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METHODE OF VALUVING AIR POLLUTION AND ESTIMATED MONETARY
VALUES OF AIR POLLUTANTS IN VARIOUS U.S. REGIONS

by
M.Q. Wang, D.J. Santini, and 8.A. Warinner

ABSTRACT

Air pollutant emission values are used to determine the social costs
of various technologies that cause air pollution and to estimate the benefits
of emission control technologies. In this report, we present two methods of
estimating air pollutant emission values — the damage value method and
the control cost method—and review 15 recent studies in which these
methods were employed to estimate emission values. The reviewed studies
derived emission values for only a limited number of areas; emiagsion value
estimates are needed for other U.5. regions. Using the emission values
estimated in the reviewed studies, we establieh regression relatiomships
between emission values, air pollutant concentrations, and total population
exposed, and apply the established relationshipe to 17 U.S. metropolitan
areas to estimate damage-based and control-cost-hased emission values for
reactive organic gases, nitrogen axides, particnlate matter measuring less
than 10 microns, sulfur oxides, and carbon monoxide in these areas. Our
estimates show significant variations in emission values across the
17 regions.

SUMMARY

Quantifying the monetary value of air pollutant emisgions has become increasingly
important because of the need to determine the social costs of varions technologies that canse
air pollutant emissions and to estimate the monetary benefits of emission control
technologies, Although emingion values in atbainment areas might be treated as being zero
{unless the area could fall into nonattainment if emission controls were not maintained),
emission values in nonattainment areas cannot be zero. Therefore, emiasion values must be
chosen {o evaluate the sccietal costs and benefits of the projects that cause air pollutant
emissions. Yet emigsion value estimates are lacking in many regions; even for the regions
where these estimates have been made, they are subject to many uncertainties. In this
report, we present methods for estimating emission values, review previous studiez on
emission valuation, and estimate emiggion values for regions where these values have not yet
heen developed.,

Two general methods can be used to estimate air pollutant emisgion values: damage
value and control cost. The damage value method, used to estimate the monetary cost of
damages caused by air pollutant emissions, involves seven steps: (1) identifying emission




sources, (2) estimating emissions, (3) simulating air pollutant concentrations in the
atmosphere, (4) estimating exposure of humans and other objects to air polluiant
concentrations, (6} identifying the phyaical effecta of air pollutant eoncentrations on humans
and ohbjects, (6) completing an economic valuation of physical effects, and {7) calculating
dollars-per-ton emisgion valuea,

The control cost estimating method is based on the presumption that emission
standards or air quality standards are eatablished at the ideal level — where the marginal
damage of air pollution is equal to the marginal control cost. In this appreoach, it is assumed
that the cost required to meet predetermined air quality standards imposed by legislators
"reveals” the value society placea on the emissions being controlled. Therefore, the estimatad
marginal control cost to meet air quality standards represents the marginal damage value
of air pollution when air quality standarda are met. Two major steps are involved in the
control cost method: (1) identifying the marginal control measures required to meet
predetermined zir quality standards and (2) estimating the dollars-per-ton coet for each
identified control measure.

The damage value method, which directly estimates emission wvalues, seems
theoretically sound, However, in practice, the method suffers from necessary assumptions
and simplifications and from tremendous uncertainties involved in each estimating step. The
cumulative effect of these uncertainties is to reduce the accuracy of the sstimated damage
values, Studies based on the method cannot practically include all potential adverse air
pollution effects in estimating damage values; some effects are usvally excluded, and
consequently, damage values are underestimated. There are some scientific dispules
concerning the validity of the method and its reliability. Many analyats outside the discipline
of economics are critical of the damage value estimating method — philosophical uneasiness
results when economists place dollar values on such intangibles as human life and human
disocrafort. Also, because of complex methods involved in each of the estimating steps, use
of the damage value estimating method is time-consuming and resource-intensive.
Consequently, the control cost method has heen nsed more frequently than the damage value
method to estimate air pollution ¢migsion values,

The control cost method involves fewer estimating steps, assumptions, and resources;
can generate cost estimates more guickly; and does not require highly specialized expertise
to construct emssion value estimates. However, the method is based on the fundamental
assumption that legislators and/or regulators establish emission and air guality standardz
solely on the basis of the marginal damages and the marginal control coats of meeting the
standards. In reality, establishment of emizsion and air quality standards iz a highly
political procese; economic implications are only one of many factors considered. On the hasis
of strict economic theory, it is improper t0 treat the estimated marginal control costs as the
value for emission damages. Nevertheless, the caleulated cmtrol cost represemis the
opportunity cost of meeting the standards. If new, less costly control systems can be
developed, the most costly measures can be avoided. It is the "avoided opportunity cost” that
this report adopts. However, we do not take the position that emission damage values are
accurately represented by the estimated emission control costs. In many cases, emigsion




damage values can differ significantly from control costs, Thus, comtrol costs cannot
represent damape values.

In the past several years, various studies were conducted to estimate air pollutant
emission values in California, Oregon, Nevada, and the northeastern United States. These
studies, conducted nsing the damage value and/or the control cost estimating method, have
frequently been cited and used by various public and private organizations without careful
congideration of their methodologies and assumptions. In thiz report, we review the
methodologies, assumptions, and results of past major studies on emission value estimation.
Six of the studiea were conducted by wsing the damage value method. When estimating
emission values, these studies nsually considered current air quality status and added power
plant emissions to the study areas — in a sense, estirnating emission values under the
current air quality statua, The six damage-hased etudies resuited in very large differences
in emission values among various regions. The differences are cansed by sir pollutant
concentrations, population exposed, and metheds and assumptions used. Differences in
methode and assumptions oftan cause significant differences in the values estimated,
contaminating the estimated emission values for comparison purpoaes.

Nine of the studies we reviewed used the control cost estimating method. Like the
damage-based studies, the control-cost-based studies showed wide variations in emission
values among various regions. The variations are caused primarily by the marginal control
technologies selected, which are determined by air quality status in a region. Emission
values egtimated by various studies for the same region also vary significantly, because of the
different control technologies selected and assumptions regarding the costs and emission
reduetions of the zelectad technnlogies.

We alzo found large diacrepanciea between the damage-based and control-cost-based
emission values; damage-hased estimatea are generally, but not always, lower. Because of
exclusions of cartain air pollutant effeets and the simplifying assumptions invoelved in these
atudies, we believe that damage-based estimates under-represent actual emission values,
rather than that emissions are over-controlled. However, given our perspective (that the
damage value method wsually underestimates emission values), wo believe that a damage-
value-hased estimate that iz higher than a control-cost-based estimate implies under-contral
by current regulaticns. Damage-based values for PM,, (particulate matter less than
10 micrometers in diameter} are actually higher than control-cost-based values, implying that
PM,,, regulations may not have been etrict enough.

The reviewed studies estimated emission values only for a limited number of areas.
In adopting or proposing emisgsion values, public and private organizatione often apply the
emission value estimates for previously studied areas directly to their own areas, without any
adjustments to reflect the differences in air quality status and total popilation between their
regions and the previously studied regions. Because of these differsnces, emission valuea can
and should differ significantly among regions.

In order to generate region-specific emission values, damage value models should
ideally be run for a particular region to estimate damage values, and emiasion control costs




should be estimated by taking ints account the control measures and their costs applied to
the region. However, limited resources may prevent such detailed, accurate estimates for
individual regions.

In this report, using the emission values estimated in previous original studies, we
extablished regreasion relationships between emission values, air pollutant concentrations,
andl total population. Our estimated regression relationships generally take logarithmic
forma. We applied the established regression relationships to 17 U5, metropolitan areas to
estimate emission values for these areas. Although our regression-hased values may not be
as accurate ag the estimates made by using the damage value or the control cost method for
a particular area, they are more accurate than direct application of the emission valae
eatimates for other areas to the study area.

To allow the flexibility of choosing between damage-based and control-cost-based
emission values, we established two sets of regression relationships — one for estimating
damage-bazsed values and the cther for estimating control-cost-bazed valuas. We estimated
damage-based values for nitrogen oxides (NQ,), reactive organic gases (ROQ), PM,,, and
sulfur oxides (SO,), and econtrol-cost-hased values for NO,, ROG, PM,,, SO,, and carbon
monoxgide {CC). Table 8.1 presenis our repression-estimated emission values for the
17 metropolitan regions. Note that original estimates of emiasion values are already
available for soven of the regions (Boston, Las Vegas, Los Angeles, New York, Sacramento,
San Diego, and the San Franciaco Bay area). Our purpose in developing estimates for these
areas is to compare our regression-based estimates with the original estimates.

Regreasion-cstimated emission values vary significantly acress the 17 areas. In
particular, per-ton damage-bazed emission values vary from $910 te $9,800 for NO_, $320 to
$5,110 for ROG, 32,450 to $17,200 for PMm, and $2,190 to $3,970 for Sﬂw Control cost-
based emission values vary from $5,220 to $21,850 for NO,, $5,100 to $19,250 for ROG,
$2,400 to $6,060 for PM,,, $3,130 to $13,480 for 30O, and $1,410 to $4,840 for CO. Emission
values in Los Anpeles are always high, while those in Las Vegas are usmally low. Estimated
damage-based values are lower than estimated controi-cost-based values for each pollutant
except PMy,, — probably because of underestimation of damage values in previous original
studies, in which not all air poliution effects were considered. However, when the differences
are extremely large, it is certainly possible that control cost estimates are too high.

We aiso reviewed past studies estimating greenhouse gas emission values, For these
studies, researchers generally estimated emission values for carbon dioxide {COy) by
considering various options for controlling CO, emissions. Emission valuwes for other
greenhouse pases were usuaily calculated on the bagis of the estimated CO, value and the
global warming potentials of other greenhouse gases relative to that of CO,. On the basis
of these studies, we suggest a perton value of $156 for CO,, $150 for methane (CH,), $2,700
for mitrogen oxide {N;O), $33 for CO (a2 a greenhouse gas), $106 for nonmethane organic
gases {(NMO(G) (as a greenhouse gas), $210 for NO, (a8 a greenhouse gas), $19,500 for
chloroflnoracarbon (CFC)-11, and $55,5600 for CFC-12.




TABLE 8.1 Estimated Emission Valuea for 17 US. Regions

Emizgion Value (§ton, 1989 dollars)

Aren NO, ROG PM,, 50, cO
Damage-Based
Atlanta 4,330 2,15) 5,170 2,120 N/A
Baltimore 4,430 2210 4,520 2,620 WA
Boston 4,120 2,030 5,080 25240 NA
Chicago 5980 2,700 10,840 3600 NA
Denver 2,840 1,350 3,390 2.330 NiA
Housgton 6,890 3,540 5,190 2910 N/A
Las Vegas 910 320 2,450 HM.’ NiA
Los Angeles 2.800 5110 17,200 3.970 NiA
Milwankes 3590 1,930 2,961} 2,210 N/A
Neow Orlaans 3,880 L910 3,600 24Tt N/A
New York T.130 3,650 15,130 4030 NFA
Philadelphia 5940 3,010 8260 3.340 Nfa
Sacramento 3,870 L9200 3,150 0 2,190 N/A
San Diego 5510 2800 4,800 2,600 N/A

San Francigeo Area 3,730 1,810 5,970 2,970 Nia
San Joaquin Valley 4,490 2,240 6,650 2,610 Nra

Wash., D.C. 4,900 2,450 6,260 3,070 N/A
Control-Cost-Based
Atlanta 9,190 8,780 3,460 6,420 2,290
Baltimore 10310 9620 8,170 6600 2,490
Boston 7,080 7,860 8,120 5060 1,610
Chicage 7,090 8,150 4,660 3120 2,440
Denver 6,660 6,500 2,7 4 QDIJ 2,960
Houeton 17,160 15,160 2,780 3500 2,680
Laz Vegas 5,220 5,100 4,190 11850 2770
Loz Angoles 21850 19280 6,060 13480 42340
Milwaukee 11,350 10,250 2,560 4380 1580
New Orleans 8,190 8,670 2,400 3130 1410
New York 12,340 11,720 B, 390 1,080 3,910
Philadelphia 11,360 10,730 4,040 7,330 3,160
Sacramento 11,350 10,240 2,950 5,800 3,040
San Diego 14,110 12,830 3,460 6,640 2,740

San Francisco Area 5,230 5,760 3,200 4,900 2,460
San Joaquin Velley 10,510 2,630 5110 12480 2,750
Wash., D.C. 8,190 8,910 3,340 5320 3010

% NfA = not availahle.




Emigsgion value estimates made in past studies were primarily for stationary souree
emissions, 5o the regression estimates based on past studies are applicable to stationary
source emisgions. Application of emizsion values estimated in this report to mobile source
emissions may result in underestimation of the true values of mobile source emissions, simply
because the highest mobile source emiazion concentrations penerally oecur in metropolitan
areas, where population exposure is high, while stationary source emissions (power plants
and manunfactoring plants) often occur in less populated areas. The key exception is emission
values of greenhouse gases, for which no differences between stationery and mobile source
values shounld be observed.

Because our regression rolationships rely on original estimates, we recommend that
original estimated emission values he used for relevant areas when available. Our purpoge
here iz not to supplant a more careful study, but to provide working values until studics
waing the damage value method or the controi cost estimating method are completed in the
regions for which no estimates have yet been preparad.




1 INTRODUCTION

Since passage of the Clean Air Act Amendments (CAAA)in 1970, U.S. legislators and
regulatory agencies have made continoous efforts to reduce air pollution. Consequently, the
air in many U.S. urban areas is much cdeaner than it would otherwise be, Stll, 56 U.S.
metropolitan areas violate the federal ambient ozone standard, and 41 vialate the federal
ambient carbon monexide {CO) standard (U.5, Environmental Protection Agency [EPA] 1993).
Various control measures and sirategies are proposed to reduce air pollutant emissjons to
meet air quality standards in these areas.

