in the baseline case using
open-loocp (nonfeedback) control. Expanding the
microprocessor's capakility for some vehicles may alsc improve
fuel economy, but data contirming this effect could not be
found, so no fuel economy benefit will be projected here.

These fuel economy benefits can be expressed in terms of
cost savings if the gallons of fuel saved and the price per
gallon are estimated for the full 1lifetime of a vehicle.
First, the lifetime of &a light-duty vehicle is assumed to be
100,000 miles accumulated over a period of 10 years.[13]
Second the corporate average fuel economy (CAFE) standard is 27



mpg in 1984 and 27.5 thereafter for LDVs. This latter CAFE
standard (z7.5 mpg) 1is used in this analysis. Based on thkis
information, the average amount of fuel consumed by LDVs 1is
estimatea to be 3,600 gallons for vehicles affected by this
regulation. A fuel economy benefit of 1, 2, 3, and 5 percent
trauslates to a savings of 36, 72, 106, ané 173 gallons,
respectively, £for LDVs. Finally, the ©price of unleaded
gyasoline is currently (at the time of this writing) about $1.30
per gallon.

The total fuel economy savings must be discounted back to
the original year cr purchase. A 5 percent discount rate is
usecd for fuel costs, insteaad of a 10 percent rate which is used
elsewhere in this analysis, to indicate that the expected
inflation of fuel costs will be much greater relative to all
other goals. This procedure has Leen done in a recent EPA
regulatory analysis.[3] If it 1is assumed that fuel usage
occurs equally for each year during a vehicle's lifetime, then
one-tenth of the total fuel ccnsumption is used each year for
LDVs. Thus, based on the daiscount rate, the total fuel
consumption, the price of unleaded gasoline, &and the percent
savings of fuel as a result c¢f using each control hardware
component, the following fuel economy benefits are observea for
LDVs when c¢cmparea to the baseline case: 2 additional
aneroids, $80; turbocharger, $190; and feedback control, $115.
A summary of these fuel economy savings is shown in Table V-13.

Of course, these cost savings will not apply to all
vehicles in each scenario, since all vehicles will not be
equipped with each of these control haraware components.
However, a sales-weighted average savings can be calculatea for
"each scenario, again based on the percentage o¢f control
hardware expected to ke used for each scenario (Tables V-2 and
v-3).

L. Net Cost to Consumer

The net cost to the consumer for each scenario is shown in
Table V-1l4. These costs 1include the control haruware price
increase, the R&D for €eXpandec nmnemcry capability, the
maintenance cost, the certification and development cost, test
facility costs, anca the fuel econcmy savings. The costs shown
in Table V-14 apply either to those vehicles sold at high
altituGe only (scenario 2), or to those vehicles sold
throughout the nation.

IV. AGGREGATE COSTS

The acgregate costs to the nation of complying with the
1984 high-altitude standards consist of the sum of increasea
costs for development, certification, emission control
hardware, engine modifications, R&D for expanded memory
capability, test facility modifications and additions, and



v-29

Table V-13

Fuel Economy Improvement

Percent
Improvement Cost Savinys
Control Hardware (best estimate) ($198l1l)[a]
TwWwo Aneroids 2% 8u
Turbocharger 5% 190
Feedback Control 3% 115

[a] Estimated using a 5 percent discount rate, for a vehicle
lifetime of 100,000 wiles over period of 1lU years.



Net Cost to Consumer (LDVs)
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Table V-14

($1981 per vehicle)

Scenario Hardware Maintenance[al
la 140-148 61-75
1b 48-61 1
lc 67-81 9-10
2 [bl] 8-9 N/A
3a 4-5 N/A
3b 21-26 0
[a] Discounted to year of purchase,.

[bl
[c]

Not applicable.

Certification, Net Venicle Cost
Developmnent, R&D, Fuel HA Nat.
and Test Facilities[al Economy[a) Fleet Fleet
1 -91 N/A tb]) 111-133
1 ~36 N/A i4-27
1 ~40 N/A 37-51
6 =25 -11 to -1lulc] N/A
1 0 N/ A 5-u f
1 -9 N/A 12-i7 ¢

Costs for scenario 2 apply to vehicles sold at
about 3.1 percent of the national vehicle fleet.

high altitude only, or



changes in fuel consumption and maintenance. This cost 1is
simply the net cost to the consumer times the number of
vehicles sold. These costs will be calculated for the tirst
five years after which the high-altituue standara kecomes
effective. The year 1984 will be used as the base year to
compare present values of the money throughout the time period
of concern. A discount rate of 10 percent is used for all
costs when calculated in this manner. All costs are expressed
in terms of 1981 dollars.

The aggregyate cost to the nation 1is dependent on the
number of light-duty vehicles sold during the time perioca.
Although any sales prcjection of this type will be rough due to
the many social and economic factors invclved, the sale
projections shown in Table V-6 are suitable for this analysis.
Only the percentage of the national fleet to which net costs
are applicable are used in calculating aggregate costs.

The aggyregate cost for each alternative scenario is shown
in Table V-15. As can be seen, focr LDVs the scenarics range
from a net savings to a net cost of $4,574 million. 1his large
range is daue tc the fact that fuel economy bLenefits are the
precominant factor in determining the net cost estimate of some
scenarios relative to others. This effect is explored further
in the sensitivity analysis at the end of this chapter.

V. SOCIOCECONOMIC IMPACT

In this section, the socioeconomic impact cn
manufacturers, dealers, and users will Le discussea.

A. Impact on Manufacturers

The 1impact on manufacturers will Le analyzed in two
separate categories. First, the <capital expenditures which
manufacturers must confront coulad ke burdensome and will thus
be investigatea. Secona, the additional cost of each vehicle
could affect demand and, subsequently, the sales of each
manufacturer.

1. Capital Expenaitures

Capital expenditures «consist of development costs for
high-altitude engine calibration, research ana development for
expanded memory capability, and certification. The total
capital costs have already Leen calculated &and are shown in
Table V-11. The bulk cf the capital expenditures will occur 1in
the first year of this regulation, and the real Lurden of a
high-altitude standard can be viewed as raising the first
year's fixed costs before vehicle sales beyin to repay the
investment. In this section, the first year cost is examined
with a 15 percent cost of capital.



Scenario

la
1b
lc
2

3a
3b

Table V-15

Aggregate Costsla)

Agyreyate Costs
(millions of $1981)
4151-4974

524-1010
1384-1907
Net Savings [b]
187-224

449-6306

Tal] Present value in 1984.

[b] If the estimated tuel economy benefit is excluded,
aggregate cost would range up to $17 miliion.

the



It is possikble that other capital expenses will result
from a high-altitude standard. However, as previously stated,
all capital costs associated with the control hardware, such as
tooling, machinery, and building expenses, are expected to Le
borne by outside suppliers with the excepticn of expanding
memory capability,. where approximately half of the total R&D
expense is likely to be incurred by manufacturers. ’

The first year capital costs are shown. for each scenario
in Takble V-16 and are simply the sum of develcopment, first year
certification, test facility additions, and R&D for expanded
memory capability, multiplieéd by 1.15 to account for the
precdicted cost of capital. Most of the costs will bLe incurrea
by manufacturers with a large number of engine families for
certification and development. Of course, the impact of
capital cost will vary according to each scenario. Admittedly,
the largest capital expenses, which are necessary in scenarios
la, 1lb and 1l¢, may be significantly more burcensome to
manufacturers than those capital expenses resulting from the
other scenariocs.

Smaller LDV manufacturers will have the nost trcuble
raising capital than will the larger manufacturers, since they
have less vehicles to spread their cost over. In particular,
scenarics la, 1lb, and lc cculd significantly affect the ability
for each manufacturer to finance the required investment. 1In
contrast, scenarios 2, 3a, and 3k would be much less burdensome
and should not significantly affect small manufacturers.

It is true that some c¢f these laryge manufacturers will
abscrb a higher percentage of the total capital costs than will
other manufacturers, Lut usually a manufacturer which pays a
higher capital expense has earned a larger profit when compared
to manufacturers spencing less on capital. Thus, even for the
scenarios requiring more capital, larger manufacturers should
not be severely impacted.

2. Effects on the Demand fcr High-Altitude Vehicles

The impact of sales can Le evaluated by examining the
sticker price 1increases per vehicle for each scenario. With
the excepticn of scenario 2, the sticker price increase will
probably occur fcr all vehicles in the nation, even though the
air quality benefit is obtainea at altitudes above 1,800 feet.
Scenarics 1 and 3 require all vehicles to be Le equipped with
special control haruware whether or not they are ever used at
higher elevations. 1In scenario 2, cost increases will probably
occur only for vehicles sold for principal use above 4,000
feet, since only high-altituce vehicles need be equipped with
control hardware. ’



Scenario

la
1b
lc
2

3a

3b

Table V-16

First Year Capital Costs to All Maunufacturers

of Light-Duty Vehicles ($198l)[al

Developmnent Certification Fagifgtx R&DL Totadld
9,401,000 21,589,00U 23,0Uy,U00 1,150,00uU 55,140 ,uuv
7,073,000 7,020,U00U 23,000,000 1,150,000 38,243,0UU
9,401,000 14,158,000 23,000,000 1i,4i5U,00V 48,009,004
8,021,000 0 0 -- 8,021,000
3,881,000 0 V) 575,000 4,450,000
4,313,000 3,573,000 v 862,00V 8,748 ,U0u

la]

A 15 percent cost of capital is included.

PE-A



V=35

The price increase for each scenario can be applied 1in
conjunction with the following equation to estimate the impact
of sales:

$ Change in Vehicle Sales = [price elasticity]
[0.5 (% change in vehicle price)]

In the above equation, the price elasticity for vehicles
during 1984-88 is assumed to be the same as that for 1982-83,
cr 0.35.[13] Next, the total sales must bLe determined, and
according to Table V-6, the total 5-year sales for gasoline
LDVs (that are not sold in California) is 44.58 million. The
averaye cost cf a vehicle is roughly $7,000 in 1981 dollars.[13)]

The maximum impact of high-altitude sales would occur for
scenaric la, where the average sticker price increase would be
about $141-149 (hardware costs plus fixed costs). This impact
would reduce sales by as much as 0.37 percent, or by 165,000
vehicles cver a pericu of five years. Sales by the smaller
manufacturers may decrease at & higher rate than that by the
largyer manufacturers, due to a smaller manufacturer's lower
production volume with which to amortize fixed costs. Thus,
while larger manufacturers may not be greatly affected by the
increase in price under scenario la, the smaller manufacturers
may be affected somewhat more severely under this scenario.

The next largest impact would occur under scenario 1lc,
where a sticker price increase of $68-82 could reduce sales by
as much as 0.21 percent, or by 65,000 vehicles. Although the
loss ¢of sales here is estimated to be over 75,000 less than the
S5-year loss of sales for scenario la, this loss of sales could
still adversely affect the smaller manufacturers. Uncer
scenario 1lb, which has a sticker price 1increase of about
$49-62, or close to that of scenario lc, the estimated 5-year
loss of sales is about 69,000, and the impact on manufacturers
would be nearly the same as that projected for scenario lc.
Scenario 3k could increase the sticker price up to $27 with &
potential sales reduction of about 30,000 vehicles. Such a
sales loss could also have an adverse impact on some small
manufacturers. 1hus, scenarios 1la, 1lb, 1lc, and 3b could
adversely affect sales, particularly for the smaller
manufacturers.

For scenario 3a, the maximum sticker price increase is $6,
and this could cause a uecrease cf about 7,000 vehicles over a
5-year period. This 1is small comparec to the loss ¢f sales
determined for scenarios la, 1lb, lc, and 3b, and would prolLably
not significantly affect any o¢f the manufacturers. For
scenario 2, the sticker price increase for vehicles solu at
high altitude is about $15, and based on a 5-year high-altitude
sales projectiocn of 1.4 million, the potential sales loss 1is
525 vehicles. This represents about 105 lost sales per year,
which 1is less than the amount of lost sales estimated in the
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regulatory analysis for the 1982 and 1983 interim
stancards.[13] As was concluced 1in the interim standaras
analysis, this loss of sales should not noticeably affect the
sales of any manufacturer. Thus, scenarios 2 and 3a should
not significantly affect a single manufacturer's sales due to
the sticker price increases examined abcve. Also, there should
be no impact on employment or productivity in the industry.

B. Impact on High-Altitude Dealers

The effects of a 1984 high-altitude standard on
dealerships can bLe divided into two general areas: recduced
model availability &and higher vehicle prices. These changes
arise from each scenario and affect vehicle sales, and hence,
dealership profitability.

1. Mocel Availakility

As previously stated, the 1977 high-altitude reqgulations
resulted 1in the unavailability of many models and optional
engine configurations in high-altitude areas. At that time,
manufacturers chose to limit model availability in
high-altitude areas bLecause the small percentage of the market
represented by high-altitude sales (akbout 3 percent) did not
justify the development costs required tc certify the emission
control capabilities of all their vehicle configurations. Some
high-altitude dealers alleged that this resulted in lost sales.

Model availability should noct ke a problem with each of
the scenarios where exemptions from high-altitude sales are 10
percent or less (scenarios la, lc, 3a, and 3k). Since almost
all new vehicles in each scenario will be certified for sale at
high altitude, each manufacturer will be more likely to make a
substantial amount of his product line available to
high-altitude purchasers. Conceivably, a manufacturer might
comply with the regulations by certifying all nodels for
high-altitude sales but choose not to cffer certain mocdels to
high-altitude purchasers. However, EPA bLelieves that due ¢to
the expense 1involved with certifying and aqeveloping each
vehicle, manufacturers will offer almcst all of the vehicle
configurations for sale at high altitude. Alsc, vehicles that
are exenpted from sale at high altitude are most 1likely
low-power vehicles that would normally not be sold at high
altitude. Thus, the model availability at low altitude should
remain unchanged and the model availability a high altituce
should not Le noticeably affectea for scenarios where
exemptions are 10 percent or less.

For scenarios where exemptions are estimated to be greater
than 10 percent (scenarios 1lb, 25 percent and 2, 15 percent),
model availability may be a problem for waealers at high
altitude. This greater number of exempted vehicles may curb
availability of the more popular fuel efficient vehicles. 1f



it is determined that these exemptions would affect mocdel
availability significantly, methods could be introduced to ease
this problem, such as allowing waivers for particular exempted
models, or specifying different criteria so that fewer vehicles
would be exempted. Also it 1is believed that these control
strategies combined with the manufacturers' increased
experience with altitude-compensating emission control systems
during 1982 anad 1963 will keep availability to acceptable
levels.

2. Higher Vehicle Prices

The cost of a high-altitude vehicle depends on whether the
dealer acgquires the new vehicle by ordering it as original
equipment from the factory or through a "dealer trade® with a
low-altitude dealer. Under scenario 2 some low-altitude
vehicles acquired in dealer trades must be modified into the
proper high-altitucde confiqguration before they are sold.

The cost of factory-built high-altitude vehicles depends
on the manufacturer's pricing strategy. Manufacturers may
choose to amortize the cost of these standards across vehicles
sola at high-altitude only (for scenario 2), or over the entire
national production.

In scenarios la, 1lb, 1lc, 3a, and 3b, it 1is likely that
manufacturers will recover these costs over naticnwide sales.
Although the high-altitude market represents only a small
percentage of total sales, this small amount may be more
significant for manufacturers during their ascent from recent
economic difficulties and as the entire market shifts tc more
competitive smaller cars than in the 1582 ana 1983 model years.
Therefore, competition for high-altitude sales amorng
manufacturers could Le quite intense. Additionally, the
industry's historical price leader, General Notors, will likely
incur the least additional cost no matter which of these
scenariocs is usea. Therefore, Lecause of competition with such
companies as GM, other manufacturers may indeea raise
high-altitude vehicle prices 1less than the sticker prices
indicated previously 1in this analysis 1in o¢rder to remain
competitive,

In scenario 2, manufacturers may choose to recover their
costs only on high-altitude sales, and the estimatea average
price increase is about $15. This represents approximately 105
lost sales per year. As stated in the requlatory analysis for
the interim standards,[13] there are about 1,000 high-altituade
dealerships. However, only those dealers representing
manufacturers whose vehicles must be recalibrated to meet the
high-altitude standards (41 percent of the fleet) will bLe
affected by significantly higher vehicle prices. The
manufacturers building LDVs that generally will not require
recalibration are GM, AMC, Nissan, Volkswagen, Volvo, JRT, BNW,



Peugeot, Porsche, and Saab. The actyal number of high-altitude
dealers selling recalibrated vehicles is noct readily
available. Nevertheless, it is possikle to reascnably estimate
the number of high-altitude dealerships selling vehicles with
significantly higher prices based on the national fraction of
dealer outlets representing manufacturers which build
recalibrated LDVs. Using this analogy, EPA estimates that 50
percent of the 1,000 high-altitude dealers potentially may be
affected by significant first price increases. Since only 105
lost sales should occur, most of the 500 potentially affected
dealers will not experience any sales reduction. Therefore,
the potential price increase for original equipment vehicles
should have mno significant economic impact on individual
high-altitude dealerships. Of course, 1in scenario 2, 1if a
manufacturer chocses to amortize his c¢ost over the entire
national fleet, then the cost increase woulu be so small that
sales should not be affected at all.

In some cases, dealer trades may be adversely affected Ly
each of the scenarios. The impact cn sales, however, remains
conjectural, Dealer traaes generally 1involve small rural
dealers who cannot stock a wide variety of vehicles and must
trade with large metropolitan area aqaealers to satisfy customer
demand. Dealer trades were <estimated by the Coloraco
Automobile Dealers Association to involve from 10 to 15 percent
of sales by small rural dealers. Therefore, the potential
impact will predominantly apply to high-altitude dealerships
which are isolated from high-altitude metropolitan areas. EPA
is unakble to estimate the number of such isolated dealerships,
but believes it is reasonable to postulate that the number is
relatively small since most high-altitude areas are within
"trading™ distance (a few hundred miles) of & high-altitude
metropolitan area. Also, not &all nmanufacturers will have
special high-altitude vehicles, so scme dealers should not have
any proklem. Nevertheless, even though the number of
high-altitude dealerships which may trade with low-altitucde
metropolitan dealerships may be relatively small, the potential
impact on these dealers needs to be explorec further.

First, for the continuous proportional and the continuous
statutory scenarios (scenarios 1la, 1lb, 1lc¢, 3a, and 3b),
vehicles sold at high altitudes should have identical
configurations as their 1low-altitude counterparts and, thus,
dealers should have no problem obtaining & desired vehicle.
This of course assumes that the aesired vehicle is a non-exempt
vehicle. As was dGiscussed in the previous section, scenarios
with a significant percentage of exemptions may cause model
availability problems. For the fixed-point statutory scenario,
or scenario 2, about 41 percent of the high-altitude vehicles
will differ from their 1low~altitude counterparts. However,
dealers should generally have access to all high-altitude
mocdels from the factory. But, if models are available from the
factory, why be concerned with dealer trades at allz



In the past, for fixed-point strategies, high-altitude
dealers have stated that their primary concern is being able to
cbtain vehicles that are in high demand. Apparently, in 1977
when mnost vehicles 1involved factory installed high-altitude
moaifications, there were sometimes 1long delays in obtaining
vehicles and sales were lost. EPA has addressed this problem
for the interim standaras by requiring all vehicles that do not
automatically comply with the standards, to bLe capable of being
modified to do so. This will alsc hold true for scenario 2 of
the 1984 standards. This will help ensure that the small
number of isolated, rural <dealerships which trade with
low-altitude dealers can obtain vehicles on a timely basis and
modify them into the proper configuration before sale. The
only potential barrier could be that the modification might Le
expensive, The Colorado Automobile Dealers Association
estimated that modifications costing perhaps up to $150 per
vehicle would not affect sales. As discussed in the Summary
anéd Analysis of Comments for the 1982-83 standaras,(l14] EPA
expects many vehicles will Le modifiable for less than that
amount. Since dealer trades appear to be most critical for
high-demand vehicles fcr which long ordering delays may be
experienced, the real potential impact of the high-altitude
standards is whether or not dealers will lose sales for those
few vehicles that are in high demand and are ‘expensive to
modify.

Locking closer at scenaric z, if it is first assumed that
by the time a prospective custcomer contacts a dealership the
customer has previously decided that & specific new car 1is
necessary and that & substitute (i.e., one that 1is more
available) is not suitable, there are two fundamental problems
in the "worst case." First, the vehicle of choice must be
orderea from the factory bLut there will be a delay. Seconaq,
the vehicle o¢f choice may Lke available sconer bLut must be
modified at an extra cost of a few hundrea dollars.

Since under scenario 2 it will be illegal for the
prospective customer tc¢ purchase a low-altitude vehicle, a
decision based primarily on economics must be made (i.e., is it
worth the extra ccst to have the specific vehicle sooner), or
is it better to wait ana, in the process, save money. No
matter which choice is made, the sale 1is not 1lost in this
examnple.

Of course, under scenario 2 a prospective customer may not
have previously decided on &a particular high-demand vehicle
that is in short supply. If this is the case he may shift to
another more availakble vehicle from the same manufacturer. 1In
this case the sale would not be lost. 1he customer may alsc
decide to purchase a comparable vehicle from another dealer.
In this case the potential high-altitude sale would unot Le
lost. Or, the customer may have only been marginally
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interestea in the particular "problem"™ vehicle and decide not

to buy any vehicle. 1In this case the potential sale would be
lost.

In summary, the reqgulations under any of the scenarios
should not significantly affect overall high-altitude sales
unless a large number of vehicles are exempted, as was
discussed in the previous section. The potential for adversely
affecting sales is predominantly limited to relatively
isolated, rural high-altitucde dealerships which must "modify"
low-altitude vehicles acquired in dealer trades with
low-altitude dealerships and this would probably occur only
unaer scenario 2. For these isolated dealers, the potential
problem should be limited to the relatively few "high-demana”
vehicles which are expensive tc mecdify into the proper
high-altitude confiquration. Even in these instances, however,
cnly a portion of such potential sales wouléd be 1lost.
Therefore, 1t 1is reasonable to assume that any single
high-altitude aealership will not bLe greatly affectea Ly
high-altitude standards.

cC. Impact On User

Users will be affected by higher new vehicle prices.
Along with this initial price increase the purchaser will pay
for additional maintenance and benefit from fuel economy
savings. The average sticker price increase would ke greatest
for scenario la, which has a cost of $141-149. This represents
about 2 percent of the total vehicle cost, and could affect a
consumer's ability to purchase new vehicles. Also, under this
scenaric, maintenance costs are high, although this increase
shoula be offset by a fuel economy Lenefit. Thus, scome
purchasers may have trouble financing their desired vehicle.
For scenario 1lb and 1lc, the sticker ©price increase 1is
approximately 1 percent of the total vehicle cost, and would
have a lesser effect than scenario la on the ability for
consumers to purchase new vehicles. 1n scenarios 2 and 3a, the
sticker price increase is 2 percent or less of the initial
vehicle price. Purchasers should have no problem paying for
the desired vehicles in these scenarios. Looking &at scenario
3b, the sticker price increase is about 0.4 percent. These are
snall percentages when compared to scenarios la, 1b, and 1lc,
and woulcd nct affect purchasers of high-altituae dealers.

Thus, scenarios la, lb, and 1lc could affect a purchaser's
ability to buy a new vehicle, while scenarios 2z, 3a, ana 3b
would affect very few, if any, purchasers.

VI. SENSITIVITY ANALYSIS

The net cost to consumers shown in Table V-14 was based on
conservative estimates for fuel economy benefits and was also
baseé on the assumption that the control haraware costs were
accurately determined.



Earlier in this chapter, the following best estimates of
fuel econcmy improvements were used for vehicles compared to
the base-line case: 2 additional aneroids, 2 ©percent,
turbochargying, 5 percent; and feedback control, 3 percent.
These numbers are conservative estimates based cn a range of
data for fuel economy improvements or penalties that were
observed. Based on an analysis of fuel economy «ata as
explained in Chapter III of this report, it is not unreasonable
that fuel economy changes for the above control technologies
could be expanded to the following ranges: 2 adaitional
aneroids, 0-4 percent, turbocharging, 5-10 ©percent, and
feeaback control, 0-5 percent. These fuel economy changes
would lead to the following savings over the lifetime of a
light-duty vehicle: 2 adaitional aneroids, $0-150;
turbocharging, $190-380; and feedback control, $0-190. in
addition, these savings could be expanded even further if other
control technologies which were discussed in Chapter 1II were
also inclucded (i.e., expanding the microprocessor capability
and adding 1 aneroid). However, the sensitivity analysis will
be conducted only with the potential fuel savings for the
technologies already included in the analysis since any fuel
economy impacts of the remaining control hardaware has alreaay
been rejected. The effect of including the range of savings
can be seen in Table V-17, where the net cost due to the
sensitivity analysis is compared to the net cost uncer the best
estimate of fuel economy savings.

The sensitivity analysis on fuel economy shows that the
potential fuel savings could significantly affect the net cost
of each scenario with the exception of scenaric 3a. Table V-17
shows that & small change in fuel economy benefit can cause a
large change in the net cost. This is especially apparent in
scenaric 2, which is extremely sensitive to the estimatea fuel
economy increment. Instead of a net savings, implementing the
standards in this scenario may actually result in a net cost,.
Interestingly, while the estimated fuel economy Lenefits are
crucial to the outcome of the net cost under each scenario, the
ranking cof the scenarios in order of costs remains essentially
unchanged. In conclusion, this sensitivity analysis generally
shows that the net cost estimates in Table V-14 should be
conservative and thus should be referred to when considering
the net cost of a high-altitude standard. Fcr scenario 2,
Lhowever, this analysis shows that the pctential to
underestimate the actual cost of the standards is such that it
would be Letter to consider a range for the net vehicle cost
based on the ©bLest fuel economy estimate and no assumed
benefit. Therefore, & net vehicle cost of $-11 to $15 will Le
considered for scenario 2 in the succeeding chapters of this
report to retain the conservative nature of the analysis.

Next, the sensitivity of control hardware costs needs to
be examined. For purposes of this analysis, a sensitivity of
130 percent will be used for hardware costs so that the effect



Table V-17

Net Cost Per Vehicle bue to Fuel Econumy
Sensitivity Analysis (LDVs)($1981)

Hest Estimates

Certification, Net Vehicle Cost Udet Veuicie Cost
Control Development, R&D Fuel A Nat. MA Nat.
Scepario lHardware Maintenancela) and Test Facility Economy(a) Fleet Fleet Fleet Flieet
la $140-148 61-75 1 -177 to N/ alb)  25-148 N/A 1i4-133
=76
1L $48-61 1 1 =59 to N/A -9 to N/A 14-27
0 v
lc $67-81 9-10 1 -68 to N/A Yy-u2 N/A 37-91
-10
2 [c) $ 8-9 N/A 6 -47 to -33 to N/A -11 to N/A
[} 15 -10
3a $4-5 N/A 1 W/ a -6 W/ A D=0
0
3b $21-26 N/A 1 -15 to /A 71-27 N/A 12-17
0

Tal Discounted to year of vehicle purchase.

{b} Not applicable.
(c] Costs for scenario 2 apply to vehicles sold at hiyh altitude omnly, or

about 3.1 percent of the national vehicle fleet.

ch=-A



of the net cost can be observea. The results of a +30 percent
contrcl hardware cost sensitivity can be seen in Table V-18.
The effect of a 130 percent sensitivity dces appear to affect
net costs and widens the range of cost for each scenario
considerably. However, as for fuel eccnomy, each scenario
remains the same with regard to its cost rank. In addition,
scenario 2 1is 1less sensitive to reasonable changes 1in the
hardware cost estimates than fcr fuel economy.

In summary, the effect of a change on fuel econony and
ccntrol hardware costs coula affect significantly the net cost
for each scenario. The most dramatic effect is observed for
fuel economy, where a small percent change in fuel economy
improvement ot penalty leads to a larger percent change in the
net ccst of each scenario. A change in control haraware costs
leads to about an equal change in net costs and this would
probably not affect the determination of which scenario has the
least economic impact. A change in fuel economy, on the other
hand, has greater potential to affect the determination of
which scenario is the most desirable economically and thus
neeas to be estimated accurately. Because o¢f the extreme
sensitivity of scenario 2 to the fuel eccnomy estimates, a
rarige cf $-11 to $15 will be considered for the net vehicle
cost under this scenario in subsequent chapters of the report.



Table V-i18

Net Cost Per Vehicle bue to Fuel Ecounvuy
Sensitivity Aunalysis (LDVs)($198a)

Best Best Estiuates
Certicfication, Estinate Het Vehicie Cost Net Vehilcie Cust
Control Development, R&D Fuel HA Nat. Ha Nat.
Scenario Hardware Mailunteunancelal and Test Facllity Bcouwounylal Fleet Picel Fleet Ficet
la $98-192 61-75 1 -91 N/AlL) LY-~177 N/A Lid-113
1b $34-79 1 1 -36 N/A u-45 N/A 14-27
lc $47-105 9-10 1 -40 N/A 17-7o N/A 37-51
2 [c) $ o6-12 N/A 6 -25 -13 to -~ -1l to nN/A
-7 lu
3a $ 3-7 N/A 1 0 N/ A 4-d a =0
3L $15-34 N/A 1 -9 N/A 7-27 N/A 12-17

Discounted to year of vehicle purchase.
Not Applicable.

Costs for scenario 2 apply to vehicles sold at high altitude ouly, oL

about 3.1 percent of the unational fleet.

Pv-A
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Chapter VI

Cost Effectivenéss

I. INTRODUCTION

Cost effectiveness refers to an analytical method by which
several alternative means of achieving a desired goal are
evaluated based on their costs (usually in dollars) and -a
separate neasure of effectiveness. 1In this report, the goal is
to reauce automotive emissions of hydrocarbons and carbon
monoxide.

II. METHODOLOGY

The costs of  meeting this goal for each scenario were
aetermined in Chapter V. For the purposes of determining cost
effectiveness, total costs (i.e., the costs for both the
manufacturer and the cperator), are used on a per vehicle Lasis
and discounted to the year of vehicle purchase. These costs
are then equally allocated between the two pollutants being
controlled.

In order to measure the effectiveness of each scenario,
total lifetime emission reductions are used on a per vehicle
basis. Since the primary purpose of this report is to
determine if the described alternative approaches to continuing
the 1982 and 1983 1interim high-altitude standards are cost
effective enough to warrant further consideration, it 1is the
incremental cost effectiveness of each scenario over the base
scenario that needs to be examined. ‘Thus, the relative costs
and emission reductions are the differences between those under
the interim high-altitude standards (base scenario) and each of
the other scenarios. The incremental cost effectiveness 1is
Getermined, then, by dividing the added cost of control by the
additional amount of pollutant removed from the atmosphere.

I1I. ANALYSIS

The incremental cost, emission reduction, and the
resulting cost effectiveness are presented in Table VI-1 for
each alternative scenario. Before discussing the overall
results of the analysis, a  brief eXplanation of the
cost-effectiveness values listed for scenario 1 1is necessary.
As previously stated in Chapters III anda 1V, the stringent
requirements o¢of meeting the statutory standards at all
altitudes are expectead to cause nonfeeaback systems to ke
replaced by feedback systems 1in scenario 1. The emission
factors used in this analysis assume that a significant number
of feedback systems will ‘experience catastrophic failures.
These in-use failures result in excessive CO emissions well
beyond allowable 1limits. . For this reason, the air quality
analysis for scenario 1 shows a significant increase in CO



Table VI-1

Incremental Cost Effectiveness
of LDGV Control Strategies

Incremental
Costslal Reductions(b] Cost Effectiveness
(dollars (10-3 netric tons (dollars/metric ton)
per vehicle) per vehicle) HC Co
Scenario Low High HC [§] Low Higyh Low Higyh
la 2120 2530 10.5 -181.6 101,000 121,000 lcl [c]
1b 265 515 10.5 -181i.6 12,000 24,500 [c] [c]
1lc 705 970 10.5 -181.6 33,600 46,200 [c] [c]
2 ~11[dl] 15 13.0 239.9 neyg. 575 neq. 30
3a 95 115 0.5 7.7 95,000 115,000 6,200 7,500
3b 230 325 0.5 7.7 230,000 325,000 14,900 21,100

[a]

(b]
[c]

(d]

1981 dollars discounted to year of vehicle purchase. Costs were
allocated to the vehicles above 1,800 feet for scenarjos 1 and 3 and to
the vehicles above 4,000 feet for scenario 2 in order to correspond to
the same vehicles used to determine emission reductions.

