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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



ES-4

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
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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:



I-6

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
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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).
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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



I1I-10

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.



I1-17

References

1. "Control of Air Pollution from New Motor Vehicles
and New Motor Vehicle Engines Final High-Altitude Emission
Standards for 1982 and 1983 Model Year Light-Duty Motor
Vehicles,"” U.S. EPA, 45 FR 66984, October 8, 1980.

2. "High Altitude and Street Canyon Carbon Monoxide
Monitoring in Region VIII During the Winter of 1978-79," U.S.
EPA, Region VIII, Denver, CO.

3. "Final Regulatory Analysis - Environmental aad
Econonic Impact Statement for the 1982 and 1983 Model Year
High-Altitude Motor Vehicle Emission Standards," U.S. EPA,
OANR, OMS, ECTD, SDSB, October 1980.

4, "Carbon Mounoxide Data - High Altitude, January-March
1980," Motor Vehicle HManufacturer's Association, April 1980.

5.  "proposed High-Altitude Emission Standards for 1982
and 1983 Model Year Liygyht-Duty Motor Vehicles,"™ U.S. EPA, 45 FR
5988, January 24, 1980.

6. Controi of Air Pollution from New Motor Vehicles and
New Motor Vehicle Engines: Gaseous Emission Regulatiouns for
1985 and Later Model Year Ligyht-Duty Trucks and 1986 and Later
Model Year Heavy-Duty Engines,"™ U.S. EPA, OANR, OMS, ECTD,
SDSB, 45 FR 5838, January 19, 1981.

7. "summary 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, SDSB, October 1980.

8. "Technical Feasibility of the Proposed 1982-83
- High-Altitude Standards for Light-Duty Vehicles and Liygyht-Duty
Trucks,"™ U.S. EPA, OANR, OMS, ECTD CTAB, August 1980.



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
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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