In selecting emission control measures or strategies, we need to estimate and
compare the benefits and costs of various measures to ensure that those that will achieve the
greatest nei benefits are implemented first. The costs of control measures can be calcolated
by taking into account capital, operation, maintenance, and other cogt components. Benefits
can be calculated on the basis of emission reductions and dollar values per unit of emissions.
In order to complete an economic cost-benefit analysis of various conirol measures, the eost
of ajr pollutent emissions must be quantified.

Estimating air pollotion values is also essential in determining the =ocial eosts of
various technologias. Some technologies may have higher private coste (costs paid by private
users} but lower social costs, which include private costs and such externalities as the cost
of air pollution. Society should promote technologies that have lower social costa. For
example, in recent years, various state public utility commissions {PUCs) began to
incorporate environmental externalities in their caleulation of the cost of eleciric power
production. The caleulated soial costs are weed in PUCE resource planning and aequisition
process for promoting the use of clean technologies and renewable energy sources. In the
transportation sector, variouz clean transportation technologies to reduce air pollution have
been proposed. These technologies nsually have high private costs, but their lower social
coats may justify their use. To evaluate varions transportation technologies from a mare
complete social-cost-aceounting point of view, the extarnality costs of air pollutiom rangt be
considered.

Two genaral methods have been developed to estimate emission values: damage
vidue and control cost. Both methods have been used in past studies to estimate emission
values. However, because of a lack of understanding regarding the theoretical background
of the methods, there are some conceptual confusions about each, Without & complete
understanding of the advantages and disadvantages of each method, people sometimes make
premabre judgments concerning the use of cne method over the other, In Section 2, we
present the theorstical hackground of emission damages and emission controf costs and
discuss the procedures, assumptions, and uncertamtics sssoctated with sach of the two
methods. The theoretical discussion ias infended to eliminate some conceptual confusion
regarding emizsion value estimation and to provide sufficient information to assist
researchers in choosing one method or the other.

In recent years, a number of atudiea have been conducted to estimate air pollutant
ermisson values in aome U1.S. regions. Each study vased the damage value and/or the control




cost estimating method, made assumptions in the estimation process, and had its imitations.
Resulta of some studies have heen widely cited without carefully considering the studies’
assumptions and limitations. This is probably cccuring because the need for emission values
iz urgent, yet few original egtimates of emission values have been made, In Section 3, we
review past studies on emission value eatimation, present major assumptions involved in each
reviewed study, and present study resulta. Our review of past studies also provides historical
background on emission value estimation.

Despite past efforts to estimate emisgion valuss, estimates are still 1acking for many
U.S. metropolitan areas. As Section 2 will show, completing original estimates of emission
values by using either the damage value or the emission control cost estimating method is
not an easy tagk. Consequently, emisgion values estimated for one region are commonly
applied to different areas, with no adjustment for differing air pollution levels, populations,
and other objects affectad. In Section 4, uging the emission values estimated in previous
studies, we establish emiasion values as regression functions of air pollution levels and total
pepulation exposed. We u=e the established functions to estimate smission values for some
U.S. metropolitan areas where emission values have not been developed. In this way,
emission values estimated in one area are adjusted for use in another area on the basis of
air polintion levels and population. Section 5 presents our conclugions.




2 BACKGROUND AND ESTIMATING METHODS

2.1 MARGINAL DAMAGE VALUES AND MARGINAL CONTROL COSTS

Air pollution, created in association with the activities of industries or individuals,
causes damages to human health, agricoltural crops, ecosystems (e.g., forests and lakes),
materials {e.g., buildings and houses), and nataral scenery {e.g., visibility). In a classic
example of externality, the full costs of air pollution are not borne by thase who generate the
pollution. On the other hand, the full benefits of reducing air polluticn are not exclusive to
those who make efforts to reduce it. Without government intervention, the firms or
individuals who cause air pollution may not want to install control measures. In the absence
of control measures, air pollution persists, and society as a whole bears its damages, directly
or indirectly. Because of the difference in air pollution damages to polluting parties and to
society, the polluting parties tend to produce air pollution at the private optimal pollution
Ievel, which exceeds the socially pptimal pellution level (Figure 1).

Two peneral approsches can be taken to reduce the private optimal air pollution
levela to more closely match the socially optimal levels. One approach requires parties {o
meet air pollution standards that are established to be close to the socially optimal level.
This approach is known as the command and control approach. The Clean Air Act (CAA),
which ig the legal basis of U.S. air pollution control policies, relies primarily on this approach.
However, although the CAA considers health and property damages in establishing
standards, it generally does not consider the costs of achieving the standards. Thus, the
commnand and control standards in the CAA are generally not egtablished at the socially
optimal levels of air pollution.

The other approach involves applying charges so that polluting parties expend
additional cost and effort to control polintion beyond their private optimal levels. A eritical
prerequisite of this approach is estimation of the external costs of pollution, which is a
difficult task. Tsing this approach, if charges were set at the cost of air pollution, polluting
parties would encounter the social marginal damage of air pollation. This approach, which
iz often referred te as the economic approach, has been advocated in the economic community.
Researchers and economists have conatructed estimates of the dollar value of damages from
individual pollutants. Because it imposes air pollution charges, the economic approach is
often unpopular with industry; envirenmentalists may also oppose the approach because, in
most cases, it will result in smaller total emission reductions.

Several concepts regarding emission contrel costs and emisgion damages nead to be
discuesed in order {0 put the emission value estimates inte proper perspective. Figure 2
illustrates the total damage of air pollutant emissions and the total eost of achieving a given
emission level, In the figure, E, represents the emission level without emission control; Ey
repregents the cwrrent emission level; and Eg represents the ideal emission standard.
Although E; is intended to be set at the level at which marginal cost equala marginal
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damage, in practice, standards seldom fall at this level, because the authors of the CAA did
not generally consider air pollution control costs when establishing standards and because
many uncerfainties are involved in egtimating cogta and damages.

By definition, at a given level of emissions, the marginal control cost is the cost of
controlling one additional unit of emissions; the marginal damage iz the damage of one
additional unit of emissions; the average control cost is the total contrel cost spent divided
by the total amount of emissions reduced; and the average damage is the total damage
caused by emissions divided by the total amount of emissions. Specificafly, in Figure 2, at
the current emission level (E), the marginal control cost is MC_; the marginal damage is
MD; the average control cost is area D divided by (E, - Eo); and the average damage is the
sum of areas A, B, and C divided by E. At the ideal emission standard, the marginal conirol
coet (MCyg) equals the marginal damage (MDg); the average contrel cost i the sum of areas
B and D divided by (E, - Ey); and the average damage is area A divided by Eg.

Usually, less expensive conirol messures are implemented first, resulting in vpward
marginal conirol cost curves as more emissions are controlled. Because of this, the marginal
control cost always exceeds the average control cost. The marginal damape usnaily increases
as the armount of amiagions to the atmosphere increases; coneequently, the marginal damage
alwaya exceeds the average damage. If the emission lavel is reduced from the current level
{E) to the ideal emission standard {Eg), the marginal control cost is increased from MCg to
MC, and, consequently, the average cost is increased. However, at the same time, the
marginal damsge is decreased from MD,. to MDyg, and consequently, the average damage is
decreased. Thearefore, to examine emiasion values estimated in a study, it is important to
tdentify the level of emizsions at which emission control costs and emission damage values
are sstimated. As the figure ahows, if the standard is not ideal, or if the standard ie ideal
but emissions are not yet equal to the standand, marginal costs and marginal damages will
not be equal.

For tllustration purposes, let us assume that, at the emission standard of Eg, the
marginal damage of emisziona equala the marginal emission control cost (as we implied, this
asgumption itself is questionable). First, at the uncontrolled emission level (E,), industries
do not expend any resources for emission control, so the total emission control cost is zern.
The total damage caused by emissions is the area under the marginal damage curve and left
of E, (the sum of areas A, B, C, D, and E). The sum of both the emission control cost and
emisgion damage is the sum of areas A, B, C, D, and E.

Second, at the eurrent emission level (Ep), the total emission control cost is area D.
The total emission damage ia the gum of areas A, B, and C. The sum of the emisaion control
tost and emisgion damape is the sum of arear A, B, C, and ). The net gavings to society
from reducing the uncontrolled emission level (Ey) to the current emission level (Ep) is
area K,

Third, at the emission standerd (Eg), the total emission control cost is the sum of
areas D and B. The totai emission damage is area A. The sum of the emisaion control cost.
gnd emission damage is the sum of areas A, B, and D. The net savings to society from
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reducing the current emission level {Eo) to the emiagion standard (Eg) is area C, and the net
savings from reducing the uncontrolled emission level (Ep) to the emission standard (Eg) is
the sum of areas C and E.

Az the figure illustrates, even if the emission standard is met, emission damage is
not completely eliminated. Rather, at the emission standard, the sum of the emisaion control
cost and emission damage is minimized. Note that further controlling emissions to below the
ideal emission standard causes increases in the sum of the emission control cost and emission
damage (again, asswning the marginal control cost equals the marginal damage at the
emission standard — i.e., the standard is set at the “ideal” value).

The above illustration indicates some important consequences of estimating emission
control costs and emisgion damages. The estimated marginal control cost at the current
emission level ia lower thaa that at the emisgion standard, while the estimated marginal
damage at the current emission level is higher than that at the emisgitm standard. The
estimated average control ¢ost at the current emission level iz lower than that at the
emission standard, while the estimated average damage at the current emission level is
higher than that at the emisgion standard. The average emission control epat is always lower
than the marginal emission control cost, and the average emission damage is always lower
than the marginal emission damage. Therefore, it is important in an emissiona study to
know what items are eatimated {(contrel costs or damage values, and marginal or average)
and at what emission level (the current emission level or the emission standard).

2.2 METHODS OF ESTIMATING AIR POLLUTANT EMISSION VALUES

Two general methods can be used to estimate air pollutant emission values: damage
value and control cost. The procedures and agsnmptions involved in each of the two methods
are described in detail below.

2.2.1 Damage Value Method

The damage value estimating method ig used to estimate the monetary valvue of
damages caused by air pollutant emissions., These estimated values directly represent the
value of emission reductions by certain control measures. The method involves the following
seven steps: (1} identification of emission sources, (2} estimation of emissions, (3) simulation
of air pollutant concentrations in the atrnosphere, (4) eatimation of exposure of hwnans and
objects to air pollutant concentrations, (5) identification of physical effects of air pollutant
poncentration on humans sand objecta, (6} economic valnation of physical effectz, and
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(7) calculation of dollars- per-{on emisgion values (Regional Economic Rasearch, Inc. [RER],
1990).] These seven steps are discussed in detail below.

(1) Idemtificadion of Emission Sourcea, Emisgions of air pollutants are produced
through anthropogenic and natural processes (e.g., biogenic processes for volatile organic
compound emissions, and gtorm and wind for particulate matter emissions). Anthropogenic
ernission scurces — the major focus of paat efforts on emiassion estimation — can be classified
into point sources {where gingle points such as gmoke stacks can be identified as emisgion
saurces) or area spurces (where single point sources cannot be identified). By convention, all
point sources are stationary sources. Kxamples include utility power plants, petroleum
refineries, and industrial manufacturing facilities. Area sources can be either stationary or
mobile, Stationary sources treated as area sources in emission models include regidential,
commiercial, and small industrial sources. Mobile sources include highway motor vehicles,
off-highway motor vehicles, locomotives, aircraft, and marine vessels. Emission sourves in
an air basin are usually identified by the air quality eontrol authority in the basin.

(2) Estimation of the Amount of Emissions. Emissions from stationary sources
gre generally estimated using one of two methods. The first, is based on reports from souree
operatore who periodically sample emissions from their sources and report the data to air
quality control authorities, which maintain the reported emisgion data. The second method
involves estimating emissions on the basis of emission factors and activity levels. EPA has
developed emission factors for many major emission sources; these are presented in its
AP-42 documents (EPA 1992a). In developing emission factors, EPA relies on sampled
emiszion data and applies emission reduction potentials for various control technologies. The
agency periodically updates its emisgion factors, but becauge of limited emission sampling
data and varations in source operating activities, emnismons estimatad using either method
may not accurately represent actual emissions from stationary sources.

In estimating stationary source emissions, certain conmtrol technologies may be
assumed based on the emission standards applicable to the sources, Emissions can he
estimatad at the current level, or ean be projected for the future. In projecting futvre
emissions, air quality standarde that will be applicable in the future must be considered.
Assuraptions regarding what emission standards will apply, and whether and when the
standards will be met are critical in projecting future emigsion levels.

! Some other classifications of estimating steps may be used for the damage value method. For
ezample, Hall et al. (1989) classified the method into four eteps: {1) eatimation of air quality,
(2) sstimation of buman dosage of air pollutants, (3) estimation of human response to various levels
of pollution, and {4} economic valuation of human reaponge. Note that this definition leaves pné
effects on property, crope, and other plants and animals. Harrison et al. (1892) classified the
method intg fve steps: (1) estimation of emissions, (2) gimulation of air poliutant concentration,
(3) estimation of exposure to air pollation, (4) identification of physical effects from exposure, and
(5) valuation of effects. The classification developed by RER is used here becauss it ia complete.
The stodies cited here did not include the last step, calculation of dollars-per-ton emission values;
we added this step for onr report.
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Emissions from mobile sourees are nsually estimated using grams-per-mile emigsion
factors of motor vehicles and their activity levels. EPA has developed a model {Mobile) to
estimate wehicle emission factors. The most recent vergion of the model iz Mobile 5
{EPA 1992b). The California Air Resources Board (CAKB) has developed a counterpart model
called EMFAC to estimate vehicle emiggion factors in California, The most recent version
of the EMFAC model is EMFACTG. Because limited amounts of vehicle emission testing
resulis were available to establish the relationships used in Mobile and EMFAC, and because
certain azsumptions had to be made in the models, both Mobile and EMFAC are believed to
underestimate actual on-road motor wvehicle emigsion factors (National Research
Council 1991}. Because of the disparate nature of travel behaviors by individusls, projections
of vehicle activities sueh ag vehiele miles traveled (VMT) are often nod accurate. Inaccurate
estimates of both emiasion factors and vehicle activity levels make developing accurate
projections of mobile source emissions difficnlt.