Emission reductions were <calculated by dividing fleetwide enission
reductions in Tables IV-9 and IV-10 by LDGV sales in Table IV-5.

The cost-effectiveness values for CQO under scenario 1 were not preseunted
in the table since emissions of this pollutant may increase under tnis
strategy. However, it is also possible that CO emissions may decrease by
about the same total amount listed for botn scenarios 2 and 3. Usiny
this assumption, the cost effectiveness would ranye from $535 to §5,10u
per metric ton for CO.

The great uncertainties associated with the expected fuel economy benefit
make any conclusion that a savings may result from implementinyg scenario
2 very tentative.

Z-IA
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emissions, since the nonfeedback systems that were replaced by
feedback systems do not exhibit such catastrophic failures.

The data base with which the emission factors were
developed, however, 1is quite 1limited and extrapolating the
current trend of catastrophic failures into the future is
speculative at this time. It 1is very 1likely that new
information will show different failure rates and that the
lifetime emissions for feedback systems may possibly be more
like those for nonfeedback systems. Therefore, 1instead of
increasing CO emissions, scenario 1 (with exclusively feedback
systems) may actually reduce this pollutant by an amount
similar to that calculated for scenario 2 (with a mixture of
both systems) in areas above 4,000 feet,. At intermediate
altitudes (1,800 feet to 4,000 feet) the incremental benefits
may be greater than for scenario 3 which controls vehicles to
only proportional 1levels. The possibilities that CO emissions
may increase or decrease under scenario 1 are considered in the
following discussion.

Table VI-1 shows that scenario 2 1is predicted to be the
most cost effective of the alternative scenarios analyzed in
this report. The cost-effectiveness values range up to $575
per metric ton of HC, compared to $12,600 to $121,000 per
metric ton for scenario 1 and $95,000 to $325,000 per metric
ton for scenario 3. Under scenario 2, the cost effectiveness
for CO ranges up to $35 per metric ton. The cost effectiveness
of CO emission reductions from scenario 3 ranges from $6,200 to
$21,100 per metric ton. As previously stated, CO emissions
under scenario 1 could either increase or decrease., The cost
effectiveness was not calculated for the possibility that CO
emissions might increase. The cost effectiveness of potential
CO reductions under scenario 1 was determined by assuming that
any benefit woula be the total of those listed for scenarios 2
and 3 (0.25 metric tons per vehicle). Using this value, the
cost effectiveness of reducing CO emissions under scenario 1
ranges from $535 to $5,100 per.  metric ton.

Scenarios 1 and 3, as analyzed 1in this report, are
predicted not to be cost effective for the primary reason that,
while emission reductions are achieved solely on vehicles above
1,800 feet (roughly 5 percent of the fleet), vehicles sold
below this altitude (95 percent of the fleet) must also bear
the additiconal cost of applying high-altitude control systems
on them as well. This approach tends not to be cost effective.

In Chapter 1V, the environmental consequences of a
high-altitude fleet comprised of one low-altitude vehicle out
of every ten vehicles in high-altitude areas was discussed as
part of the sensitivity analysis. As explained in that
chapter, emissions at high-altitude would be greater under the
fixed-point strategies (scenario 2 and the base scenario) if a
certain fraction of the vehicles were 1low-altitude cars, as
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opposed to all high-altitude vehicles, because low-altitude
cars are unable to adequately compensate for the effects of
less dense air under these scenarios. However, if a continuous
strategy were implemented (scenarios 1 or 3), this trend would
not be true since low-altitude vehicles at higher elevations
would be able to adjust.

Table VI-2 presents the incremental cost effectiveness of
the alternative control options based on cost estimates 1in
Chapter V and the emission reductions determined in Chapter IV
for a fleet containing one low-altitude vehicle for every nine
high-altitude vehicles (refer to Table 1IV-17). As can be seen,
even in this extreme case scenario 2 is still by far the most
cost effective of the analyzed alternatives to the base
scenario.

Cost-effectiveness figures for other control strategies
already adopted are provided for comparison in Table VI-3. The
values listed in that table and Table VI-1 show that even the
high cost estimate for scenario 2 is comparable to many of the
other HC control strategies. The high estimate for CO control
is 1less than that for the LDV statutory standards or
inspection/maintenance programs.

Compared to the interim (1982-83) high-altitude standards,
scenario 2 may be less cost effective. This is to be expected
since the benefits of each succeeding increment of pollution
control 1is generally more costly to attain. The important
point to consider is that if, after additional study, further
emission reductions are necessary to assume attainment and
maintenance of the NAA(S in high-altitude areas, further
control of motor vehicle emissions in these areas is predicted
to be cost effective,

It should be pointed out that at the time this document is
being rprepared, the cost-effectiveness figures reported in
Table VI-3 for the HDG evaporative strategy are based on a
proposal that is not yet final. Also, this strategy may not be
strictly incremental because there couléd have been intermediate
control 1levels chosen. Thus, the cost effectiveness was
determined over a wide range of emission reductions rather than
just the 1last increment. This approach tends to yield 1low
cost-effectiveness values.

While scenario 2 is the most cost effective of the six
alternative scenarios being studied, the final decision as to
the viability of scenario 2 will be reached in the next
chapter. This decision will depend on such factors as the
overall costs of compliance, the overall emission reduction
potential, the effect on air quality, and the effect of
potential errors 1in estimates and assumptions used in the
analysis.



Table VI-2

Cost Effectiveness Comparison
Adjusted for Low-Altitude Vehicles Above 4,000 Feet [a]

Increnental

Costs[b] Reductions([c] Cost Effectiveness
(dollars (10-3 metric tons (dollars/metric tou)
per vehicle) per vehicle) HC Co
scenario Low High HC Co Low High Low Higyh
la 2120 2530 11.1 -175.2 95,500 114,000 Ld] lu}
1b 265 515 11.1 -175.2 11,900 23,200 Ld] LdJ
lc 705 970 11.1 -175.2 31,800 43,700 [d} [di
2 -11 15 12.0 215.9 ney. 62% lney. 35
3a 95 115 1.1 14.1 43,200 52,300 3,490 4,100
3b 230 325 1.1 14.1 105,000 148,000 8,20u 1il1,50u

[a]
[b]

[c]
[a]

Assumes that 1 out of every 10 vehicles sold above 4,000 feet enits as if
it were a low-altitude vehicle,.

1981 dollars discounted to year of vehicle purchase. Costs were
allocated to the vehicles above 1,800 feet for scenarios 1 and 3 and to
the vehicles above 4,000 feet for scenario 2 in order to correspond to
the same vehicles used to determnine emission reductions.

Emission reductions were calculated by dividing fleetwide ewnission
reductions in Tables IV-10 and IV-17 by LDGV sales in Table IV-5,

The cost-effectiveness values for CO under scenario 1l were uot preseuted
in the table since emissions of this pollutant may increase under this
strategy. However, it is also possible that CO ewissions may decrease by
about the same total amount listed for both scenarios 2 and 3. Usiny
this assunption, the cost efrectiveness would ranye fcom $53U0 to §5,%0V
per metric ton for CO.

S-IA



Control Program

LDV Statutory(2]

Standards

LDV I/M [3]

LDT 1984 (4]

Standards

HDE 1984

Standards[5}{Db]
(gasoline)

(diesel)

Motorcycle
Standards [6]
HDG Evap. [7][d]
Interim 1982-83
HA Standards [8]
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Table VI-3

Cost Effectiveness Comparison With
Other Emission Control Strategies

Emissions Cost
After Control Effectiveness
Baseline Strategy ($/metric tou)
Enissions [a]} Implemented HC co
HC 0.9 HC 0.41 734 o7
Co 15 CO 3.4
- - 640 58
HC 1.7 HC 0.8 195 i5
Co 18 Co 10
HC 1.5 HC 1.3 305 10
Co 25 CO 15.5
HC 1.5 HC 1.3 325 --
CO 25 CO 15.5
HC 9 HC 8-22.5 [c] 582 Ney.
CO 34.387 COo 27.4
HC 1.8 HC 0.17 200
HC 1.47(cars) HC 1.33 (cars) 393 12
4.19(trucks) 3.78 (trucks)
CO 16.23(cars) CO 13.21 (cars)
73.02(trucks) 55.65 (trucks)
lal] Emission levels are expressed as a standard in 4rams per mnmile

except for the HDE 1984 levels waich are in gyrams per brake

horsepower-
[b] The baseline and after control strateyy emission values wvere

hour.

based on different test procedures (see reference 5).

[c] Slidiny scale

centimeters).
{d] The evaporative st
converted to g/mi here to facilitate comparison.

based on engine

andara 1is in t

displacement

erms of yrams/test

(cubic

and
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Chapter VII

Comparing the Alternative Control Scenarios
for Light-Duty Gasoline-Fueled Vehicles

I. INTRODUCTION

The primary purpose of this report is to caetermine if any
of the alternatives to continuing the current fixed-point
proportional standards (the base scenario), which are analyzed
in this report, aeserve further consideration. This chagpter
evaluates the seven control scenarios identified in Chapter II
on the basis of the previous analyses (Chapters III-VI) for

light-duty gasoline-fueled vehicles (LDGVs) . It then
identifies what appears to be the most desirable of the six
alternative high-altitude control scenarios. Subsequent

chapters will evaluate this single alternative scenario for its
effects on light-duty, gasoline-fueled trucks (LDGTs) in
addition to aiesel-powered light-duty vehicles and light-duty
trucks (LDDs).

Using LDGVs to identify a viable control strategy
simplifies the analysis by eliminating the need to review LDGTs
ané LDDs in aetail for each scenario, but «oes not compromise
the tinal selection. Any alternative scenario which is
predicted to be inappropriate for LDGVs will also bke
inappropriate for the overall motor vehicle fleet because this
category forms the bulk of the total vehicle narket.

A dcGetailed description of the control scenarios analyzed
in the report was originally presented in Chapter II, but is
repeated here for clarity.

A. Base Scenario: Fixed-Point Proportional Standards with
Exenptions

This scenario will require vehicles to <conply with
high-altitude stanaaras of 0.57 ¢/mi HC, 7.8 ¢/mi CG, 1.0 ¢/mi
NOx, and 2.6 g/test evaporative HC at only one elevation (i.e.,
5,300 feet). It is essentially a continuation of the current
high-altitude requirements for 1982 and 1983 mcdGel year
vehicles, Exernptions may be granted for certain low-power
vehicles that woula perform unacceptably at high altitude anad
that may have technical aifficulty in meeting the standards
cost effectively.

B. Scenario l: Continuous Statutory Standardcs

This alternative scenario will require vehicles to comply
with standaras of 0.41 g/mi HC, 3.4 g/mi CO, 1.0 ¢/mi NOx, and
2.0 g/test evaporative HC (the current low-altitude stanacards)
is required at all elevations up to a maximum altitude, This
scenario is subdivided further, depending on the maximum
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altitude to which compliance must be demonstrated and on
whether performance-based exemptions are provided:

1. la - Compliance required up to 10,200 feet and no
exemptions allowed;

2. lb - Compliance required up to 6,000 feet with
exemptions allowed; and

3. lc - Compliance requirea up to 6,000 feet and no
exemptions allowea.

C. scenario 2: Fixed-Point Statutory Stancards with
Exemptions

This strategy is siniilar to the base scenario, except that
at 5,300 feet vehicles must meet the low-altitude statutory
emission standaras (0.41 ¢/mi HC, 3.4 g/mi CO, 1.0 g/mi NOX and
2.0 g/test evaporative HC) 1instead of the ©proportional
stanaards presentea in the base scenario.

D. Scenario 3: Continuous Proportional Standards

Under this control strategy, vehicles nust meet standcards
that increase proportionally with altitude up to 6,000 feet.
At 1,800 feet, the emission standards are the low-altitude
standards; at 5,300 feet, they are the high-altitude standards
outlined in the base scenario. The standards vary linearly in
between these two altitudes and up to 6,000 feet. Like
scenario 1, this scenario has two variations:

1. 3a - Exemptions are allowed; and
2. 3b - No exemptions are allowed.

These seven scenarios differ in their approach to solving
the high-altitude emissions problemn. The base scenario and
scenario 2 are termed "two-car"™ strategies since they allow
vehicle modifications performed on vehicles sold for princigal
use akove 4,000 feet. This is not the case for scenarios la,
l1b, lc, 3a, and 3b. Any modGifications which are necessary to
satisfy the high-altitudée requirements in these scenarios must
be performed on all affectea vehicles regardless of the
altitude at which they are sold. These scenarios are termed
"one-car" strategies,

I1. METHODOLOGY

Iéentifying the most desirable alternative high-altitude

control strategy is done in three —parts. First, the
alternative control scenarios are evaluated by examining the
aggregate cost, total emissions reduction, and cost

effectiveness from the ©previous <chagpters. The control
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scenarios are then ranked according to their ability to reduce
high-altitude emissions in a cost-effective manner. Second,
the preliminary ranking 1is reviewed to aqetermine if further
consideration of the underlying assumptions would change the
oraer and to determine if the first ranked scenario merits
further consideration. Third, the most desirable alternative
scenario is evaluated further based on its air quality impact
in comparison to the base scenario and with regard to the neea
for additional pollution control in high-altitude regions.

III. REVIEW OF THE ECONOMIC IMPACT, ENVIRONMENTAL IMPACT, AND
COST EFFECTIVENESS

A. Economic Impact

The economic impacts of the six alternative high-altitude
control scenarios were calculatea for a 5-year period (1984-89)
as an increment beyond the costs of continuing the current 1982
and 1983 high-altitudge stancdardas (base scenario). The
aggregate cost to the nation for each of the six alternative
strategies appears in Figure VII-1. These costs are primarily
based on estimates of the requisite harcdware (see Chapter I1I1),
and include expenses for development, certification, emnission
control haraware, engine recalibration, R&D for expanded
microprocessor capacity in the electronic engine control unit,
andéd changes in fuel consumption and maintenance., A range of
costs was estimated for each scenario because of uncertainties
in defining the production costs.

Scenario 2 is by far the least costly of the alternative
scenarios (Figure VII-1l). However, the exact cost of this
scenario 1is difficult to determine. A net savings to the
nation may result if the estimated fuel economy benefit, which
is larger than the relatively low hardware costs, is inclucea
in the cost calculation. This estimated benefit is bLased on
very limited information and is considered tentative at this
time. Nevertheless, even without including this estimatead
benefit, the incremental cost of scenario 2 is only about $17
million.

The primary cause of the large price differential between
this scenario and the other scenarios is that only scenario 2
is a two-car strategy. Therefore, unaer this scenario only
vehicles sold at high altitude (above 4,000 feet) neea to be
egquirped Wwith aaditional emission controls. The other
scenarios are one-car strategies and require emission control
modifications on all vehicles throughout the nation regardless
of where they are sold.

Scenarios 3a and 3b have the lowest net cost with a range
of about $190 million to $640 million. The cost difference
between allowing and not allowing exemptions 1is <clear.
Granting exemptions for low-power vehicles in scenario 3a



MILLIONS OF DOLLARS

4000

3000

2000

1000

VII-4

FIGURE VII-1
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[3] SCENARIO 2 MAY RESULT IN A NET SAVINGS IF THE INCREMENTAL PURCHASE PRICE INCREASE
(ABOUT $15.00 PER HIGH-ALTITUDE VEHICLE) 1S OFFSET BY A POTENTIAL FUEL ECONOMY BENEFIT
(ABOUT $25.00 PER HIGH-ALTITUDE VEHICLE). IF THE POTENTIAL FUEL ECONOMY IMPROVEMENT
IS EXCLUDED, THE COST WOULD BE ABOUT $17 MILLION. THE ESTIMATED FUEL SAVINGS IS
TENTATIVE AT THIS TIME BECAUSE OF THE LIMITED DATA BASE.
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reauces the cost of the continuous proportional standards by
about $260-410 million.

Scenarios 1la, 1lb, and lc are the most stringent of the
alternative scenarios and their higher <costs reflect the
difficulty in achieving them. Meeting the statutory standards
at all elevations up to 10,200 feet without exemptions makes
scenario la the most expensive at $4.15 billion to $4.97
billion. Reducing the elevation to 6,000 feet (scenario 1c)
decreases the cost by about 65 percent to between $1.38 killion
and $1.91 billion. Scenario 1lb 1is the 1least stringent
continuous statutory standard with a cost of $524 million to
$1.01 billion. It aiffers from 1lc in that exemptions for
low-power vehicles are allowed. Providing exemptions reduces
the cost in this scenario by about $900 million.

B. Environmental Impact

The incremental 1lifetime emissions from LDGVs which are
affectea by the 1984 high-altituce standards were calculated
for a 5-year period. Three basic factors were used: 1) the
number of miles traveled by a vehicle in its lifetime, 2) the
emission factor for each pollutant (amount o¢f pollution per
riile), and 3) the number of vehicles affected by the standards.

The emission reauctions achieved over the lifetimes of
those vehicles sold in the first 5 years of regulation for each
alternative control strategy are presented in Figure VII-2,.
Scenarios 1la, 1lb, and 1lc show the greatest redauctions in
hydrocarbon (HC) emissions, These strategies also appear to
increase carbon monoxide (CO) emissions in high-altitude
areas. A similar penalty would occur at 1low altituce (not
shown) and is caused by the expected catastrophic failure of
some feedback systems which are used as emission control
hardware in these scenarios. However, the emission factors
that generated these results for scenarios la, 1lb, and lc are
considered to be very preliminary at this time because of the
limited number of vehicle tests upon which the catastrophic
failure rate is based. The vehicles in this sample were also
"early" feedback systems ancd it is difficult to extrapolate the
results from these tests to future systems. (This same general
gualification also applies to the cther scenarios because they
also rely on estimates of emission factors for future feedback
emission control systems, although to a lesser degree.)

EPA believes that because of the 1limitations in the
original qdata base, the emission factors may change as further
tests are conductea in the Agency's surveillance programs. The
adirection ¢f this change is, of c¢ourse unknown, but as stated
in Chapter 1V, it is most 1likely that future systems will
exhibit fewer <catastrophic failures., If this occurs, the
emission factors for feedback systems may be more like those
for nonfeedback systems which show a significant reduction in



10° METRIC TONS

400

300

200

100

-300

-400

-500

VII-6

FIGURE VII-2

Incremental Emission Reductions (a)

1a 1b ic 2

SCENARIOS

(8] ALTHOUGH CO EMISSIONS MAY INCREASE IN SCENARIO 1, IT 1S ALSO
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HC and CO enissions when controlled to the statutory levels at
high altitude. Therefore, insteaa of producing an adverse
environmental impact, it is possible scenarios la, 1lb, and 1lc
may substantially reduce CO emissions in areas above 1,800
feet. For intermediate altitudes (1,800 feet to 4,000 feet)
these scenarios may produce an incremental CO benefit that is
greater than that calculated for the proportional standards in
scenario 3 (16,000 metric tons). In areas above 4,000 feet,
the CO reduction may bLe mnuch like that for scenario 2 which
also controls emissions to statutory 1levels (331,000 metric
tons). These potential reductions for scenarios 1la, 1lb, ané lc
total approximately 349,000 metric tomns (Figure VII-2).

If the catastrophic failure rates assumned for scenario 1
are valid, scenario 2 offers the greatest overall reducticn in
emissions of all the alternative scenarios (Figure VII-2). 1In
this scenario, it is unnecessary to replace nonfeedback systems
with feedback systems as in scenario 1. Therefore, the
possibility of additional catastrophic failures 1is avoidea
along with any potential CO penalty. If the failure rates
prove to be significantly less, however, scenario 1 may offer
slightly greater Lenefits than the combined total of scenarios
2 and 3 (Figure VII-2).

The emission reductions for scenarios 3a and 3b are
relatively small (Figure VII-2). The proportional stancards in
these scenarios have a benefit only at intermeciate altituaes
from 1,800 to 4,000 feet. There is no adaitional control above
4,000 feet since the base scenario already provides emission
control to proportional levels at those elevations.

C. Cost Effectiveness

The cost effectiveness of further reducing LDGV emissions
in high-altitude areas of the country was calculated in Chapter
VI by dividing the total cost per vehicle for each alternative
control strategy by the respective ©pollutant reductions,
Figure VII-3 shows the incremental cost-effectiveness values
($/metric ton) for each control scenario. The cost
effectiveness of scenario 1 was not calculated because of the
possibility that CO emissions might increase, although it was
calculatea for a frossible daecrease. The cost-effectiveness
calculation for scenario 2 was expandea to evaluate a "worst
case" assumption that no fuel economy benefit would accompany
implementing the more stringent high-altitude standards of this
control strategy. Therefore, the range of values for scenario
2 is based on the inclusion or exclusion of the estimated fuel
increment. Figure VII-3 also contains cost-effectiveness
values of other mobile source emission regulations for
comgparison.

Scenario 2 1s the most <cost-effective option being
consiGcered (Figure VII-3). It would reduce HC enmissions at a
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cost of up to $575 rper metric ton, compared to $12,600 to
$121,000 per metric ton for scenario 1 and $95,000 to $325,000
per metric ton for scenario 3. Under scenario 2, CO emissions
would be reduced at a cost of up to $30 per metric ton. The
cost effectiveness of potential CO reductions under scenario 1
was found by assuming that the benefit would be the total of
those listed for scenarios 2 and 3 (0.25 metric tons per
vehicle). Using this value, reducing CO emissions under
scenario 1 ranges from $535 to $5,100 per metric ton. The cost
effectiveness of CO emission reductions under scenario 3 ranges
from $6,200 to $21,100 per metric ton,

Scenarios 1 and 3 have extremely poor (i.e., high)
cost-effectiveness values for one basic reason. Wwhile emission
reductions are achieved solely on vehicles above 1,800 feet
(roughly 5 percent of the fleet), vehicles so0ld below this
altitude (95 ©percent of the fleet) must also bear the
aaditional <cost of applying high-altitude control systems.
This approach generally tends nct to be cost effective because
the added cost 1is not offset with an attendant emissions
benefit.

Figure VII-3 shows that scenaric 2, even under the high
cost estimates, 1is the only alternative control scenario
analyzed which 1is comparable to other mobile source emission
control regulations. Therefore, scenario 2 appears to be Le a
cost-effective approach to reducing high-altitude emissions
from LDGVs.

Compareda to the interim (1982-83) high-altitude standards,
scenario 2 1is 1less cost effective. This is to be expectea
because the benefits of each succeeding increment of pollution
control are generally more costly to attain. The important
point is that if further emission reductions are necessary to
attain and maintain the NAACS in high-altitude areas, further
control of notor vehicle emissions in these area appears to be
cost effective,

IV. RANKING OF THE ALTERNATIVE HIGH-ALTITUDE SCENARIOS

Although alternative control strategies are not directly
comparable based solely on cost and benefits, they generally
can be compareda based on their cost effectiveness, Cost
effectiveness is, therefore, the ©prinary uecision-making
criterion.

The alternative controcl scenarios analyzed in this report
are ranked as follows in oraer of their ability to reduce

high-altitude eriissions and their incremental cost
effectiveness:
1. scenario 2 - Fixed-point fproportional standard with

exemptions;



VII-10

2. Scenario 3a - Continuous proportional standard with
exemptions and a ceiling of 6,000 feet;

3. Scenario 3b - Continuous ©proportional standara
without exemptions and a ceiling of 6,000 feet;

4. Scenario 1lb - Continuous statutory standard with
exemptions and a ceiling of 6,000 feet;

5. Scenario lc - Continuous statutory standard without
exemptions and a ceiling of 6,000 feet; anc

6. Scenario la - Continuous statutory standard without
exemptions and a ceiling of 10,200 feet.

Scenario 2 ranks first,. It is by far the most cost
effective and is projected to provide the largest air quality
benefit of the alternative scenarios. Scenarios 3a and 3b are
ranked second and third, respectively, in order of increasing
cost. Although these scenarios reduce HC 1less than scenarios
la, 1lb, and 1lc, they ranked higher because of the potential for
increased CC emissions which result in scenarios 1la, 1lb, ana
lc. This potential penalty, in aadition to their very high
price of scenarios la, 1lb, and lc, relegates them to be rankea
last. Therefore, scenario 1lb is fourth, scenario 1lc is fifth,
and scenario la is sixth, in order of their increasing cost.

V. EVALUATION OF THE ALTERNATIVE SCENARIOS BASED ON THEIR
SENSITIVITY TO THE ASSUMPTIONS OF THE ANALYSIS

The complexity of analyzing alternative high-altitude
standards for 1984 and later mwodel year mwotor vehicles
necessitates the use of simplifying assumptions and
projections. No mnatter how carefully considered, however,
these estimates are subject to error and individual
interpretation. Since the choice of scenario 2 as the best
alternative control strategy may depend on these estimates, the
sensitivity of this choice to the underlying assumptions must
be explored.

The sensitivity evaluation will be conducted in two parts.
First, the «critical assumptions concerning the technical
regquirements and catastrophic failure rates of electronic
control systems in addition to the number of low-altitude
vehicles operating at high altitude will be reviewed to
determine if any other scenario might be ranked first instead
of scenario 2. Second, the merits of scenario 2 itself will be
evaluated by reviewing the assumptions concerning the
associated change in fuel economy, the fleet mix of feedback
ané nonfeedback systems, the number of exemptions, the use of
low-altitude vehicles in high-altituade areas, and the level of
the emission standards.
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A. Reexamination of the Control Scenario Ranking

For scenarios 1la, 1lb, and lc the data in Figures VII-1
through VII-3 can be used to show that even if a favorable case
is constructed with regard to the technical requirements ana
catastrophic failure rates, these scenarios would still remain
very cost ineffective. The emissions consequence of reducing
the catastrophic failure rate for feedback systems used in the
analysis has already been discussed in detail. The potential
CO benefit of such a change, therefore, can be assumed to be as
great as the combined total for scenarios 2 and 3 (0.25 metric
tons per vehicle). Since the effect of catastrophic failures
is not as significant for HC emissions, the reduction in this
pollutant is unchanged from that shown fcr scenario 1 in Figure
VIiIi-2. Also, assume that the emission control requirements
were overestimated because of the limited amount of available
cata. A favorable case would involve reducing the emission
control cost below the low estimate of $265 per vehicle for
scenario lb by a third to perhaps $175 per vehicle. This could
result from using the upper range of fuel economy benefits or
by not replacing nonfeedback systems with feedback systems.
Even these extremely favorable costs and emission benefits
woula yield cost-effectiveness values in excess of $8,300 per
ton of HC and $350 per ton of CO. These values are still much
higher than those for scenario 2 (Figure VII-3). For scenarios
Ja and 3b the same type of sensitivity analysis can be
performec with similar results,

The environmental benefits of implementing scenarios la,
l1b, lc, 3a, and 3b increase if a significant number of vehicles
operating at high altituée are assumed to be low-altitude
vehicles. This would increase the gaseous emissions unaer the
base scenario since some vehicles would be emitting at
uncontrolled levels. By implementing <continuous control
strategies, every vehicle would meet the appropriate standards
at high altitude —regardless of where it was originally
purchased. This would increase the benefits of high-altitude
regulations unaer scenarios 1 and 3. A hypothetical "worst
case" was constructed in Chapter VII to evaluate the cost
effectiveness of such an assumption. The sensitivity analysis
in that chapter assumed that one out of every ten vehicles
operated at high altitude originated from a low-altitude area.
This mace very little difference in the cost effectivenss of
scenario 1 but dia make scenario 3 significantly more cost
effective., For example, the cost of reducing HC under scenario
3 decreased from a range of $95,000 to $325,000 per metic ton
to a range ot $43,200 to $148,000 per metric ton. The cost of
reducing CO decreasea from a range of $6,200 to $21,100 per
metric ton to a range of $3,400 to $11,500 per metric ton.
However, these improved <cost-effectiveness values remain
substantially more expensive than other emission control
strategies. Therefore, scenario 2 remains the most reasonable
alternative,
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B. Reexamination of the Merits of Scenario 2

The sensitivity analysis has thus far shown that scenario
2 1s the most desirable alternative strategy analyzed in this
report. Now, scenario 2 itself will be evaluated.
specifically, even the high cost estimates which exclude the
expected fuel economy benefit show it 1is reasonably cost
effective and that its cost to the consumer is not excessive
(about $15 per vehicle). However, how sensitive is this to the
assumptions of the analysis and would concerns about these
assumptions detract enough from the merits of scenario 2 to
remove it from further consideration? These gquestions are
discussed below.

The sensitivity analysis, contained in Chapter IV and V,
shows that the alternative scenarios are especially sensitive
to five of the assumptions that are necessary to complete this
stuay. First, the analysis is very sensitive to changes in
fuel consumption which should result from the installation of
high-altitude emnission control hardware. 1In fact, the net cost
of scenario 2 was found to be so sensitive to this, that the
lower 1limit of the possible fuel economy improvenents (the
range was 0 to 4 percent for nonfeedback controlled vehicles)
was included in the cost-effectiveness values. Therefore, the
*worst case" (i.e., the 1lower 1limit), has already been
accountea for. If the upper limit of 4 percent improvement
were included in the cost-effectiveness analysis, the potential
net savings would be greater than that which already may be
possible. Because of the extreme sensitivity of the analysis
to projected changes in fuel economy, this factor must be
carefully reevaluated as adaditional information becones
available,

Second, the cost effectiveness should be considerably
better if many manufacturers switched from feedback systems to
nonfeedback systems. Such a change has already been mnade by
Foré and is accounted for in EPA's emission control estimates.
Ford originally intendea to wutilize feedback systems, but
switched to nonfeedback systems because of their lower selling
price. Whether other manufacturers will do this is unknown.
This analysis has g¢enerally assumed that manufacturers
currently using feedback systems will continue to do so.
However, these manufacturers have stated that the competitive
nature of the automotive nmnarket will force a continued
reevaluation of their commitment to feedback systems. Because
nonfeedback systems have no inherent ability to compensate for
the effects of altitucde on vehicle emissions, the benefit of
controlling these systems in scenario 2 should be greater than
the benefits of controlling feedback systems. For this reason,
the introduction of mcre nonfeedback systems into the market
should improve the cost effectiveness of scenario 2.
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Third, the desirability of scenario 2 1is also very
dependent on the number of vehicles that coula be exempted.
Because the exemption provision has such a pervasive effect on
the economnic, energyy, and social implications of any
high-altituae standard, it will be briefly discussed further.

In the future, the number of vehicles that may need to be
exempted from the ©proportional standards under the base
scenario anda from the statutory standards under scenario 2 was
estimated in Chapter 1II1 to be about 5 and 15 percent,
respectively, of the current high-altitude fleet. These are
only rough estinmates because of the dynamic nature of the motor
vehicle fleet composition. Furthermore, this study assumes
that the exemption criteria used in the 1984 high-altitude
regulations would be patterned after the interim high-altitude
stanaaras where exempted vehicles may not be sold above 4,000
feet. This criterion precipitates one of the most significant
issues involved in scenario 2: what type of vehicles would be
available at high altitude under the base scenario but would be
unavailable under scenario 27

The Jjustification for granting exemptions from the interim
high-altitude stanadards (base scenario) was that exempted
vehicles generally would be 1low-powered vehicles that were
designed primarily for the 1low-altitude market, When these
vehicles are driven at high altitude, the 1lower air density
degrades their performance toc such a degree that they would
only be sold in small numbers. Hence, the impact of exemptions
would be minimal. From this, it can logically be assumed that
the vehicles which have somewhat more power than the exempted
vehicles must be gooa sellers because they provide better fuel
economy. Under scenario 2 some of these high fuel economy
vehicles, which would be so0la in the absence of such a
regulaticn, would become unavailable, such vehicles could
represent 10 prercent of the current narket (15-5 fpercent).
This could have three consequences: l) an adverse consumer
reaction may be generated, 2) it appears to be contrary to
national energy policy, and 3) there may be an aaverse economic
impact.

On a fleet-wide basis, the expected fuel economy penalty
from eliminating some of the more fuel efficient vehicles at
high &altituae would be offset by the greater fuel economy
benefit that 1is expectea to accompany statutory standards.
This benefit occurs bLecause in o¢rder to comnply with the
standards, manufacturers must reduce excessively fuel-rich
engine operations, It could also be argued that the fuel
efficiency benefit of the exempted vehicles may be more
imagined than real. Those vehicles requiring exemptions
generally operate with power enrichment at high altitude. This
operation results in adaitional fuel being metered 1into the
combustion chamber to maximize power output. However, using
this extra fuel also decreases fuel economy, sometimes very
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significantly. Because the effect of increasing altitude is to
reduce an engine's power output, a high fuel economy vehicle at
low altitude which rarely operates in power enrichment may
operate a significant amount of the time in this mode at high
altitude to compensate for the power loss that occurs at higher
elevations. This could, theoretically, make a relatively
higher powered vehicle more fuel efficient when operated at
high altitude, since enough engine power would be available to
rrevent or minimize excursions into power enrichment,.
Therefore, the potential fuel economy impact of granting
exemptions cannot be settled at this time. However, the
present analysis assumed no fuel economy penalty due to the
.increased exemptions; any excursion from this assumption could
be in the direction of a fuel penalty and addaed cost.

The potential for adverse consumer reaction 1is also
speculative, Further technical achievements mnay reduce the
number of exempted vehicles. The mass marketing of throttle
body injection with its more precise fuel metering and, hence,
better emissions control capability may reauce the need for
exemptions. Also, as better information becomes available, the
exemption criteria may be refined to resolve apparent problems
regarding the nurber and type of exenpted vehicles. Finally,
other options involve waiving the high-altitude requirements
for some vehicles, thereby allowing them to be sola at higher
elevations, or requiring these vehicles to meet a less
stringent high-altitude standard.

Fourth, the incremental cost-effectiveness of scenario 2
relative to the other scenarios could be affected by
low-altituae vehicles being driven in high-altitude areas. 1In
Chapter V, the environmental consequences of a high-altituce
fleet comprised of 10 percent low-altitude vehicles were
discussea as part of the sensitivity analysis. This was
considered to be the ugpper 1limit of possible low-altitude
vehicle use at high altitude. As explained in that chagpter,
emissions at high-altitude would be greater under the
fixea-point strategies (scenario 2 and the base scenario) if a
certain fraction of the vehicles were low-altitude vehicles, as
opposed to all high-altitude vehicles., This 1is because many
low-altitude vehicles cannot compensate adequately for the
effects of 1less dense air under these scenarios. However,
under a continuous strategy (scenarios 1 or 3), this trend
would not be true since 1low-altitude vehicles at higher
elevations would be able to adjust. Since the emission
reduction potentials of the various scenarios are affected by
the presence of 1low-altituGe vehicles, cost effectiveness is
also affected. In Chapter VII it was determined that in the
*worst case," the cost effectiveness of scenario 2 would
increase for HC control from $580 per metric ton to $625 gper
metric ton. Similarly, the cost of CO removal increases from
$30 per metric ton to $35 per metric ton.
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The fifth, and final, assumption that will be reviewec was
not specifically analyzed in the previous chapters and concerns
the emission reductions that may be achievable if scenario 2
was implemented. The costs and benefits of this scenario are
based on the assumption that statutory standards would be
promulgated at high altitude. These standards were chosen as a
readily identifiable alternative to the proportional standards
of the interim (1982-83) high-altitude program and also to be
consistent with statutory requirements for 1984 and later. The
previous discussion in this section agemonstratea that
high-altitude regulations, as with any requirement, must be
chosen to moderate or eliminate a complex mixture of
potentially adverse impacts (e.g., environmental, economic,
energy, and mocdel availability). The most efficient standards,
therefore, may be at some 1level other than the statutory
standaras. While it appears that more stringent control beyond
the proporticnal standards 1is feasible and cost effective
perhaps down to the levels of the statutory standaras, less
control may provide the majority of the neeaed environmental
benefits in a more cost-effective manner. Only further study
can identify the optimum level of control.

The above discussion has served to identify sone
potentially negative effects of implementing scenario 2. It
has also served to show that some of these effects can neither
be proven or disproven at this time. In adaition, the exact
level of the emission standards in scenario 2 which ultimately
may be chosen will depend on a complex mixture of variables
representing the technical feasibility, total cost, and the
number of exemptions that may be required. The appropriate
level for high-altitude standards appears to be below the
proportional values and may be as low as the statutory values
contained in this analysis. As with any program that attempts
to improve public health and is in its early stages of
development, further study can be expected to define the exact
level of the standards ana to resolve or mitigate potential
adverse effects. Therefore, it appears that the air quality
benefits of continuing the existing proportional standards at
high altitude may be improved upon if a control program
incorporating aspects similar to scenario 2 is adopted.

VIi. CONMPARISCN OF SCENARIO 2 TO THE BASE SCENAKIO

This section compares the future air quality benefits of
the base scenario and scenario 2, and examines whether the
incremental benefits of scenario 2 are great enough to nerit
further evaluation with regard to the effects on LDGTs andG
LDDs. This cGecision will be made by reviewing the benefits of
the two scenarios in relation to the future air quality needs
of high-altitude regions, as well as further considering of the
basic assumptions with which scenario 2 was developea.
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Before discussing the air quality modeling results for the
two scenarios, a brief discussion of the expected effects of
incremental control strategies is useful. Any single
incremental strategy will wusually yield much smaller air
quality benefits than those achieved with the original
controls. Most of the controls producing dramatic results have
already been implemented; future gains 1in air quality will
depend on a combination of incremental control strategies.
Each strategqy may affect air quality slightly, but in
combination, they can significantly improve it. For example,
controlling LDTs as well as LDVs at high altitudes would
provide greater benefits. Also, in presenting the results of
air quality moaels, the absolute values of ambient pollutant
concentrations or violations of the air quality standaras are
subject to greater error than are the relative differences
among the control strategies being analyzedc.

Figures VII-4 and VII-5 show estimated impacts of scenario
2 and the base scenario on the air gquality of major
high-altitude cities., Figure VII-4 shows that scenario 2 coula
slightly reduce the maximum ozone concentrations bLeyond those
achieved by the base scenario (generally being about a 1
percent improvement for some of the years studied). Figure
VII-5 shows that in 1989 and 1990, one less violation of the
ozone NAAQS 1is projected to occur under scenario 2 for the
high-growth no-I/M case. With I/M, scenario 2 does not appear
to provicde any additional reduction in NAACS violations.

The differences in ambient CO concentrations resulting
from the two scenarios, however, are more significant than
those shown for ozone above, The benefits of implementing
scenario 2 are projecteda to be somewhat larger and occur with
greater frequency. Figure VII-4 shows that in essentially all
years, there is a 1 to 3 percent improvement under both growth
assumptions, with and without I/M.

The projected number of NAAGS violations for CO are shown
in Figure VII-5. Implementing scenario 2, without I/M, coulad
reduce the number of violations under the low-growth case by
one in 1986 and 1989. 1If higher growth rates without I/N are
assumed, scenario 2 may provide 1 to 3 fewer violations in 1987
through 1990. Under the high growth, with I/M case, two less
violations are shown in 1986 and one less in 1987.

To summarize the discussion thus far, the air quality
nodels show scenario 2 is projected to have a positive impact
on air quality in high-altitude regions, although the impact is
relatively small. This 1is not surprising, however, because
scenario 2 1is an incremental control strategy and needed
improvements in air gquality will only come by combining several
incremental controls (e.g., light-duty trucks, each having a
small benefit of its own).
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FIGURE VII-4

Average Percent Reduction in Expected
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FIGURE VII-5

Number of CO and Ozone NAAQS
Violations in High-Altitude Cities [a]
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Before making a final decision on the merits of scenario
2, it remains to be shown whether even the small benefits of
this scenario are needed to improve the air «quality of
high-altitude regions. To evaluate this question, the NAACS
attainment dates and trends in high-altitude air quality will
be used. As shown in Figure VII-5, high-altitude cities appear
to require additional emission reductions in future years since
the NAAGSs for ozone and CO are never projecteda to be achievead
by the 1987 statutory deadline even when scenario 2 is
implemented with an inspection/maintenance program. Also, the
trend lines in Figure VII-4 show that by about 1990 to 1993,
improvements in ozone and CO pollution often may have generally
slowed ana in some cases may have essentially stopped so that
air pollution levels might not continue to decline ana could
possibly increase under some conditions. Specifically, ozone
may be a problem in some areas since compliance with the NAAGS
is projected to be achieved in all high-altitude cities only
under the low-growth, with-I/M strategy (Figure VII-5). The
NAACGS for CO is preadicted to be attained between 1988 and 1990
under the low-growth cases, but for the high-growth cases,
attainment may be postponed until 1990 with I/M and between
1990 ana 1993 without 1/M (Figure VII-5). However, as alluded
to above, the CO trend 1lines 1in Figure VII-4 for the
high-growth cases g¢generally show a reduction in the rate at
which additional improvements in emission concentrations for
subsequent years are achieved, especially in the  Dbase
scenario. Because of this and the uncertainty associated with
the projections, continued compliance with the NAA(S may not be
assured. Therefore, additional emission control beyond that
provided by the base scenario appears to be justified at this
time,

The discussion containea in Chapter V ypointea out the
uncertainties involved with the computer models which proauced
the air quality projections in this report. These
uncertainties may cause the projections to be better or worse
than those cocumented here. 1In particular, there are a number
of identifiable reasons why the analysis may underestimate the
number of violations of the NAAGS. To simplify the analysis,
EPA assumed that all 1984 and later model year vehicles
operated at high altitucde meet the appropriate emission
standards in each scenario. While this is valia for the vast
majority of vehicle miles traveled (VMT), it is reasonable to
expect that some mileage would occur from unregulated
low-altitude vehicles operated by visitors or permanent
residents who had moved from low-altitude areas. Many of these
uncontrolled low-altituce vehicles will rpollute significantly
more than high-altitude vehicles which are subject to
regulation. Also, the air quality models upon which this
analysis is based assumed an ambient temperature of 75°F. 1In
reality, the average temperature in high-altitude areas during
periods of unhealthy air 1is much 1lower. At lower ambient
temperatures the amount of ©rpollution from motor vehicles
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increases, especially CO emissions. This potential increase in
emissions 1is not accounted for in this analysis. Therefore,
the number of NAAQS violations in high-altitude areas could be
somewhat greater than shown in Figure VII-5.

In summary, the data contained in Figures VII-4 and VII-5
indicate that additional cost-effective forms of pollution
control may be neeuea to attain or assure compliance with the
NAACS in high-altitude regions of the country. However, as
indicated in the previous paragraph ané in Chapter VvV, the air
quality projections presented above could be subject to error
in either direction. Detailed analysis of the air quality of
those areas just above or below the NAAQS would be necessary to
confirm the need for additional controls such as those proviaed
by scenario 2,

VII. CONCLUSICNS

The analyses in this report indicate that implementing an
alternative program similar to scenario 2 will ©provide
additional emission control for high-altitude regions 1in a
cost-effective manner. For this reason, scenario 2 rerits
further consideration regarding LDGTs and LDDs.



Chapter VIII

Control of Light-pDuty Trucks

I. INTRODUCTION

This chapter analyzes the effect of high-altitude
standarcds for light-duty «gasoline-fueled trucks (LDGTs) .
Specifically, implenenting fixed-point statutory standards
(scenario 2) relative toc fixed-point proportional standards
(base scenario) will be examined with regard to technology,
economic impact, enviromental impact, and cost effectiveness,
As describeu in Chapter VII, scenario 2z was founa to be a
viable alternative control strategy for LDGVs. The statutory
standards of this scenaric for 1light-duty trucks will Le
assumed to be implemented in 1984 as was the case for
light-cuty vehicles.

It shoula be notec that high-altitude LDT stancaras are
not mancated in section 206 of the Act as are the high-altitude
LDV requirements. If LDT stanadaras at high altitude are
warrantea, however, EPA may establish such standards under the
general rulemaking authcrity of section 202.

I1. TECHNOLOGY ASSESSMENT

For 1light-cuty ¢asoline-fueled vehicles (LDGVs) under
scenario 2, EPA projected that &all vehicles with nonfeeaback
(open-locp) contrcl woulc require three fixed-step aneroids ana
a recalibration of engine-relatea control gparameters. Also,
all LDGVs would require larger <charcoal canisters for
evaporative HC emission control (Chapter III).

There are twc basic similarities between these LDGVs ana
all LDG1s which lead to the conclusion that these technologies
shoula aprly to LDGTs also: 1) both LDVs ané LDTs certity
using the same test procedures, anc 2) current emission control
technology on many LDGVs at low altitude, (i.e., nonfeedback
controllea systems) is very similar to that neecec for LDGIs to
neet their more stringent 1984 low-altitude stancards.[1]
Therefore, LDGTs will require a recalibraticn ot engine control
parameters ana the addition of three fixed-stepr a&aneroias to
meet the high-altitude exhaust emission standaras, since EPA
estinmates that essentially all such vehicles will be eqguiprped
with nonfeedback systems at 1low-altitude in 1984 and later
nodel years. Similarly, complying with the statutory
evaporative HC standaré will require a 25 rercent increase in
charcoal loading of the storage canister.

III. ECONOMIC IMPACT

As with LDGVs, the cost of implementing alternative high-
altitude standards for LDGTs will be determinea incrementally
to the Lase scenario (i.e., the fixed-point ©rproportional
standara) (Table II-4, Chapter I1). Under the base scenario,
LDGTs will have the sane contrcl haraware as shown for the base
scenario in Table VI-2 of the Economic Impact chapter f£for



V1IIi-2

nonfeedback LDGVs. In that table, nonfeedback controlled
vehicles required engine recalibrations in addition to one
fixed-step aneroid.

The remainder of this section will focllow the same outline
as the Economic Impact chapter for LDGVs. Thus, the cost to
manufacturers, the cost to users, the aggregate costs, and the
socioeconomic impact will be examined separately.

A. Cost to Manufacturers

The cost to manufacturers has two elements: variable
costs and fixed costs.

1. Variable Costs

The only variable cost resulting from 1984 high-altitude
exhaust emission standards is the <c¢ost of two additional
aneroids for all LDGTs. The estimated cost of these twc
devices for LDGVs, based on discussions in Chapter 1V, is
$14-18. The adaditional production of aneroids for LDGTs over
that of LDGVs lower costs, because of the economies of scale.
To be conservative, however, the same costs Lased on LDGV
production volumes will be used here for LDGTs.

The variable <cost for the high~-altitude evaporative
standaras is also the same as that previously estimated for
LDGVs in Chapter V. Complying with the statutory evaporative
HC standard 1is estimated to increase the total hardware cost
for LDGTs by $2-3 to a total of $16-21 per vehicle.

2. Fixed Costs

Fixea costs include development and certification costs.

a. Development costs. Development costs for scenario 2
are estimated incrementally from the base scenario. Under the
base case, all 1984 LDGTs have to be recdesigneu at low altituae
to comply with the more stringent HC and CO standaras
implementeda in that mncael year. All nonexempt LDTs sola at
high-altitude (it 1is assumed LDTs require the same percentage
exemption &as LDVs), would also have to undergo dGevelopment to
riecet the new proportional standards which woula accompany the
rnore stringent low-altitude standards.

Scenario 2 would have no effect on low-altitude
development efforts since high-altitude control technology
(aneroids) should not affect low-altitude engine calibrations
(a more complete discussion 1is presented 1in Chapter V),
Scenaric 2, however, could affect kLeneficially high-altitude
development. )
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In the preceding paragraph, it was assumed that LDTs will
require the same exemptions as LDVs (i.e., 5 percent for the
base scenario and 15 percent for scenario 2). The greater
number of exemptions in scenario 2 implies that fewer engine
families will undergo development at high altitude than in the
base scenario, based on the relationship between engine
families and vehicle sales outlined in Appendix III. Rather
than account for this potential savings, no development cost
increment ($0) will be assumed 1in this analysis to be
conservative.

L. Certification. The incremental certification costs
for LDGTs in 1984 1is the additional cost over what is assumed
to take place under the base scenario. Under this scenario, it
is projected that all nonexempt engine families will have to be
recertified at high altitude due to the new proportional
standards beginning 1in 1684. As previously discussed with
regard to development costs, the additional exempted engine
families in scenario 2 would reduce the certification costs in
relation to those already occurring in the base scenario. To
be conservative, this potential certification savings 1is not
accounted for in this analysis. Insteaa the incremental
certification cost 1is considered to be $0, as 1t was for
incremental development costs.

B. Cost to Users

The sticker price increase for users of high-altitude
vehicles is simply the control hardware cost since there is no
increment in development or certification associated with
scenario 2. This cost is about $16-21 per high-altitude LDGT.

The net vehicle cost of scenario 2 includes not only the
sticker price increase but also any increment in maintenance or
fuel economy. There should be no additional maintenance
requirements as a result of implementing the contrcl hardware
aescribec above. However, the addition of two aneroids could
result in &a fuel economy benefit. As with LDGVs, the fuel
economy Lbenefit is estimated to be about 2 percent (see Chapter
111 for the derivation of this fuel economy bLenefit). For
LDTs, a 2 percent fuel economy bLenefit represents a cost
savings of about $65 per vehicle. This is basea on an average
LDGT life of 120,000 miles accumulated over a period of 12
years,[2] a fuel economy estimated to be the proposed 1985 CAFE
standard of 21 mpg, an unleaded gasoline price of $1.30 per
gallon, ana discounting the resulting fuel savings (at 5
percent per year) to year of purchase. Again referring back to
the LDGV economic analysis contained in Chapter V, the
sensitivity of scenario 2 to the estimated fuel economy benefit
was so great that a cost range was used for the net vehicle
cost. This sensitivity is even more significant with regard to
LDGTs since the fuel economy Lenefit applies to all 1light
trucks sold at high altitude instead of only a portion of the
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fleet. Therefore, the net vehicle cost for LDGTs will Le
estinated in a similar manner. The lower limit of the range is
found by including thle fuel economy benefit and the upper 1limit
is found by excluding it. This results in a potential savings
of $69 or a potential cost of $21 per vehicle.

C. Aggregate (osts

The projected number of 1984-88 LDGTIs sold in areas alkove
4,000 feet (excluding California) 1is approximately 405,000.
This figure was derived from nationwide sales estimates made by
Data Resources Corporation,[3] anéd the same estimates of
population distribution according to altitude used to determine
LDGV enrissions in Chapter 1V. These supporting data can be
found in Takle VIII-1.

The aggregate costs of the high-altitude standards apply
to the first five years o¢f this requlation or 1984-88.
However, the present value in 1984 will Le used, so that the
ccst can be compared on an equivalent basis to the aggregate
cost for LDGVs. Based on a 1984-88 high-altitude LDGT
production of 409,000, the 5-year aggregate cost of scenario 2
varies from a potential savings to akbout $7 million.

The costs for LDGTs are summarized in Table VIII-2.

D. Socioeconomic Impact

The price increase of a light-duty truck was estimated to
be a maximum of $21. Given the range of variability in the
analyses, this 1is conparable to the maximum sticker price
increase of $15 estimated for LDGVs under scenario 2 (see
Chapter V). The LDGV analysis concludea that such a sticker
price increase shoula wunct affect a wuealer's sales or a
consumer's ability to purchase a vehicle. The same conclusion
shoula hold here for LDGTs, because both the absolute cost
increase and the percentage increase in the purchase price of
these vehicles 1is comparable to that estimated for LDGVs.
Thus, the sticker ©price 1increase for LDGTs should not
significantly affect sales.

There are no 1incremental capital costs associated with
implementing scenario 2, Manufacturers of LDGTs will alreaay
incur such expenses under the base case because of the new
proportional standards taking effect in 1984.

Thus, as similarly analyzed for LDVs, the increase 1in
costs due to this regulation should have 1little socioeconomic
impact, if any, on manufacturers, dealers, and users.
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Table VIII-1

Light-Duty Truck Sales Projections[3,4]

Nationwide Nationwide LDGT Sales[b]
LDT Sales[a] LDGT Sales{al Above 4,000
Year (106 trucks) (10 trucks) Feet (trucks)
1984 3.24 2.93 82,000
1985 3.36 2.98 83,000
1986 3.40 2.93 82,000
1987 3.46 2.89 81,000
1988 3.54 2.92 £€1,000
5-Year Sum 17.0 14.65 409,000
(a] Light-duty truck.
Light-duty gasoline-powered truck.
[b] These values were determined by assuming that the number of

new vehicle sales 1is directly proportional to population
distribution. Since 3.1 percent of the U.S. non-California
population resides above 4,000 feet, this 1is also the
fraction of nationwide non-California sales that is expectea
to occur in high-altitude areas of the country.
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Table VIII-2

summary of Costs for LDTs ($1981)

Best
Estimate Incremental Aggregate
Fuel Net Capital Costs to Costs{d]

Harédware Developrent Economyla] Total[b] Manufacturers{c] (millions)

$l6-21 $0 -85 $-69 to 21 $0 up to §7

[a] Because of the uncertainty associatea with this fuel economy
estimate, its use is speculative at this time.

No maintenance or certification costs expected.

Includes 15 percent cost of capital.

Based on a procduction of 409,000 for high-altitude sale
between 1984-88. Present value is in 1984.

o000
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IV. ENVIRONMENTAL IMPACT
This section explores the effects of scernaric 2 on LDGT
emissions anG the resultant air quality. The same basic
methodology used in Chapter III to describe the environmental
impact of LDGV control will be followed below.

A. Total Emissions

1. Methodology

As was the case with the LDGV a&analysis, total lifetime
emissions will be determined from LDGTs sold over a b5-year
period. For reasons discussed earlier, this time increment is
1984-88. 1c determine these emissions, three factors were
nultiplied together: 1) the number of miles the average LDGT
is driven in its lifetime, 2) emission factors (the amount of
pollutant emitted per truck per mile of travel), and 3) the
number of trucks sola above 4,000 feet (the initial control
altitude for scenario 2). These factors are discussed below.

For the purposes of this study, the average lifetime
mileage for light-duty trucks is 120,000 miles.[2] 1o
determine lifetime emissions, emission factors were determined
for trucks that were halfway through this average 1lifetime
(i.e., at 60,000 miles). It is important to remember that
scenario 2 applies only to those vehicles and trucks sold above
4,000 feet and that the high-altitude emission data available
were based on tests conducted at Denver (elevation 5,300
feet). Thus, the average lifetime emission rates in this stuay
for LDGTs sold above 4,000 feet were based on tests at 5,300
feet.

As menticned earlier, 100 percent ct the future
high-altitude LDGT fleet is expectea to use cpen-loop emission
control technology. Table VII1I-3 contains the LDGT enission
factors for the Lase <case ané scenario 2 baseua on this
technology. Takle VIII-3 also contains evaporative HC emission
factors for LDGTs. Light-duty gasoline-fueled trucks ana
vehicles have the same evaporative Thydrocarbon emission
characteristics ana, thus, the same emission standard uncaer the
1962 and 1983 interim high-altitude emission regulations.
Therefore, the evaporative HC emission factors aeveloped 1in
Chapter IV for LDGVs under the Lase scenario and scenaric 2
also apply in the case of LDGT evaporative HC emissicns.

By combining the mileage, emission factor and sales data
described above, the total exhaust ana evaporative emissions
from 1984-88 LDGTs 1in areas above 4,000 feet can be
determined. These are presented in Table VIII-4 for Lboth the
base scenario and scenario 2.
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Table VIII-3

Emission Rates for 1984-88
Light-Duty Gasoline Trucks at 5,300 Feet[a]

Pollutant

HC

Co

NOXx

Evap L
HC

Zero-Mile Emission
Level (g/mi)

Deterioration Rate
(g/mi/10,000
miles)

Average Lifetime
Emission level
(g/mi)

Zero-Mile Emission
Level (g/mi)

Deterioration Rate
(g/mi/10,000
miles

Average Lifetime
Emission level

(g/mi)

Zero-Mile Emission
Level (g/mi)

Deterioration Rate
(g/mi/10,000
miles)

Emission Level
(g/mi)
(g/mi)

Zero-Mile Emission
Level (g/mi)

Deterioration Rate
(g/mi/10,000
miles)

Average Lifetime
Emission Level
(g/mi)

[a]

Emission
Mileage/10,000),
equals 60,000 miles,

Rate =

Base Scenario

0.78

0.14

9.85

1.35

17.95

0.13

zero-lile Level

(deterioration rate);

Scenario 2

0.63

0.14

15.23

0.10

+ (cummulative
cumulative mileage

one-half of lifetime.
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Table VIII-4

Lifetime Emissions from 1984-68 LDGTs
Sold Above 4,000 Feet

(103 metric tons)

Reductions
Base (base scenario
Pollutant Scenario Scenario 2 minus scenario 2)
HC 79.5 72.1 7.4
of0] 880.9 747 .5 133.4
NOX 73.6 73.6 0]
Evap. HC 6.38 4.91 1.47

Total HC 85.88 77.01 8.87
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2. Discussion of Results

From Table VIII-4, it can be seen that scenario 2 is
predicted to reduce total HC emissions from 1984-88 LDGTs by
approximately 8,870 metric tons, compared to the |Dbase
scenario. Similarly, CO emissions are predicted to decrease by
roughly 133,400 metric tons. No NOx reductions would be
realized since the high-altitude NOx standards under scenario 2
would be the same as under the base scenario.

Referring back to Chapter IV, one sees that scenario 2 is
shown to lower HC and CO emissions from LDGVs sold above 4,000
feet by approximately 13,800 metric tons and 331,000 metric
tons, respectively. Thus, combining the effects of scenario 2
on LDGVs and LDGTs yields total 5-year HC reductions of roughly
22,670 metric tons and total CO reductions of approximately
468,400 metric tons. As can be seen, roughly a third of the
total HC and CO emission reductions result from LDGT control.
The consequences of controlling LDGT emissions on air quality
in high-altitude areas are discussed in the following section.

B. Air cuality

The air quality discussion in this chapter is an extension
of that found in Chapter IV for LDV control; both use the same
models, study sites, and growth rates. The only difference is
the adcition of emission controls on LDTs (both gasoline and
diesel) to the base scenario and scenario 2. The LDV emission
factors are unchanged. Due to the large number of conposite
emission factors (average emission factors for a given vehicle
category in a given year), they are included in reference 4.

Tables VIII-5 through VIII-8 present the results of the
air quality analysis in two ways: 1) percent reductions in
pollutant concentrations from a baseline year (1979), and 2)
changes in the projected number of NAAQS violations. To
clarify the air quality consequences of controlling LDTs at
high altitude, the tables also include the effects of LDV
control only. The inclusion of this information allows LDT
standards to be evaluated by determining: 1) the air quality
differences between the base scenario ana scenario 2 with and
without truck control, and 2) the resulting air gquality change
when mote stringent truck control is included with LDV
standards in scenario 2. Both of these methods of evaluation
are discussed below,

Tables VIII-5 and VIII-6 show that scenario 2 with truck
control may result in 1lower ambient CO concentrations and
slightly fewer violations of the CO NAAQS than under the base
scenario with truck control. These benefits are first apparent
in 1986 where one less violation is expected for the high



Scenario

pase -
With Truck
Control

Base -
Without
Truck

Control

#2 - With
Truck Con-
trol

$2 - With-
out Truck
Coutrol

[a] The cities
Albuyueryue,

‘Table VIII->

Averayge Percent Reduction in Expected
Second Higyhest 8-Hour CO Councentratious from 1979
Base Year in Six Uigyh-altitude Cities
(Low and Iligh Growth)lal

Year
1986 1990 1995

Wit I/H W/0 1/M with I/M W/0 I/H with L[/HM W/QO I/M
Low Hiyh Low Iliygh Low digh Low liig4h Low Uigis Low liyh
55 49 46 38 12 00 64 50 79 72 73 vd
55 48 45 37 71 05 03 54 74 70 72 v2
50 50 47 39 73 7 06 57 81 75 76 67
55 49 46 38 72 65 04 56 8y 73 74 05

examined are¢ Deunver, Colorauo Spriunys, Ft. Collius, ureeiey,
and salt Lake C(City.
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Table VIII-6

Number of Violations of CO NAAYS
in Six Higyh-Altitude Cities (low and hiyh yrowth)la]

Year
1986 1990 , 1995

Witu I/M W/0 I/H With I/M W/ 0 I/ With I/M W/0 1/
Scenario Low 1lligyh Low High Low Hidgh Low 1Iliygh Low High Low digyh
Base - 7 16 290 43 0 V] 0 3 0 U U 1]
With Truck
Control
Base - 7 18 21 43 U 1] U 4 U U 1] 1]
Without
Truck
Coutrol
#2 - With 5 i5 i3 39 0 Y] U 2 U U U 1]
Truck Con-
trol
$2 ~ With- 7 i0 20 43 J 1] J 3 U U U 0]
out Truck
Control
[a] The citles examined are Denver, Colorado springs, Ft. Collins, Greeley,

Albuyuerque, and salt Lake City.
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Table VI1I-7

Averaye Percent Reduction in Expected Maxium
l-flour Ozone Concentrations from 1979 Base Year
1n Denver and Salt Lake City (low aund higyh yrowth)laj

Year
1986 1990 1995
With I/M W/0 I/M With I/M W/0 I/H With I/M W/ 0 I/M
Sceuario Low ligh Low Hiyh Low Higyh Low High Low High LOW Higyn
Base - 24-32 22-28 21-27 18-24 29-38 25-33 25-34 22-29 28-37 24-31 L20-35 21-28
With Truck
Control
Base - 24-32 22-28 21-27 18-24 29-37 25-33 25-33 22-2% 28-36 24-31 20-34 21-28
Without
Truck
Control

#2 - With 24-33 22-29 21-27 18-24 29-38 25-33 26-34 22-29 29-37 24-32 20-3L 22-29
Truck Con-
trol

$2 - With- 24-32 22-29 21-27 18-24 29-37 25-33 25-34 22-29 28-37 24-31 20-39% 21-28
out Truck
Control

(al Note that a range of values are reported. These reflect two dJiffrerent ratlos or HC/NOX
ambient concentrations, as discussed in Chapter IV. Values Lcolm tne niguel [atio are listed
first.

€T-ITIA



Table VIII-8

Nuwber of Violations of Ouone NAAYS
in Denver aud Salt Lake City (low aud hiyu drowtu)ial

Year
19806 1990 1995

With I/M W/ 0 1I/M with I/M wW/0 I/M with I/M W/0 I/M
Scenario Low Iligh Low High Low iUigh Low Hiyh Low iligyi Low Hiyh
Base - 0-1 0-1 0-2 1-2 0-0 0-1 Uu-1 v-2 u-1 U-1 u-1 L=-2
With Truck
Control
Base - 0-1 0-1 0-2 1-2 U-0 U-1 0-1 u-2 u-1 0-1 -1 1-2
Without '
Truck
Control
#2 - With 0-1 0-1 0-2 1-2 u-u 0-1 u-1 0-1 u-1 uv-1 v-1 1-2
Truck Con-
trol
$#2 - With- 0-1 0-1 u-2 1-2 -0 0-1 0-1 U-1 U-1 U-i u-1 1=-2
out Truck
Control

Tal Note that a ranye of values are reported. Tiese reflect two uifrerent ratios
of HHC/NOx ambient concentratiovns, as discussed in Chapter IV, Va.Ues Lcouw tue
lower ratio are listed first.

PT-IIIA
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growth with I/M case and two less violations are expected for
the low-growth with I/M case (Table VIII-6). For 1990 and
beyond, no violations are expected due to the combined effects
of more stringent low-altitude standards and I/M. Chapter 1V
showed that without truck control the number of violations
under scenario 2 and the base scenario was the same until 1988
with 1I/M. Thus, including 1light trucks under scenario 2
appears to yield fewer violations two years sooner than would
otherwise be possible.