In summary, although various models and data sourees are available for estimating
air pollutant emissions, the accuracy of emission estimates is often questionable. Inaccurate
estimated emisgion inventories are one of the reasons for direrepancies between predicted and
observed air quality.

(3) Simulation of Air Pollutant Concontrutions. Air pollutant concentrations
in the atmosphere result from various processes, including pollutant dispersion, reaction, and
residence, which are complicated by metecrology and topography. The products of the
processes are primary and secomdary air pollatants in the atmosphere. Primary pollutants
are those that involve virfually no chemical reactions; they are produced directly from
digpersion of air pollatanis emitted from sources, Primary pollutanis mnclude CO, nitrogen
dioxide (NO,), sulfur dioxide (80,), and particulate matter (PM) from emitted particulates.
Secondary pollutants are products of chemical reactions among the various air pollutants
emitted into the atmosphere. Secondary pollutants include ozone (from the photochemieal
reaction of volatile organic compounds [VOCs] and nitrogen oxides [NO, 1}, acid deposition
(acids resulting from sulfur oxides [SO,] and NO,), and PM (resuiting from S0, NO_, and
OEGRE),

The complicated processes of dispersion, reaction, and residence of air pollutants in
the atmoaphere reault in non-linear relationships between emiazions and air pollutant
concentrations. Therefore, simulation of air pellutant concentrations involves sophisticated
computer modeling, and requires detailed input data such as spatial and temporal
distribution of emissions, meteorological and topographic data, and background pellutant
concentration data, among other information. Unfortunately, accurate, detailed input data
are often not available,

A common example of complex air quality modeling is the simulation of ozone
concentration in the atmaosphere. Qzone formation 1s determined not only by the amount, but
also by the ratio, of VOCs to NO, in the atmosphere. Depending on the ratio, control of
either VOCs or NO_ could lead to a decrease or an increase in ozone concentration. To
further complicate the simulation process, the VOC/NOQ, ratio can vary significantly within
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an gir basin, depending op the location of the emusgion spurces, timing of emissions, and
meteorological conditions (Finlayson-Pitts and Pitie 1983). To accurately predict ozone
concentration, an air basin must be divided info many small grids, and emisgions and
meteorclogical parameter data must be collected for each grid. Estimation of grid-specific
emissions is subject to many uncertainties.

Simulating the concentrations of primary polluteuts can alse be difficult. A typical
example is simulation of CO eoncentratinng. CO concentrations at a major intergection are
often many times higher than at nearby locations. Simulation of CO concentration over a
short period of time (e.g., one hour) predicts CO concentration values that are very different
from those produced from simulation over a long peried (e.g., eight houre). An scenrate
prediction of CO concentration (especially at the hourly level) requires micro-scale, short-
time-period simutation, which, in turn, requires micro-scale, short-time-period input data.
Accurate estimates of traffic flow changes in a micro acale, as well as micro-scale meteorology,
are difficult.

Because of the uncertainties invelved in emipsion inventory estimaticn and
simuiation of air poifutant concentrations, there are large discrepancies between projected
and momitored air pollutant concentrations. Pollutant concentrationa in many air basing
that, in the pasi, were projected to eet the federal air quality standards now violate the
standards.

(4} Estimation of Exposure by Humans and Objects to Air Polluiion,
Exposure models are used to predict human exposure to air ppllution. These models usually
track air pollution concentrations and outdoor, indoor, and in-transit human activities by
demographic group. The models are generally based on the assumption that an individnal’s
time-integrated exposure is the product of (1) the air pollutant concentrations in a specific
set of micro-environments and (2)the time spent by the individual in those micro-
environments. To make the models manageable, all members of a population are assumed
to follow a limitad number of daily activity patterns and receive almoet identical exposures.
Such aggregate expogure models are degigned to gquantify some major tendencies of exposure
without conaidering the detailz of individual activities in various environments. Even using
these simplifications, an exposure model can ba complicated. For example, Hall et al. (1589)
developed a regional human exposure model that includes 1,000 time-activity patterns for
nine demographic groups. Input data to the model include population data by exposure
district, mobility data, air quality distribation by hour of day and by exposure district, miero-
environment air quality factors, time-activity patterns and frequency of cccurrence by the
demographic group, and other factors.

Choosing 2 method to sipulate humap exposure mmvolves bajoncing the greater
efficiency of rongh, aggregated models against the accuracy of detailed models. Detailed
models (such as the Hall et al. model) require tremendous amounts of input data on
population, human activities, and air pollutent concentrations, These data may aot be
avaitable in many regions. On the other hand, because of the complexity of human activities,
rough, aggregated models may not accurately represent human exposure,
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(5) Xdentification of Air Pollution Effecis on Humans and Ohjects. The
various types of air pollution damages include human health effects, materials damages,
agricultural damagesfeffects, visibility effects, and physical/aesthetic effects. Human health
effects include hoth human mortality and morbidity. To determine air pollution effects on
human health, moat researchers use risk assessment methods to generate dose-response
relationships. The risk assessments are based on regnlts from laboratory testing of animais’
responses to pollutants, human clinical experiments, and epidemiological studies.

Animgl studies can provide background data and hypotheses for human health
effects. Results of animal studies may not be very useful to measure haman health effects
directly, because there may be no link between air pollution-induced effects on animals and
those on humans. Moreover, animal studics often focus on fatal, acute diseases such as
caneers, but ipnore chronie diseagses. Animal lahoratory teste wsmally apply hiph poliutant
concentrations to tested animals for a shert period of time. Accuracy is questionable when
the dose-response functiona gemerated in this way are applied to hurmnans who may be exposed
to low pollutant concentrations for a long period of time. Most paet air pollution damage
studies have not used laboratory animal testing results.

In clinical studies, a particular group is separated into a eontrol sub-group and a
testing sub-group. The testing sub-group is exposed to various levels of air pollution. Lung
function and functions of other human systeme are measvred and correlated with homan
symptoms. Air pollution effects can also be identified during the clinical studiez by direct
mquiries regarding the prevalence of certain symptoms such as cough, headache, sore throat,
chest tightness, and eye irritation. Because only a very small number of individuals can be
included in a clinical study, it is problematic to generalize results from a small studied group
to the general population.

In epidemiclogical etndies, a number of population samples are taken from
environments with varying air pollution problems. These studies evaluate relationshipa
between human aymptoms and air pellution using the observed data on human symptoms
and measured air pollution concentrations in different envircnmenis. A critical assumption
in epidemiological stadies is that people's activity patterns and activity levels are virtually
the same in various environments, Dewipners of epidemiclogical studies alse encounter
difficulty in controlling factors other than air pollution to develop statistical relationships
between human gymptoms and air pollution.

Air pollution damages to vegetation (agriculture, foresiry, and ormamental plants)
include foliar injury, reduced yield, and slowed growth. Statistical methods are used to
establish relationships between actual yield or growth of vegetation and air pollutant
concentrations, Effects may be pogitive in some instances.

The types of materiala subject to air pollution damages include construction metals,
exterior paints, stone, masonry, concrete, textile, leather, paper, etc. Althoungh laboratory and
ficld studies can be conducted to estimate relationships between material damages and air
pollation, in practice it is difficult to establish reliable relationships because moisture,
sunlight, and other environmental factore complicate the process.
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Because of the difficulty in identifying and quantifying air pollution effects, past air
pellution damage studies do not include all applicable effects. Exclusion of some air pollution
affects canses underestimation of actital air pollution damage values.

(6} Ecomomic Valuation of Air Pollution Effects. Determining the monetary
values that individuals place on adverse air pollution effects is a key element in estimating
air pollutant values. The costs of adverse health effects are related to medical expenses, loss
of work, discomfort, and inconvenience. Two general methods have been developed to
estimate the menetary value of health effects: the coat of illnesa (COT) method and the
willingness to pay (WIP) or willingness to accept (WTA) method (Hall et al. 1989). The COT
method uses available data regarding actnal health care cogts and wages lost to estimate the
direct costs of adverse health effects. Although these data may be readily available, it is
difficult to accurately determine what portion of these aggregate costs is attributable to the
adverse health effects cansed by air pollution. Researchers disagree about what wage rates
should be used and how premature death should be valued. Furthermore, the COI method
cannot eatimate valites of non-market goods, such as discomfort and incomvenience, and it
cennot measure diminished productivity.

WTF and WTA methods are derived from studiee based on the bedonic approach or
the contingent valuation (CV) approach. The hedonic approach uses observed behaviors to
estimate values for the economic consequences of those behaviors. For example, if people
accept a lower wage or pay a higher cost for a lower probahility of expesure to the adverse
heaith effects caused by air pellution, or demand higher pay to accept a higher probability
of health effects, this provides a measure of how much air quality iz worth to them. A critical
agsumption of the hedonic approach iz that people are well aware of the health riak
associated with the job that they select and that they are free, to a great extent, to select
occupants from a variety of choices.

The CV approach relies on surveying a population sample, through & series of
hypothetical questions, to determine the amount of money people are willing to pay (WTP)
to avoid the risk of given adverse health effects or the number of dellars people are willing
to accept (WTA) for taking the risk. One problem with the CV approach is that hypothetical
questions generally elicit hypothetical angwers that maynot accurately represent what people
actvally value, This problem is particularly true when people do not face the economic
constraints in answering survey questions that they face in reality.

In estimating the cost of adverse effects on vegetation, market dollar values of
agricultural products can be directly assigned to the loss of agricultural production due to air
pollution, because agricultural products are exchanged in the commodity market. Valuation
of effects on non-agricultural vegetation is a little complicated. For foresis, commercial
timber value may be estimated from the timber market. The value of recreational use of a
forest can be estimated using the CV method op the cost of travelling to an alernate
recreational gite.
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Dollar values of material damages can be estimaged from costs of inereased
maintenance and replacement of materials due to air pollution, or from coats of preventing

or averting expected pollution effects.

Aesthetic consequences of air pollution are primarily visibility effects. Values of
reduced visibility can be estimated using the CV method or the hedonie price approach,

(7) Calculation of Dollars-per-Ton Emission Damage Values. The above six
steps are used to caleunlats total damage values for given air pollutant concentraticns. To
calculate dollars-per-ton emission damage values, we need to determine the fotal emissions
of varicus pollutants contributing to the given air pollutant concentrations. Total emigsions
are esthmated during Step 2, described above. While the damage value for a primary
poilutant’s concentration can be directly allocated to emissions of the coniributing pollutant,
the damage value for a secondary poliutant needa to ba divided among the contributing
primary poliutants. For example, the damage value for ozone concentration must be divided
between VOC and NO,, and the damage value for PM concentration must be divided among
PM, 850,, and NO,. Usually, Step 4 (air quality simulation} provides information regarding
the contribution of each primary pollutant to a secondary sir pollutant coneentration. Such
information can be used to divide total damage values among different pollutants.

Estimation of absolute levels of air pollutant emissions and air pollutant
concentrations is subjeet to many uncertainties that affect the acenracy of damage value
ostimates, To reduce these uncertainties, many past damage value studies have estimated
damage values for changes in air pollutant concentrations — in other words, relative, rather
than absolute, levels of air pollutant emnissions and concentrations. Air pollution damage
values are then estimated based on relative changes in air pollutant concentrations, For
example, Hall et al. (1989) and Havrizon ot al. {1992) estimated total health damage values
for czone and PM from the ambient standards to the current actual concentrations. Hall et
al. diid not estimate dollars-per-ton emission damage values in their siudy. Harrison et al.
estimated dollars-per-ton damage values from the estimated total damage values and the
amount of emissions that needed to be reduced to meet air quality standards. RER (1992a)
estimated total dollar values of air pollution cavsed by adding a S0-megawatt (MW) power
plant to an air basin using the current air quality level. Doilars-per-ton damage values were
calenlated from the total damage values and total emisgions from the hypothetical power
plant.

In summary, the damage value estimating method ssems theoretically sound.
However, in practice, the method suiflers from necessary assumptions and simplifications and
from tremendous uncertainties involved in each estimating step. The curnulative effect of the
uncerfainties is a decrease in the acenracy of the estimated damage values., Studies using
the method cannot practically include all potential adverse air pollution effects; some effects
are excluded, and consequently, damage values are underestimatoed. Some acientists dizpute
the reliability of the methods that are applied to air quality modeling and economic valuation
of air polintion effects. Outside the discipline of economics, philosophical uneasiness results
when economists attempt to place dollar values on such intangibles as human life and human
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discomfort, Becanse of complex methods involved in aach of the estimating steps, use of the
damage valuee method is time-consuming snd resouree-intensive. These drawbacks have
caused many organizations to use the control coat rather than the damage value eatimating
method.

2.22 Conirol Cost Method

The control cost estimating method is based on the presumption that emission
standards or air quality standards are established at the ideal level — where the marginal
damage of air pollution is eqgual to the marginal control cost {(see Figure 2). In this approach,
it is assumed that the cost required to meet predetermined air quality standards imposed by
legislators "reveals" the value society places on the emissions being controlled (the method
iz sometimes called the "revealed preforence method"). Thevefore, the estimmated marginal
control cost to meet air quality standards represents the marginal damage value of air
pollution when air quality standards are met. Two major ateps are involved in the control
cost eatimating method: (1} identification of the marginal control measures required to meet
predetermined air quality standards and (2} estimation of the dollars-per-ton controi cost for
each identified control measure. Each of these steps is deseribed in detail below.