Without 1/M, the CO benefits of controlling trucks under
scenario 2 first appear in 1986, when four less violations are
expected with high growth and two less violations are expected
with low growth. Similarily, without truck control, the total
number of violations appear greater for scenario 2 in this year
under either the low- or high-growth cases. In 1990, one less
violation is projected for the high-growth without-I/M case
under scenario 2 than under the base scenario when truck
control 1is considereaq. Air quality benefits without LDT
control also appear in this year but again the total number of
violations is projected to be greater than in the with-truck
control option. Looking only at scenario 2, aading truck
control should result in four fewer violations during 1986 and
one 1less in 1990 under the high-growth case and two less
violations in 1986 under the 1low-growth case. Thus, adaing
truck control to scenario 2 resulted in a larger projected air
quality benefit than when only 1light-duty vehicles were
controlled. This was true whether or not I/M was present.

, With regard to ozone air quality, Table VIII-7 shows that
adding LDT control to scenario 2 could lower ambient ozone
concentrations below what the base scenario would provide.
With I/M, in 1986 and 1995 the additional reduction could be 1
percent for the low- and high-growth cases. Without I/M, the
reduction is 1 percent more in 1990 for scenario 2 with truck
control under the low-growth case than for the base scenario.
Adding more stringent truck control to scenario 2 when I/N is
assumed could reduce ozone concentrations by 1 percent in each
year studied under the low-growth case and by 1 percent in 1995
under the high-growth case. When no I/M program is assumed,
implementing more stringent truck control 1in this scenario
should result in a benefit during 1990 of up to 1 percent under
the 1low-growth case. In 1995, the benefit «could be 1
additional percent under high growth. It can be seen from
Table VIII-8 under both growth cases, that adding truck control
did not further reduce the number of NAAGS violations occuring
under scenario 2 compared to the base scenario in the with-I/M
situations. Without I/M, there could be one less violation in
1990 under high growth. sSince, however, there appears to be no
difference in ozone NAAQS violations when more stringent LDT
standards are added to scenario 2, this benefit must be
attributed to LDV control.
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C. summary of Air guality Information

The analysis in this section predicted that addaing LDGT
control to scenario 2 woula lead to additional reauctions in HC
emissions beyona those of the base scenario by aprroximately
8,870 metric tons from the 1584-88 LDGTs sculd above 4,000
feet. It woula alsc lower CO emissions from these trucks by
133,400 metric tons more than the base scenario over their
lifetine,

Fewer violations of the CO NAA(GS are fprojected when LDT
control is added to scenario 2 under both low anc high growth,
but because o¢f 1I/M, no violations under either the base
scenario or scenario 2 are projecteda beyond 1990. Wwithout I/N,
adading truck control could also result in fewer violations of
the CO NAAGS than would be expected under scenario 2 without
truck control. This is true unéder both low ana high-growth
rates. Attainment of the CO standara is not rprojected until
after 1590 when higyh growth ana no I/k are assumned. Adding LDT
control to scenario 2 «id not result in fewer violations of the
NAACS for ozone with or without I/M. Thus, any cost-effective
HC control strategy should be seriously consicered as a partial
means of attainment.

As was nentioned earlier <concerning the air quality
projections containead in Chapter v, the air guality
projections macde here must be used with scme caution. Much of
the input data to the model, ¢rowth rates for vehicle-niles
traveled (VMT), VMT breakdcwn by vehicle class, ana average
speed, are baseda on national averages and not local dGata.
Also, relatively sinple rnouels have been used, modifiea
rollback and EKMA. 71hese mocels require relatively simple cata
which were easily available for all the areas of concern. Air
quality projections using input dcata specific to individual
locations and the use of nore sophisticated mouels, as is often
Ggone by local or state agencies, coulc result in more accurate
projections. Alsc, as has been mentioned earlier, the emission
factors projectea for future years are not firm, especially for
those equippec with feeaback controls. Changes in these
factors in the future cocula ¢¢ in either direction. Thus, the
number of violations of the NAA(GS projected in any ¢given year
must be seen as' an estimate and could actually occur & nunber
of years earlier or later. Since the need for statutory
control is, unfortunately, based on whether or not
high-altitude areas achieve the NAACS, a conclusive
determination of the need for statutory control over
proportional control cannot be made at this time.

V. COST EFFECTIVENESS

Results from the cost and total emission sections of this
chapter will be combined to Getermine the cost effectiveness of
acding LDGT control to scenario 2. The same procedure outlined
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in Chapter V to determine the cost effectiveness of LDGV
control 1is followed 1in this section. The results of this
analysis are shown in Table VIII-9 along with the incremental
cost effectiveness of LDGV control for scenario 2 as determined
in Chapter V. The incremental cost effectiveness of combined
LDGV and LDGT control is also presented in Table VIII-9,

As this table shows, adding control of light-duty
gasoline-fueled trucks to scenario 2 makes it a slightly more
cost-effective approach. Under "worst case" assumptions, the
cost of removing HC is reduced from $575 per metric ton for
LDGVs only to $535 per metric ton for both classes of
vehicles. The cost effectiveness of CO removal 1is unchanged
under worst case assumptions.

Table VIII-10 1lists the <cost effectiveness o¢of other
control strategies already adopted. (This same table also
appears in Chapter VI.) From this table, it can be seen that
when LDGT control is added to scenario 2, it becomes more cost
effective than three of the other existing HC strategies and
two of the other existing CO strategies.



Table VIII-Y

Incremental Cost Effectiveness of Scenario 2

Emission Incremental

_Reductions Cost Effectiveness
Costial (103 metric tons) (doliars/metric ton)

Vehicle (dollars per vehicle) per vehicle HC CO

Type Low High HC CO Low High Low Hiygh

LDGV -11 15 13.0 239.9 ney. 575 neg. 30
LDGT -69 21 21.7 326.2 ney., 435 ney. 3u
LDGV and -24 16 15.0 259.7 ney, 535 neg. 3V

LDGT[Db]

[a] 1981 dollars discounted to 1984. The 1low estimates are based on the
inclusion of tentative fuel-economy benefits.

[b] Combined LDGV and LDGT costs were obtained by weighting the individual
LDGV and LDGT costs according to sales above 4,000 feet,

8T-IIIA
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Table VIII-10
Cost Effectiveness Comparison With

Other Emission Control Strategies
(1981 dollar per metric ton)

Enissions
After Control Cost
Baseline Strategy Effectiveness
Control Program Emissions|a] Inplemented HC CO
LDV Statutory(6] HC 0.9 HC 0.41 734 67
Standards Co 15 Co 3.4
LDV I/M[7] - - 640 58
LDT 1584([1] HC 1.7 HC 0.8 195 15
Standards Co 18 Co 10
HDE 1984
Standards([8][b]
(gasoline) HC 1.5 HC 1.3 305 106
CO 25 COo 15.5
(Giesel) HC 1.5 HC 1.3 325 -
Co 25 Co 15.5
Motorcycle HC S HC 8-22.5[c] 582
Neg.
Standards[9] Co 34.67 Co 27.4
HDG Lvap.[10][a] HC 1.8 HC 0.17 200 --
Interim 1952-83 HC 1.47 (cars) HC 1.33 (cars) 393 12
HA Standards([1ll] 4.19 (trucks 3.78 (trucks)

CO 16.23 (cars) CO 13.21 (cars)
73.02 (trucks) 55.65 (trucks)

EY
(bl
(c]
[dl]

Emission levels are in g/mi except for the HDE 1964 standards
which are in grams per brake horsepower-hour.

The baseline and after-control strategy emission values were
based on different test procecdures (see ref. [9]).

Slicing scale based on engirne uisplacement (cubic
centimeters).

The evaporative standard is in terms of ¢/test and converted
to ¢/mi here to facilitate comparison.
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Chapter IX

control of Light-Dputy Diesel Gaseous Emissions

I. INTRODUCTION

This <chapter addresses the effects of high-altitude
gaseous emission standards on light-duty diesel-powered
vehicles and trucks (LDDVs and LLCDTs). As was the case with
the discussion of 1li¢ght-duty ¢asoline-fueled trucks in the
previous chapter, this analysis focuses on comgparisons between
scenaric 2 and the base scenario. This format will be followed
since scenario 2 was founa to be the niost cost-effective of the
control strategies which were analyzed in this report as
alternatives to the base scenario for further recucing
emissions from light-duty gasoline-fuelea vehicles in
high-altitude areas (Chapter VII).

To trenain consistent with the previous analyses, the years
being studied in this chapter with regard to costs ané total
emissions are 1984-88 for both LDDVs and LDDTs. In reality, it
may be desirable to delay additional high-altitude control one
year beyona the first year of the more stringent high-altitude
standards for light-duty gaseous vehicles (LDGVs), Lecause the
1.0 g/mi NOXx standara may be waivea up to 1.5 g/mi for LDDVs
until 1985 (as allowed in section 202(b)(6)(B) of the Act). 1In
fact, such NOxXx waivers have already been granted for many 1984
model year LDDVs. Delaying the inplementation date of the more
stringent high-altitude stancdards for one year would prevent
manufacturers from having to design, build, and certify
vehicles to meet high-altitude standarcds that woula be in
existence for only one year. Lhowever, such a delay woulad
require amenaing the Act. In any event, for the purposes of
this analysis assuming that the LDDV statutory standcards
(including 1.0 g/mi NOx) begin in 1984 insteaa of 1985 is
insignificant.

II. TECHNOLOGY ASSESSMENT

Very little actual data exist with which to quantify the
types ¢f technology which may be needed by LDDVs ané LDDTs to
comply with the statutory standards of scenario 2. Also,
unlike gasoline engines, the effect of decreasing air density
cannot be compensatea for <completely in diesel engines.
Gasoline engines burn a homogeneous air/fuel mixture of fairly
constant proportions, when air «density dcecreases, Wwhich
reduces the mass of air in the cylinder, the air/fuel ratio can
be retained at its optimum value by either opening the throttle
to allow more air, or by metering less fuel. This works well
until the power requestea of the engine approaches its maximum
and power enrichment sets in.

A diesel engine burns & heterogeneous air/fuel mixture
with no throttle to control the air flow. Thus, at high
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altitude, less air will enter the combustion chamber a&at all
times unless the engine 1is turbocharged. Generally, this
reduction in cylinder air will not affect combustion
dramatically, because the overall air/fuel mixture is very lean
(excess air). However, there will be definite effects near
full power. Full power 1is usually limited by smoke level,
which is an indication that some of the fuel is not burning due
toc a lack of oxygen. If the vehicle is operated at full powver
at high altitude, even 1less air is available, and HC and CO
emissions will increase dramatically under full-power cperatiomn.

The easiest solution to this "full-power"™ problem is to
limit the maximum fuel flow at high altitude relative to that
at 1low altitude. Limiting the maximum fuel rate can be
accomplished with a simple manual adjustment and this technique
is expected to be used, to varying degrees, by most aiesel
manufacturers to meet the current interim (1982~83)
high-altitude standards. Reducing the maximum fuel flow keeps
the engine out of excessively rich operating modes. 1t also
reauces the maximum power of the engine. Since most
diesel-powered vehicles are not overpowered, this may be a
serious drawback if the maximum fuel rate must be significantly
altered, especially in hilly regions. While this fact woulad
tend to reduce sales cf these vehicles at high altitude, the
majority of the effect 1is there even without high-altitude
emission control since the additional fuel does nct increase
engine power at high altitude to the same extent &as it does at
low altitude.

The above discussion applies most directly toc situations
where fairly high NOx levels are allowed, and hence, no exhaust
gas recirculation (EGR) is needed to control NOX emissions. As
EGR is added to the c¢ombustion chamber for NOXx control, which
will generally be required under the 1.0 g/mi standard, the
effective air/fuel ratio (i.e., the oxygen/fuel ratio)
decreases, Theoretically, the adverse effect on HC and CO
emissions of further reducing the amount of combustion air by
moving to high altitude may be exacerbated by the use of EGR.
This could make controlling these emissions to the requisite
levels in conjunction with the 1.0 g/mi NOx standard more
difficult than is currently the case for 1982 and 1983.

Table IX-1 shows the available data regarding the effect
of altitude on the emissions from diesels both with and without
ECR. It must be noted that Lecause of the paucity of
information, firm conclusions as to the effect of EGR on
high-altituce emissions and the requisite control technclogy
are difficult to make. Based on the available data, however,
it appears that EGR may not necessarily exacerbate HC and CO
emission increases at higher elevation. Therefore, the control
technique that is currently used to comply with the current
1982-83 HC and CO proportional standards (i.e., limiting the



Tavle IX-1

Averaygye FTP Enission Levels of Diesei-
Powered Passenyer Cars (no EGR)

In-Use Vehiclesl 1]

Test HC CO NOx F.E. Part.
Vehicle Site (y/1i) (gy/mi) (gy/mi) (mi/yal) (y/mi)
198U Volkswayel lHigh .97 1.48 1.uy 3.3 .4U
90 CID Low .22 .78 1.U5 39.5 .26
1979 0lds High 1.39 2.21 1.29 20.5 Yo
260 CID Low .68 1.50 1.43 22.9 .18
1979 01l1ds High .97 2.57 1.56 2U.0 i.82
260 CID : Low .39 1.49 1.07 24.2 1.13
1974 Peugeot High 0.74 8.88 .98 21.v 2.43
129 CID Low 3.86 3.83 .93 25,2 .897
1977 Mercedes High .65 1.04 1.51 25,8 .47
147 CID Low .25 .67 1.29 31.8 .30
Averade (all vehicles) Uiyh 2.00 3.32 i.24 23.0 1.22
Low 1.08 1.05 1.27 27.90 .69
Increase 91% 101% 1% -14% 78%
Average (w/o Peuyeot) High .89 1.93 1.36 24.3 .92
Low .38 1.11 1.36 24.2 .03
Increase 134% 74% 0% -14% 40%
Experimental Vehicles with Auaioy BGR controlic)
Test e CO NOX part,
Vehicle site (y/ni) (4/wmi) (y/mi) (y/mi)
#04530, GM lHigh .60 2.3 U3 1.u4
5.7 L, 4000 # IW Low .34 1.4 1.18 .40
#04531, GHM Hign .44 .94 1.21 .54

5.7 L, 4000 # IW Low $22 1.04 1.48 .34

£-XI
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maxinum fuel flow) shoculd also be sufficient to comply with
similar HC and CO standards in the base scenario.

Of course the vehicles equippecd with EGR systems in Table
IX-1 do not attain the 1.0 ¢/mi NOx standard at low altitude,
so it is possible that if the rate of EGR was increased to meet
the standard, HC and CO emissions could indeed be negatively
affected. However, to attain the 1.0 g/mi NOX standard will
require more than Jjust simply increasing the EGR rate.
Advanced electronic (analog) units are expected to Le useaq.
These more sophisticated systems should provide manufacturers
with the flexibility to tailor the rate of EGR in such a way as
to mitigate any negative effect on HC and CO at high altitude.
Also, if 1limiting the maximum fuel flow in conjunction with
more aavanced analog EGR systems is insufficient to attain the
proportional standards of the Lase scenario, other control
techniques can be easily used, such as manually readjusting the
fuel injection timing. Therefore, the proportional standards
of the Lase scenario should be readily attainable with no
additional hardware.

Complying with the statutory standards of scenario 2 will
be more difficult. Although the twc previously described
control techniques also may be sufficient to attain these more
stringent standards, it 1is 1likely that adaitional emission
control will be needed. This emission reduction may be
achieved by modifying the EGR system on high-altitude
vehicles. Returning to Table 1IX-1l, it 1is clear that even
though NOXx emissions hnaturally decrease with increasing
elevation, this effect 1is even greater for EGR equipped
vehicles. Manufacturers can take advantage of this NOx
phenonmenon to control HC and CO levels by reducing the rate of
EGR at high altitude and allowing NOx to increase slightly back
to the level of the NOx standard. This would ease any negative
effect of EGR on HC and CO emissions and make these pollutants
easier to control via limiting the maximum fuel flow and
resetting injection timing.

Nevertheless, it is possible that these techniques will be
insufficient in controlling emissions from worst case
vehicles. In these few instances, it may be necessary to
emplcy more sophisticated digital electronic EGR systems at
high altituade. However, the potential need for such complex
systems would be eliminated entirely if such vehicles were
eligible for exemption from the high-altitude requirements.
Therefore, to comply with scenario 2, high-altituue LDDVs are
expected to require manual adjustments to limit the maximum
fuel rate anu recalibrate fuel injection timing, in addition to
using a dJdifferently calibrated electronic contrcl mnodule for
EGR.

For high-altitude LDD7s, the requisite emission controls
are essentially analogous to those for LDDVs. The only
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important difference is that the low-altitude NOx standard for
light trucks (2.3 g/mi) is considered less stringent than the
NOx standard for passenger cars (1.0 g/mi), so many LDDTs will
not be equipped with EGR systems, while those that are will use
simple non-electrcnic units. For those LDDTs without EGR, the
high-altitude stanaaras should generally be somewhat easier to
achieve since the increase in HC and CO will not be exacerbated
by this NOX control technique. For the purposes of this stuady,
however, EPA will assume that all LDDTs are equipped with
non-electronic EGR systems to be conservative and to simplify
the analysis. Therefore, to comply with the base scenario,
high-alititude LDDTs will require a manual adjustment to limit
the maximum fuel rate and recalibrate fuel injection timing, if
necesary. To comply with scenario 2, these vehicles are
expected to require the above two adjustments, in addition to
changing the EGR valve.

III. ECONOMIC IMPACT

As in the previcus chapters of this report, the cost of
implementing the more stringent high-altitude standards of
scenario 2 will be determined incrementally to the cost of
continuing the proportional standaras under the base scenario.

The only cdifference in hardware between the two scenarios
is that LDDVs and LDDTs are expected to require dGifferently
calibrated electronic EGR modules and EGR valves, respectively,
to comply with scenario 2. Since in each case this 1is a
replacement of an existing unit, there 1s no incremental
hardware cost associated with the change, as discussed more
fully in Chapter V regarding similar modifications to LDDVs.

Although there are no incremental hardware costs, all
Giesel vehicles sold in high-altituae areas will reqguire
aevelcpment to recalibrate the fuel-metering device, injection

timing, ana optimize the EGR control. This may entail
additional aevelopment and certification costs than would occur
under the base scenario 1in some cases. For LDDVs, eight
non-California engine families were sola in 1980. i1t 1is

assumed that twice this amount will be scld in 1984 due to the
dramatic increase expected in future diesel sales. Since 15
percent of the engine families are assumed to Le exempt under
scenario 2, a total of 14 engine families should require
development testing. The number of development tests estimated
here will Le the same as that estimated for the 1982 and 1983
interim standards,[6] or 20 cdevelopment tests per engine
family. The aqevelopment costs for diesel-powered vehicles
should also bLe the same as previously estimated for the
gasoline-fueled LDVs and LDTs, or $500 per test. The total
development cost is then $140K for LDDVs and should occur one
year prior to the implementation date of this regulation, or
1984. As discussed earlier for LDGVs in Chapter V, there is no
difference Letween the certification requirements of the base
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scenario and scenario 2. Therefore, no additional
certification costs for LDDVs will be incurred by implementing
scenario 2.

For LDDTs, all engine families will undergo development
testing under the base scenario in 1984 to comply with the more
stringent proportional standards taking effect in that year.
Therefore, there 1is no increment in either development or
certification for LDDTs under scenario 2.

The development costs for LDLVs can be amortized over each
affected diesel vehicle. First, the diesel vehicle production
at high altitude must Le determined. ‘The number of 1984-86&
LDDVs sold in areas above 4,000 feet (exclucaing California)
have already been prcjected to be approximately 221,000. These
figures were Gerived from nationwice sales estimates made by
Data Resources Corporation, projections of diesel production
taken from the recently promulgated standards for control of
particulate emissions from light-duty diesels([7], and the same
estimates of population distribution used to determine LDGV
emissions in Chapter 1II. These supportiny data are contained
in Table 1IX-2. If the development cost were recovered over the
LDDVs projected to be sold at high altituce from 1984 to 1988,
and if a 10 percent discount rate is applied, the cost per
vehicle is roughly $l1. Thus, meeting scenario 2 will increase
the purchase price of the average high-altitude LDDV Ly $1 over
that which would occur unuer the base scenario. For LDDTs,
there will be no increase in purchase price.

The aggregate cost of adding light-duty diesel control to
scenaric 2 can now be determined. Based on the above-mentionea
cost per LDDV, the production volume listed in Table IX-2, and
a 10 percent discount rate, the 5-year aggregate cost 1is
approximately $166,000 (1981 dGollars discounted to 1984).

IV. ENVIRONMENTAL IMPACT

In this section, the effects of scenario 2 on enissions
with regara to light-auty diesel-powered vehicles ana trucks
are explorec. The same basic methcdology used in Chapters V
anda IX to estimate the environmental impact of LDGV and LDGT
control are followed below. Since the air quality modeling
results in those chapters included diesel control, this topic
will not Le readdressed here. Only the effect on emissions is
presenteu.

A. Methodology

As mentioned earlier in Chapters 1V and VIII, total
lifetime emissions will be determined from LDDVs ana LDDTs sold
from 1984 to 1988. 1¢ determine these emissions, three factors
are multiplied together: 1) the number of miles the average
LDDV or LDDT 1is expected to bLe driven in its lifetime, 2)
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Table IX-2

Light-Duty Diesel Sales Projections
(103 vehicles or Trucks) 16,7]

LDDV Sales{a]

Nationwide Above
Year LDDV Sales 4,000 Feet
1984 1,100 31
1985 1,300 36
1986 1,600 45
1987 1,900 53
1988 2,000 56
5-Year Sum 7,900 221

lal

These values were ueterwined by assuminyg that the nuwwer
of new vehicle sales is directly proportional to
population distribution. Since 3.1 percent of the U.S.
non-California population resides above 4,000 feet, this
is also the fraction nationwide non-California sales that
is expected to occur in high-altitude areas of the country.
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emission factors (the amount of pollutant emitted per vehicle
or truck per mile of travel), and 3) the number of
diesel-fueled vehicles and trucks sold above 4,000 feet, the
initial control altitude for scenario 2 and the bLase scenario.

The average lifetime mileage for 1light-cduty vehicles 1is
assumed to be 100,000 miles and that of 1light-duty trucks,
120,000 miles.[6,8] To estimate lifetime emissions, emission
factors were determined for LDDVs and LDDTs that were halfway
through their average 1lifetimes (i.e., at 50,000 and 60,000
miles, respectively). Since the same methodology was followed
to determine emission factors for LDDVs and LDDTs as was used
to determine those for LDGVs, the discussion of this topic in
Chapter III is equally applicable here anu will, therefore, not
be repeated. It is 1important to remember, however, that
scenario 2 applies only to those vehicles and trucks sold above
4,000 feet ana that the high-altitude emission data available
were based on tests conaucted &t Denver (elevation 5,300
feet). Thus, the average lifetime emission rates in this stuay
for LDDVs and LDDTs sola above 4,000 feet were based on tests
at 5,300 feet. These are presented in Table IX-3.

By combining the mileage, emission factor and sales dGata
previously presented in Takble IX-2, the total exhaust emissions
from 19864-88 LLDVs and LDDTs in areas above 4,000 feet can be
determined. These are presented in Table 1X-4 for both the base
scenario and scenario 2.

B. Discussion of Results

Takle IX-4 shows that scenario 2 would reduce HC emissions
from 1985-89 LDDVs by approximately 3,320 metric tons compared
to the Lase scenario and lower HC emissions from LDDTs sold in
the same years by 1,150 metric tons. Similarly, CO emnissions
would decrease by roughly 21,0600 and 6,260 metric tons from
LDDVs and LDD1s, respectively. No NOx reductions would Le
realized since the high-altitude NOX standards under scenario 2
would be the same as under the base scenario.

Referring blback to Chapter 1V, one sees that scenario 2
woulé lower EKEC and CO enissions from LDGVs solda above 4,000
feet by approximately 17,940 metric tons and 331,000 metric
tons, respectively, for the 5-year period studied. 1In Chapter
VIII, the effects cof scenario Z on LDGTs were combined with
thcse from LDGVs to yield total S5-year HC reauctions of roughly
22,670 metric tons and total CO reductions of approximately
468,400 metric tons from these sources. When benefits from
adding LDDV anG LDDT control to scenario 2 are included, total
additicrnal S5-year HC emission reductions beyond those proviaced
by the base scenario are roughly 27,180 metric tons while CO
emissions would be further reduced bLy approximately 495,700
metric tons. Thus, approximately 17 percent of the total HC
emission reductions and 6 percent of the total CO emission
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Table IX-3

Emission Rates for 1985-89 Light-Duty

Diesel-Fueled Vehicles and Trucks at 5,300 Feet[a]

Base Scenario Scenario #2

Pollutant LDDV[Db] LDDT[b] LDDV LDDT

HC Zero-Mile Emission 0.54 0.76 .39 0.61
Level (y/mi)
Deterioration Rate 0.03 0.06 0.03 0.00
(4y/mi/10,000 miles)
Averaye Lifetime Emis- 0.69 1.12 0.54 0.97
sion Level (g¢/mi)

Cco Zero-Mile Enmission 2.22 2.77 1.27 1.98
Level (g/mi)
Deterioration Rate 0.05 0.09 0.U5 0.09
(y/mi/10,000 niies)
Average Lifetime Emis- 2.47 3.31 1.52 2.52
sion Level (y/ni)

NOXx Zero-Mile Emission 0.75 1.89 0.75 1.489
Level (y/mi)
Deterioration Rate 0.05 0.07 U.05 0.u7
(g/mi/10,000 miles)
Average Lifetine 1.9 2.31 i.v 2.31
emission Level
(y/mi)

[al] Emission Rate = ZML + (M) (DR)

Where:

ZML = Zero-Mile Level

M = Cunulative iileage/10,000 (Cumulative mileaye = 50,000

miles for LDDVs and 60,000 miles for LDDTs)

DR = Dbeterioration Rate

[b] Light-Duty Diesel Vehicle
Light-Duty Diesel Truck
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Table IX-4
Lifetime Ewmissions from 1985-389Y

LDDVs and LDDTs Sold Above 4,000 Feet
(103 metric tons)

Reductions
(base case
Base Case Scenario 2 minus scenario 2)
Pollutant LDDV LDDT LDDV LDD7? LDDV LDDT
HC 15,25 8.87 11.93 7.68 3.32 1.19
Cco 54,59 26.22 33.59 19.96 21.00 6.26

NOX 22.1 18.30 22.1 18.30 0 0
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reauctions result from LDD control, This shows that
controlling light-duty diesel motcr vehicles can produce
significant reauctions in HC emissions.

V. COST EFFECTIVENESS

Results from the economic &and environmental impact
sections of this chapter were combined to determine the cost
effectiveness of adaing LDDV ana LDDT. control to scenario 2.
The same procedure outlined in Chapter V to determine the cost
effectiveness of LDGV control was followed in this section.
The results of this analysis can be found in Table IX-5 along
with the incremental cost effectiveness of LDGV ana LDGT
control for scenario 2 as determined in Chapters V and VIII.
The incremental cost effectiveness of combineé LDV and LDT
control is also presented in Takle IX-5.

As shown in Table IX-5 controlling LLDVs and LDDTs to the
levels associateda with scenario 2 is more cost effective than
controlling LDDVs and LDDTs to the same levels, It 1is not
surprising then, that adding the <control of light-duty
diesel-fueled rnotor vehicles to scenario 2 makes it a more
cost-effective approach than if only light-duty gasoline-fueled
motor vehicles were contrcllea nore stringently. For the worst
case analyzed, the cost of removing HC is reduced from $535 per
metric ton to $465 per mwetric ton. The cost effectiveness of
CO removal for the worst case analyzed remains unchangeé at $30
per metric ton.

Table IX-6 lists the cost effectiveness of cther control
strategies alreacdy adoptea. (This same table alsc appears as
Table VI-3 of Chapter VI.) Fron this table it can be seen that
when LDDV ané LDDT controls are viewea either spearately or in
conjunction with LDDVs ana LLGTs, the cost effectiveness of
scenario 2 1is among the nost cost efficient a&approaches to

reducing emissions of HC ana CC.



Vehicle
Type

LDGV

LDGT

LDGV and
LDGT

LDDV
LDDT
All Light-
Duty Vehi-

cles ana
Trucks

Incremental Cost Effectiveness of
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Table 1X-5

Scenario 2

Costs[a]

(gollars per

Enission Reductions
(103 metric tons

vehicle) per vehicle)
Low High _HC CO
-11 15 13.0 239.9
-69 21 21.7 326.2
-24 16 15.0 259.7

1 15.0 95.0

0 18.0 94.8
-21 14 15.1 236.9

fa] 1981 dcllars discountec to the year of vehicle purchase.

Incremental
Cost Effectiveness

(éollars/metric ton)

HC co
Low High Low High
neg. 575 neg. 30
neg. 485 negqg. 30
neg. 535 neg. 30
35 5
0 0
neg. 465 neg. 30
The

low estimates for gasoline-fueled vehicles are basea on the
inclusion of tentative fuel-economy benefits.
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Table IX-6
Cost-Effectiveness Comparison With

Other Emission Control Strategies
(1981 dollars per metric ton)

Emissions
After Control Cost

Baseline Strategy Effectiveness
control Program Emissions|[al Inplemented HC Co
LDV Statutory HC (.9 HC 0.41 734 67
Standards([10] Co 15 Co 3.4
LDV I/M[11] - -_ 640 5§
LDT 1984 HC 1.7 HC 0.8 195 15
Standards[12] Co 18 Co 10
HDE 1984
Standards

(gasoline) HC 1.5 HC 1.3 305 10
Co 25 CC 15.5
(diesel) EC 1.5 HC 1.3 325 -

Co 25 CO 15.5
Motorcycle HC 9 HC 8-22.5[c] 582 Neg.
Standards|[14] CO 34.67 CC 27.4
HDG Evap.[(15]([d] HC 1.8 HC 0.17 200 -
Interim 1982-83 HC 1.47 (cars) HC 1.33 (cars) 393 12
HA Standaras(§] 4.19 (trucks) 3.78 (trucks)

CO 16.23 (cars) CO 13.21 (cars)
73.02 (trucks) 55.65 (trucks)

[a] Emission levels are in grams per Lile except for the HDE
1984 stanaaras which are in grams per brake
horsepower-hour.

[b] The baseline and after-control strategy emission values
were based on different test procedures (see reference 13).

[c] sSliding scale based on engine «displacement (cubic
centimeters).

[a] The evaporative standard is in terms of ¢g/test and
convertea to g/mi here to facilitate comparison.
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Chapter X

Ligjht-bDuty Diesel Particulate Ewmissions

I. INTRODUCTION

As mentioned earlier, section 206(f) of the Clean Air Act
regyuires that the ligyht-duty vehicie enission control
provisions of section 202 apply in high-altitude areas
beginning with the 1984 model year. In addition to gaseous
pollutants, EPA has also established particulate standards for
diesel-powered vehicles under section 202, Since particulate
enissions are addressed by section 206(f) of the Act, they have
been included within the scope of this report also.

Previous chapters discussed various aspects of controllingy
gaseous emissions from light-duty vehicles and trucks at high
altitude. Much of those analyses compared the various control
strateyies outlined in Chapter II to a base scenario, which
called for a continuation of the interim 1982-83 high-altitude
standards. Because particulate emissions from dJdiesel-powered
light-duty vehicles and trucks (LDDVs and LDDTs) are not

coutrolled by the interim proyram, they are beiny addressed
separately below,

This chapter specifically analyces the technoloyy expected
to be needed to reduce particulate elissions at higyh dltitude.
Unlike the previous analyses that evaluated the control or
yaseous enissions, this analysis will not speciiically iunclude
estimates of the cost of control. The available ewissious data
are too liwmited to project the necessary coutrol techunoloyy
with the confidence needed to justify assiygning a udefinite cost
to the technoloygy. In fact, the data are so limited that it 1is
not possible to definitively determine what the actual
"proportional®™ diesel particulate stanuard should be. All that
can be done at this time is to estimate the proportional level
and rouyhly identify what technoloyy would likely be needed to
meet both the proportional and low-altitude 1leveis at high
altitude. Some judygment will then be made coucerninyg the cost
which is associated with the two levels. Likewise, the lack ot
enissions data also prevents the accurate deteruwination of the
overall emissions reduction and air quality benefit resulting
from <control. Thus, these calculations will also uot Dbe
perforued.

II. CONTROLLING PARTICULATE EMISSIONS FROM dIGH-ALTITUDE
LIGHT-DUTY DIESELS

The amount of data available on the effect of high
altitude on diesel particulate emissions is extremely 1limited.
That which is available is shown in Table X-1. Even within
this small data set, the information from one vehicle (Peuyeot)
is not very useful because its HC emissions are extremely hiygh
for a diesel and it is likely that some walfunction was present.



Table X-1

Average FTP Emission Levels of Diesel-Powered Passenger Cars

In-Use Vehicles without EGR{l]

Test HC Co NOx F.E. Part.

Vehicle Site (g/mi) (g/mi) (g/mi) (mi/gal) (g/mi)
1980 Volkswagen High .57 1.88 1.09 35.3 .4V
90 CID Low .22 .78 1.05 39.5 .20
1979 0lds High 1.39 2.21 1.29 20.5 .98
260 CID Low .68 1.50 1.43 22.9 .78
1979 0Olds High .97 2.57 1.56 2U0.6 1.82
260 CID Low .39 1.49 1.67 24.2 S 1.13
1974 Peugeot High 0.74 8.88 .98 21.0 2.43
129 CID Low 3.86 3.83 .93 25.2 .90
1977 Mercedes High .65 1.04 i.51 25.8 .47
147 CID Low .25 .67 1.29 31.8 .36

Odometer-52206

Average (all vehicles) High 2.06 3.32 1.28 23.6 1.22
. Low 1.08 1.65 1.27 27.6 .69

Increase 91% 101% 1% ~-14% 78%
Average (without Peugeot) High .89 1.93 1.36 24.3 .92
Low .38 1.11 1.36 28.2 .63

Increase 134% 74% 0% -14% 46%

Experimental Vehicles with Analoyg EGR{2]

Test dc Co NOx pPart.
Vehicle Site (g/mi) (g/mi) (g/mi) (g/mi)
GM High .60 2.3 .83 1.04
5.7 L, 4000 # IW Low .34 1.4 1.18 .46
GM High .44 .98 1.21 .54

5.7 L, 4000 # IW Low .22 1.04 1.48 .34
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Ignoring this vehicle, the first set of vehicles shows
that particulate emissions increase by an average of 46 percent
when tested at high altitude. Since these vehicles represent
as near an uncontrclled baseline as is available, the best
estimate of a proportional diesel particulate standard would be
roughly 46 percent (an even 50 percent will be used hereafter)
higher than the 1low-altitude standard. This, of course, is
only a rough estimate due to the small number of vehicles
tested. Thus, in 1985, the proportional diesel particulate
standard for light-duty vehicles would be 0.3 g/mi relative to
the 0.2 g/mi low-altitude standard and would be 0.39 g/mi for
1}gpt—duty trucks relative to the low-altitude standard of 0.26
g/mi.

Now that the proportional standard has been estimated, the
next step is to estimate what technology will be needed to meet
this level and the 1low-altitude standard at high altitude.
Unfortunately, even 1less data are available here than were
available earlier. What is available is shown in the lower
half of Table X-1.

The two vehicles shown in the lower half of Table X-1 are
General Motors' diesels equipped with analog EGR to reqduce NOX
emissions from an uncontrolled 1level of around 1.7-2.0 g/mi.
As can be seen, the effect of altitude on particulate emissions
increases as NOx is controlled. This is not unexpected since
increased levels of EGR reduce the amount of oXxygen availakble
for combustion. When moved to high altitude, these vehicles
are already operating richer than normal and the effect of
altitude is simply to move further in the same direction. With
diesels, the effect of a given shift in the air/fuel ratio has
an ever increasing effect on smoke and particulate emissions as
the air/fuel ratio is lowered. Thus, a greater effect cccurs
with higher levels of EGR.

While not unexpected, this effect is important since by
1985 all light-duty diesels will be required to meet a 1.0 g/mi
NOx standard and most, if not all, vehicles will be equipped
with EGR to reach this 1level, This means that 1if not
controlled at all, the particulate emissions of these vehicles
at high altitude will 1likely ke more than 50 percent higher
than their low-altitude levels and will exceed a proportional
standarda.

At the same time, however, hydrocarbon emissions will be
reducead to meet at least the 0.57 g/mi proporticnal standard
regardless of whether or not ©particulate emissions are
controlled. As shown in Table X-1, all but one vehicle will
need some adjustment at high altitude to meet the 0.57 g/mi
standara. Any adjustment for hydrocarbon emissions, such as
limiting maximum fuel flow or adjusting injection timing,
should also reduce particulate emissions, This is 1likely to
bring particulate levels within the proportional levels. This
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must remain only a projection, however, since no high-altitude
particulate levels are yet availavle from 1982 uJiesels
certifying to the interim yaseous emission standards.

Even if the hydrocarbon controls were not totally
sufficient, however, the EGR systems which will be on diesels
by 1985 snould be able to be adjusted to ensure tuat a
proportional particulate standard can be met. For example, the
data in the 1lower half of Table X-1 show esseuntially the same
vehicle at two NOx levels (two different EGR rates). The first
venicle with a low NOXx level enits 1.04 y/mi particulate at
high altitude; a 126 percent increase over low altitude. Note,
however, that the second vehicle having a lower LGR rate
achieves essentially the same NOx level at hiyh altitucde that
the first one achieved at low altitude. In other words, the
effect of altitude compensated for the reductiou in the EGR
rate., However, the nigh-altitude particulate emissions in this
case are only 0.54 g/wmi, which is only a 17 percent iucrease
over the original 0.46 ¢g/mi level of the first vehicle. This
is well below the 50 percent allowance discussed above and
occurred before the application of any obvious control to the
maxinum fuel rate to prevent locally rich combustion (thouyh
this might also increase NOxXx emissions somewhat). Thus, with
simple controls such as adjustment to the present analog EGR
system and the maximum fuel rate, a proportional particulate
standard should be achievable.

These controls should be very inexpensive since no new
hardware should be rejuired. The primary cost will be
associated with having to develop special high-altituue
calibrations, but this 1is already accounted for in the
compliance costs for the proportional gyaseous emission
standards. Therefore, the «cost of addinyg a proportional
particulate standard to the proportional gyaseous elission
standards should be very small or neyligyinaie.

It should be mentioned that this report nas not explicitly
considered the effect of trap-oxidizer techuoloyy on
high-altitude particulate enissions. Trap-oxidizers are
expected to be wused by wmost venicles to 1wmeet the 1945
particulate standard.[1l] No data are available on the effect
of high altitude on the particulate enissions of a
trap-equipped vehicle. However, on the basis of all the
inforwation available on the effects of trap-oxidizers on
particulate emissions, these traps are y4enerally proportional
control devices. That is, they reduce emissions by a constant
proportion regardless of the absolute emission levels entering,
within reasonable limits. Thus, the above aryument should hold
for vehicles with or without traps.

There 1is one aspect of a trap-oxidizer for which the
argument may not hold rigorously. While the trap 1is a

proportional control device, its size is souwewhat dependent on
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the absolute amount of particulate matter enterinyg it per
nile. At least some trap-oxidizers are expected ounly to
burn-off the trapped particulate periodically and the nuwber of
miles these venicles can be driven between burn-off will depena
on the size of the trap. At high altitude, then, if more
particulate were entering the trap due to higher engyine-out
enissions, the number of miles before burn-off became necessary
would Dbe reduced. If the burn-off <cycle 1is controlled
"intelligently®” via electronic or mechanical controls, then the
freguency of burn-off could be simply increased and the problen
solved., This should be relatively inexpensive and could easily
be performed when the other enyine parameters are adjusted for
high altitude.

Even if burn-off is not controlled iutelligently, there
nay be another factor operating at nigyh altitudes which woulu
automatically increase the freyuency of burn-off. The lower
air density at higyh altitude will dJdecrease the air/fuel ratio
at any given power 1level of a diesel enygine. The result is
that both the comoustion and exhaust temperatures will increase
at higyh altitude at any given load. Since sufficient exhaust
tenperature is the Kkey to bvurn-oif, the trap-oxidizer should
wvurn-off at lower loads at hiyh aititude than at low aitituae,
increasing thne freguency of burn-oif. Given that the increase
in engine-out particulate emissions should only e on tuhe order
of 15-20 percent (as estimated above), tnis freyuency of
burn-off should only have to increase Dy the same amnount, which
is fairly small. While only these general arguments cail boe
presented at this time, it would appear that the trap size
snpould not need to be increased on high-altitude venicles and
that proportional control of particulate ewissions should be
inexpensive even for venicles eguipped with trap-oxiuizers.

It should be mentioned at this point that light-duty
trucks have not been specifically addressed. The reason for
this is that no hard data exist on the effect of high altitude
on particulate emissions from 1light-duty trucks. From the
low-altitude particulate data available ou these trucks,{3] aund
the fact that the engine used is esseutially the samne as those
for 1ligyht-duty vehicles, it 1is expected that the same
conclusions will hold for 1light-duty trucks as did for
light-duty vehicles. 1In the case of either diesel vehicles or
trucks, more data are needed before any definitive conclusioas
can be drawn concerniny the feasibility of a higyh-altitude
particulate standard. However, at tnis tine, EPA expects that
a proportional standard shoulud be inexpensive to achieve for
either vehicle class.

This brinygys up the question of the feasibility of meetiny
tihe low-altitude particulate standards at high altitude. As
described above, usiny the little data that are available, the
particulate emission increase after sinple controls are applied

may be only 15-20 percent higyher than low-altitude 1levels.
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With the addition of sophisticated analoy EGR systeus to
achieve the statutory gaseous emnission stanudards, it 1is
possible that particulate emissions could be reduced 15-2U
percent to achieve the low-altitude 1levels at nigyh altitude
with no additional cost. Unfortunately, there are uno data to
support or reject this projection.

At this time, the best that can be said is that any
additional <controls that are added to reduce HC and CO
enissions down to the statutory standards should aiso further
reduce particulate emissions. In any case, based on the
General  HMotors' data in Table X-1, the high-altitude
particulate level achievable by diesels should be fairly close
to the 1low-altitude standards since even sinple EGR systeus
result in hiygh-altitude .particulate levels only 15-20 percent
higher than at low altitude. At this time, the best approach
appears to Dbe to evaluate the effect of yaseous enission
control on particulate emissions as more data on the former
become available., The achievable particulate level could then
be simply defined as the level resulting from the control of
Jaseous ewissions to their appropriate level. Of course, the
effect of this control technoloyy on particulate enmnissions
siiould be cousidered when calculatinyg the cost erffectiveuess of
control.

III. SUMMARY

It would appear that a high-altitude proportional
particulate standard, when definitively dJdeterwined, would be
inexpensive and achievable, In addition, further reductious
from proportional levels may be achievable from the applicatioun
of yaseous enission controls at 1little or no extra cost.
llowever, it 1is uot possible to determine if the current
low-altitude particulate standards would be fully achievable at
hiyn altitude. Due to the severe limitations of the existing
data base, the only firm conclusioﬂ%} whi call be wade
concerning control beyond proportional levels‘gE? that: 1) the
reductions in particulate emissions resulttny from the
application of gyaseous emission countrols should be cousidered
in determining the effectiveness of these controls; and 2) the
nmaximum level of particulate control that is feasible may be
the particulate level resulting from the application of these
gaseous enission controls.
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Chapter XI

High-Altitude Standards as a Conseqguence
of Revised Low-Altitude Stanacards

1. INTRODUCTION

The previous chapters in this report analyzed various
alternative high-altitude standards which were based on the
current low-altitude gaseous standards of 0.41 g/mi HC, 3.4
g/mi CO and 1.0 g/mi NOx for 1light-duty vehicles (LDVs).
Recently, however, the debate concerning amendments to the
Clean Air Act (CAA) has included the possibility of revising
certain of the statutory 1low-altitude emission standards for
LDVs upward from the current 1levels. Although such a revision
remains speculative at this time, the effect of less stringent
low-altitude standards on potential high-altitude standards
will be evaluated in this chapter to maximize the value of this
report regardless of the level of the low-altitude standards.

This chapter discusses the effects of revised low-altitude
standards on both gasoline-fueled LDVs (LDGVs) and
diesel-powered LDVs (LDDVs). Like previous chapters, the
standards affecting LDVs are assumed to be effective beginning
in the 1984 model year.

The effect of revised gaseous emission standards on the
technical feasibility of complying with the requisite diesel
particulate standards for LDDVs is not specifically addressed
in this chapter. However, it should be pointed out that by
revising the NOx standard upward from 1.0 ¢/mi, aiesel
particulate standards may be less <costly to attain at
high-altitude than estimated in Chapter X. The principle
control strategy for reducing NOXx emissions from LDDVs is the
use of exhaust g¢gas recirculation (EGR). Unfortunately this
type of NOx control method, besides generally increasing
particulate emissions, also appears to increase the sensitivity
of particulate emissions to altitude, making attainment of the
high-altitude particulate standard more difficult. Therefore,
by revising the NOxXx standard upward, less EGR will be required
and the accompanying lower particulate emissions along with the
decreased altitude sensitivity should result in easier and less
costly control.

II. DEFINITION OF CONTROL SCENARIOS

The high-altitude LDV control scenarios analyzed in this
chapter depend on what the revised statutory low-altitude
standards may be. Since the exact 1levels of any future
low-altitude standards have not been determined, an assumption
regarding possible standards is necessary. This analysis
assumes exhaust emission 1levels of the revised statutory
low-altitude stancards are 0.41 g/mi HC, 7.0 g/mi CO, and 1.5
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to 2.0 g/mi NOx (Table XI1-1). A range of possible NOx
requirements is usea to indicate the 1level of control that
appears to be most frequently discussed. No significant
difference in control technology at either low or high altitude
is expected within this range of NOXx control. The evapocrative
HC emission standards at 1low altitude are assumed to remain
unchanged at 2.0 gran/test (Table XI-1). Now that the
statutory low-altitude standards are known, the high-altitude
control scenarios can be defined.

As in previous chapters, there are many F[possible
strategies for controlling motor vehicle enissions in
high-altitude areas of the country. These strategies consist
of a combination of variables including: 1) the Dbasic
philosophy of high-altituce emission control, 2) the allowable
emission levels for each stancard, and 3) the availability of
exemptions for certain low-power vehicles. 1In order to limit
the analysis in this chapter to only those possible scenarios
that are the most reasonable, each of these variables 1is
Giscussed below based on the conclusions of previous chapters
as they relate to the possibility of "revised"™ high-altitude
standaras. A more complete general daiscussion of these
variables can be fcund in Chapter II.

A. The Philosophy of High-Altitude Control

This report analyzes two basic philosophical options. The
first option specifically requires that motor vehicles
continuously meet the appropriate emnission standards at all
elevations without modification. Standards of this type are
referred to as "continuous" stancardas throughout this
document. The seconé option requires that all vehicles sold at
high altitude (above 4,000 feet) must be capable of meeting
high-altitude standards either autcmatically or after
moaification when tested at 5,300 feet. Standards of this type
are referrec¢ to as "fixed-point" standards throughout this
Gocument,

This analysis is restricted to considering only
fixed-point standaras. Chapters 1II through VII showed that
the continuous strategies analyzed in this report were
unreasonably burdensone by seriocusly restricting model
availability at high altitude, requiring expensive and
complicated emission control technology on scme vehicles, ana
by specifically controlling emissions at elevations above
approximately 6,000 feet, which are not expectea to have an air
quality problem. Also, they were found not to be cost
effective., The primary cause of the poor cost effectiveness
was that while every vehicle in the nation had to be equipped
with hardware to ensure high-altitude emission control, these
costs were not offset by the emission reduction that occurred
only for those vehicles operating at high altitude (about 3 to
4 percent of all LDVs).
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Table XI-1

Revised Statutory and Revised Proportional
Emission Standards for Light-Duty Vehicles

Gaseous Standards

Revised Year of HC Co NOx Evap.hC[a]
Standarad Vehicle Implementation (g/mi) (g/mi) (g/mi) (¢/test)
Statutory LDGV[b] 1984 0.41 7.0 1.5-2.0 2.0
LDDV{c] 1984 0.41 7.0 1.5-2.0 N/A
Proportional LDGV 1684 0.57 11 1.5-2.0 2.6
LDDV 1584 0.57 11 1.5-2.0 N/&

[a] Evaporative emission standards are not applicable (N/A) to
diesel-powered vehicles. The 1low volatility of diesel
fuel produces few evaporative emissions.

Light-duty ¢asoline-fueled vehicle.

Light-duty diesel-powered vehicle.

[ —
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These findings should remain valid even if the
low-altitude standards are revised upward to the levels assumed
in this report. For example, the control strategies which
require compliance with statutory standards up to an elevation
of 10,200 feet would continue to be very difficult to achieve
in a cost-effective manner. Achieving such standards would
probably entail either exempting the majority of the fleet from
the certification requirements, in which case model
availability at high altitude would be drastically reduced, or
would entail wusing alternatives such as turbocharging the
engines of many if not most of the vehicles in the entire
nation, in which case the cost would be prohibitive. Even
compliance with continuous control strategies up to 6,000 feet
would remain cost ineffective because control hardware would be
required on all vehicles in the nation, while the benefit in
the form of reduced emissions would be realized only from those
vehicles operated at higher elevations. Therefore, fixed-point
standards appear to be a reasonable approach to solving
high-altitude air pollution problems.

B. The Levels of the Standards

This report considers two levels of high-altitude emission
standards. The first 1level 1is referred to as "statutory"
standards and requires that the same numerical standards be met
at both low and high altitudes. The statutory standaras are
assumed in this chapter to be 0.41 g/mi HC, 7.0 ¢/mi CO,
1.5-2.0 g/mi NOx, and 2.0 g/test evaporative HC (Table XI-1).

The second 1level is referred to as ‘"proportional®
high-altitude standards. These "proportional® reduction
standards are considered to be equally as stringent as the
low-altitude standards at their respective altitudes, although
the high-altitude standards would have a higher numerical value
for HC and CO since motor vehicles naturally emit more of these
pollutants at higher elevations. For NOx, which normally
decreases with increased altitude, the numerical value of
high-altitude standard is the same as the low-altitude
standard. (Chapter III contains a more detailed discussion of
these natural phenomena.) This 1s consistent with the
Congressional mandate in section 202(f) of the Act which
specifically forbids a standard at high altitude from being
numerically more stringent than the corresponding low-altitude
standard.

The proportional high-altituce emission standards at an
elevation of 5,300 feet that <correspond to the assumed
low-altitude standards of this chapter are 0.57 g/mi HC, 16
g/mi Cco, 1.5-2.0 g/mi NOx, and 2.6 g/test evaporative HC.
However, as discussed in more detail in the control technology
section which follows, there appears to be 1little or no
difference in the redquisite <control haraware and cost of
compling with either a 16 g/mi or an 11 ¢/mi CO standard at
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high altitude. This means that the more stringent 11 g¢/mi CC
standard would bLe a more efficient anda «cost effective
requirement than the 16 g¢g/mi (O standard, since a greater
berefit (i.e., fewer emissions) will result from spending about
the same amount of money. Put another way, this means that
high-altitude consumers would receive a greater return on their
investment in emission control hardware which is made when a
new vehicle is purchased. For these reasons, EPA Lelieves that
11 g/mi CO is a more appropriate level of control when options
to implementing statutory standards at high altitude are
discussed, as 1is done in this report. Therefore, when
proportional high-altitude requirements are analyzed in this
chapter, the levels will be 0.57 g/mi HC, 11 g/mi CO, 1.5-2.0
g/mi NOx, and 2.6 ¢/test evaporative HC (Table XI-1).

C. High-Altitude Exemptions

Modifying some motor vehicles to comply with the
high-altitude exhaust emission standards shown in Table XI-1
may be technically difficult. (Chapter 1II1 contains a more
detailea explanation of this difficulty.) These vehicles
generally should be low-power, high fuel eccnomy cars that are
designed principally for the 1low-altitude nmarket. Although
these vehicles perform acceptably at lower elevations, they may
have extremely poor performance when operated at high altituce
because the less dense air at higher elevations reduces the
engine's power output. Such poor performers either would not
be sold or would be soléd in small numbers at high altitude,
even in the absence of high-altitude reqgulations.

In the earlier chapters of this report, exempticns to the
high-altitude certification requirements were found tc be an
effective way to reauce the overall cost of the stanuards or,
in some cases, were found to prevent potentially negative
effects on model availability throughout the nation. In
Chapter 1II, the volume of exemptions was estimated based on
worst case assumptions for fixed-point statutcry standards and
fixed-point proportional standards corresponaing to the current
low-altitude emission standards of 0.41 ¢/mi HC, 3.4 ¢/mi CC,
ang 1.0 g/mi NOx. In this chapter, the low-altitude stanadaras
have been revised upward but the corresponding statutory ana
proportional high-altitude levels are still ccnsidered to be as
stringent relative to the revised stancards as the
high-altitude standards considered in the preceding chapters cof
this report. Since the relative dGifficulty of complying with
the stancards is regarced as being the same, it is assumed that
the need for exemptions will not <change significantly.
Therefore, the previously estimated volume of exemptions will
be used here as shown below:

1. Five (5) percent of the fleet for high-altitude
control scenarios with fixed-point proportional stanaards; and
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2. Fifteen (15) percent of the fleet for high-altitude
control scenarios with fixed-point statutory standards.

As 1in the previous chapters, this analysis 1includes
exemptions to illustrate the effect of including such
provisions in future high-altitude regulations. As additional
data become available it may be preferable to implement other
schemes such as waivers that would allow vehicles certified to
only low-altitude standards to be sold in high-altitude areas.

D. Selecting the High-Altitude Control Scenarios

The preceding discussion identified two control scenarics
for analysis in this chapter. The scenarios are:

1. Fixed-Point Statutory Standards

The numerical values of these standards are the same as
the revised low-altitude standards which are assumed in this
analysis, 0.41 g/mi HC, 7.0 g/mi €O, 1.5-2.0 g/mi NOx, and 2.0
g/test evaporative hC. Vehicles sola above 4,000 feet
beginning in the 1984 model year must comply with these levels
when tested at an elevation of 5,300 feet. Exemptions for
approximately 15 percent of the existing fleet will Le
available.

2. Fixea-Point Proportional Standards

The numerical values of these standards are 0.57 g/mi HC,
11 g/mi CO, 1.5-2.0 g/mi NOx, and 2.6 g/test evaporative HKC.
Although the 11 g/test CO high-altitude stancard is not truely
prcportional to the 7.0 g/mi CO 1low-altitude standaré, the
technical daifficulty of meeting it is «considered to be
essentially equivalent to complying with a 16 CO high-altituce
standaréd which is the actual proporticnal value. (This 1is
explained in greater detail below.) Because of this equivalent
difficulty, the 11 g/mi CO standard is referrea to as being the
proportional reguirement in this chapter.

In this scenario, vehicles sold above 4,000 feet beginning
in the 1984 model year must comply with the proportional levels
when tested at an elevation of 5,300 feet. Exemptions for
approximately 5 percent of the existing fleet Wwill Dbe
available,

One further remark concerning the controcl scenarios is
necessary Lkefore beginning the analysis. The primary purpose
of this report is to respond to the requirements of section
206(f)(2) of the Act. This section provides certain guidelines
which are useful in defining the analytical methodology in this
chapter of the report. First, the Act basically requires a
review of the eccncmic impact &and technical feasibility of
statutory standards of high altitude. Second, the technical



XI1-7

feasibility and air quality consequences of proportional
standards are to be evaluated. In the preceding chapters, the
methodology used to respond to the guidelines of section
206(f)(2) was the evaluation of all alternative scenarios by
comparison to a continuation of the fixed-point proportional
standaras contained in the 1982 and 1983 high-altitude
regulations. This approach was used primarily to avoid useless
repetition of the detailed analyses which supported the
existing high-altitude standards.[1,2,3,4] Since compliance
with the proportional standards in this chapter is expected to
be similar to compliance with the current proportiocnal
standards, the same analytical methodoclogy will be used here to
remain consistent with the previcus analyses in this report.
Therefore, implementing revisea statutory standards (0.41 ¢/mi
HC, 7.0 g¢/mi €O, and 1.5-2.0 g/mi NOx and 2.0 g/test
evaporative HC) will be analyzed with regard to the incremental
costs and benefits that will accrue beyond those of continuing
a program with revised proportional standaras (0.57 g/mi HC, 11
g/mi €O, 1.5-2.0 ¢g/mi NOx and 2.6 g/test evaporative HC). To
provide additional <continuity with previous chapters, the
fixed-point proportional standards will be referred to as the
"revised" base scenario and the fixed-point statutory standards
will be referred to as the "revised" scenario 2 throughout the
remainder of this analysis.

III. TECHNOLOGY ASSESSMENT

High-altitude exhaust emission control technology depends
uponn the control hardware that will be used at low altitude.
Therefore, before the requisite high-altitude control hardware
can Lke estimated the 1low-altitude requirements mnust Le
defined.

A. Low-Altitude Control Hardware

The control technology which may ultimately Le used for
LDGVs to comply with the assumed low-altitude standarus of 0.41
g/mi HC, 7.0 g/mi CO, and 1.5-2.(6 g/mi NOx are estimatea in an
EPA draft document entitleca, "Motcr Vehicle Emission Standaras
for Carbon lMonoxide and Nitrogen Oxides."([5] In that report,
EPA estimated that 100 percent of the LDGVs may be equipped
with "open-loop" (nonfeedback) systems under the revised
low-altitude stancdards. These systems do nct require the nore
sophisticatea electronic microprocessor contrcl of closed-loogp
(feedback) systems which are cften currently used to meet the
nmore stringent 3.4 ¢/mi CO and 1.0 g/mi NOx stancards.
Open-loop systems o not monitor the fuel/air ratio entering
the engine's combustion chambers as do closed-loop systems, bLut
instead use essentially fixed calibrations to control fuel
metering. Also, about 60 percent of the fleet is expected to
be equippea with air pumps ana &about 40 percent cf the fleet
will use a less costly pulse air injection system. This
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compares to_current systems which almost always utilize an air
pump in conjunction with an oxidation-reduction catalyst or an
oxidation catalyst,

For LDDVs, the revised standards should be achievable
without the addition of any new emission control hardware.
More specifically, EPA expects that little or no EGR will be
regquired to achieve the revised NOx standards since little or
no EGR was required to meet similar Federal emission standards
in the 1980 model year (2.0 g/mi NOx), or the 1981-82 model
years (waivers to 1.5 g/mi NOx were granted for some diesels).

B. Revised Base Scenario Control Haraware

This section assesses the emission control technology that
will be required to make a low-altitude vehicle comply with
high-altitude proportional standards. This assessment will ke
conducted in two parts. First, the requisite control hardware
that may ke necessary to comply with the revised proportional
standaras of 0.57 g/mi HC, 16 g/mi CO, and 1.5-2.0 g/mi NOXx
will be identified. Second, the requisite hardware for
compliance with revised proportional standards of 0.57 g/mi HC,
11 g/mi CO0 and 1.5-2.0 g/mi NOx will be 1identified. The
difference in these twc parts is simply that in one case the
riv@sed CO standard is 16 g/mi, while in the other it is 11
g/mi.

1. Control Technology for Proportional Standarus
Including a 16 g/mi CO Reguiremnent

As discussed in Chapters 1II1I and IX, the general control
strategy for reducing emissions from open-loop (nonfeedback)
vehicles to proportional 1levels 1is to recalibrate the fuel
metering cdevice (e.g., carburetor) so that the excessively rich
fuel/air mixtures which normally occur at higher elevations are
corrected. This same emission control technique should bLe
useful in reducing emissions to the revised proportional levels
analyzed in this chapter because it corrects the same problem
of overly rich fuel/air mixtures in both cases (current versus
revised 1low-altitude standaraus). Also, 1in each case the
allowable high-altituGe emissions from a vehicle certified at
low altitude will be limited to the same percent increase.
(This percentage is based on the ratic of the high-altitude
standarad to the respective low-altitude standarda.) Therefore,
the recalibration in both cases (i.e., learner fuel/air
mixtures) shoulda Le somewhat sinilar. However, the emission
control systems for current standards are expected to be
aifferent than for the revised standards ana the effect this
may have on the effectiveness of the control technique which
has been identified neecds further attention.

There are emissicn control devices that are currently in
use on vehicles which may not be part of the emission control
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system 1if the standards are revised upward. These devices
include: 1) the NOx reduction catalyst on many gasoline-fueled
vehicles, and 2) the air pump on most of the gasoline-fueled
vehicles. The effects ¢f removing these hardware items on the
effectiveness of recalibrating fuel/air ratios will bLe examined
separately below.

An exhaust catalyst basically functions bLy promoting
chemical reactions which remcve a percentage o¢f the harmful
emissions coming from the engine's <combustion <cylinders.
Therefore, as the amount of a particular pollutant entering the
catalyst is increased, only a portion of it will be remcvedq,
the remainder passes through the catalyst into the atmosphere.

Under the current high-altitude standards, leaning the
fuel/air ratio tc reduce HC and CO emissions will increase NOx
emissions coming from the combustion chambers. It is possible,
although unlikely with regard to proportional standards, that
this control strategy by itself could 1lead to excess NOx
emissions for some vehicles. The important point is that even
with the reduction catalyst the manufacturer of such &a vehicle
woula probably have to manipulate other engine control
parameters to reduce NOX emissions from the combustion chambers
because the reduction catalyst would remove only a porticn of
the excess. These engine control parameters may 1include more
careful recalibration of the fuel metering to prevent excessive
leaning, recalibrating ignition timing, or recalibrating
exhaust gas recirculatiocn (EGR) rates.

EPA assumes the degree of fuel management (i.e., leaning)
will be somewhat similar to that currently needed to comply
with proportional high-altitude regulations even if the
standards are revised upwarda, because Loth types of standards
(current versus revised) limit the increase in emissions from
low- to high-altitucae by the same percentage. Although
manufacturers are not expected to use reduction catalysts to
comply with revised standards, they would be confronted with
essentially the same task as 1is currently the case with these
devices if NCx emissions from some vehicles were tc increase
beyond acceptable levels. That is, the emissions coming cut of
the engyine need to be controlled since, as described above, the
existence of the recduction catalyst by itself would not
completely control the additional NOX. Therefore,
manufacturers will have to pay more careful attention to fuel
management, ignition timing, ana EGR rates 1if indeeu NOx
emissions increase beyonG allowable 1levels when the fuel/air
ratio is leaned to control HC and CO. It should be emphasizeq,
however, that under the revised proportional standards (whether
they include an 11 g/mi or 16 g/mi CO standards), EPA eXxpects
that few if any vehicles will have excessive NOXx emissions as a
result of leaning the fuel/air ratio to achieve the requisite
HC and CO control.
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Now that the effects of removing the reduction catalyst
have been discussed, the effects of removing the air pump and
replacing it with & pulse air injection system will ke
assessed. The air pump adds fresh air (oxygen) to the engine's
exhaust which promotes the removal (oxidation) of HC and CO.
Under the current proportional standards the air pump, which is
mechanically driven by a belt from the engine, may be part of
the high-altitude modification on some vehicles by changing the
pump's drive pulley so that it rotates faster and delivers more
oxygen to the exhaust stream, Since an air pump Gelivers a
particular volume of air at any given speed, this technique may
be used to recover some of the lost effectiveness of the
injection system when it is used at higher elevations where the
air is less dense and, hence, there is less oxygen per volume
of air. The effectiveness of recalibrating the air punp,
however, is limited. Care must Lbe taken not to increase the
injection rate of fresh air to such a degree that the exhaust
gas temperature is reduced too much. This would reduce the
chemical reacton rate and could leaa to greater HC and CO
emissions. Therefore, mocdifying the air pump would only
provide a portion of the total emission reduction which may be
required; indeed, this portion may be small Lecause of the
limited effectiveness of increasing the pump's delivery rate.
Manufacturers must rely on the other control options which have
already been identified (e.g., fuel management ana spark
timing) to ensure compliance with the current proportional
standards,

The pulse air injection system (PAIR) that is expected to
replace the currently used air pump system on some vehicles if
the standards are revised also reduces HC and CO emissions by
acéding fresh air tc the exhaust. 1The PAIR system is driven by
the pressure pulses in the exhaust stream which are caused by
the hot gases existing the combustion chambers. This system
does not possess the wide range of air delivery rates that
characterize the air pump and its effectiveness can Le limited
for this reason. Like an air pump, PAIR delivery rates may be
somewhat increased as part of a high-altitude modification when
the pulse air system 1is not originally functioning at peak
performance. If such an increase 1is nmnot sufficient, the
situation is analogous to the air pump, and manufacturers will
have to pay more careful attention to optimizing air/fuel
ratics, timing, etc. Overall, EPA expects that few, if any,
vehicles equipped with PAIR will have trouble Teeting
proportional standards of 0.57 g/mi HC ané 16 ¢/mi CO.