(1) Identification of Marginal Control Measures. Individual states are required
to prepare state implementation plang and air quality contrel districts are required to
prepare air quality management plans that indicate bow and when ambient air quality
standards are to be met. Usuaally, these plans identify certain control measures to be
implemented.

States and local sir quality districts provide a list of control measures to be
implemented on the basis of air quality status, needed emission reductions, EPA-required
control measures, and emizsion condxol cost effectiveness. The least expensive measures are
usually recommended for impiementation firgt, and the most expensive measures last. The
last contrel measure (measures) to be implemented is (are) the marginal control measure
{(measures). Because current air guality status varies among air bagins, different control
measures may be required to meet uniform national ambient air quality standards (NAAQS).
Therefore, to the extent that the list of control measures to be impiemented is available for
various air basina, the control cost method can be used to estimate marginal control costs for
different air basins.

For sorne air bagins, a list of conirol measures may not be availabla. Generic control
measures for a larger region, rather than specific control measures for each basin, may have
to be considerad in determining marginal control measures for those air basing. Such generic
control measures include best available control techaology (BACT) and best available
retrofitted control technolegy (BARCT), both of which are specified by EPA, While these
tachnologies are believed to be the most stringent control technologies, they do not necessarily
represent the marginal control measures for each air basin. It is often a difficalt, subjective
task to identify the marginal control measures for those air hasina; the measures selected will
have a significant impact on the estimated marginal control costs.
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For some pollutants, marginal control measures may be selected from measures to
mitigate emisgions rather than directly controlling them. For example, comtrol of earbon
dioxide (CO,) emissions from fossil fuel combustion sources could be extremely expensive.
Rather than controlling the CO, emisgions from these sources, the emissions may be reduceid
through other means such as CO, absorption by trees. Therefore, control costs for COy
emisgions can be estimated from the cost of planting trees.

In some cases, market mechanisms have been adopted for air pollution control. For
instance, in 1986, EPA adopted an emission trading program for controlling emissions from
stationary sources (EPA 1986). The program included both offsetting and trading of
emissions. Offsetting allows a major new source or a major modification of an existing seurce
in a nonattainment area se long as emizsion increasee from the new source or modification
are offset by emission reductions from existing sources. Emission trading allows companies
to buy emiszsion reduction credits from other companies to meet emission requirements. The
1950 CAAAs adopted provisions to allow utility companies to trade SOy emission allowances
to meet SOy requirements (EPA 1990a). In the South Coast Air Basin, the South Coast Air
Quality Management District (SCAQMD) has recently adopted a program called RECLAIM
{3CAQMD 1923) that allows emission trading for stationary 30y and NOy emissions. Use
of these market mechaniama for emiesion control is expected to help reduce total emigsion
corirel costa.

Market mechaniams alao affeet marginal control cost estimates — marginal control
measures for emission control under market mechanisma should be Iess expensive than under
a strict command and control mechanism. For example, through emission trading, a source
can producs emissions exceading air quality standards as long as the amount exceeded can
be offset by some other source or sources. Therefore, expensive marginal eontrol measures
can be avoided for the more expensive emiggion souree. Consequently, the control messures
actually employed for the source are less expensive than those that would be required under
inflexible rules. The actunl control measures employed, not the theoretical marginal control
measures, should be used to calculate actual marginal contrel costs.

Under the S0, emissien trading program allowed by the 1980 CAAAs, a cost for SOy
emisgions will be determined in & newly established emiasion trading market. This market-
determined SOy price represents the opportunity cost for controlling ome ton of S0y
emissions, and may be used as the mazrginal control cost for 30y emissions.

(2} Calculation of Dollars-per-Ton Costs for Conirol Measures. Caleulation
of control costs in dollars per ton of emissions controlled requires information on the cost and
emission reduction of the control measura over its lifetime. Cost estimation must include
initia! capital cost, operation and maintenance coste, and other pollutant-specific eost
components, Estimates of emission reductioms need to account for emission comtrol
deterioration over the lifetime of the equipment. If a control measure reduces eymssions of
maore than on pollutant, the cost of the technology needs to be allocated among the reduced
pollutants to obtain a dollars-per-ton cost for each pellutant. Obtaining the detailed
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information neceasary for control cost estimates can be resource intensive. Assumptions often
have to be made for certain components.

Discount rates must be applied in caleulabing lifotime costa and lifetime emission
reductions. The magnitude of the discount rates differs among the past studies. Although
it is generally agreed that discounting needs to be applied to the cost estimates, researchers
dispute whether discounting should be applied to emission estimates, and treatment varies
among studies.

Depending on whether diseounting rates are applied to emissions and whether the
lifetime of the control tachnologies is considered, different techmiques can be wsed in
calculating control costs. Table 1 illustrates four technigues, each based on units per year
or per lifetime and each incorporating such variables as levelized costs, lifetime present value
of costs, levelized tons, discounted tons, or straight totzl tons of emissions.

Application of each of the above technigues to the same control technology results
in different cost estimates with different meanings. Appendix A illustrates these differences
by means of examples for emission control costa of an electric vehicdle and a stationary source.
As illustrated, application of the different techniques may prohibit comparison between
studies. Techniques 1 and 4, which measure the costs and emissions reductions over
different periods, incorporate an inconsistent time variable, so that control costs calenlated
using either technique for contrel measures with varioms lifetimes cannot be directly
compared, Techniques 1 and 4 should not be used for ealenlating per-unit emigsion control
coats,

Table 2 presents the calcalated emission control cost-effectiveness of electric vehicles.
Note that for technique 1 or 2, the difference hetween cases a and b is only aipmificant if the
annual emission reductions vary over the lifetime, Furthermore, the difference between the
two cases is larger if a greater discount rate is applied. Also note that the results using
technigue 28 are the same as those using technique 3a. Either of these toro methods may be
applied to calenlate what are regarded as correct control cost estimates in this study. We
believe that these two methods properly apply economic rules to develop eontrol cost values
that are meaningful in a cost-benefit analysia.

Many studies to estimate emission control costs hawe been completed using
technique 2b or 3b. That is, control costs have been ealculated in dollars per ton of emissions
reduced, and discounting has been applied to costs, buk not to emissions. To calculate control
eosts for nee in soeial evaluation of the costs and benefite of control measures, we recommend
that discounting be applied to both costs and emission reduciions berause, while cost
estimates represent the cost side, emission reductions represent the benefit side. Therefore,
we recommend that {echnique 2a or 3a be used in ealculating emission control costs.

In summary, the control eost estimating method doee nat involve az many as staps
and asaumptionz as the damage value method, can generate costs more quickly using fewer
resources, and does not require highly specialized expertise {0 consiruct cost estimates.
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TABLE 1 Emission Conirol Cost Calculating Techniques

Case Calculation Method Unit; Meaning
Technique 1: Lifetime
Cogta Divided by Anpual
Emission Badactions
Case a: diseounting bath (lifetime present value of costy ($NifetrmeY Cout to reduce one
oste and emiseions (levelized tone redused per year] (tonfyear) ton each year
throughomt
Case b discounting costs {lifetime present value of cost) lifetime
only {straight average of tons redaced
par year)
Techrique 2: Annuat
Coets Divided by Annual
Emiggion #eductions
Case a: discounting both (levelized cokts per year) $ton Cost to reduce one
coats and emissions flevelized tona redoced per year) tan
Case b: discounting costa {lavelized conmts per yoary
only {strmight sverage of tone reduced
per yoar)
Technique 3: Lifetime
Coxie Dhivided by
Reductions
Case a: disconnting bath (lifetime present value of coatay $ton Coat to reduce one
costa aml emissions (lifetime present value of tona tn
reduced}
Case b: disvounting sosts (hifetime prosent value of costa)
omly {atraight mam of lifetime tons
redooed}
Technique 4: Annual
Conts Divided by
Lifetime Eminslon
Rednctions
Case a- diseounting both (levelizad costs per yeary ($fvear) Annual cost

stz Aol emissions (lifetime present valos of toas {tonfiffetime)  throughout
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TABLE 2 Emission Control Cost-Effectiveness of Electric Vehicles

Discount Rate®
Technique Case 0.04 0.06 0.08 Unit, Meaning
1 a 81,436 &0LO26 79082 ($lifetimely  Cost to reduce one ton
b 76,086 72250 68,985 (tonfyr) each year throughont
lifetitme
o a B6T7T 9545 10494 F/ton Cost to reduce
b 5107 K618 8,154 one ton
3 a 8677 9,545 10,484 $/ton Cost to reduce
h 6,341 §,021 5,749 one ton
4 a 925 1,139 1,392  ($/yearV Anaual cost through-
b 676 TIR 762 (tonfifetime) out lifetime to reduce
one ton

2 For detailed assumptions and calculating procedures, see Appendix A,

Chernick and Caverhill {1991} argue that, considering the uncertainties involved in the
damage value method, the control cost method ia superior for estimating emission values.
However, the method suffers from the fundamental assumption that legislators and/or
regulators establish emisgion and air quality standarda solely on the basia of marginal
damages and the marginal costs of meeting the standards. In reality, establishing emirsion
and air quality standards is a highly political process in which economic implications are only
one of many factora comsidered. Praoponents of the control coat method argue that the method
assumes a composite conirol cost that represents economie, political, and social implications.
However, such a composite cost implies that political and social effects can be interpreted in
the economic sphere — a philogophy that troubles some people.

The method implies that legislators or regulators have perfect information on
marginal damages and the marginal confrol costs required to meet the standaxrds, which is
highly unlikely. Emission and air quality standardz are not usuatly set at a level where
marginal damage is equal to marginal control coet, the legal basiz for the standards iz
generally a level at which health effects are minimized. On the basis of strict economic
theory, it is improper to treat the estimated marginal control cost 23 the value for emission
damages. Nevertheless, the calculated contrel cost represents the opportunity cost of meeting
the standards. The engineering discipline sets standards hased on liberal safety margineg,
"eood practice,” and human comfort. If some other control measures are implemented, the
most costly measures can be avoided. It is this "awoided opportunity cost” that this report
examines, However, we do not take the position that emission damage values are accurately
represented by the estimated emission control costs. In many eases, damage values will
differ significantly from control costs, and control costs eannot represent damage values,




26

3 REVIEW OF PREVIOUS STUDIES

Various studies have been conducted using the damage value or the control cost
method to estimate air pollutant emission valuea. These studies have often been cited and
used by various public and private orgenizations without careful consideration of the
methodologies and assumptions used. This section presents a review of the methodalogies,
assumptions, resultz, and spplications of past major gtudies on emission value estimation.
The reviewed studies are divided into subsections of damage-based and control-cost-based
studies. Within each subsection, studies are presented in chronological order.

3.1 DAMAGE-BASED STUDIES

3.1.1 Bomneville Power Administeation — 1988, 1987, 1991

In 1986, ECO Northwest, conducted a study for the Bonneville Power Administration
{BPA) to estimate values of environmental pollution for five renewable power plant types (i.e,
co-generation by biomass, co-generation by municipa] solid waste, geothermal, solar central
stations, and wind) (ECO Northwest 1986). The ECO Northwest study was the first to
eetimate damage values of environmental pollution from power plants.

The 1988 study included effects on human health, visibility, materials, crops and
forests, water quality, land use, solid waste diapesal, endangered species, aesthetic quality,
and cultural value. ECO Northwest implicitly assumed that the five power plant types
evaluated would be Iocated in the Pacific Norithwest, and estimated envirommental pollution
values in mills per kilowatt-hour (kWh) of electricity produced. The study did not present
dollars-per-ton emission values for air pollutants.

In 1987, ECO Northwest completed a separate study for BPA to eatimate damage
values of air pollution for a generic, 1,300-MW-capacity coal power plant (ECO Northwest,
1987). The study assurmed six sites for the penerie coal plant: two were west of the summit
of the Cascade mountain range inside BPA's service arca {one site near a large city and the
other near a medium-size city); three were east of the summit of the Cascade Range inside
BPA’s service area (these mites were aseumed to be near a large-, medinm-, or smali-gize city);
and one was in eastern Montana near a small city outside BPA’s service area, The study
included air pollution damages to human health (mortality and morbidity), sgricultural erops,
materials, visibility, ecogystems (forest and lakes), livestock, and timber. Damage values for
three air pollutants (NO_, SO_, and PM) were estimated for the generic coal plant in each of
the six sites. The estimated values were presented in mills per kilowatt-hour of electricity
produced. Dollars-per-ton emiggion damage values wers not presented.

On the bagia of ECO Northwest-estimated damage values, BPA (1891) adopted
emission values for NO,, 80,, and PM, and uwsed the adopted values to calculate
environmental externality costs in its least-epat resource planning process. These costs were
added te other cost items to caleunlats tolal costa per unit of electricity generated. The
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calculated total costs were used to rank the costs associated with the power plant types
proposed for construction. However, the externality coats were not congidered in estimating
the final contract price for electricity.

BPA adopted different damage values for areas weat and east of the Cascade Range.
The two general areas carrespond to two diverse areas in Oregon: the west coastal areas
(which are highly populated) and the east high plateaus and deserts {which are loss
populated). BPA did not explicitly distinguish between non-attainment and attainment
areas, although it could be argued that values in non-atiainment areas could be
approximated o the west values and values in attainment areas to the east vahies.

Although BPA generally preferred to use damage-based emission values, in adopting
the value for 80,, it relied on the estimated value of the allowance to be traded in the 80_
emission trading market allowed by the 1990 CAAAs. The S0, allowance value was based
on 80, control costs from various power plants, The BPA-adopted dollars-per-ton emission
valuea are listed in Table 3.

3.1.2 South Coast Air Quality Monagement District — 1988

Hall et al. conduected a comprehenaive study for SCAQMD to estimate damage values
of czone and PM,q air poltution in the South Coast Air Basin (Hall et al. 1989 and 1992).
In their estimates, the researchers included air pollution damages to human health only;
damages to agriculture, materials, ecosystems, and visnal aesthetics were ignored. Even
health effects such as increased asthma attacks, days of hospitalization, and increased cancer
risks were left out. Therefora, the estitnates made by Hall et al. probably understate actual
air pollution damages in the South Coast Air Basin.

When conducting their study, Hall and his colleagues considered the differences
between the 1987 air quality levels and applieable air quality standards (both federal and
state standards); in this way, they avoided air quality modeling in their study. The
researchers established a comprehensive model to estimate the distribution of pollutant
exposure and the dose received by human receptors. The study relied on previous studies
that included human clinical experiments and epidemiological statigtics for the dose-response
functions. Ecoromi¢ valuation of air pollution offects was based on either the market-
mensured cost of effects {such as cost of illness} or costa estimated using the hedonic pricing
approach for non-market effects such ax discomfort.

Hall et al. estimated substantial health damage values for violation of ozone and
PM,, standarda: an annnal damage value of $1-5.5 billion for violation of the federal azone
standard in the South Coast Air Basin, $2.7-13.9 billion for viclation of the federal PM,,
standard, $1.2-6 billion for violation of the California ozone standard, and $4.7-23.5 billion
for viplation of the California PM,, standard. The study did not estimate dollars-per-ton
emission values.




TABLE 3 Damage-Based Emission Values Estimated in Previous Studies

Emisaion Valae ($ton, 1289 dollarsi®

NO, ROG Lada ) PM,,
Wost of Cascade Ranga 848 Niab N/A 1,480
East of Cascade Bange &6 Nia NiA 1a0¢
MNortheastern United States 1.640 NiA NFA 2,360°
South Conat: 1989 4,713 2,671 N/A 13,217
Seuth Ceast: 2011 8,585 4,821 N/A 24,993
Bouth Coast 14 48 6,811 a 47 620
3

Venture County 1845 286 o 4,108
Han Franciaco Bay Arena 7945 4 1 24,508
5,550 a8 1 14,228

San Joagquin Valay 8478 8,711 0 3,762
Sacramento Valley 8,089 4,129 v} 2,178
North Coast Ta1 437 0 651
Morth Ceniral Coaat 1,959 803 L1 2,876
Bouth Central Coast 1,647 286 LI 4,108
Seuthoeast Desert 498 167 L] &30
Nevada Power Co. 1983 Los Veogan Valley: 1960 211 ] N/A 1,384
Laa Vegos Valley: 2010 423 a N/ 2,729
Chatside Las Vegae Valley: 1580 | ik 0 N/a 182
Chtside Las Vegas Valley: 2010 327 )] Nis 404

Emission values in some studies were expreseed in dollars other than 195¢ dollars. The consarmer price index was ueed to
convert these values into 1988 dellaxs.

H/A = not nvailable.
Value for tota] PM.

Basged on the estimated market value of 30y allownuce in the S0y teading market, which ie allowed by the 1990 CAAAs,
Thus, the value ia control-cost-bamed,

L8



3.1.3 Pace University — 1991

In 1990, the Center for Environmental Legal Studies at Pace University in New York
conducted a study for the New York State Energy Research and Development Anthority and
the U.5. Department of Energy to review and analyze existing studies on air pollutant
externality values (Ottinger et al. 1991). The study, which incloded a thorough review of
existing literature, discusaed in detail the important issues involved in estimating externality
costs associated with generation of electricity. Such issues include use of discount rates and
the statistical value of human life. The study summarized the actions taken by individual
state PUCs to incorporate environmental externality costs in utility resource planming and
reagurce bidding evaluation.

The stady presented various methods of estimating emission values, Of the
presented methods, the Pace Tniversity research team preferred the damage value mathod.
They insisted that damage estimates must include health effects, visibility effects, material
damages, and vegetation damages (forest-related and agricultural). The Pace University
researchers did not conduct their own eatimates to obtain values for theae effects; instead,
they assessed air pollution values estimated in & variety of damnage-based studies dating from
1980 to 1990, and selected a “starting value" for each identified effect. Although a wide range
of studies pertaining to different years and locations were cited, the "starting point” values
in the Pace University study were derived largely from ECO Northwest's 1987 study for BPA.
Damage values for CO,, 80, NO,, PM, land use, and water pollution were proposed in the
Pace study.

Becanze of the nature of their study, the Pace researchers clearly stated that their
values represented "stariing point values” — a set of basic damage values for use in further
rezearch but not for direct use as damage estimates. Nevertheleas, to demonstrate the
usefulness of emission values, the Pace University reaearchers applied dollars-per-ton damage
values and the amonnt of emisgions from gix power plant types {(eoal-fired, oil-fired, natural
gas-fired, nuclear, renewable, waste-to-energy) and caleulated environmental externality costs
in milis per kilowatt-hour of electricity prodoced for each of the power plant types.

3.14 California Energy Commission — 19589, 1900, 1991, 1992, 1993

The California Energy Commizsion (CEC) has estimated values of power plant air
poitutant emissions gines 1989, CEC intended to use the emission values to estimate air
pollution externality costs, which it would employ in evaluating and selecting power plant
gites. We present CEC’z hiatorical development of the damage value and the control cost
method together here.

In 1989, CEC used the control cost method to estimate emisgion values for NO_,
ROG, 50, PM,,, and CO, in the South Coast Air Bagin, the remainder of the state, and out-
of-giate areas (CEC 19893). In estimating emission values for the South Coast Air Bagin, CEC
refied on the Tier 1 emisgion control measures presemted in SCAQMIDYs 1889 Air Quality
Management Plan. CEC used the high-end cost ranges to approximate marginsl control
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costs, and assumed the same emisgion values for the South Coast Air Basin as for the rest
of the state. For out-of-state regions that were generally in attainment, CEC simply assumed
10% of the values in the South Coast Air Basin {except CO, for which CEC assumed the same
value for California as for out-of-state areas). In its 1990 electricity report, CEC revized its
1988 emission value estimates to reflect comments from utility companies; the revisions
ineluded substantial reductions in the 1989 NO, estimates. 'While some emission values were
applied to both the South Coast Air Basin and the rest of the state, no values were assigned
to emissions out of the state (except CO,, for which a value of $7 per ton was assigned to
both California and out-of-California areas) (CEC 1950},

In preparing itz 1992 electricity report, CEC continued to work on emission value
estimation. Concerned about the fundamental problems of the control cost method, CEC
began to congider both the control cost and the damage value estimating methods.

CEC'zs ¢oncerns regarding the cost control method included its belief that “talong the
highest marginal control costs from any sector may not represent the public's true willingness
to pay for additional emission reductions in the electricity sector.” (p.6, Buell et al. 1991).
In addition, CEC stated that the marginal cost for a source classification may often be
overegtimated, Based on these reasons, CEC decided to eliminate the measnres costing over
$100,000 per ton when selecting marginal comtrol measures. CEC used the average costs of
marginal control measires as the emission values for NO_ or ROG, but the average costs of
afl control measures as emission values for SO, PM,,, or CO, because data regarding the
marginal conirol measures for these three pollutants were not available,

CEC estimated emission values for gach of the California sir basing and for various
other states on the basie of information regarding emiesion control measures and their costs;
this information was obtained from the air quality control district in each basin.

In using control costs generated by individual air quality distriets, CEC made some
adjustments and cotTections. For example, in adopting SCAQMD's cost estimates, CEC
eorrected SCAQMD's per-ton contrel costs by applying discounting to emissions {which
SCAQMD ignored). We accept CEC’s poaition that physical emissions should be discounted.
CEC also adjusted costs expressed in varions current dollar terms to 1939 constant dollars
by using a series of inflation rates.

In evaluating the damage value estimating method, CEC used the air quality
valuation modal (AQVM) developed for the commission by RER (Tanton et ai. 1992). The
AQVM includes emission estimation, air quality simulation, estimation of physical effects of
air pollution, and valuation of air pollution effects.

CEC contracted RER to conduct a comprehensive study to estimate emission damage
values using the damage value method. RER researchers reviewed previous studies an dose-
reaponse functions and valuation of air pollution efficts and, based on these studies, adopted
a set of dose-response functions and a set of valves for air pollution effects (RER 1990). RER
has frequently updated and revised its adopted dose-response fanctions and effects values
since 1990, based on newly available information,
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In estimating emission values, RER included adverse air pollution effecta en human
health {mortality and acute morbidity, but not chronic diseases), agoicultural crops, non-
agricultural vegetaticn, materials, and visual aeathetics.

RER used gimplified air quality modelg inciuding the screen model for non-reactive
pollutants such as CO and PM and the environmental kinetic modeling approach (EKMA)
made] for azone to simulate air quality effects caused by emissions. The screen model is
recommended by EPA for preliminary evaluation of potential air polluticn problems. The
mode] employs a set of standard metearologicat conditions (designed by EPA to represent the
mast likely woirst-case concentration) to produce dovmwind concentrations versus distance.
The EKMA model, which requires less input data than some advanced models {such as the
urban airshed model), is recommended far determining the leval of VOC control needed to
meet the ozone standard. EPA prefers the urban airshed model, which requires intensive,
detailed input data, for ozone aimulation.

RER has produced a computer-based AQVM for the CEC to estimate orission
damage values. Ulsing input dats on emiszions, background air pollutant concentrations,
meteorological conditions, and other factors, the AQVM can producs dollars-per-ton emission
values for different air basing in California. Emissions from a hypothetical power plant in
a specific region arve fed into the model, and dollars-per-ton emisgion values are calenlated,

RER pointed out that calculation of dollars-per-ton emission values by the model is
problematic because allocating total air pollution damape values to given primary air
pollutants is difficult. RER recommends that the dollars-per-ton caleulation be eliminatad
(RER 1992b), but CEC has been using the model to estimate dollars-per-tont emission damage
values for various California air basine.

In its estimates, CEC uses the emission reductions projected by the air guality
control district in each air basin, and agsumes linear relationships between emissions and
pir quality. Although this assumption is questionable, it is used in virtually all of the
damage-based studies reviewed in this section, because of the high costs and inaccuracies
involved in estimating the “true” nonlinear relationships.

In ita 1992 electricity report, CEC established emission values for various pollutants
in each of the California air bagins and in other states that provide electricity for California
(CEC 1993a and 1993b). CEC-eatimated emission values are listed in Table 3.

After the 1992 electricity report, CEC began t0 uge damage-based rather than control
cost-bazed values. CEC continues to refine the AQVM to produce accurate emission valie
estimates. The commiassion ig currently working on generating new emission value estimates
for ita 1994 elactricity report.
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.15 Scuthern California Edison Company — 1992

In 1992, National Economic Research Associates (NERA) conducted a study for the
Southern California Edison Company {SCE} to estimate damage values of air pollutants in
the South Coast Air Basin (Harrison et al. 1992). Starting with the current air quality in the
basin, the study estimated the damage values of ozone and PM,, between the enrrent air
quality levels and federal standards. Assuming that PM,, pollution was caused solely by
PM,; emissions, NERA allocated the total cost of PM,, air pollution to PM,, emiszions, and
divided the fotal cost of ozome air poliution between ROG and NO, according to their
contributions to ozone formation in the South Const Air Basin. Dollar-per-ton damage values
for each pollutant were then calculated by dividing the total cost of emission reductions by
the total reduction necessary to meast fadaral air quality standards. Therefore, the astimatad
dollar-per-{on value was the cost of moving from the current air quality concentrations to
attainment of air quality standards. Iamage values estimated included human health effects
(mortality and morbidity), visibility effects, materinls damages, forest-related mesthetic
damages, and agricaltural damages.

In it study, NERA relied on the resulte of various studies to complete certain
estimating steps. For example, NERA adopted the dose-response functions and the air
pollution impact valoes outlined in previous studies.

In preparing its testimony before the California PUC regarding the values of
emisgion reductions hy electric vehicles, SCE used the NERA-estimated emission values for
NOQ,, ROG, and PM,, (SCE 1992); the 80, emissions value estimated by RER for CEC
{$560 per ton of S0, ); and the out-of-state emission values estimated by CEC for out-of-hasin
emiggions.

3.1.6 Nevada Power Company — 1903

NERA recently completed a study for the Nevada Power Company to estimate
damage values of PM,, NO,, 20,, and VOC in Southern Nevada. The changes in
concentrations of PM,,, NO,, 50, and ozone were simnlated based on emissions of PM,,,
NQ_, SO, and VOO generated from a hypothetical power plant in and out of the Las Vegas
valley (where concentrations exceed federal PM,, and CO standards). Assuming that
emisgions from the hypothetical power plant affected an area of measuring 100 km by
100 kn, NERA estimated values for various air pollution effects within the area.
Researchers divided the affected area into 2.5-km by 2.5-km grids, and established exposure
factors (increase in population exposure per ton of emissions) for each grid. Using the
established exposure factors and the air pollution values cited from other studies, NERA
eatimated the per-ton damage value of each pollutant emitted from the hypothetical power
plant.