In summary, the recalibration technigues that are used to
comply with the current proportional standards (i.e., primarily
fuel management) also should be useful to achieve revised
proportional standards since 1in both cases the increase in
emissions from low to high altitude is 1limited by the same
perceritage. The change in emission control technology which is
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expected to accompany revised low-altitude standards should not
significantly affect these control techniques or the reqguisite
hardware. )

2. Control Technology for Proportional Standards
Including an 11 g/mi CC Requirement - .

. In the preceding section, EPA concluded that the requisite
control technology for complyingy with proportional standards
under the revised base scenario should be essentially the same
as projected for compliance with the current proportional
- standards which were previously analyzed in Chapters III and
IX. This conclusion is primarily based on the similarity in
emission control - which will be required by the two sets of
standards. This section investigates why essentially the same
control haraware should allow compliance with either an 11 g/mi
CO standara or a 16 g/mi CO standard at high altitude.

The assuned technical similarity between an 11 g/mi CO and
a 16 g/mi CO standard is based primarily on EPA's recent
experience with 1582 model year LDVs that have received a CO
waiver from the current 3.4 g/mi CO low-altitude standard up to
7.0 g/mi. Waivers are allowed by the Clean Air Act in cases
where manufacturers can demonstrate that meeting a 3.4 g/mi CO
standard at 1low altitude would bLe technically infeasible
considering the cost of control. Vehicles which are granted a
low-altitude waiver automatically qualify for a less stringent
11 ¢g/mi CO standgard at high-altitude instead of the normal
proportional 7.8 g/mi CO standard.[l]

Experience with these waivered vehicles is of value in
estimating the dGifficulty of meeting high-altitude standards
since the waivered low-altitude vehicles are currently required
to meet the same CC standard as is assumed to be in effect at
low-altitude in this analysis of revised standards for 1984 and
later vehicles (i.e., 7 ¢g/mi). Also, the current high-altitude
standara for waivered vehicles is equivalent to the revised CO
standard at high altitude, which is assumea in this chapter
(i.e., 11 g/mi). During the waiver process, manufacturers nust
submit detailed information to EPA on the cost and technical
feasibility of complying with the statutory 1low-altitude
requirements in order to Jjustify a less stringent stancard.
EPA's Motor Vehicle Emissions Laboratory has not received any
comments from manufacturers of waivered vehicles stating that
compliance with the 11 g/mi CO standard at high altitude would
be technically difficult or that unique emission control
hardware would be required beyond that needed to comply with
the current proportional CO standard of 7.8 g/mi for unwaivered
vehicles.

- :0f course this is.  not conclusive evidence that all 1984
and later vehicles will comply. with an 11 g/mi CO standard
using essentially the same control hardware as would be needed
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for compliance with a 16 g/mi CO standard. For example, it is
possible that some vehicles equipped with nonfeedback
(open-loop) emission controls systems using pulse air injection
systems (PAIR) may have more difficulty meeting an 11 g/mi (O
standard than a 16 g/mi CO standard because the effectiveness
of the PAIR system may be degraded by the lower air density at
higher elevations, as previously discussed. However, this
prokblem is only speculative at this time. On the other hang,
it is possible that any vehicle having greater difficulty in
meeting the more stringent 11 g/mi CO standard may be eligikle
for exemption from the high-altitude certification requirements.

The above discussion illustrates that uncertainities
regarding the requisite control hardware remain to be
resolvea. Based on the best available evidence, however, it is
EPA's judgment that for the vast majority of 1984 and later
high-altituce vehicles, meeting an 11 g/mi CO standard will nct
be sigynificantly more difficult than complying with the current
proportional standard for 1962 and 1983 vehicles and, hence,
essentially the same control hardware should be required.

The emission control hardware for nonfeedback (open-loor)
LDGVs complying with fixec-point propocrtional standards (the
base scenario) was previously estimated in Chapter III. Since
LDGVs complying with the revised proportional standards (the
revised base scenaric) are assumed to utilize the same control
hardware, the estimates in Table III-4 are applicable to this
analysis also. The information in that table, reproduced here
in Table XI-2, shows that nonfeedback LDGVs are expected to
regquire recalibrating and the addition of one fixed-step
aneroid to the engine's fuel metering system. An aneroid is a
simple mechanical device which senses changes in atmospheric
pressure and properly adjusts the fuel/air ratio entering the
enyine's combustion chambers. This device 1is wused on a
high-altitude vehicle to prevent excessively lean fuel/air
ratics which may cause engine damage if these vehicles are
driven at lower elevations. (Chapter III contains a detailed
discussion of this natural phenomenon.) No change to the
evaporative emission system is required to comply with the
proportiocnal standard.

The requisite control technology for LDDVs was previously
estimated in Chapter VIII for the base scenario. Compliance
with proportional standards are expected to require limiting
the maximum fuel r&ate ana possibly a change in fuel injectiocn
timing (Table XI-2). Both of these involve physical
adjustments to existing hardware.

C. Revised Scenario 2 Control Hardware

The procedure used to assess emission control requirements
for the revised statutory standards in this section is similar

to that already presenteG for the reviseda ©proportional
standards.
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Table XI-2

High-Altitude Emissicn
Contrcl Hardware for the Revised Control Scenarios

Revised
Scenario Vehicle Control Hardware Description Fleet Affected

Base LDGV 1 aneroid 100%
LDDV Limit maximum fuel rate 100%
Possible fuel injection timing 100%
change
Scenario 2 LDGV 3 aneroids 100%
AIR system replacing PAIR system 40%
Larger evaporative cannister 100%
LDDV Limit maximum fuel rate 100%

Fuel injection timing change 100%
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Like the ©proportional standards, complying with the
revised statutory standards at 1low and high altitude 1is
expected to require essentially the same control hardware as
estimated in previous chapters for meeting the current
statutory standards because of their similarity. In Chapter
III, EPA estimated that nonfeedback LDGVs are expected to
utilize additional recalibrations and two aneroids in addition
to the one aneroid that will be required in the base scenario
for a total of three (Table XI-2). The additional aneroids
will control engine parameters such as the power enrichment
circuit of the carburetor, EGR rate, or air injection rate. As
alluded to earlier, aneroids ensure proper engine operation if
a high-altitude vehicle is driven at 1lower elevations. As
before, the relevant question is: Will these control techniques
retain their effectiveness even though the blLasic emission
contrcl systems that are currently in use will change if the
standards are revised upwara?

Removal of the reduction catalyst should not significantly
change the emission control techniques that were identifiead
above. Even with a reduction catalyst, any modifications nadce
for high-altitude NOx control will focus on the engine since
changes to the catalyst system (e.g., increased mnoble metal
loading) are uneconomical. These engine-related modifications
(e.g., EGR and timing) will attempt to maintain high-altitude
engine-out NOX emissions at 1low-altitude levels, since any
increase in engine-out levels would result in some increase out
of the catalyst. This normally would be unacceptable if
increased NOx levels from the catalyst jeopardizea complying
with the emission standard at high altitude. However, the
presence of the reduction catalyst could give some added
flexibility since a moderate increase in engine-out NOX levels
should be reduced to a much smaller increase by the catalyst.

In cases where there is a significant margin available at
low altitude for increased NOx emissions, the small increase
seen after the catalyst may bLe acceptable where the larger
increase occurring in front of the catalyst would not Le. 1In
these cases, the removal of the catalyst could require the
adaition of more EGR under revised low-altitude standards to
meet the high-altitude stancards than woulda be needed for the
same high-altitude c¢ontrol under the current low-altitude
standards. However, these cases shoula arise very infrequently
and the absolute increase in EGR and any resulting fuel economy
effect shoula be quite small, if measurable at all. Thus,
removal of the reduction catalyst should not have any
significant negative impact cn the fleet's fuel economy average.

To comply with revised statutory standards, manufacturers
are expected to replace currently used air pump injection
systems with PAIR systems on many gasoline-fueled vehicles. As
previcusly stated, the effectiveness of air injection systems
at higher elevations may be degraded because of the accompaning
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reduced air densities. While air pump systems have the ability
to regain their effectiveness by 1increasing the amount of
oxygen available to the catalyst, PAIR systems are not as
flexible and may not have this capability.

Uncder revised proportional standards this should present
no significant aifficulty to manufacturers because modifying
the air pump at high altitude would only provide a small
emissions benefit which could be offset Ly more carefully
recalibrating other engine control parameters when PAIR is used
as a replacenent. However, complying with statutcry standardés
for some vehicles may require that all engine parameters Le
completely optimized for low emissions. 1f this is the case,
even the small loss in effectiveness caused by the use of PAIK
instead of AIR may not be recoverable since further
optimization of other parameters may be impossible. Therefore,
the lost effectiveness of the PAIR may only be recoverable by
treplacing such systems with mechanically-driven air pumps as
part of the high-altitude modification. Although the extent of
this possible replacement is unknown, to be conservative EPA
will assume that all vehicles equipped with PAIR in the revised
base scenario 2 will have the systems replaced with AIR to meet
the more stringent requirements in the revised scenario 2.
This affects 40 percent of the LDGVs (Table XI-2. Complying
with the statutory evaporative HC standard at high altitucde 1is
expected to require a larger evaporative emission storage
capacity. One way to accomplish this 1is to 1increase the
charcoal 1loading of the existing storage cannister (Table
XI1-2).

There is very little that can ke done to cdiesel engines to
recuce high-altitude emissions other than carefully controlling
the fuel injection. Of course, more exotic forms of control
are available such as turbocharging, but that has been ruleu
out in this analysis Lecause of its excessive cost. 1n essence
then, the statutory levels c¢f this scenario will have to Le
achieved Ly further 1limiting the maximum fuel rate for 1low
emissions Leyond that alreaay required to meet the proportional
levels in the revised base scenario, and also by recalibrating
the fuel injection timing. This should bLe sufficient to bring
most LDDVs 1into compliance. The reason for this optimism is
that there should Le little or no EGR use at the 1.5-2.0 NOx
control 1level which <c¢oula otherwise exacerbate HC and CO
emissions at higher elevations by reducing the oxygen which is
available to support combustion in the engine's cylinders, as
may ke the case under the current NOx standard of 1.0 g/mi.
(Chapter 1X contains a more detailed explanation of this
phenomenon.) Of course, some LDDVs may be aifficult to control
to statutcry levels but this problem should be mitigated by
providing more exemptions than in the revisead base scenario.

The control technology for each revised scenario is
summarizea in Table XI-2.
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IV. ECONOMIC IMPACT

This section analyzes the economic impact of implementing
the revised scenario 2 (i.e., fixed~point statutory standards
with revised levels), rather than continuing with a form of the
base scenario (i.e., fixed-point proportional standards with
revised levels). The incremental cost analysis is composeG of
four distinct parts: 1) manufacturing costs, 2) consumer user
costs, 3) total national or aggregate costs, and 4)
socioeconomic impact.

The first three parts deal directly with the incremental
costs that are associated with moditying LDVs to achieve the
revised statutory standards at high altituage. These
incremental costs are defined as the differences between the
costs associated with modifying vehicles to comply with the
proportional standards in the revised Lase scenario and those
associated with modifying vehicles to meet the statutory
stanaards in the revised scenario 2. The fourth part deals
with the effect that higher purchase prices may have on
high-altituce vehicle sales.

This analysis uses the same basic methodology as

previously documented in Chapter V. To avoid needless
repetition, the detailed explanation in that chapter will not
be repeated here. Instead, this section will include only

general descriptions of the methodoloyy as needed. For a more

complete discussion of the analytical techniques, Chapter V
should be consulteaq.

A. Costs to Manufapturers

Manufacturing costs can be separated into two categories:
variable and fixeq. Each of these <cost categories are
discussed below.

l. Variakle Costs

This category includes all of the cost components which
contribute to the incremental purchase price of a high-altitude
vehicle except for the cost of development and certification
which 1is regarded as a fixed cost. Variable costs are
presented in terms of the retail price equivalent (RPE) and
presume that the emission control hardware is &adced to the
vehicle on the assembly line. These costs are estimated
separately for LDGVs ana LLDVs.

The incremental emission control technology which will be
needed by LDGVs to meet the statutory levels of the revised
scenaric 2 was previously estimated to include the aadition
of: 1) two fixed-step aneroids on 100 percent of the vehicles,
2) the replacement of the normally used pulse air injection
system (PAIR) with an air pump injection system (AIR) on 40
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percent of the vehicles, and 3) the use of & larger evaporative
emission storage cannister on 100 percent of the vehicles.

The RPE for two aneroids was estimated in Chapter V to be
approximately $14 to $18 dollars. 17The unit cost for replacing
the PAIR system with the AIR system as original equipment can
be estimated by following the methodology contained in Chapter
V and using the cost information contained in an EPA report Ly
Lindgren.[6] The cost of the AIR system is computed to be
about $40 per unit.

Nc adjustment is necessary to reflect the small prodauction
volume c¢f these units for high-altitude sales, as was done for
aneroids, since the economy of scale has already been achieved
by wusing the same equipment on about 60 percent of the
low-altitude sales volume. The PAIR system which woulad
normally cost about $6 will not be used, so this expense is
credited toward the cost of the high-altitude modification.
The RPE of adding an air pump to a vehicle as original
equipment is, therefore, the cost of the AIR system ($40) minus
the cost of the PAIR system ($6) or about $34 in 1981 dollars.
The RPE for increasing the vehicle's evaporative emission
storage capacity was estimated in Chapter V to be about $2 to
$3 and would be the same here.

The RPE for the average high-altitucde LDGV is sum of the
sales-weighted costs for the various hardware items. Aneroids
are expected to be installed in 100 percent o©f the
high-altituce vehicles so its sales-weighted cost is $14 to $18
per LDGV (1.00 x $14 to $18). AIR systems will very likely be
required on 40 percent of the high-altitude vehicles so its
sales-weighted cost is $14 per vehicle (0.40 x $34). A larger
evaporative storage capacity is estimated to be required by 100
percent of the high-altitude vehicles so its sales-weighted
cost is $2 to $3 per vehicle (1.00 x $2 to $3). By adding
these sales-weighted costs, the incremental RPE for the average
high-altitude LDGV is $30-$35.

The emissicn control technology that will be needed Ly
LDDVs to comply with the requirements of the revised scenario 2
was previously estimated to include adjusting both the maximum
fuel limiter and the fuel injection timing. Thus, no added
haruware should bLe required. These aajustmeunts are easily
performed cn the assemkly line and so there should be little or
no measurable increase in the RPE of a high-altitude LDDV.

~

Z. Fixed (osts

Based on the analysis in Chapter V, two categories of
fixea costs may bLe affected by complying with statutory versus
proportional standards at high altitude: development and
certification. That chapter concluded that increases woula
occur in both cost categories. However, this would not be true
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when both the 1low-altitude &and high-altitude standards are

changing in both the statutory ana proportional cases which
would be the situation here.

This analysis assumes that the revised base scenario could
be implemented in 1984. Since this scenario has different
standards (0.57 g/mi HC, 11 g/mi CO, and 1.5-2.0 ¢/mi NOx) than
the present proportional standards (0.57 g/mi HC, 7.8 g/mi CO,
and 1.0 g/mi NOx), the automotive fleet would have to be
redeveloped and then recertified if the revised Lase scenario
were adopted. Furthermore, there should be essentially no
difference in the cost of development and certification for
either proportional or statutory high-altitude standards, as
discussed further in Appendix I1I. Because of this, the fixed
cost increment of implementing the revised scenario 2 in 1984
is zero since the expenditures for development and
certification would already have to be maae.

B. Cost to Users

The incremental cost to users of high-altitude vehicles 1is
composed of the initial iucrease in purchase price and the
change in fuel -economy and maintenance expenditures which
accrue auring the 1life of the vehicle. Complying with the
revised scenario 2z will increase the purchase price of an
average LDGV Ly 430 to $35. For an LDDV, there should be no
increase in purchase price as a result cf complying with the
revised scenario z. Stateua as an average for all LDVs, the
sticker price increase will be about $25 to $30 Lased on the
sales data previously wuiscussed in Chapter IV (represented in
Takle XI-3).

A fuel economy benefit is expectea from the aaditional
recalibration allowed by the use of two additional aneroids at
high altitude to comply with statutory standards. 1In Chapter V
this benefit was calculated to be $80 if discounted over the
life of the vehicle (present value in 1981 dollars). It 1is
assumed that this fuel economy improvement also applies in this
chapter because the same emission control strateqgy (e.g.,
leaning the fuel/air ratio) will be usea to comply with both
the current statutory and revised statutory standards at high
altitude. The fuel savings should occur for every
high-altitude LDGV built in compliance with the revisea
scenario z, since each vehicle is assumed to be equipped with
the two additional aneroids.

The change in fuel economy that may accompany the use of
an AIR system on some high-altitude vehicles that otherwise
would rnot require it is 1less <clear. The air pump 1is
mechanically driven by the vehicle's engine and, hence, absorbs
some power that is then not available to power the vehicle.
Adding an air pump can, therefore, result in a fuel economy
loss. Often, however, when an AIR system 1is usea at



XI-19
'able XII-3
High-Altitude Sales Pr¢“éétions

of Light-Duty Vehicles
(thousands of vehicles)

Year Gasoline-Fueled Diesel-Powered
1984 293 30
1985 287 36
1986 276 45
1987 265 53
1988 262 56

5-Year Total 1,383 220
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low-altitude, the settings of certain engine parameters which
may have bLeen compromised for emission control purposes can ke
optimized for ©better fuel economy because of the addead
flexibility provided by more air being available to the
catalyst. If an AIR system is used in this manner, no fuel
economy change may be observed.

The question then 1is: Will manufacturers recalibrate
high-altitude vehicles requiring the addition of an air pump
for optimum fuel economy? The answer is unknown at this time.
It is possible that manufacturers will not take the opportunity
to optimize these sytems because of the small high-altitude
market (only 3 to 4 percent of the total). Because of this
possibility, a worst case will be assumed in this analysis
where the benefit of using aneroidas is offset by the potential
penalty of using AIR systems as part of a high-altituce
modification. This fuel economy offset affects 40 percent of
the high-altitude vehicles. Therefore, the fuel economy
benefit of $60 for the revised scenario 2 will only apply to 60
percent of the high-altitude LDGVs. Thus, the fuel savings for
the average LDGV is $486 (0.60 x $80). No fuel economy
increment was found in Chapter X for LDDVs complying with the
statutory standards and there is no reason to expect this to
change with a revision of the 1low-altitude standards. Thus,
none is included in this chapter.

No increment in maintenance costs are expected to occur as
a result of implementing the revised scenario 2. Aneroids
should not require maintenance during the life of the vehicle
(Chapter VI). The possibility that AIR systems may require
maintenance was explored in a recent rulemaking action and the
conclusion was that any increment would be insignificant.[7]
Therefore, the maintenance costs of the revised statutory
standards shoulG be zero.

The net cost to wusers, then, 1is the purchase price
increase, less any fuel economy benefit. For LDGVs, the fuel
eccnony bLenefit ($48) overwhelms the 1initial purchase price
increase ($30 to $35) and results in a net savings to the
consumer of $13 to $18. For LDDVs, the net cost is zero since
there are no changes in purchase price, fuel economy or
maintenance. Stated as an average for all LDVs, the overall
net savings is $11 to $15.

It is apparent that the fuel economy increment for LDGVs
dominates the results of the cost analysis. Therefore, the
predictea fuel economy gain dGeserves to be discussed in greater
detail before proceeding. In Chapter VII, this topic was
explored and the conclusions from that chapter should apply
here as well. The fuel economy increment associated with the
use of two aneroids is based on a very limited amount of test
data. Because of this, the estimated effects on fuel ecconomy



XI1-21

should Le used with some caution and must bLe <carefully
reevaluated as additional information becomes available.

The analysis of statutcry high-altitude LDV standarus 1in
this chapter 1is even more sensitive to the estimated fuel
savings than in previous chapters. This is accounted for by
the change in emission control technoloygy that is expectea to
be used to comply with either the current statutory standards
(scenario 2 in the previous chapters) or the revised statutory
standards (the revised scenario 2 in this chapter). More than
twice as many vehicles are assumed to experience a fuel economy
benefit in this chapter than in previous chapters. By virtue
of this great sensitivity, the fuel benefit must be used with
discretion in this analysis.

Therefore, the uncertainty in the fuel economy Lenefit for
vehicles that use two additional aneroids and do not incur the
possible fuel economy offset from adding an air pump as part of
their high-altitude modification (60 percent of the LDGV fleet)
will be accounted for in the remainder of the analysis by using
a fuel savings range ocf $0 to $60. lThe cost to users of
high-altitude vehicles is restatea as follows using this range
as a basis for the calculation. For the average LDGV the
overall net cost is -$18 to $35. The net cost for the average
LDDV remains unchanged at $0. The average net cost for all
LDVs is -$15 to $30.

cC. Aggregate Cost to tlie Nation

The aggregate cost to the nation is cdefinec as the present
value of the incremental costs of implementing the revised
scenario 2 for the first five years (i.e., 1984 through 1988).
For this time period, the LDV production volumes were
previcusly discussed in Chapter 1V, and are presenteda in Table
XI-3. Using these sales projections and the costs as discussed
above, the 5-year aggregate cost is $32 to $40 million if no
fuel economy benefit is assumed and -$15 to -$23 million if a
fuel economy savings is assumed (Table XI-4).

D. Socioceconcmic Impact

The incremental purchase price for the average
high-altitude LLV was founa to be about $30. As part of the
1982 and 1983 interim high-altitude rulemaking, the impact of a
$42 price increase was reviewed and it was conclucdea that such
an increase should not affect a dealer's sales cor a consumer's
ability to purchase a vehicle.[2] Since the price increment
that was estimated in this chapter ($30) 1is 1less than the
increment analyzed 1in the interim rulemaking ($42), this
conclusion also should be true for the revised scenario 2.
Thus, the sticker price increase for vehicles built on the
assembly line should not unduly affect high-altitude sales.



Table XI-4

Summary of Costs for a Combined Fleet

of LDGV and LDDV Under the Revised Scenarios

Average
Fuel Average
Average Economy Net S-Year
Hardware Increment Total Capital Aggregate
) Per Development Certification Per Per Costs to Costsla])
Case - Vehicle Per Vehicle Per Vehicle Vehicle Vehicle Manufacturers (millions)
With Fuel Economy Bene- $25-30 $0 $0 $0 $25 to 30 $0 $32 to 40
fit
Without Fuel Economy $25-30 $0 $0 -$41 -$15 to -11 $0 -$23 to -15
Benefit

[a]l] Present value in 1984.
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There is one aspect of the revised scenaric 2 that may
have a significant negative impact on the ability of low- and
high-altitude dealers to trade new vehicles among themselves.
As discussed in the technology section of this chapter, EPA has
made a worst <case assumption that 40 percent of the
high-altitude fleet may require the addition of an AIR system
to meet the statutory standards in the revised scenario 2. If
this is indeed true, anu there is no data at this time to prove
or disprove the assumption, these particular vehicles may Le
prohibitively expensive to modify from a low-altitude
configuration to a high-altitude configuration after
production. Replacing the PAIR system with an AIR system on a
vehicle after it 1is originally built could cost over $150.
When this cost 1is added to the others (e.g., changing the
carburetor), modifications may be quite expensive for certain
vehicles. however, more data is needed before a final judgment
orn. this issue can be made.

V. ENVIRONMENTAL IMPACT

This section discusses two basic measures of environmental
impact. The first nmeasure simply 1involves estimating the
emission reductions resulting from implementing the revised
scenario 2 which should &accrue beyond those expected by
continuing proportional standards under the revised Dbase
scenario. These overall reductions in LC, (O, ana NOx
emissions are used primarily to Getermine the incremental cost
effectiveness of the revised scenario 2. The second measure of
environmental impact is an air quality modeling analysis which
prcjects the effect of the revised scenarios on high-altitude
air quality. These nodels are valuable aid evaluating the
ability of high-altitude Air (uality Control Regions (A(CRs) to
achieve ana maintain compliance with the National Anbient Air
(uality Standards (NAALS).

To avoiu needless repetition of detail in this chapter,
the methodology for determining both the total emissions ana
the air quality consequences will not be specifically
presented. Instead only a general «aescription will Le
proviced. More specific information is available in Chapter IV
which contains the environmental impact analysis of the
high-altitude control scenarios that correspond to the current
low-altitude standards.

A. Total Emissions

The incremental emissions benefit of implementing the
revised scenario 2 over continuing the proportional standards
of the revised base scenario is found by determining the total
emissions for each scenario and then taking their difference.
The gaseous and evaporative emission factors which are used to
calculate the total high-altitude emissions are shown in Table
XI-5.



Tabie XI-5

Eniission Rates for 1984-d8 Ligyht-Dbuty
Gasoline-Fueled and Diesel-Fueled Venicles at 5,300 Feet aj

Revised Base Scenario Revised scelucio 2

Poliutant LDGV wDDV LDGV LDLV
HC Zero-Mile Emission

Level (y/mi) U.36 U.54 U.26 0.39

beterioration Rate

(¢/mi/10,000 miles) J.23 0.03 0.23 0.U3

50,000-Miie Ewission

Level (g/wi) 1.51 .69 l.41 U.%4
Co szero-Mile BEuission

Level (y/ui) 5.03 2.22 3.58 2.22

pDeterioration Rate

(4/mi/ 10,000 miles) 1.92 J.05 i.92 J.ud

50,000-Mile Ewnission

Level (y/mi) 15.23 2.47 13.18 2.47
NOX Zero-Mile Ewnission

Level (yg/mi) 0.95-1.27 1.11-i.49 U.95-1.27 1.41-1.49

pDeterioration Rate

(y/wmi/10,000 0.09-0.08 0.Uo U.09-0.0Y U.ueb

miles)

50,000~-Mile Emission
Level (g/mi){b] 1.4-1.67 1.41-i.7Y 4.4-1.07 l.41-1.79
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Table XI-5 (count'd)

Emission Rates for 1i984-dd Liyht-Duty

Gasoline-Fueled aud Diescl-Fueled Vehicles at 5,3UU Feet

Revised bBase Sceldr.o

Revised Sceidiliu

2.0 g/mi NOx standard.

Pollutant LbuV LDDV LDGV LDV
Evap. 2Zero-HMile Emission
HC Level (y/wi) J.i3 -- U.1U --
Deteriocation Rate
(y/mi/10,0U0 miies) U - U -—
5U0,000-Mile Emission
Level (y/mni) U.i3 - U.lu -
[a] Emission Rate = ZML + (1) (DR)
Where: 4UL = Yero-idile Level
1 = Cunnulative Mileaye/10,000
DR = Deterioration Rate
[b] The 1.4 and 1.4l y/mi levels reflect a 1.5 ¢g/umi nOx
standard, while the 1.67 aund 1.7Y9 y/uni ievels reiflect a

6Z-IX
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The total emissions and incremental benefit of the two
scenarios are shown in Table XI-6 for LDVsS produced during the
first five years of the standards (i.e., 1984 through 198§).
Implementing the revised scenario 2 should result in an
incremental benefit of about 20,000 metric tons of HC, and
283,000 metric tons of CO. Of these totals, LDGVSs account for

about 85 percent of the HC reductions and 100 percent of the CO
reductions.

B. Air guality

This section reviews the air quality effects of
high-altitude automotive emission control strategies that are
based on revised low-altitude standards. This review will be
conducted in three parts. First, the incremental air quality
benefits of implementing the revised statutory standards
instead of the revised ©proportional standargs will be
addressed. Second, the need or justification for the more
stringent revised statutory standards will ©bLe discussea.
Thira, the impact of revising the low-altitude standards on
high-altitude air quality will be reviewed. After these parts
are [presented, they will be summarized and conclusions
regarding the need for more stringent automotive standards will
be made.

The air quality projections in this section are based on
the use of computer models that were easily applicable to all
high-altitude areas. The reader is <cautioned that such
computer studies utilize a variety of assumptions in an attempt
to forecast the events which will affect air pollution 1levels
in the future. As with any projections of this type, some of
the assumptions may prove to be invalid as better information
becomes available., Also, due to time and resource constraints,
nany input data were national averages anéd not site-specific
values. Therefore, the modeling results are most useful for
determining the differences between control scenarios, while
the absolute values associated with any single strategy are
subject to greater error.

1. Incremental Effects

The air quality effects on each pcllutant are discussed
separately based on Tables XI-7 through XI-10. Nitrogen oxides
(NOx) are not addressed here because there is no difference in
the emission rates associated with the two revised control
scenarios (Table XI-6). Hence, there would be no difference in
the modeling results.

For ozone, Table XI-7 shows that under high-growth cases
with inspection/maintenance (I/M) &and both low- and high-growth
cases without 1I/M, implementing the revised scenaric 2 is
projectea to provide only a one percent improvement in the
ambient concentration for a few of the years. The results are
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Table XI-6

Lifetime Emissions from 1984-88 LDVs
Sold Above 4,000 Feet

(103 metric tons)

Reauctions
Revisea Revised (Base Scenario

Base Scenario Scenario 2 minus Scenario 2)
Pcocllutant LDGV LDDV LDGV LDDV LDGV LDDV Total
HC 208 15 185 12 13 3 16
(ofo] 2,102 54 1,819 54 283 C 283
NOX 193-230 31-39 193-230 31-39 0 0 0
Evap. HC 17.9 0 13.8 0 4.1 0 4.1

Total HC 226 15 209 12 17 3 20



Table XI-7

Average Percent Reduction in Expected
Maximum l-Hour Ozone Concentrations from 1979 Base
Year in Denver and Salt Lake City (low and high growth)[a]}

With Inspection/Maintenance

1986 1987 1988 1989 199¢ 1993 1995
Low  High Low  High Low  High Low High Low High Low High Low  High

Revised Base 24-32 22-28 26-34 23-30 27-35 24-31  28-36 24-32 28-37 24-32 28-36 24-31 27-35 22-29
Revised §2 24-32 22-28 26-34 23-30 27-35 24-31 28-36 24-32 28-37 24-33 28-36 24-31 27-36 23-30

Without Inspection/Maintenance

1986 1987 1988 1989 199¢0 1993 1995
Low High Low High Low High Low High Low High Low  High Low High

Revised Base 20-27 18-23 22-29 19-25 23-30 20-26 24-31 20-27 24-32 21-28 25-33 21-27 25-32 20-26
Revised §2 21-27 18-24 22-29 19-25 23-30 20-26 24-32 21-27 25-33 21-28 25-34 21-28 25-33 20-26

Tal Note that a range of values is reported here to reflect two different ratios of HC/NOx ambient concentrations,
as discussed in Chapter IV. Results from the higher ratio are reported first.
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Table XII-8

Number of Violations of QOzone NAAQS in
penver and Salt Lake City (low and high yrowth)laj

With Inspection/Maintenance

1986 1987 1988 1989 1990 1993 1995
Cow High  Low High  Low High  Low High  Low HIgh  LOWw High  Low Hagn
Revised Base 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 U=-1 u-1 u-1 0-2
Revised $2 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 u-1 0-1 u-1 -1

Without Inspection/Maintenance

1986 1987 1988 ' 1989 1990 1993 1995
Dow High  Low High  Low High  Low High  Low High  Low High  Low High
Revised Base -2 1-2 0-1 1-2 0-1 1-2 0-1 1-2 0-1 1-2 U-1 1-2 u-1 1-2
Revised §2 0~2 1-2 0-1 1-2 0-1 1-2 0-1 1-2 0-1 0-2 -1 1-2 U-1 1-2

[a] Note that a range  of values is reported here to reflect two different ratios of HC/NOXx ambieut couceuntrations,
as discussed in Chapter IV. Results from the lower ratio are reported first.