The 1993 atudy included air pollution: effects of human mortality and morbidity,
vigihility, material and agricultural damages, and acid deposition damages to ecosysiems
{e.g., lakes, forests, and agriculture). NERA estimated damage values on the basis of 1990
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baseline emissions, concentrations, and population data, then extrapolated the estimated
values to the years 2000 and 2010 by considering changes in population, per-houschold
income, and application of 50, emiusion trading allowed by the 1990 CAAAs. These
estimated values have been used by the Nevada Power Company in planning its power plant
TES0Urces.

3.L.7 Bummary: Damage-Based Emission Values Estimated in the Reviewed Studies

Table 3 presents damage-based emiesion values estimated in the reviewed studies.
As the table shows, there are wide variations in emiasion values among various regiona. The
variations are caused by differences in air pollntion concentrations, population expoesed, and
methods and assumptions used in the studies. The latter are most signiheant because thege
differences contaminate the estimated emission valuas. For example, for the South Coast Air
Bagin, CEC-¢stimated valuea are ronch higher than SCE-estimated values, becanse of the
different assnmptions and methods used in the two studies.

In most California air basing, S0  emissions have the same value ($1,500). Although
CEC did not state how the value was estimated, CEC likely uaed the 80_ allowance value
in the 50, trading market that was estimated in some other studies. So the CEC-estimated
S0, value may be based on the control cost estimating method.

When estimating damage-based emission values, the above studies generally
evaluated the current air quatity status, then added power plant emissions to the studied
areas. Because most of the studied regions are nonattainment areas, the estimated values
are generally for nonattainment areas.

3.2 CONTROL-COST-BASED STUDIES

3.2.1 South Coast Air Quality Management District — 1958 and 1991

SCAQMD generated an initial List of confrol measures for its 1989 Air Quality
Management Plan in 1988 (SCAQMD 1988a and 1988b), and modified the list for its 1991
revigsion of the plan (SCAQMD 1991). In its list, SCAQMD presents emission control cost-
effectiveness in dollars per ton of emissions reduced for 2 number of control measures.

The SCAQMD control measure st includes measures that meet the District’s Tier I
criteria for currently available technologies to achieve compliance with the California Clean
Air Act, SCAQMD includes in its list the most stringent control technologies to be employed
in new spurces. Such technologies include the BACT, which represents the most stringent
conirol technologies required for emissions reduciions applied to new sources in
nonattainment areas,

SCAQMD used two methods for caleulating the cost-effectivenesa of varions emission
control measures: (1) the levelized cash flow method, and (2} the discounted cash flow
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method (SCAQMD 1988¢c). These methods correspond to techniques 2b and 3b in Table 1,
in which discounting was appliad to cost estimates but not to emission estimates. SCAQMD
included capital, operating, and maintenance costs; assumed an economic lifetime of 10 years
for most control technologies; and used a real discount rate of 4% in its estimates.

BCAQMIYe control measure list has served as the basis of several control-cost-based
gtudies. For example, the Tellus Institute (Section 3.2.4) and the CEC (Section 3.1.4) studies
used SCAQMD"a list to develop emission valiees for southern California.

SCAQMD has recently adopted an emissions trading program to contrel SOy and
NO, emissions from all large sources in the South Coast Air Basin (SCAQMD 1998). Dollars-
per-ton emission values for 5O, and NO, can now be determined based on the market values
of SO_ and NO_ in the emission trading market,

3.2.2 New York State Energy Office — 1989

In 1989, the New York State Energy Office (NYSEO) estimated emission values for
NO,, 50,, and CO, and provided the estimated emission values to the state’s ufility
eompanies for use in calenlating air pollution externality costs, which were used to select

least-cost power plant types.

In developing the estimatea, NYSEQ applied the average costgs of low-cost
tochnologies (mixed control technologies) and high-cost technologies (advanced comtrol
technologies) to power plants. NYSEQ maintained that low-cost technologies reflected control
caste in attainment areas, while high-coat technologiez reflected control costs in

aonattainment areas.

In determining marginal control technologiea, NYSEQ congidered the control
technologies necessary to meet power plant emission standards in both attainment and
nonattainment areas. Using inpat parameters for a 200-MW coal-fired power plant and
udentified marginal contral technologies for the plant, NYSEQ extimated dollars-per-ton
emission values. NYBEO's cost estimates included the private costs of installing and
operating control equipment (i.e., capital, operating, and maintenance costs} and the
governmental costs of implementing and monitoring power plant emission regulations. In
caleulating comtrol cost-effectiveness, NYSEQ assumed a lifetime of 20 years for all control
technologies installed in power plants, and used a nominal discount rate of 10%. Discounting
wag not applied to emissions. NYSEQ-estimated emisgion vaives are presented in Tabie 4.

1.2.3 Independent Energy Producers of California — 1989

In 1989, JBS Epergy, Inc. conducied a study for the Independent Energy Producers
{TEP) of California to estimate emission values of ROG, NO,, S0, CO,, methane (CH,), and
NoQ in southern California, the remainder of California, and areas outside of California




TABLE 4 Conirol-Cosi-Based Emission Values Egtimated in Previous Btndies

Emission Values ($/ton, 1988 dollars)®

Study Region NO, ROG co PM,q 80,
NYSEO 19889 Btata of New York 2,480 N/AD N/a NiA 803
IEP 1989 Southern Califernia 24.500 17,500 N/a N/A 15.300
Remainder of California 18,800 1,130 N/a N/A 1,800
Outside California 3,700 565 N/A N/A 1,600
Pellus Institute 1990 Southern California 262,000 29,000 820 44,000 75,000
Northeastern United States 6,500 E,300° 820 4, 1,500
PHCN 1991 State of Nevada 6,207 1,093° 862 B,ETld 1,445
NYSEO 1881 State of New York: average coats 833 NfA N/A NfA 181
State of New York: marginal costs 4,029 N/A MN/A N/A B2
CEC 1993 SBouth Coast 26,400 18,804 &.300 4,700 19,800
Venture County 16,500 21,100 0 1,800 6.200
San Francisce Bay Ares 10,400 18,200 2,200 2,800 8,800
San Diego 18,300 17,500 1,100 1,000 3,600
San Joaquin Valley 4,100 9,100 3,200 5,200 17,800
HSacraments Vallay 6,100 9.100 EDDdD 2800 0800
North Coast 6,000 3,600 0 200 3,G00
North Central Const 4,100 9,10} L o0 3,000
South Central Coast 9,1x0 3104 0 L 3,000
Southeast Damert 6,000 3,500 2,900 5,700 19,700
O, Attainment but PM,, 6.000 3,500 ¢ 800 2,000
Viclation Areas
OPUC 1983 State of Oregon® 3,363 N/A Na 28828 N/A

convert these valwes into 1388 dollars.

WA = not available.
® Value is for VOCs.
d yalue is for total PM.

OPUC adopted a range of costs for each pollatant. The middle value of the range is presented here.

Emiszion velues in some studies wers expressed in dollars other than 1969 dollars. Consumer price index was used to

473
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{Schilberg et al. 1989). JBS adopted SCAQMD’s control measure list and the SCAQMD-
estimated control costs to caleulate emission values, and selected the measures necessary to
meet BACT standarda in Southern California as marginal control measures. In the rest of
California, the researchera chose control techunologies to meet less stringent emission
standards. For the oui-of-state areas, NYSEQ-estimated values for NO, were used. The
study also assumed use of scrubbers in new coal-fired power plants to estimate the value for
S50, and employed a value of half of the ROG for the rest of California as the ROG value for
the out-of-state areas. The valne for CO, was estimated from the cost of reforestation in
northern California and in the Pacific Northwest. Values for CH, and N,0 were estimated
from the value for CO, and the global warming potentials of the three pollutants.

3.2.4 Tellus Institute — 1990

In 1890, the Tellus Institute of Boston conducted a study £o estimate emission values
of air pellutants using the control cost method {Bernow and Marron 1980). Although Tellus
researchers maintained their preference for the damage-hazed method, they did not believe
that the method was reliable for use in actual policy applications because less reliable
relationshipa and inadequate input data were generally used with the method. Consequently,
the Tellus researchers suggested that the control cost estimates be used ag anrrogates for
emission damage values, and they used the control cost method to estimate emission values.

The Tellug researchers developed estimated emission values for NO,, 80, VOC, PM,
C0O, CO,, CH,, and N,0 in Southerr California and in the northeastern United States. In
determining marginal control measures, Tellus regsearchers used the measures with the
highest control costs neceasary to ecomply with emission and air quality standards imposed
by the BACT, the NAAQS, or the 1990 CAAAs. For Southern California, the most expensive
control measures proposed by SCAQMD were gelacted. For the northeastern United States,
marginal control measures were determined from a variety of sources.

In its estimates, the Tellus atudy ineluded capital, operating, and maintenance costs.
Lifetime costs of control measures were calculated assuming a lifetime of 30 years (the
averaga lifetime of a power plant) for control technologies and a real discount rate of 7%,
Because the Tellus estimates reflectad values in Southern California and the northeastern
Tnited States, both of which are nonattainment areas, the Tellus emission values are for
nonattainment areas. The Tellug estimates have been widely used by state PUCs in utility
resource planning and acquisition.

3.25 Public Service Commisgion of Nevads — 1991

In 1989, the Public Service Commission of Nevada (PSCN) proposed to incorporate
environmental externality cogts of power plant cperations into the utility reaturee planning
process. In 1991, PSCN adopted emisaion factors for various power plant types and dollars-
per-ton emission values for nine air pollutants (PFSCN 1991). PSCN requires that all uéility
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companies in Nevada uge itz adopted values as the hasis for calenlating the air pollution
externality costa of power plants.

Emiasion values adopted by PSCN were based primarily on the Tellus Inatitute’s
estimates, with aome adjustments. PSCN lowered Tellus’ eatimated values for NO,, VOCs,
and CO to reflect ozone and CO attainment status in Nevada.

To address uncertainties involved in its adopted emission values, PSCN allowed
utility companies to use either PSCN-adopted values or to generate their own estimated
values, Two utility companies (Nevada Power Company and Sierra Pacific Power) opted to
estimate emission values using the damage value methad, Their estimated emission values
are lower than the PSCN-adopted values — conzistent with many other giudies that have
generally shown that damage-based valugs are lower than control-cost-based values, The
Nevada Power Company has already published its damage-estimated values; the Sierra
Pacific Power Company ¢ in the process of completing its estimates, Meanwhile, PSCN is
currently revising its rule to possibly mandate uge of the PSCN-adopted emission values.

3.2.86 New York State Energy Office — 1981

In 1991, NYSEO conducted a study to estimate emission tax rates for achieving a
given level of emission reductiona. For the study, NYSEQ designed two tax schemes: a
general revenne tax angd a trust fund tex, Under the general revenue acheme, the tax rate
was equal to the cost of the marginal contyol measures required to achieve the desired
emission reduction. Thus, the general revenue tax reflecta the marginal cost for emission
contrpl. Under the trust fund schems, the tax rate was determined from the total cost of
achieving a pre-determined emisston reduction level divided by the total emizgione reduced.
The trust fund tax, then, reflects the average cost for emission control, In this way, the 1951
NYSEO study indirectly estimated emission values nsing the control cost method.

As part of the study, NYSEQ estimated dollars-per-ton emission values for 50,,
NO,, and CO,. For 50,, the marginal damage curve and the marginal control cost curve
were eptimated first. The marginal damage eurve was a linear connection beiween two data
points. One point was a damage value of $2,200 per ton for 250,000 tons of emissions per
year (the eap in the atate of New York according to 1990 CAA requirements). The other poing
was a damage value of zere at 100,000 tons of annual S0, emissions. The marginat contrel
cost curve wag baged om the retrofit application of SO, control messures to achieve
system-wide 30, reductions. By comparing the marginal damage curve and the marginal
control cost curve, NYSEQ determined that S0, emiseions could be cost-effectively reduced
an additional 75,000 tona per year beyond the 1990 CAAA requirements in the state, To
achieve thig reduction in S0, emissions, NYSEQ calculated a revenue tax of $858 per ton and
a truet fund tax of $188 per ton (1990 roal doliars).

For NO_, NYSEQ calculated a general revenue tax of $4,204 per ton. The rate was
determined to be equal to the highest marginal control cost of meeting NO, emission
reduction requirements in the state of New York according o the 1990 CAAAs, To caleulate
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a trust fund tax rate, NYSEO assumed a reduction of 6,600 tons of NO, at an average cost
of $6,100/ton, resulting in a total control cost of $42,26 million. The NQ, emission reduction
of 6,600 tons was equivalent to the increaze in NO_ emissiona between 2000 and 2010 in the
state. By spreading the calculated total cost over total NO_ emissions reduced (the 6,600 tans
and NO, emission reductions already achieved from other control measures), NYSEQ
calculated a trust fund tax of $971 per ton of NO,.

For C(y, NYSEQ assumed a 10% reduction in total CO, emissions over the 1983
New York State CO, emission inventory. On the baais of the total cost of achieving this
reduction, NYSEQ calculated a general revenue tax of $74 per ton and a trust fund tax of
$5.5 per ton.

3.2,9 Massachusetts Department of Public Utilities -— 1892

In 1990, the Masaachusetts Department of Public TRilities (MDPU) adopted
regulations requiring that electric utility companies in Massachusetts take into account
environmental externalities in their power plant resource planning (D.P.U. 89-236) (MDPU
1992). MDPUJ established initial values for certain air pollutants, and allowed utility
companies to update emission values on a case-by-case basis. In 1991, when the
Massachugetts Electric Company submitted different externality values, MDPU decided to
mvestigate whether the previous values should be updated or revised.

During MDFU's investigation, several utility companies proposed use of damage-
based estimates. They argued that the damage valus method iz more conceptually correct
for estimating externality coats because the control cost method is based on the misconception
that enviropmenta] regulations are determined st the leve] where marginal benefits are equal
to marginal costs, which is an oversimplified view. They further argued that the control cost
method violated a fandamental principle of economies, becauge marginal control costs vary
across different sources for the same pollutant, and these source-specific marginal coats
cannot be established by society's collective revealed preference for a level of pollution.

On the other hand, MDPTJ and some other parties that were in favor of the comtrol
cost method argued that the methodological correciness and the theoretical appeal of the
damage value method must be regarded as flaws that become evident upon examination of
how the damage values are actually estimated. For example, some important damage effects
are ignored in most damage estimate studies, and the tremendous uncertainty of the method
iz not addressed.

MDPU therefore established two criteria for accepting an estimating method:
comprahenziveness and reliability. To meet the comprehensiveness critericn, estimates
should be developed to address all important effects of emissions, including human moerbidity,
mortality, and genetic effects; material damages: agricultural productivity: and non-priced
goods {(e.g., cultural, scenic, and recreational value; visibility; and damages to species and
natural systems). To meet the reliability criteria, estimates must be defensible. An estimate
iz defeneible if it is acecmpanied by a clear and explicit prasentation of the method, data,
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calrulations, judgments, and assumptions nged, and addresses the variability and nncertainty
of the results.

MDPU determined that the present stage of the damage value method did not meet
the two eriteria, Therefore, the department adopted the control cost method in estimating
externality costs. MDPU also adopted the valuea estimated by the Tellus Institute for the
northeastern United Statea As previously discuseed, these estimates are among the highest
developed values because they are based on using the most expensive control measures.

MDF{Fe investigation revealed two additional issues. First, the offsetting policy
allowing utilities to flexibly meet emission requirements should reduce actual control costs,
compared to thoge assumed by the Tellus Institute. Second, the SO, emission trading
provision allowed by the 1990 CAAAs will infernalize S0, emission costa in ntility resource
planning, making it unnecessary to require utility companies to incorporate S0, emission
valuea in their resourcs planning process. These two isaues remain unasstthed.

3.2.8 Oragon Public Utility Commission — 1983

In 1989, the Oregon Public Utility Commission (OPUC) adopted a requirement that
air poliution externality costs be included in utility resource planning. QPUC provided
ranges of emigsion valuss for NO,, total suspended particulate matter (TSF), and CO,.
OPUC did not provide an emission value for 80,, because the commission believed that the
80, emisgion trading provision allowed by the 1990 CAAAs would help internalize the eost
of 30, emissions in utility resource planhing,

Emissiom value ranges proposed by OPUC were based on the costs of marginal
control technologies required by the BACT for new power plants in attainment areas in
Oregon and Washington. In calculating the costs of marginal control measures, QFUC
assurned a lifetime of 30 years for the control technologies. The cost estimates included only
equipment coats; operating and maintenance costa were excluded.

When the Oregon Department of Justice maintained that OPUC might not have the
authority to require incorporation of externality costs in utility resource acguisition decisions,
OPUC decided to provide general guidelines for utilities to consider externality costs in their
rezource planning process. In its gnidelines, OPUC suggested that utility companies select
emission values within the ranges provided or estimate their own emission values. Two
utility companies (Pertland General Eleciric and Pacific Corporation) suggested that air
potlution externality costs used in the resource planning process should he the loweat
estimate from among the marginal damage value, marginal control cost, and offeet cost.
Portland General Electric Company maintained that the upper bounds of the emission value
ranges proposed hy OPUC should be lowered to reflact the power plants' opportunity to
reducs emission control costs by using offsets to comply with air quality standards,
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5.2.9 Summary: Conirol-Cost-Based Emission Values Estimated in the
Reviewed Studies

Tabie 4 presents control-cost-hased emission values estimated in the above studies.
There are wide variations in emission values among the studied regions. The variations are
caused primarily by the marginal control technologies selected, which are determined
primarily by air quality status in a region. Note that for each region, estimated emission
values vary significantly with different studies. For example, for Southern California, the
Tellus study estimated much higher emission valizes than the CEC study. This is because
the marginal control costz estimated by the Tellus Institute were the highest costs of the
*last® marginal control measure for the region, while CEC excluded contrel measures with
costs above $100,000 and used the average ecost of several marginal control measures.
However, the CO value estimated by Tellus is lower than that estimated by CEC because
different control technology lists were used in the two studies. These differences demonatrate
the importance of the marginal control measures selected in determining control-cost-based
emission values.

In reviewing the above studies, we also found that different studies may produce
different control cost estimates for the same technology. For exampie, while the NYSEQ
study (1989) estimated a control cost of $7,281 per tom of NO, from selective catalytic
reduction, the California IEP study estimated a cost of $18,800 for the same technology
{Schilberg et al. 1989). This is probably because different assumptions regarding equipment
lifetime, emisaion reductions, and capital and cperating costs were used in the two studies.
Neither study presented the detailed ageomptions need in the estimates.

When sstimating einisrion valuea, the abova studies were generally baged on meesting
air quality or emission standards from the current emission or air quality levels in the
studied areas. Because most of the studied regions sre nonattainment areas, the control-cost-
based values were usually applied for nonattainment areas.

3.3 SUMMARY OF APPLICATIONS FOR THE TWO ESTIMATING METHODS

Both the damage value and the control cost method have been widely used in
estimating emission values in past studies. However, agsumptions and gimplifications have
to be made with either method; these assumptions, together with differences in air pollutant
concentrations and total populations, lead to large variations in estimated emisgion values
ameng the previous studies,

Large discrepancies in estimated emission values also occur between the damage
value and the control coat method. Comparison of Tables 3 and 4 reveals that the damage-
based values are generally lower than control-cost-based values. Becaunse of exclusions of
ceriain air pollution damage effects in damage-hazed studies and because of the many
assumptions involved in these studies, we believe that damage-based values under-represent
actual emission values, not that the lower damage-based values imply that emissions are
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over-controlled. Note that for PM,,. damage-based values are actually higher than control-
eost-hased values, which contradicts the argument that the damage estimate method results
in lower emission values,

The vital assumption of the control cost method iz that marginal control cosiz are
equal to marginal emission damages. If we accept that legislators or regulators determine
air quality standarde and regulations primarily by considering the cost of achieving air
quality goals and the damage caused by air pollution, use of the control cost method to
sgtimate emisgion valnes may be preferred.

The damage value estimating method sutfers from uncertainties in establishing dose-
response functions and valuation of air pollution effects. In the damsge-based studies
described above, rescarchers generally adopted generie dose-response fundctions and generic
values for air pollution effects cited from various studies; they often used linear extrapolation
when applying pre-determined relationghips and values and ignored some air poliution effects
in estimating damage values. If we accept these assumptions, use of the damage value
method to estimate enrission values may be preferred.

The damage-based studies described in this section estimated damage values only
for power plant emisgions. Because power plants are generally not Ioeated in metropolitan
arens, their amissione cavse less damage than motor vehicle emiseions in the core of a
metropolitan area. Thus, applying the emission values hased on power plant emission
damages to motor vehicle emissions will probably lead to underestimates of the true damages
of vehicle erissions.

Emisgion values estimmated in the previous studies have been used to calculate the
externality coets of air pollution. Koomey (19940) applied emission values estimated in some
gtudies to alectric power plant eminsions to calculate externality costs of power plant air
pollution. Because uncertainties are involved in all the past studies, Koomey did not have
any preference regarding which study he used for his work; he used emission valuesz
estimated in ten past studies (both damage- and controi-cost-bazsed) and estimated ten asts
of air pollution extarnality costs for power plants,

Small and Kazimi (1994) vsed emission darmage results from some previous studies
to estimate damsage-based dollars-per-ton emisgion valuea. By applying the estimated
emission values to motor vehicle, they calculated an air pollution externality cost of 3¢ cents
per mile for passenger ears. Note that, although they intended to estimate motor vehicle
externality costs, Small and Kazimi used air pollution damage results from past etudies that
ware conductad primarily for stationary sources.

Although emisgion value eatimates in the previous studies involve many assemptions
and consequent uncerfainties, some estimates must be chosen from these studies to complete
societal cost and henefit analyses of projects that cause air pollutant eamissions, Use of these
estimates is particularly crucial because emission values in nonattainment areas cannot be
zero, although emission values in attainment areas might be treated as zero, Consequently,
many state PUCs have either adopted or proposed incorporatation of emission values into
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utility resource planning and acquisition, For information regarding state actions to
ingorporate air pollution extermality costs into utility resource planning and acquisition, see
Houston Lighting & Power Company (1993), Consumer Energy Council of American Research
Foundation (1993), Ottinger et al. (1991), and Cohen et al. (1990).
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4 DEVELOPMENT OF EMISSION VALUES FOR DIFFERENT U.8. REGIONS

Emission values must be chosen to evaluate the societal coste and benefits of projects
that cause air pollutant emisgions. The sindies described in Section 3 estimated emission
values only for a limited number of regions. In adopting or proposing emisgion values, many
state PUCs and other private and public organizations apply the emission value estimates
for thoze regions directly to their areas withouwt adjustments for the differences in air quality
status and total population. These differences can cause emission values to vary significantly
among regions. Region-gpecific emission values have to be estimated to allow accurate
calculation of environmental damages in a region.

Ideally, damage estimate models ghould be run for a particular region to eatimate
the damage values for that region, and enission control costs should be estimated by talong
into acecount the control measures and their costs applied to the region. However, limitad
resources rnay prevent such detailed, aceurate astimates for individual regions.

In this report, using the emiasion values eatimated in previous original atudies, we
establish repgression relationships between emission values, air pollutant concentrations, and
total population. Air polluntant concentrations affect emission valuss directly; total population
affects emission values more indirectly. For damage-based emission values, total population
determines how many people are exposed to air pollution, and therefore determines the
magnitude of health damage valuesa — the most significant air pollution damage in most
cases. For coet-based emission values, total population partly determines the number of
emission gources in the region. A higher population requires more human serviees and leada
to more activities, hoth of which result in more emission sources. Therefore a region with
higher population incurs a higher cost to meet air quality standarde than a region with a
lower pepulation, everything else being equal.

We apply established relationships to some U.S. metropolitan areas to estimate
emission values for those regions. While our regression-based emission valuea for a
metropolitan area may not be as aceurate a8 the estimates developed using the damage valoe
ot the control cost method, they are more accurate than direct application of the emission
value estimates for other regions to a study region.

To allow the flexibility of choosing between damage-based and control-cost-based
emiegion values, we establish two sets of regression relationships: ome for estimating
damage-based values and the other for estimating control-cost-based values,

4.1 REGRESSION ANALYSIS

In establishing regression relationships, we used damage-based and control-cost-
based emiggion valueg for eleven California air basins (eatimated by CEC), damage-based
emission values for the areas west of the Cascade range in Oregon (estimated by ECO
Northwest), damage-based emission values for the northeastern United States {specifically
Mazsachusetts and New York) (developed by Pace University), control-cost-based emission




values for the northeastern United States (specifically Massachusetts) (estimated by the
Tellus Institute), and damage-haged emission values for the Las Vegas valley (estimated by
NERA). Emisgion value estimatea for 15 regiona, then, were used to establish regression
relationships (Appendix B containg the database created for the regression analysis).

In establishing & regreasion relationship for a particular pollutant, we tried various
functional forms. We generally chose the most statistically significant funetional form of the
variables as the final regression relationship for each pollutant. However, in some cases,
theoretical expectations for sigms of coefficients caused us to adopt models with less "goodness
of fit" (i.e., maller R%), During the regression analysis, we found that for some pollutants,
the constant term was not significant. In those cases, we forced the constant term to be zero.
We also found that some coefficients for air pollutant concentrations and/or populations were
not statistically significant. However, we occasionally retained these relatively insignificant
coefficients in the regreasion relationships becaunse simple theory implies that both air
pollutant concentrations and population affect emission values. Our established regression
relationships for damage-based and control-cost based emission values are presented below.

4.1.1 Damage-Based Emission Value Relationshipa

Damage-based emission values for each pollotant were regressed against various
combinations of and various functional forms of air pollutant concentrations and total
population. The regreasion relationshipz found between emission damage values, air
pollutant coneentrations, and total population are given below. Table 5 prezents the statistics
for these relationships. Note that emission values here are expressed in 1989 constant
dollars.

NO, gumage = 1,640 In(pop) + 4,220 In(Oy) (1
ROG jamage = 871 1n{pop) + 2,310 In{O,)
I0(PMyq gamage) = 0-764 In(pop) + 0.685 In(PM, o)
{80, jomage) = 5.41 + 0.325 In(pop} +

0.0138 I(30,)
where:
NO, gumege = NOy damage value ($on)
ROGy, 1,y = ROG damage value {$ton)
PM,, damage value ($/ton)
80y damage value ($/ton)

PMig damage

%, damage

pop = total population (in 10%)
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0, = highest second daily maximum 1-hr ozone concentration (ppm)
PM,, = highest arithmetic mean PM,, concentration (pgfm?)
5Q, = highest arithmetic mean SO, concentration (ppmn)

Damage value estimates for CO are scarcer than those far the above four pollutants.
Among the cited original studies, only the CEC study estimated CO damage values for
California’s air basins. CEC estimated a per-ton value of $3 for the South Const Air Basin,
$1 for both the San Francisco Bay area and San Diego, and $0 for other California air basins.
The CEC egtimatea imply virtually zero damage wvalue for CO, which certainly under-
represents the actual damaging effects of CO in most urban areas, The CEC study estimated
CO damage values hased on power plant emisgions. CO disperses rapidly and is not a
preblem at great distances from the source. While power plants and people are not generally
Focated close together, motor vehicles and people generally are. CO emiagions from motor
vehicles are probably far more damaging to humans than those from power planta.