62-IX



Revised Base

Revised §2

Revised Base

Revised #2

1986
Low Hig
55 48
55 49
__1986
Low High
46 38
46 38

Table XI-9

Averaye Percent Reduction in Expected
Second Highest 8-Hour CO Concentrations trom 1979
Base Year in Six High-Altitude Cities (low and hiyh yrowth)lal

With Inspection/Maintenance

1987 1988 1989
Low High  Low High  Low High
60 54 65 58 68 61
61 55 65 58 69 63
Without Inspection/Maintenance
1987 1988 1989
51 43 56 48 60 52
52 44 57 43 61 53

1990 1993 1945
Low High Low High Low Hiyh
71 65 7o 69 78 71
72 65 17 70 79 72

1990 1993 1995
Low High Low High Low Higyn
64 56 71 62 73 64
65 57 72 63 74 65

Tal The cites investigyated are Denver, Colorado Sprinys, Ft. Collins, Greeley, Albuyueryue, and salt Lake City.
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Table XI-10

Number of Violations of CO NAAQS in
Six High-Altitude Cities (low and high growth)[a]

With Inspection/Maintenance

1986 1987 1988 1989 1990 1993 1995
Low High Low High Low High Low High Low High Low High Low High
Revised Base 7 18 2 8 0 3 0 1 0 0 0 0 0 0
Revised #2 7 16 2 7 ] 3 0 1 0 0 0 0 0 0

Without Inspection/Maintenance

1986 1987 1988 1989 1990 1993 1995
Low High Low High Low High Low High Low High Low High Low High
Revised Base 20 43 10 26 3 16 1 8 0 3 0 0 0 0
Revised §2 20 43 9 24 3 14 0 5 0 2 0 0 0 0

[a] The cites investigated are Denver, Colorado Springs, Ft. Collins, Greeley, Albuquerque, and Salt Lake City.
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somewhat similar for the projected number of National Ambient
Air guality Standarcd (NAAGS) violations for ozone. Table XI-8
shows that the revisea scenario «could produce one less
violation in 1995 at high-growth rates with I/M. Without I/M
there is a rpotential for one less violation in 1986 under
low~-growth and in 1990 under high growth. -

Table XI-9 shows that the revised scenario 2 could reduce
the ambient concentration of CO by 1 to 2 percent in most years
under both high- and low-growth rates, with or without 1I/M.
Some reductions in the number of CO NAAGS violations are
associated with these reduced emission levels as shown in Table
XI-10. Without 1/M, two fewer violations are projecteda in 1987
and 1988, three 1less in 1989, and one 1less in 1990 under
high-growth conditions. Under low-growth conditions, one less
violation is observed in 1987 and 1989. Wwith I/M, two fewer
violations are projected in 1986 and one 1less in 1987 under
high~-growth condaitions. For the low-growth case no differences
are observed,

2. Air guality Needs

The justification for greater emission reductions at high
altitude can be evaluated by reviewing the projectea dates of
compliance with the NAACS. This will show whether
high-altitude areas should be 1in compliance by the 1987
statutory deadline and whether the implementation of the
revised scenario 2 could help attain the NAACS sooner. As
before, the two pollutants of interest, HC ana CO, will be
reviewea separately.

From Table XI-8, it is clear that although the number of
ozone NAACS violations is small, there is a possibility that
the standard could never be attained by all high-altitude areas
under any of the cases studied. Therefore, although the HC
emission reductions associatea with implementing reviseaq
statutory stancarés will not by themselves guarantee attainment
of the ozone NAAGS, they may be needed along with reductions
from other sources to assure compliance with the ambient
standard in all high-altituae areas. Certainly, the additional
control of some HC sources in high-altitude areas will be
necessary for the ozone NAACS to be attained 1if these
projections are accurate.

Attainment dates for the CO NAACS are more variable (Table
XI-10). Without I/M, attainment by all high-altitude areas is
project to occur two years beyona the statutory deadline in
1989 with low-growth rates under the revised scenario 2.
Without 1it, compliance coula be delayed until 1990. When
high-growth rates are assumea, attainment could occur sometime
in the early 1990's under both revised scenarios. With I/M,
the effects are similar to the without I/M case except that all
of the attainment Gates are earlier. Attainment is predicted
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by 1988 with low-growth rates and by 1990 with high-growth
rates, under both revised scenarios. Thus, implementing mnore
stringent standards appears to make no difference. Therefore,
statutory standards may only be effective in helping to attain
the CO NAACS sooner in the absence of I/M. Inplementing these
automotive standards alone, however, may not be adeguate to
achieve the 1987 statutory deadline in any of the cases
analyzed.

As mentionea throughout this report, any conclusions based
on the absolute number of projected NAALS violations must be
conditional Gue to the potential errors involved. Only further
stuay of those areas just in or out of compliance with the
NAACS will yield firn conclusions in this area.

3. Comparison of Air ¢uality Under "Revised" Standarus
and "Current® Standards

The air quality effects of adorting high-altitude
standards that are based on revised 1low-altitude standards
("revisea"™ scenarios) versus high-altitude standards that are
based on the <current 1low-altitude standards ("previous"®
scenarios) can be reviewed by comparing the information
presentea in this chapter to that previously presented in
Chapter IV (Tables XI-11 through 14). Such a comparison shows
that there is no significant difference for ozone between the
two general types of standaras (revised versus current). This
is to be expected since the emission standards for HC are the
same for the respective statutory (0.41 g/mi) ané base (0.57
g/mi) control scenarios.

The samne conclusion can be reached for CO with I/M, that
is, there is no difference between the number of violations
under the two types of standards (revised base versus current
base and revised scenario 2 versus current scenario 2).
Without I/M, however, the number of CO NAAQS violations under
the scenarios basea on revised standards is generally less than
that under the previous scenarios based on current standaras.
Looking at the NAA(S attainment dates rather than the number of
NAA(S violations, no difference between the two types of
standards 1is evident regardless of whether or not I/M |is
implenented.

These results for CO appear surprising at first glance.
It seems unreasonable for the generally less stringent
standards of the revised scenarios to provide greater air
quality benefits than are associated with the scenarios that
are based upon current standards. However, this difference can
be explained by recalling the discussion in Chapter IV which
pointed out that many manufacturers are using computerized
feedback emission control systems to comply with the current
statutory standards. These systems currently exhibit a
significant rate of catastrophic failure. The CO emissions
from vehicles with such failed systems are very high which in



Revised Base
Revised §2
Previous Base

Previous §2

Revised Base
Revised §#2
Previous Base

Previous §#2

1986
24-32 22-28
24-32 22-28
24-32 22-28

24-32 22-29

1986
20-27 18-23
21-27 18-24
21-27 18-24

21-27 18-24

Table XI-11

Average Percent Reduction in Expected

Maximum l-Hour Ozone Concentrations from 1979

Base Year in Denver and Salt Lake City (low and high growth)[al

With Inspection/Maintenance

1987 1988 1989
Tow High ©Dow High [Low High
26-34 23-30 27-35 24-31 28-36 24-32
26-34 23-30 27-35 24-31 28-36 24-32
26-34 23-30 27-35 24-32 28-36 25-32
26-34 23-30 27-35 24-32 28-36 25-32

Without Inspection/Maintenance
1987 1988 1989
Low High  [Low Wigh  Low High
22-29 19-25 23-30 20-26 24-31 20-27
22-29 19-25 23-30 20-26 24-32 21-27
22-29 19-25 24-31 20-27 24-32 22-28
22-29 19-25 24-31 20-27 25-32 22-29

[a]l] Note that a range of values is
as discussed in Chapter 1V.

Results

1990 1993 1995
Low #High  Low High  Eow 1igh
28-37 24-32 28-36 24-31 27-35 22-29
28-37 24-33 28-36 24-31 27-36 23-30
29-37 25-33 29-38 25-32 28-36 24-31
29-37 25-33 29-38 25-33 28-37 24-31
1990 1993 1995
Low High  [ow High  [Low High
24-32 21-28 25-33 21-27 25-32 20-26
25-33 21-28 25-34 21-28 25-33 20-26
25-33 22-28 26~-34 22-29 26-34 21-28
25-34 22-29 26-35 22-29 26~35 21-28

reported here to reflect two different ratios of HC/NOx ambient concentrations,
from the higher ratio are reported first.
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Table XI-12

Number of Violations of Ozone NAAQS in
Denver and Salt Lake City (low and high growth)(a]

With Inspection/Maintenance

1986 1987 1988 1989 1990 1993 1995
Low 1nigh  Low High  [Low High  Low High  Low High  Low High  Low High
Revised Base 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-2
Revised §2 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1
Previous Base 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-0 0-1 0-0 0-1 0-1 0-1
Previous §#2 0-~1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-0 0-1 0-0 0-1 0-1 0-1

Without Inspection/Maintenance

1986 1987 1988 1989 1990 1993 1995
Dov High  [ow High  [Low High  Low High  Low MHigh Low High  Low High
Revised Base 1-2 1-2 0-1 1-2 0-1 1-2 0-1 1-2 0-1 1-2 0-1 1-2 0-1 1-2
Revised §2 0-2 1-2 0-1 1-2 0-1 1-2 0-1 1-2 0-1 0-2 0-1 1-2 0-1 1-2
Previous Base 0-2 1-2 0-1 1-2 0-1 1-2 0-1 1-2 0-1 0-2 0-1 0-2 0-1 1-2
Previous §2 0-2 1-2 0-1 1-2 0-1 1-2 0-1 0-2 0-1 0-1 0-1 0-2 0-1 1-2

[a] Note that a range of values is reported here to reflect two different ratios of HC/NOx ambient concentrations,
as discussed in Chapter IV. Results from the lower ratio are reported first.
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Revised Base
Revised §2
Previous Base

Previous §2

Revised Base
Revised §2
Previous Base

Previous §2

Table XI-13

Average Percent Reduction in Expected
Second Highest 8-Hour CO Concentrations from 1979

With Inspection/Maintenance

Base Year in Six High-Altitude Cities (low and high growth)[a]

fa) The cites investigated are Denver, Colorado Springs, Ft. Collins, Greeley, Albuquerque, and

1986 1987 1988 1989 1990 1993 1995
Low High  Low Migh  Low 1iigh  Low Migh  Low High  Low High  Low ligh
55 48 60 54 65 58 68 61 71 65 76 68 78 71
55 49 61 55 65 58 69 63 72 65 77 70 79 72
55 48 60 54 64 58 68 61 71 65 76 69 78 70
55 49 61 55 66 59 69 63 72 65 77 71 80 73

Without Inspection/Maintenance

1986 1987 1988 1989 1990 1993 1995
46 38 51 43 56 48 60 52 64 56 71 62 73 64
46 38 52 44 57 48 61 53 65 57 72 63 74 65
45 37 51 42 55 47 60 51 63 54 70 61 72 62
46 38 51 43 57 48 61 53 64 56 71 62 74 65

Salt Lake City.
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Table XI-14

Number of Violations of CO NAAQS in
Six High-Altitude Cities (low and high growth)[a}

With Inspection/Maintenance

1986 1987 1988 1989 1990 1993 1995
Revised Base 7 18 2 8 0 3 0 1 0 v 0 0 0 0
Revised §2 7 16 2 7 0 3 0 1 0 0 0 0 0 0
Previous Base 7 18 2 8 0 3 0 1 0 0 0 0 0 0
Previous §2 7 16 2 7 0 3 U] 1 0 0 0 0 0 0

Without Inspection/Maintenance
1986 1987 1988 1989 ; 1990 1993 1995
Eow High  Low FHigh  ©Low High  Low High  ©Low High  Low High  [Low High

Revised Base 20 43 10 26 3 16 1 8 0 3 0 0 0 0
Revised #2 20 43 9 24 3 14 0 5 0 2 0 0 0 0
Previous Base 21 43 10 28 3 17 1 9 0 4 0 0 0 0
Previous §2 20 43 10 26 3 14 0 8 0 3 0 0 0 0

[a] The cites investigated are Denver, Colorado Springs, Ft. Collins, Greeley, Albuquerque,

and Salt Lake City.
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turn causes the average in-use emissions from this type of
vehicle to be much higher than would be expected based on the
standard it is certified to meet.

Under the revised standards, which are being analyzed in
this chapter, manufacturers are expected to comply with the
less stringent emission control requirements by using

nonfeedback systems. These systems do not exhibit the
catastrophic failures associated with current feeaback
systems. Therefore, nonfeedback systems have 1lower average

in-use emissions despite the equivalent or higher emission
standards to which they are certified. This explains why the
modeling results generally show better air quality results
under the scenarios with "revised® standards when the benefits
of I/M are excluded. Of course, it was also pointed out in
Chapter IV that the in-use catastrophic failure rates that are
now exhibited by feecback systems may be significantly reduced
in the future as more experience with these new systems is
gained. If this reduction takes place, the trena now shown in
the analysis may be reversed so that the high-altitude
scenarios based on current low-altitude stancards show better
air quality results than the control scenarios based on revised
low-altitude standards.

Although the impact of the high-altitude NOXx standards was
not relevant to the preceding air quality discussions, it is
important here, since under the current standards the allowable
level is 1.0 g/mi and under the revisea standaras the level may
be 1.5 to 2.0 ¢/mi. Tables XI-15 ana 16 contain both the
results for the "previous"™ scenarios (basea on current
standards) and those for the "revised® scenarios (basea on
revised standards). Table XI-15 shows that the ambient NOx
concentrations are projected to be greater under the revised
scenarios. Table XI-16 shows, however, that when high-growth
rates are assumed, the NOxXx NAA(S may never be attained in
Denver beyona 1987 by either set of scenarios. For low-growth
rates, violations could begin in the early 1990's under the
revised scenarios and in the mid-19906's if the previous
scenarios are implemented. Regardless of the growth rates, the
trend is toward an increase in violations near the end of this
century, although the actual number of violations is small.

4, Conclusions of the Air gQuality Analysis

There appears to be a small incremental benefit in ozone
and CO air quality associated with controlling automotive
emissions Leyond the 1levels rprescribed by the revised base
scenario under some of the cases analyzea. In other cases,
there appears to be no significant difference between the
revised base scenario and the revised scenario 2. The curreunt
air quality modeling stuaies indicate that additional emission
control may be needed beyoné the levels of the revised base
scenario since all high-altitude areas may not attain the NAAGCS
by the 1987 statutory deadline. However, further stuay woula



Table XI-15

Average Percent Increase in Expected NOx
Concentrations in Denver (low and high growth)[al

1986 1987 1988 1989 1990 1993 1995
Low High Low High Low High Low High Low High Low High Low High
Revised
Scenarios 2 10 4 14 6 16 8 20 10 24 16 35 20 43
Previous
Scenarios 0 8 2 10 2 12 4 16 4 18 8 27 12 35

[a] Note that this table reflects increases in pollutant concentrations

rather than reductions as was the convention
for earlier tables on CO and ozone.
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Revised
Scenarios

Previous
Scenarios

Table XI-16

Number of Violations of NOx NAAQS in Denver (low and high growth)

1986 1987 1988 1989 1990 1993
Low High Low High Low High Low High Low Iigh Low ~ High
0 0 0 1 ] 1 0 1 0 1 1 1
0 ] 0 0 0 1 0 1 0 1 0 1

1995
Low H{gh
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be needed to firmly make this conclusion. Finally,
implementing high-altitude standards that are based on revised
low-altitude standards rather than retaining the current
standards may have a small negative impact on NOx NAAQS
violations near the end of this century.

VI. COST EFFECTIVENESS

Cost effectiveness is one measure of the economic
efficiency of reducing air pollution, The incremental cost
effectiveness of the revised scenario 2 for HC and CO is found
by dividing half of the net cost per vehicle by the emission
reduction per vehicle for each pollutant. This computation is
performed in Table XI-17 for LDGVs, LDDVs, and a combination of
the two vehicle tyres. Controlling HC emissions from LDGVsS
ranges up to $1,460 per metric ton. Carbon monoxide control
for these vehicles ranges up to $85 per metric ton. For LDDVs,
controlling both HC and CO costs nothing ($0) per metric ton
because no aaded hardware or fixed costs are involved. When
LDGVs and LDDVs are combined into a single control strategy,
controlling HC enissions ranges up to $1,250 per metric ton
while CO control ranges up to $85 per metric ton.

The wide range of incremental cost-effectiveness values
displayed in Table XI-17 for LDGVs and the combination of LDGVs
and LDDVs under the revised scenario 2 are caused by the
inclusion or exclusion of the estimated fuel economy benefit
that may accompany implementation of revisea statutory
standards at high altitude. The low estimates which incluae
the fuel economy benefit are tenuous at this time because of
the uncertainties associated with estimated change in fuel
consumption.

In the worst case analyzea (i.e., no fuel econonmy
benefit), scenario 2 is nearly twice as costly per ton of HC
than the most expensive control strategy shown in Table XI-18.
For CO, it is more comparable to the other strategies. On the
other extreme (i.e., inclusion of the fuel economy benefit),
the revised scenario 2 is more cost effective than all but one
of the other control strategies. Until additional information
becomes available with which to more precisely define the cost
effectiveness of this scenario, implementing revised statutory
standards at high altitude should be consicered a viable, but
unproven, alternative to the revised base scenario.

VII. SUMMARY

The analysis in this chapter supports the conclusions of
the earlier chapters. Statutory stancaras at high altitude
appear to provide a small but real air quality benefit in a
potentially cost-effective manner and should be seriously
considered 1in the overall program to reduce rpollution in
high-altitude areas. Nevertheless, different conclusions are
possible under scenarios which assume other revisea
low-altitude stanaqards.
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Table XI-17

Incremental Cost Effectiveness of Revised Scenarios

Emission Incremental
Reductions Cost Effectiveness
Cost (dollars) (10‘3 metric (collars/metric ton)
per vehicle)la] tons per vehicle) HC CO
Vehicle Low High HC co Low High Low High
LDGV -18 35 12 205 neg. 1,460 neg. 85
LDDV 0 0 14 0 0 0 0 0
LDGV
and
LDDV -15 30 12 176 neg. 1,250 neg. 85

tal] The low estimates for gasoline-fueled vehicles are tentative at

this time because o¢f the uncertainties associatea with the
estimated fuel economy benefit.
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Table XI-18

Cost-Effectiveness Comparison With
Other Emission Control Strategies

Emissions

After Control Cost
Baseline Strategy Effectiveness
Control Program Emissions [a] Inplemented ~  HC co
LDV Statutoryl2] HC 0.9 HC 0.41 734 67
Standards Co 15 Co 3.4
LDV I/NM[3] - - 640 58
LDT 1984 [4] HC 1.7 HC 0.8 195 15
Standards CO 18 co 10
HDE 1984 HC 1.5 HC 1.3
Standards[5][b] Co 25 CO 15.5
(gasoline) HC 1.5 HC 1.3 305 10
- CO 25 Co 15.5
(aiesel) HC 1.5 HC 1.3 325 -—
Co 25 Co 15.5
Motorcycle HC 9 HC 8-22.5 [c] 562 Neg.
Sstandaras([6] CO 34.67 Co 27.4
HDG Evap.[71(d] HC 1.8 HC 0.17 200
Interim 1982-83 HC 1l.47(cars) HC 1.33(cars) 393 12
HA Standards [§] 4.19(trucks) 3.78(trucks)

CO 1l6.23(cars) CO 13.21(cars)
73.02(trucks) 55.65(trucks)

tal
[b]

[c]
(a]

Emission levels are in g/mi except for the HDE 1984 standarus
which are in grams per brake-horsepower-hour.

The baseline and after control strategy emission values were
based on aifferent test procedures (see Reference 4 in
Chapter VI).

Sliuing scale based on engine displacement (cubic
centimeters).

The evaporative standard is in terms of g/test and converted
to ¢/mi here to facilitate comparison.



XI-44

References

1. "Control of Air Pollution from New Motor Vehicles
and New Motor Vehicles Engines; Final High-Altitude Emission
Standards for 1982 and 1983 Model Year Light-Duty Motor
Vehicles," U.S. EPA, 45 FR 66984, Octoker 8, 1980 .

Z. "Final Regulatory Analysis - Environmental ana
Economic Impact Statement for the 1982 and 1983 Model Year
High-Altitude Moctor Vehicle Emission Standards," U.S. EPA,
OANR, OMS, ECTD, SDSB, October 1980.

3. "Update on the Cost Effectiveness of Inspection and
Maintenance,® U.S. EPA, OANR, OMS, ECTD, IMS, EPA-~AA-ILS/81-9,
April 1981.

4. "Sunmary and Analysis of Comments on the Notice of
Proposed Rulemaking for High-Altitude Emission Standards for
1982 and 1983 Model Year Light-Duty Motor Vehicles," U.S. EPA,
OANR, OMS, ECTD, SDSL, October 1980.

5. "Technical Feasibility of the Proposed 1¢82-83
High-Altitude Standards for Light-Duty Vehicles and Light-Duty
Trucks," CTAB/TA/80-3, U.S. EPA, OANR, OMS, ECTD, SDSB, August
1980.

6. "Motor Vehicle Emission Standards for Carbon
Monoxide and Nitrogen Oxides,"™ U.S. EPA, OANR, OMS, ECTD, SDSB,
April 1981.

7. "Cost Estimations for Emission <Control Related
Components/Systems and Cost Methodology Description,”™ Rath and
Strong, Inc., Lindgren, Leroy H., EPA-480/3-78-002, March 1¢78.

8. "Regulatory Analysis and Environmental Impact of
Final Emission Regulations for 184 and Later Model Year
Light-Duty Trucks, U.S. EPA, OANR, OMS, ECTD, SDSE, kay 1580.



Chapter XII

Conclusions and Recommendations

This report examined various high-altituage control
scenarios, based on the current emission stancdardas, for their
effects on LDGVs, LDGTs, and LDDs. Generally, the existing
proportional high-altitude emission standards for these vehicle
classes have proven valuable in cost effectively improving the
air quality of high-altitude areas. At a nminimum, these
standards should be continued for 1984 anad later model years.

I. EFFECTS OF THE ALTERNATIVE SCENARIOS BASED OCON CURRENT
STANDARDS

A. LDGVs

EPA consicered six alternative scenarios to continuing the
current fixed-point proportional standards for LDGVs. The
costs of these alternatives vary with their technical
requirements, which in turn are based on three basic factors:
1) the maximum elevation for which control must be
cdemonstratea; 2) the extent of exemptions, if &any; and 3) the
level of standards. bBased on these three factors, the Agency
concludes that:

1) continuing the current statutory high-altitiude
requirements, as mandated 1in section 206 of the Act, |is
extremely costly, may significantly limit model availability at
both low and high altitudes, and is extremely cost ineffective;

2) there is no air quality justificaton for controls
abcove 6,000 feet;

3) any statutory standards at high altitude can provide
a small incremental improvement in air quality;

4) exemptions, or similar waivers, can significantly
reduce ccmpliance costs, while maintaining acceptable model
availability at higher elevation;

5) exemptions, or similar waivers, can prevent the
potential for aaversely affecting model availability
throughtout the nation that may accompany implementing
statutory stanaards at higher elevations beginning in 1984, as
required by the Clean Air Act; and

6) fixed-point statutory standards which require
vehicles sold above 4,000 feet to comply with the standards
when tested at 5,300 feet and which provide for some exemptions
are the most cost-effective alternative beyond continuing the
current proportional requirements, of the six a&alternatives
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analyzed.- of course, there are many other possible
alternatives, one of which may be better than any of the six
analyzea here,

B. LDGTs

While not specifically requirea by the Act, EPA finds that
controlling LDGTs 1in adaition to LDVs results in a positive
impact on the ambient air gquality of high-altitude areas.
Controlling light trucks to statutory standards would reduce
vehicle emissions of HC by 50 rercent more and of CO by 40
percent more than if LDGVs were controlled alone. In addition,
the Agency finds that controlling truck emissions under
fixed-point statutory standards is more cost effective than the
same degree of control for LDGVs.

C. LDDs

The Agency analyzed high-altitucde standards for both
gaseous emissions and particulate emissions for LDDs. For
gaseous emissions, EPA concludes that achieving fixed-point
statutory stancaras shoulad be no more difficult for diesel
engines than for gasoline engines, ana that the cost over a
5-year period should be small. The Agency finas that
particulate emissions will be reduced by the same techniques
that reauce gaseous emissions, although it is too early to
cetermine if the statutory rparticulate stancards can be met
with these techniques alone. Also, controlling gaseous
emissions from LDDs to statutory high-altitucde standaras 1is
expected to be more cost effective than controlling LDGVs.

D. Effects of the Scenarios Based on Revised Low-Altitude
Standards

The Agency &also considered the effects of the same six
alternative scenarios under revised 1low-altituce standards.
The major difference is that under revised fixed-point
statutory standaras of 0.41 g/mi HC, 7.0 ¢/mi CO, and 1.5-2.0
¢/mi NOx for passenger cars, the control options might tend to
recguce model availability somewhat more than they would under
the current fixed-point statutory standards. Otherwise, EPA
concludes that:

1) the technical difficulties of compliance would
remain about the same;

2) exemptions, or similar waivers, would retain their
positive effects on overall costs and model availability; and

3) fixed-point statutory standards would likely be the
most cost-effective alternative to proportional standardgs.
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Based on the assumption that revised LDV standards at low
altitude are as stated above (i.e., 0.41 g/mi HC, 7.0 g/mi CO,
and 1.5-2.0 g/mi NOx), these conclusions would remain valid for
both gasoline-fueled and diesel-powered cars and trucks.
Nevertheless, different conclusions are possible under
scenarios which assume other revised low-altitude standards.

E. Recommendations

EPA recommends that section 206 of the Clean Air Act be
amendeqd to:

1) Provide the Administrator the flexibility to adopt
two-car congliance strategies, and to establish high-altitude
standards, within the range from proportional to statutory, for
any class of motor vehicles that 1is necessary to attain the
NAAGS for ozone and carbon monoxide after considering the
technical feasibility, impact on mwodel availability, and
economic impact of any such requirements; and

2) Confirm the Administrator's authority to exempt
certain vehicles from the high-altitude certification
requirements or waive the high-altitude standards for certain
vehicles, a&and to decide on the maximum number of such
exemptions or waivers.
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Appendix 1

Perspective on the Interim High-Altitude Standards

The 1982 and 1983 high-altitude standards were promulgated
on October 8, 1980.[1] During the rulemaking process, the
proportional gaseous emission standards contained 1in those
requlations were the subject of intense analysis and public
debate. EPA believes that 1little would be served to again
present the detailed analysis{2,3,4] which supports that final
rulemaking in this document since the value of fixed-point
proportional standards has already been demonstrated. 1Instead,
EPA chose to concentrate on determining if any alternative
control options could provide greater protection of the public
health and welfare, while at the same time remaining cost
effective.

However, it 1is important to familiarize the reader with
the details of the interim high-altitude standards since these
facts form the basis for one of EPA's recommendations in this
report which calls for the authority to continue proportional
standards at high altitude if, after further study, more
stringent controls are found to be unnecessary or not cost
effective.

Some of the topics discussed 1in this appendix are
discussed in various chapters of the report but will be briefly
repeated here for clarity. The information in this section was
taken from EPA's final regqulatory analysis of the 1982 and 1983
high-altitude regqulations.[2]

I. COSTS TO MANUFACTURERS

At the time the 1982 and 1983 high-altitude standards were
promulgated, manufacturers were expected to incur increasead
costs in three main areas: Gevelopment, certification, anad
emission control hardware. These costs are summarized in Table
API-1. The total cost to manufacturers 1is $23.36 million
(undiscounted, 1981 dollars).

II. COST TO USERS

As a result of this regulation, users of high-altitude
motor vehicles were expected to pay an average of $22 more for
light-duty vehicles (LDV) and $39 more for light-duty trucks
(LDT) in 1982 than in 1981 (1981 dollars). Stated as a
combined average, the increase for a high-altitude notor
vehicle would be $25 (1981 dollars). Furthermore, there would
be no change in maintenance costs, but & small positive effect
on fuel economy was expected, although because of a lack of
data, no fuel economy benefit was included 1in the final
regulatory analysis. If such a benefit had been included, the
total cost of the regulation would be less.



Tctal Cost to Manufacturers

Table API-1

for the 1982 and 1983 Model Years[al

Hardware
Cost Total
Vehicle Development Cost Certification (million (million
Category Year (million dollars) Cost dollars) dollars)
LDV 1981 4.78 341,200 5.12
1682 4.78 341,200 1.2 6.32
1983 1.2 1.2
Subtotal 5.56 682,400 2.4 12.64
LDT 1981 2.95 113,700 3.06
1982 2.95 113,700 2.3 5.36
1983 2.3 2.3
Subtotal 5.¢0 227,400 4.6 10.72
Total 15.46 90¢,800 7.0 23.36

[a] Unaiscounted, 1981 collars.
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III. IMPACT ON HIGH-ALTITUDE DEALER

As a result of the interim standards, EPA estimated that
50 percent of the 1,000 high-altitude dealerships would 1lose
about one sale auring the 2-year period (1982-83) because of
higher vehicle prices. The remaining dealers woula not be
adversely affectea. EPA also estimated that "dealer trades”
between high- and low-altitude dealerships would not be unduly
affected because low-altitude cars must be capable of bLeing
modified to meet the high-altitude standards at a reasonable
cost if they could not automatically do so.

IV. AGGREGATE COST TO THE NATION

The present value of the expectea costs c¢f the interim
regulations are shown in Table API-2. The aggregate cost of
$23.98 million is eqguivalent to a lump sum investment made &t
the beginning cf 1962.

V. AIR CUALITY IMPROVEMENTS

Tables API-3 and API-4 show the change in Denver, Colorado
area emissions and the total pollution reduction at high
altitude which were expected as a result of the 1982 and 1983
proportional standards. By 1987, when Denver must be 1in
compliance with the National Ambient Air Guality Standards, HC
emissicns woulad be reduced by 1.0 percent and CO would be
reducea Ly 3.4 percent. The total air quality benefit was
estimated to be a reduction of 33,100 tons for HC ana 1,195,000
tecns for CO.

VI. COST EFFECTIVENESS

‘able API-5 summarizes the total pollution reductions,
total cost, ana resulting cost effectiveness cf the
high-altitude proportional standaras. Under these regulations,
HC and CO were expected to be reduced in high-altitude areas at
a cost of $365 per ton and $10 per ton, resgectively.
Expressea in metric tons, the cost would Le $393 for HC ana $12
for CO.
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Table API-2

Aggregate Cost to the Nation for
1981 and 19583 High-Altitude Standardslal

Development Hardware Discounted
Cost Cost Total

(million Certification (million Discount (million

Year dollars) Cost dollars) Total Factor dollars)
1981 7.73 457,000 8.19 1.10 5.01
1982 7.73 457,000 3.5 11.69 0.0 11.69
1983 3.5 2.5 06.91 3.19
Total 23.98

fal

rate,

Present value in 1982,

1981 dollars,

10 percent daiscount



Without Stds
With Stds

Reduction
(percent)

API-5

Table API-3

Denver Area Emissions (tons/day)

1980 1682 1984 1887
HC Co hC Co HC Cco HC Co
231.7 1,927 196.8 1,687 162.2 135.8 133.7 1,011
231.7 1,927 156.3 1,670 160.8 131.2 132.4 9117
0 0 6.5 17 1.4 4.6 1.3 >4
(0) (G) (0.3) (1.0) (0.9) (3.4) (1.0) (3.4)
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Table API-4

Total Pollution Reductions for 1682 and 1983
(thousands of tons)

_HC o
LDV li.6 258
LDT 21.5 937
Total 33.1 1,155



API-7
Table API-5

Cost Effectiveness for the High-Altitude
Control Strategies

Cost
Reductions Costla] Effectiveness
Pollutant (thousands of tons) (million Gollars) {(dollar/ton)
HC 33 12 365
Cco 1,165 12 10

[a] The total cost to the nation is adaivided equally Letween
the pcllutants (1981 dollars).
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Appendix II

Supplemental Informaticn for the Environmental Analysis

This appendix contains supplemental information to the
environmental analysis. Contained are the individual model
year emission rates for each high-altitude strategy analyzed
(Tables APII-2 through APII-4), the low-altitude emission rates
for scenarios 1, 2 and the base scenario (Table APII-5), the
annual growth rates for stationary and off-highway sources
(Table APII-6), and the air quality analyses performed for CO
and NOx Lased on 2zero-growth rates (Takbles APII-7 through
APII-14).

The reader should be aware of some differences between the
convention used to 1identify the various scenarios in this
appendix and that used in the report. The relationship between
these conventions is explained in Table APII-1.
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Table APII-1

High-Altitude Report to Congress Control Scenarios

Appendix II Report 1984+ Standaras [a] Technology Mix
Convention Convention LDV LDT for LDGV [b,c]

1 1l (without truck .41/3.4/1.0 -/-/- 40.8/59.2/0
control)

2 2 (without truck .41/3.4/1.0 ~/-/- 10.2/59.2/30.6
control)

3 3 anGé Base .57/7.8/1.0 -/-/- 10.2/59.2/30.6
(without truck
control)

4 2 (with truck .41/3.4/1.0 .8/10/2.3 10.2/59.2/30.6
control)

5 3 and Base (with .57/7.8/1.0 1.0/14/2.3 10.2/59.2/30.6
truck control)

6 2 (with revised .41/7.0/2.0 -/=-/- 0/0/100
stanaards

7 3 and Base (with .57/11.0/2.0 -/=/- 0/0/100
revised stan-
dards

8 Not discussed, .57/16.0/2.0 -/=/- 0/0/100
included for
completeness

9 No standards -/-/- -/=/- 10.2/59.2/30.6

10 No standards -/-/- -/-/- 0/0/100

[a]l] When no specific standards are given, the LDGT standards
at low altitude are assumed to be .8/10/2.3. The strategy
9 low-altitude standards for LDGVs are assumed to be
.41/3.4/1.0 and the standards assumed are .41/7.0/2.0 for
strategy 10. '

[b] The technology mix for the LDGTs is 100 percent oxidation
catalyst (open-loop carbureted).

[c] The LDGV technology mix of x/y/z indicates that x percent
of fleet 1is assumed to be <closed-loop carbureted, vy
percent of the fleet is expected to be throttle body fuel
injected, and z percent of the fleet is assumed to be
open-loop carbureted.
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Table APII-2

Hydrocarbon Emission Rates at 5,300 Feet

Vehicle Emission Rate[a]
Type Model Year M DR Standard([b] Scenario
LDGV 1981 .59 .21 - All
1982-83 .48 .21 .57 All
1984+ .38 .18 .41 1
.34 .19 41 2,4
.44 .19 .57 3,5
.26 .23 .41 6
.36 .23 .57 7,8
.55 .19 (.41) 9
.47 .23 (.41) 10
LDGTs 1684+ 1.13 0.14 (.8) 1-3,6-10
0.63 0.14 .8 4
0.78 0.14 1.0 5
HDGV 1979-83 6.90 0.32 (1.5) All
1984-85 2.67 0.22 (1.3) All
1986+ 2.34 0.22 (1.3) All
LDDV 1984+ 0.39 0.03 .41 1,2,4,6
0.54 0.03 .57 3,5,7,8
0.90 0.03 (.41) 9,10
LDDT 1984+ 1.40 0.06 (.8) 1-3,6-10
.61 0.06 .8 4
0.76 0.06 1.0 5
HDDV 1984-85 8.03 0.04 (1.3) All
1986+ 6.83 0.04 (1.3) All
[a] Note emission factors, EF, are calculated from EF = ZIM +

(DR)Y, where ZM is the zero-mile emission rate, DR is the
deterioration rate per 10,000 miles and y is the number of
miles divided by 10,000.

[b] () = low-altitude standard.
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Table APII-3

Carbon Monoxide Emission Rates at 5,300 Feet

Vehicle Emission Rate[a]
Type Model Year ZM DR Standard[b] Scenario
LDGV 1981 10.78 3.07 (3.4/7) All
1982 8.13 3.12 7.8/11 All
1983 7.75 3.12 7.8 All
1984+ 5.22 2.76 3.4 1
3.75 2.24 3.4 2,4
6.25 2.22 7.8 3,5
3.58 1.92 7.0 6
5.63 1.92 11.0 7
8.19 1.62 16.0 8
7.44 2.21 (3.4) 9
11.39 1.92 (7.0) 10
LDGTs 1984+ 22.69 1.35 (10) 1-3,6-10
7.13 1.35 10 4
9.85 1.35 14 5
HDGV 1575-83 324.55 8.37 (2.5) All
1984-85 104.16 5.63 (35) All
1986+ 82.29 5.63 (35) All
LDDV 1984+ 1.27 0.05 3.4 1,2,4
2.22 0.05 7.8 3,5
2.22 0.05 7.0 6
2.22 0.05 11 7
2.22 0.05 16 8
2.22 0.05 (3.4) 9
2.22 0.05 (7.0 10
LDDT 1984+ 3.47 0.09 (10) 1-3,6-10
1.98 0.09 10 4
2.77 0.09 14 5
[a] Note emission factors, EF, are calculated from EF = ZIM +

(DR)Y, where ZM is the zero-mile emission rate, DR is the
deterioration rate per 10,000 miles and y is the number of
miles divided by 10,000.

[bl] () = low-altitude standard.
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Table APII-4

Oxides of Nitrogen Emission Rates at 5,300 Feet

Vehicle Emission Rate[a]
Type Model Year M DR Standard(b] Scenario
LDGV 1981 0.52 0.09 - All
1982-83 0.57 G.10 1.0 All
1964+ 0.54 0.10 1.0 1
0.58 0.10 1.0 2-5
1.27 0.08 2.0 6-8
0.52 0.09 (1.0) 9
0.99 0.06 (2.0) 10
0.95 0.09 1.5 10 with
1.5 std
LDGTs 1984+ 0.98 0.03 (2.3) 1-3,6-10
1.26 0.04 2.3 4,5
HDGV 1984+ 7.55 0.09 (10.7) All
LDDV 19684+ 0.75 0.05 1.0 1-5
1.49 0.06 2.0 6-8
0.75 0.05 (1.0) 9
1.49 0.06 (2.0) 10
1.11 0.06 (1.5) 10 with
1.5 std.
LDDT 1684+ 1.89 0.07 (2.3) 1-3,6-10
1.89 0.07 2.3 4-5
HDDV 1984+ 22.90 0.12 (10.7) All
[a] Note emission factors, EF, are calculated from EF = ZIM +

(DR)Y, where ZM is the zero-mile emission rate, DR is the
deterioration rate per 10,000 miles and y is the number of
miles divided by 10,000.

[b] () = low-altitude standard.
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Table APII-S

Selected Emission Rates at 1,800 Feet
for 1984 and Later Model Years

Emission Ratela]

{b]

Pollutant Vehicle Type ZM DR Scenario

HC LDGV 0.37 0.17 1
0.33 0.18 2,3

LDDV 0.39 0.03 All

Co LDGV 4.27 2.13 1
3.21 1.88 2,3

LDDV 1.27 0.05 All

NOx LDGV 0.56 6.10 1
0.63 0.11 2,3

LDDV 6.75 G.05 All

[a] Note emission factors, EF, are calculated from EF = M +

(DR)Y, where ZM is the zero mile emission rate, DR is the
deterioration rate per 10,000 miles and y is the number of
miles divided by 10,000.

() = low-altitude standardg.
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Table APII-6

Annual Growth Rates for Stationary and Off-Highway Sources

Growth Rates 1577-95

Pollutant Source Zero Growth Low Growth High Growth

03 Off-Highway N/A[a] +2.5 +2.5

Stationary Area N/A +0.0 0.0

Petroleum N/A +0.8 +1.9

Storage N/A +0.8 +1.9
Industrial

Processes N/A +0.8 +3.1

Other Solvent N/A +0.8 +0.8
Industrial

surface N/A +0.8 +3.3

Cco Off-Highway +2.5 +2.5 +2.5

Stationary Point +2.4 +2.4 +z.4

Combustion +0.8 +0.8 +0.8

Stationary Area 0.0 0.0 0.0

NOx Off-Highway +2.5 +2.5 +2.5

Stationary Point +3.5 +3.5 +3.5

Combustion +0.8 +0.8 +0.8

Stationary Area 0.0 0.0 0.0

[a] Not Applicable. A zero-growth rate case was not analyzed
for czone.



Average Percent Changye in tne Ambient CO Counceuntration Level
from the Base Year With Iuspection/Haintenance

Table APII-7

(sero-ygrowth rate)

Scenario Description 1986 1987 1948 194y LYYU  1yy3  1¥Y5
1 Continuous All Alt. Stds. -52 =57 -02 -66 -09 -74 -To
2 Fixed Pt. All Alt. Stus. -52 -58 -63 -b7 -69 -75 =77
3 Fixed Pt. Proportional Stds. =52 =57 =01 -65 -09 -74 -76
4 Fixed Pt. All Alt. Stds. -53 =58 -63 -08 =74 -76 -738
5 Fixed Pt. Proportional Stds. =52 -58 -02 -60 -69 ~-75 =717
6 Fixed Pt. All Alt. Stds. -52 -58 -62 -67 -6Y -74 -77
7 Fixed Pt. Proportional_stds. =52 =57 -02 -65 -69 -74 -76
8 Fixed Pt. Proportional Stds. -51 =57 -61 -65 -u7 =72 =75

8-IIdv



Table APII-8

Total Number of CO NAAQS Violations With Inspectiou/kaintenauce

(zero-yrowth rate)

Scenario Description 1ydo 1987 1988 198Y 199y 1993 1YYo
1 Continuous All Alt. Stds. i3 0 2 U U ] v
2 Fixed Pt. All Alt. Stds. 13 5 2 ) U V U
3 Fized Pt. Proportional Stds. 13 6 3 U v ) )
4 Fixed Pt. All Alt. Stus. 12 5 2 v U U J
5 Fixed Pt. Proportional stds. 13 5 2 0 U 1] U
6 Fixed Pt. All Alt. Stds. 13 5 2 J U v v
7 Fixed Pt..eroportional Stds. 13 6 2 ] U ) U
8 Fixeu Pt. Proportiounal Stds. 13 ) 3 L U U U

6-IIdvY



Averayge Percent Chanygye in the Ambient CO Concentration Leveld

Table APII-9

from the Base Year Without Inspection/Maintenaiuce
(zero-yrowth rate)

Scenario Description 1986 1987 1988 198Y 199U 1993 1995
1 Continuous All Alt. Stds. -42 -43 -53 =57 -6l -00 -0Y
2 Fixed Pt. All Alt. Stds. -43 -48 ~-54 -58 -62 -6y -72
3 Fixed Pt. Proportional sStds. -42 -48 ~53 =57 -61 -8 -7v
4 Fixed Pt. All Alt. Stds. -44 -4y -55 -oU -03 -7V -73
5 Fixed Pt. Proportional Stds. =-43 -49 -53 =58 -02 -69 -7
6 Fixed Pt. All Alt. Stds. -43 -49 ~-54 -59 -62 -0y -72
7 Fixed Pt. Proportional Stds. -43 -48 -53 =58 -62 -0Y =71
8 Fixed Pt. Proportional stds. -42 -43 -53 =57 -6l -67 -7y

0T-Ixgav



Tavle APII-10

Total Number of CO NAAQS Violations Without Inspection/Haintenance
(zero-yrowth rate)

Scenario Description 1986 1987 1988 1989 1990 1993 1995
1 Continuous All Alt. Stds. 31 18 8 3 1 U U
2 Fixed Pt. All Alt. Stds. 30 le6 7 3 1 J U
3 Fixed Pt. Proportional Stds. 31 18 3 3 i U U
4 Fixed Pt. All Alt. Stds. 27 15 7 2 L V] J
5 Fixed Pt. Proportional Stds. 30 15 7 3 1 J U
6 Fixed Pt., All Alt. Stds. 30 15 7 3 1 v U
7 Fixed Pt. Proportional Stds. 30 16 8 3 " U U
3 Fixed Pt. Proportiounal stds. 31 18 3 3 1 V] U

T11-I14avY



Average Percent Chanyge in Awmbient NOXx Concentration Level
from the Base Year With Inspection/Maiuntenance
(zero-yrowth rate)

Table APII-11

Scenario Description 1986 1yg87 1988 1989 1990 1993 1995
1 Continuous All Alt. Stds. -2 -2 0 U U 4 0
2 Fixed Pt. All Alt. Stds. -2 -2 U 0 2 4 0
3 Fixed Pt. Proportional Stus. -2 -2 U 0 2 4 6
4 Fixed Pt. All Alt. stds. -2 U U U 2 4 L
5 Fixed Pt. Proportional Stds. -2 U 0 U 2 4 0
6 Fizxed Pt. All Alt. Stds. U 2 2 4 6 10 12
7 Fixed Pt. Proportional Stds. U 2 2 4 0 lu 12
8 Fixed Pt. Proportional Stds. U 2 2 4 6 i0 12

¢I-I14av



Total Number of NOx NAAQS Violations With Inspectiou and Maintenauce

Table APII-12

(zero-yrowth rate)

scenario Description 1986 1987 1988 1989 199U 1993 1vYs
1 Continuous All Alt. Stds. U U U U U U J
2 Fixed Pt. All Alt. sStds. \ 0 U 0 0 v U
3 Fixed Pt. Proportional Stds. 0 0 U U J 0 J
4 Fixed Pt., All Alt. Stds. 0 0 U 0 U 0 0
5 Fixed Pt. Proportional Stds. 0 U U U U U U
6 Fixed Pt. All Alt. Stds. 0 0 U U U V i
7 Fixed Pt. Proportionali Stds. U J U U U U 1
8 Fixed Pt. Proportional Stds. ] 0 0 U U U 1

€T1-I1Iav



Table APII-13

Averaye Percent Chanye in the Anbient NOx Concentration Level
from the Base Year Without Inspectio/Maintenauce
(zero-yrowth rate)

Scenario Description 1986 1987 1988 1989 1990 1993 1995
1 Continuous All Alt. Stds. -2 -2 0 U V) 4 )
2 Fixed Pt. All Alt. Stds. -2 -2 0 U 2 4 6
3 Fixed Pt. Proportional Stds. -2 -2 0 U 2 4 6
4 Fixed Pt. All Alt. Stds. -2 0 U ] 2 4 v
5 Fixed Pt. Proportional sStds. -2 U U U 2 4 )
6 Fixed Pt. All Alt. Stds. 0 2 2 4 6 iU 12
7 Fixed Pt. Proportional stds. 0 2 2 4 6 10 12
3 Fixed Pt. Proportional Stds. U 2 2 4 0 1u 12

PT-1II4dv



Table 'APII-14

Total Number of NOx NAAQS Violations without InsEect;ou/Mainteuauce
(sero-yrowth rate)

Scenario bescription 1986 1987 1988 19489 1990 1993 1995

1 Continuous All Alt. Stds. 0 0 U J U U U
2 Fixed Pt. All Alt. Stds. 0 v 0 U 0 ] J
3 Fixed Pt. Proportional Stds. 0 0 0 U U u U
4 Fixed Pt. All Alt. Stds. ’ 0 0 U 0 J U U
5 Fixed Pt. Proportional Stds. 0 0 0 U U U U
6 Fixed Pt. All Alt. Stds. 0 U U U U U i
7 Fixed Pt. Proportional Stds. 0 0 U U U U 1
8 Fixed Pt. Proportional Stds. 0 U 0 U U U 1

ST-II4dv
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Appendix 111

Supplemental Information for the Economic Analysis

1. DEVELOPMENT COSTS

All vehicles except those using "unmodified electronic
feedback systems"™ will require a unique calibration £for high
altitude. Calibrations are historically developed through a
series of reiteration involving theoretical studies, carburetor
flow bench testing, and Federal Test Procedure (FTP) testing.
FTP testing is by far the most expensive portion of any
calibration effort; therefore, development <costs can be
adequately characterized by conservatively estimating the
average number of FTP tests required per engine family.

Estimating the number of FTP tests required for compliance
with the standards is a problem. In reality the number 1is
likely to be different for each engine family kecause of the
variety of emission control systems and because calibrations
within an engine family will require different degrees of
development effort.

The difficulty of estimating the necessary development was
not diminished by manufacturers' comments to the 1982 and 1983
interim standards, which is a major source of data for this
study. Despite the fact that many manufacturers made repeated
claims that high-altitude testing facilities were inadequate, a
statement that should have been based on an estimate of the
requisite development testing, only one manufacturer provided
specific information. Therefore, in order to estimate the
guantity of development testing, EPA relied primarily on 1its
own experience with development programs at the Motor Vehicle
Emissions Laboratory and on the past experience of its
technical staff while they were employed in development areas
of the automobile industry.

Fcrd estimated that 52 hi¢gh-altitude calibrations would be
needed and that 150 FTP tests would bLe required per
calibration. EPA's independent estimate is in basic agreement
with Ford. Historically, developing a low-altitude calibration
can indeed take 150 tests. However, it is unlikely that such a
great number cf tests would be required to develop a suitable
high-altitude calibration,. EPA reasons that calibrating
high-altitude hardware will be 1less difficult for several
reasons.

Typically, low-altitude calibrations are determined
simultaneously. Such a <development program provides no
opportunity to learn from prior experience with similar
calibrations within the same engine family. Because special
durability and emission-data vehicles will not be required,
manufacturers will often develop high-altitude calibrations
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after the low-altitude hardware has been determined. The
experience and information that were generated in producing
low-altitude calibrations can then be used to reduce the effort
required to develop high-altitude calibrations for the same
vehicle configurations. Also, the overall technical problem is
greatly reduced since the basic changes that must be made to
compensate low-altitude hardware for the effects of higher
altitude are generally well known.

Furthermore, the actual number of calibrations per engine
family may be 1lower for high-altitude vehicles than for
locw-altitude vehicles. Manufacturers may develop many mmore
low-altitude calibrations than are actually requireé¢ Lecause
the potential low-altitude market 1is so ¢reat that the
resulting small improvements in driveability and fuel economy
(CAFE) 3justify the additional development costs. This amount
of optimization may not be needed or justifiable for the
smaller high-altitude market, i.e., one calibration may suffice
for several 1low-altitude calibrations. 1In this situation the
"worst case" <calibration for several vehicle configurations
within an engine family will be developea first, ana, if
suitable for other similar configurations, will be used unless
time, financial resources, and perceived benefit dictate
otherwise. Even though manufacturers may provide fewer
calibrations andg, therefore, less optimization at high
altitudes as compared to low altitude, high-altitude consumers
will still benefit from the development work which will be
done. High-altitude vehicles should perform better and give
better fuel economy than unadjusted 1low-altitude vehicles
operated at high altitudes with much richer fuel-air mixtures.

Although rno cetails were given, Ford may have based their
estimate of 52 high-altitude calibrations on the fact that less
optimization would be required for the high-altitude market
than the 1low-altitude market. In 1980, Ford certified 20
light-duty motor vehicle engine families. This figure and
Ford's estimate of high-altitude calibraticns translates into
akbout 2.5 calibrations per engine family. This is in contrast
to Forda's 1580 certification data which shows an average of
perhaps 10 calibrations per engine family. Therefore, it 1is
reasonable to conclude that Ford expects significantly 1less
optimization at high altitude than at low altitude.

EPA estimates that, on the average, 100 FTP tests per
engine family should be sufficient to calibrate a 1light-duty,
gascline-fueled vehicle. This, of course, assumes that some
calibrations will be more difficult to develop than others and
some will be less difficult. It appears that feedback systems
should generally be easier to calibrate than many non-feedback
(aneroid) systems. Additionally, some non-feedback systems are
also expected to be gquite easy to calibrate. Manufacturers'
comments to the 1582 and 1983 interim package indicated that
some vehicles could comply with the standards by manipulating
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adjustable parameters on existing low-altitude nardware,
However, to be conservative, EPA will use 150 tests per engine
family to determine the manufacturer's development costs due to
this regulation. The additional 50 tests will allow for
expenses that are not explicitly accounted for in this
analysis. These expenses include <costs for additional
engineering support at the manufacturers' heaugyuarters,
building prototype hardware, and bench testiny.

The number of LDV engyine families to be certified for 1984
is, of course, unkown at this time. EPA has assumed that
approximately the same number of enygine families will be
certified in 1984 as was certified in 1980. 1In 1980 there were
109 nonCalifornia LDV gyasoline engine families certified.
These 1include families for sale 1in either the 49 states,
excludiny California, or the 50 states, includingy Califoruia.
Engine families which are certified for sale in California only
have been excluued because these proposed reyguiatious do not
apply to tnose vehicles. Thus, the maxiawum numnber of families
that could underygyo engine developnent is 109 fawiiies, auu this
would occur in scenarios la and ic. In sceunarios where somne
venicles are exempted from sale at hiygyh aititude (sceuarios uiw,
2, 3a and the base scenario) the exempt engyine families will
not have to undergyo development. As 1s explained 1iu tue
certification section below, it will be assumed that the
fraction of engine families which will uot be certiiied for
high altitude (i.e., exempted) will be the same as that
fraction of sales exemnpted. Also, under scenarios 3a, J3b, aud
the base scenario, some vehicles will not have to underyo
development because these vehicles have systems with inhereut
capability to compensate for the etffects of altitude. The
percentaye of these vehicles which will not underyo developuent
is shown in Tables V-2 and V-3 of Chapter V. A4gain, the
percentage of engine families not having to undergo deveiopuelt
is assumed to be the same as the percentaye of sales. Thus,
for scenarios 1b, 2, 3a, 3b, and the base scenario, less than
the total amount of families appeariny in any given mnodel year
will need special high-altitude developunent.

There is, of course, the possibility of carryover from the
base scenario of emnission-data results from 1983 to 1984,
thereby reducing the amount of development testiny regyuired in
1984. Since all vehicles sold at high altitude in 1982 or 1943
by definition fall under the base scenario there will Dbe no
developnent costs for this scenario in 1984. It 1is unlikeiy,
however, that manufacturers could apply tue developmeut results
of the base sceunario to each of the other scenarios. Thus, to
be conservative, it is assumed that carryover of emnission-data
results in the base scenario will not be used when deteruining
the costs for all other scenarios in cases where vehicles are
modified. For unmodified vehicles in scenarios 3a aund 3b,
carryover is assumed as would occur under the base scenario.
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Now that the testing requirement has been estimated, the
price per test remains to be determined before the cost of
development can be found. Information obtained from commercial
testing facilities located in Denver, Coloradc, indicate that a
manufacturer may run a development quality FTP test for about
$375. Of course, the cost for manufacturers with their own
private facilities will be less. In calculating the cost of
development, EPA will use $500 per test to provide an adequate
allowance for engineering and technical support, and prototype
vehicle shipping expenses.

Table V-8 shows the development costs for the families
with unique high-altitude <calibrations. Again, the base
scenario requires no development. -Development costs for
scenarios other than the "base scenario® are estimated to be a
total of $3.38-8.18 million.

II. CERTIFICATION

Certification for this high-altitude standard will begin
in 1984 for 1light-duty vehicles. The certification cost will
differ according to each prescribed scenario and according to
the certification procedure which is ultimately adopted for
1984 and later model years. For this analysis, EPA has assumed
that certification will be similar to that currently used 1in
the interim high-altitude program (i.e., actual vehicle tests
will Le conducted).

Under scenarios with exemptions, exempted vehicle families
are prohibited from sale at high altitude and, therefore, will
not require to be certified to meet a high-altitude standard.
For fixed-point scenarios, manufacturers will be allowed to use
their low-altitude 4,000-mile data vehicles by modifying these
vehicles into the selected high-altitude configuration. For
the continuously proportional or statutory standards,
manfacturers must certify a 4,000-mile aata vehicle with the
same configuration at low and high altitude.

In all scenarios, manufacturers will not Le required to
build and accumulate mileage on special high-altitude
certification vehicles. Deterioration factors for
high-altitude vehicles will be the same as those developed with
low-altitude, 50,000-mile durability vehicles, In EPA's
emission factor program, deterioration rates cf in-use vehicles
at high ana 1low altitudes were compared. No statistically
significant Gdifference was found between the vehicle.
Therefore, the assignment of high-altitucde DFs based on
low-altitude DFs is justified by in-use experience.

Under all scenarios manufacturers will also be allowed to
select one emission-data vehicle per engine family which 1is
expected to have the worst emissions when tested under
high-altitude conditions. This emission-data vehicle will be
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one of the emission-data vehicles previously selected for
testing at low altitude. Thus, this regulation will not cause
the manufacturers to incur the additional cost of building a
new emission-data vehicle and of accumulating 4,000 miles on
this vehicle.

The fraction of exempted vehicles for each scenario was
derived in Chapter 1I of this report. It will be assumed that
for each fraction of the total vehicles that are exempted, the
same fraction of engine families is exempted from
certification. For example, in scenario lb, 25 percent of all
vehicles are estimated to be exempt, which translates into 25
percent of all engine families.

The net certification costs for each alternative scenario
should be those costs that are incremental to the certification
costs that would normally have occurred £for high altitude 1in
1984 under the base scenario which is a continuation of the
existing interim standards. Therefore, manufacturers woula
still certify to the levels of the 1982/1983 interim standards,
thus already incurring certification costs. These should be
"creditea" towards the total certification costs that would
otherwise be required for each scenario.

After calculating first for the base scenario itself, the
incremental cost will be calculated for scenario 2, which is a
fixed-point statutory strategy and is very similar to the base
scenario, which is a fixed-point proportional strategy. Then
the costs for the continuous statutory and continuous
proportional scenarios will be calculated (scenarios la, 1lb,
lc, 3a, and 3b), again incremental to the base scenario. ‘he
summary of certification costs are shown in Table V-9,

A. Base Scenario

The Dbase scenario 1is a fixed-point scenario, where
manufacturers can certify an emission-data vehicle at low
altitude and a modification of the vehicle at high altitucde. A
high-altitude stanuard would not affect the certification
status of a "low-altitude" emissiocn-aata vehicle. Thus, only
the cost of a "high-altitude" emission-data vehicle is uue to
the promulgation of a high-altitude standard.

In 1984 it is estimated that if there were no carryover,
then 117 LDV engine families will be certified, the same number
as that in 1980. This bLreaks down to abocut 109 LDVG anad 8§
LDDV. For the base scenario in 1984 and thereafter, it 1is
estimated that 10 percent of emission-data vehicles will obtain
carryover from the previous vyear. This figure was based on
recent certification data for emission-data vehicles. Thus, S0
percent of the total number of LDGV engine families, or about
98 families, will be certified under the base scenaric in 1984,
if there were no vehicle exemptions. However, it 1s estimated



APIII-6

that 5 percent of engine families will be exempted, so that 93
families will undergo certification.

The estimated cost per test is $1,900.[1) This figqure
includes $1,000 for testing and $900 for vehicle
transportation. Approximately 1.5 tests will be performed per
engine family. This estimated testing cost may be high for
manufacturers with their own high-altitude facilities. These
manufacturers have one less profit center to account for than
do manufacturers who contract for certification at commercial
facilities. To be conservative, however, this potential cost
savings will not be included in this analysis.

The certification costs for the base scenario is $265,000
for 1984 and each year after. These costs have Lbeen calculated
keeping in mind that 5 percent of engine families are
exempted. This certification cost should be subtracted from
the total certification costs of alternate scenarios.

B. Scenario 2

In this scenario, as with the base scenario, only the cost
of recalibrating a "high-altitude" emission-Gata vehicle is due
to the promulgation of a high-altitude standard. Thus, with an
estimated engine family exemption of 15 percent it is estimated
that 93 gasoline-fueled LDVs will have to undergo certificaticn
in 1984 and 90 percent of this number in 1985 and thereafter.
The incremental cost to the base scenario is then $0 for 1984
and each year after. This cost is also shown in Table V-9 .

C. Continuous Statutory and Continuous Proportional Scenarios
(Scenario la, b, ¢ and 3a, b)

Under these scenarios manufacturers must show that each
nonexempted vehicle can meet certification requirements at bLoth
low and high altitude. In some instances this may require the
recertification of a vehicle at low altitude due to significant
changes in the engine families that were already certified in a

previous year. In other <cases, 1if the manufacturer can
demonstrate that new control hardware devices show no effect on
previous certification results, then the low-altitude

certificaticn process need not be repeated.

In 1984, it is expected that all LDV vehicles will have to
undergo certification testing at high-altitucde to meet a
continuous high-altitude standard with the exception of
exempted vehicles or for vehicles that would not require
modification to meet proportional as in scenario 3a. In this
particular scenario the testing requirements for unmodified
vehicles at 5,300 feet from the previous model year would be
sufficient to demonstrate compliance. Therefore, the
high-altitude certification costs for scenario 3a are similar
to the base scenario except for the absence of exemptions.
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However, not all of these vehicles will have tc be recertifiea
at low altitude, because a high-altitude standard should not
always cause manufacturers to incorporate a major change 1in
engine design that would affect previous low-altitude emission
results. Many of the <control hardware items ©previously
discussed in this chapter are more or less "add-on" devices
that do not affect engine operation (anu, hence, emission
results) at low altitude. These devices would automatically
perform their emissions compensating function as the vehicle is
driven at higher altitude. For example, a continuous aneroia
compensates for the decrease in air density encountered at high
altitudes by allowing the "bleeding" of more air. At low
altitude, the continuous aneroid would not affect the air
intake, thus not affecting engine operation and emission
results.

However, some control hardware components may indeed cause
engines to operate differently at low altitude as well as high
altitude and thus, require certification at low altitude. Such
control hardware would Le the ELCS, a turbocharger, and the
change to a feedback control system, For example, a
turbocharger increases a vehicle's power for each <cylinder
stroke cycle regardless of altitude. Thus, upon implementation
of the ELCS, turbocharger, or feedback control system,
low-altitude certification is required. It is assumed that for
scenarios la, 1lb, 1lc, and 3b, the percentage o¢f vehicle
families equipped with ELCS, turbochargers, or feedback
control, is egual to the percentage of total vehicles sold with
these components. For example, 33 percent of vehicles in
scenario 1lc require either ELCS, turbocharging, or feedback
control, and this <corresponds to 33 percent of engirne
families. This relationship was based on the belief that these
engine families will represent the 1lower power to weight
vehicles with higher fuel economy, and that vehicles sold from
these engine families will represent an approximately egqual
percentage of the total vehicle market in 198&4.

The number of LDV emission-data vehicles certified after
1984, or 1985-68 in this analysis, will be 90 percent of the
number of vehicles certified in 1964. As previously statead
this figure was based on recent certification data for
emission-data vehicles. Low-altitude certification costs after
1984 should not be attributed to this 1984 high-altitude
standarGa, since it would be normal practice for manufacturers
to certify at low altitude regardless of a 1984 standard.

As aiscussed above, it is estimated that 109
gasoline-fueled engine families will be certified in 1684,
unless families are exempted. Each durability vehicle for the
low~-altitude portion of certification costs about $197,000,([2]
and each emission-data vehicle for normal low—-altitude
certification costs $27,000.[2] Each engine family has one
aurability vehicle and about 3 emission-data vehicles at 1low
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altitude. Again, the certification test cost 1is about $1,000

and approximately 1.5 tests are performed for each engine
family.

The incremental certification costs are shown in 1Table
v-S. These costs were calculated in the same manner as for
scenario 2. Thus, when the certification cost of $265,000 for
LDVs 1is "credited®, the incremental costs are $0-$18,773,000
for the first year, and $0-14,000 each year after. As
discussed above, this large range of costs is due to the fact
that some scenarios do not require all vehicles to be certified
at low altitude, and thus these vehicles will not incur the
expense associated with durability and emission-data vehicles.
These 1incremental certification costs will bLe carried out
through the remainder of this report.
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