TARBLE 5 Statistics of Regreszion Relationshipe for Damage-Based Values

Variable NO, ROG PM,, S0,
Regresasion R? 0.43 0.36 0.30 0.67
F Value 739* a83d  4BEY 12.0°
Constant Standard N/A® N/A N/A 1.33
Emror
t Value N/A N/A N/A 4,054
Population Standard 871 248 0179  0.0868
Exror
£ Valae 443¢ g1l g2 2.75%
Polluiant Congentration  Standard 137 881 0.353 0.148
Error
t Value 3000 282 104" 00340

% At the significance level of 99%.
b At the significance level of 95%.
% N/A = not available,

4 At the significance level of 97.5%.

® Nat gignificant.
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4.1.2 Control-Cost-Based Emission Value Relationships

Control-coat-based emission values for each pollutant were regressed against various
combinations of total population and air pollutant concentrations. ‘The regression
relationships found between control-cost-based emisaion values, population, and air poliutant
poncentrations are given below. Table 6 presents statistics for these regression relationships.
Note that emission values hore are expressed in 1989 constant dollars.

NO

i, cost

= 40,000 + 5.71 In(pop) + 151 In(Oy) 2
ROG,,, = 30,200 + 385 ln(pop) + 120 1a(0,)

FMyg, cou; = -16,800 + 793 In(pop) + 3,750 In(PM, ;)

S0, o = -61,100 + 956 In(pop) + 13,500 In(PM,,)
CO_ . = -6,390 + 579 In(pop) + 2,110 In{CO)
where:
NO; ot = NOy control-cost-based value ($/ton)

ROG,,, = ROG control-cost-based value ($/ton)

PM,, control-cost-baged value ($fton)
S0 = BO_ control-cost-based value ($/ton}
CO,,,. = CO control-cost-based value ($/ton)

total population {(in 10%)

g

Qg = highest second daily maximum 1-hr ozone concentration (ppm)
PM,, = highest arithmetic mean PM,; concentration (pg/m®)
CO = highest second maximum nonoverlapping 8-hr CO concentration {ppm)

The regression relationships for both damage-based and control-cost-based emission
values take logarithmic forms. Tables b and 6 show that population is more significant than
pollutant coneantration in damage value regression relationships, but pollutant concentration
iy more significant in control cost regression relationships. This iz consistent with the fact
that damage values in the past studies were primarily determined by total population
exposed, while control coats were primarily determined by air pollutant concentrations.
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TABLE § Statistics of Regression Relationships for Control-Cosi-Based Values

Variable NO, ROG PM,, S0, Cco

Regreasion R 0.42 0.29 058 032 0.35
F Value 5.99° 864 9795 433 44

Constant Standard Evror 14800 16600 4300 19800 3000
t Value 2,609 182* ag400 assd 28

Population Standard Error 1010 1120 254 1050 441
t Value 0.00564°  0.346° 3329 o907 Lmf

Pollutant Standard Errer 4950 5540 1140 4740 1170
Concentration  t Value 3.06% 216° g328 o8¢ La®

® At the significance level of 95%.
b At the significance level of 92.5%,
¢ At the significanece level of 99%.

9 At the significance leval of 97.5%.
® Not significant.

¥ At the sigmificance level of 85%.

¥ At the significance level of 90%.

4.2 ESTIMATES OF EMISSION VALUES FOR VARIOUS 1.8. METROPOLITAN
AREAS

4.2,1 Input Data

Based on the regression relationships established in Section 4.1, we have estimated
emiggion values for some U.5. metropolitan areas. Table 7 presents data on air pollutant
concentrations and population in 17 U.8. metropolitan areas. We apply these data to the
regression relationships to estimate emiswion values for these metropolitan areas. The
17 regions gelected include all nine of the nonattainment areas specified in the 1990 CAAAs
for introducing reformulated gasoline (RFG): Baltimore, Chicago, Denver, Houston, Los
Angeles, Milwaukee, New York, Philadelphia, and San Diego. Our regression estimates for
four other metropolitan areas (Boston, Sacramento, San Francisen, and Las Vegas) are
included here for comparison with the estimates in some original studies. The remaining
metropolitan areas (Atlanta, New Orleans, San Joaquin Valley of California, and Washington,
D.C.) are included because vigorous air pollution control measures are currently proposed in
these areas, Our regression relationships can be used to estimate emission values for any
target nonatiainment area.
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TABLE 7 Input Data Used in Regression Relationships™

Ozt (highhest 2nd
(higheat Znd daily Ao pon:-
Total kY Ordghext ariblaretls (Lighest arithmetlo orerispping
Matropslitan FPopultion 1-hat evinowetvtirntion AN Otcen bRt Al Concent T &hr ema-
ot In pgee} in jga®) in ppm) candration in pp)
Atlania 2545 013 0 05 T
Baltisnone 2,520 414 L] 010 9
Bngtion 2552 a1z kL] .01 B
Chicage 8,156 012 46 .01 B
Dhenover 1604 011 &7 0008 11
Houaton 2284 022 L] 0008 [}
Laz Vegua 847 010 % Nt 13
Lo Angalos g 0.50 & 0005 i)
Milwaokes 1.40% 0.15 » 0.00T [
New Oclaana® 01E 014 a4 4005 &
Mew Yerk akak 018 5 0019 11
Fhiladeiphia 4,083 G158 S| 0.015 9
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4,22 Estimated Emission Values

Damage-Based Eatimates. Figuros 3 and 4 present the regression-estimated
emission values and original emission value estimailes for Boston, Las Vegas, Los Angeles,
New York, Sacramento, San Diego, and San Francisco. Thers are large differences between
our estimatea and the original damage-based estimatas for ROG and PM,,. Our estimated
50, values are close to the original 5O, values. The NO, regression relationship
underestimatee the NO_ damage value in Log Angeles, Sacramento, and the San Francisco
Bay area, but overeatimates the value in Boston, New York, and Las Vegas. In San Diego,
the regression-estimated NO, value is comparable to the original estimate. The ROG
regression relationship underestimates the ROG value in Los Angeles and Sacramento, bat
overestimates the value in San Franciaco and San Diego. In Las Vegas, our estimate of ROG
value i close to the original estimate, The PM,, regression-sstimated value is substantially
lower than the original estimate in Loa Angeles, San Francisco, and San Diego, but higher
than the original estimate in New York, Boaton, Sacramento, and Las Vegas. The S0,
regression relationship underestimates the 80, damage value in Los Angeles, San Francisco,
and Boaton, but overestimates the value in Sacramento. In New York and San Diego, our
regression-estimated 80_ value is comparable to the original estimate, Overall, damage-
based values in Los Angles are always underestimated by the regression relationships, and
damage-based values in Boaton and New York are usually overestimated.




12,000

14,000 -

12,000

15,000

000

Dalava/Ton

48000 1

2000

Lax Yegan e Yok Erhom Sy Dhinyd Earcamanda & F By Lt

{(a} Dawage-Based Emission Values for NOy

(b) Damage-Based Emisasion Velues for ROG

FIGURE 3 Comparison hetween Regression Estimates and Originel
Batimates: Damage-Based Emission Values (1989 constant dollars)




50,000

42,000

40,000

25 000 |

36,000

25000

Dallsr=Ten

20,000
15,000
1000

H000 1

Las Yngna Bacramanto

Mo York

() Damage-Based Emiasion Values for PM,,

I Crviginal Eskmaie

1.000

50000

4,500

Dalbars T

3,000

ALV

1,500 4

SACTHTHNL Sian Ciego S Francisoo Mew ork Blosion Lk Angiies

(d) Damage-Based Emission Values for SOy
FIGURE 3 (Cont.)




40,00
W Crriglea st
O Regreption ikl
25,500
20,00¢

15,000

Dolbarw'Ton

15, 0K}

W Yo Laz Weges Beaton Sacramerin  EsFowckot San Diego Lent Mtigradms

(a) Control-Cosi-Bazed Emission Values for NO_

2,000

13,000

18,000 1

14,000

12,000

10,000

DellarsToa

4,000

2000

e S ig i Wl
(b} Control-Cost-Based Emission Values for ROG
FIGURE 4 Comparison between Regrension Estimates and Original

Estimates: Conirel-Cost-BEased Emission Valaes (in 1989 constant
dollars)




&1

1.0

8,00

rmll.u?ml

Frmidppg

{¢) Control-Cost-Based Emisgion Values for PM,,

1,000

15, KX}

44,000

42008 |

19,000

5,000

4,000

2000

Jiinr Y'ork L% Wagms Boston Lot e San Franoics  Saoiamanta

(d) Control-Cost-Based Emission Values for S0,

FIGURE 4 {Cont.)




' L Wik Mm fSian Francieco | Lo Anguies
{¢) Control-Cost-Based Emigsion Values for CO
FIGURE 4 (Cont.)

Control-Cost-Based Estimates. Using the regression analyses, the NO, estimate
ig lower than the original control-cocat-based emission value in Loz Angeles, San Francizco,
San Diego, and Laa Vegas, but higher than the original value in New York, Sacramento, and
Boston. The regreassion-estimated vaine for ROG is lower than the original estimate in San
Francisco and San Dvego, but higher than the original estimats in New York, Las Vegas, and
Boston. In Log Angeles and Sacramentsn, our estimate of the ROG emission value is
eomparable to the original estimate. The regression-estimated value for PM,, is close to the
original estimate in Los Angeles, New York, and Sacremento. The PM;, regression
relstionship underestimates the PM,,, value in Boaton and Las Vegas, bt overestimates the
value in San Diego and San Francisco. The 30, regression relationship underestimates the
50, value in Los Angeles, Sacramento, and S8an Franeiseo, but overestimates the value in
New York, Las Vegas, Boston, and San Diege. The CO regression relationship
‘nnderestimates the CO value in Log Angeles and Sacramento, but overestimates the value
in New York, S8an Piego, Las Vegas, and Boston. Qur estimate of the CO value ia close to
the original estimate in San Francisco. Owersll, differences in control-cost-hased values
between regression estimates and original estimates are amaller for FM, , than for any othar
pollutants. The differences are smaller for contrel-cost-based values than for damage-hased
values.

Because cur regresdion relationships rely on original estimates, we recommend that,
when available, original estimated emission values be used for relevant areas, Our purpose
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kere is not to supplant a more careful study, but to provide working values until studies are
cornpleted for the various lecations for which no estimates have been developed.

Table 8 presents emission values estimated by using the esiablished regression
relationships for the 17 nonattainment aress. Not surprisingly, there are significant
variations in emnission values across the 17 areas. Damage-based emission values vary from
$910 to $9,800 for N'OI, $320 to $5,110 for ROG, $2,450 to $17,200 for FM,,, and $2.190 ta
$4,030 for SO,. Control-cost-based emission values vary from $5,220 to $21,850 for NO,,
$5,100 to $18,250 for ROG, $2,400 to $6,060 for PM,,, $3,130 to $13,480 for 80,, and $1,410
to $4,840 for CO. Emission valuea in Loz Angeles are always high, while values in Las Vegas
are usnally lovw, Estimated damage-baged emission values are generally lower than control-
cost-based values for each pollutant except PM,, — probably becawse of underestimation of
damage values in previous original studies, in which not all air polution effects were
considered.

4.2.3 Qualifications of the Estimated Emission Values

The ahove emission value estimates are based on the established regression
relationships which, in turn, are based on previously estimated emission values, In the
repgresgion analysis, the selection of independent variables {population and air pollutant
concentrations) and regression functional forms has affected the final relationships.
Compared with original estimates for a given region, regresaion estimates are rather rough
and ¢an indicate only the magnitude that emission values might have for the region. Cantion
must be faken in using the regression estimates.

Researchers c¢an use either damage-based or control-cost-based emission
values — both have their advantages and disadvantages. One should be aware that selection
of either type of value could have significant consequences.

Pagt egtimates of emission values were based primarily on siationary source
emissions, Therefore, the established regreassion relationships (based on these past studies)
rely on stationary somree astimates. Applieaticn of these values to mobile gource emisgions
may under-represent the true values of mobile source emissions. Because many major
stationary sources are located away from metropolitan areas, while emisgions from motor
vehicles gecur primarily in or near the core of metropolitan areas, damage-based values for
mobile source emissions are likely to exceed those for stationary source emissions. This is
especially true for mobile gouree CO emisgions, becanse these emissions in street canyons
pose extensive population exposure. With respect to cost-based emission values, very faw
control measmmres for mobile source emiszions were included in the original studies, Apgain,
the established regression relationships are based primarily on estimated emission control
eosts for stationary sources. Emission values haged on stationary souree control costs may
be higher ar lower than those based on both stationary and mobile source control costs.
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TABLE 8 Estimated Emission Values for 17 1.5, Regions

Emission Value ($/ton, 1989 dollars)

Aren NO, ROG PM,, 8O, co
Damage-Based
Atlanta 4,330 2,150 5170 2720 N/A?
Baltimere 4,430 2 250 4520 2620  NA
Boston 4,120° 2,030  5080° 2,820 N/A
Chicago 5,360 2700 10,840 3800 N/A
Denver 2,840 1,350 3390 2,330 NfA
Houston 6,890 3,540 5100 2910  NA
Las Vegas 910° 3200 2450° N/Ab N/A
Los Angeles 5800 5110° 17200 3970"  HNsab
Milwaukee 3,890 1,950 2960 2210 N/A
New Orleans 3,580 1,910 3600 2471 NA
New York 71308 3650 15,130 4 uau N/A
Philadelphia 5,944 3,010 8,36(] N/A
Sacramento gs70k  1m20® 3, 15ﬂ 2,190" N/AE
San Diego 5510 2800  amoo® 28000 AP
San Franciaco Area 3736 1810 s5970" 2970h NP
San Joaquin Valley 4,490 2,240 6550 2610 NA
Wasghington, D.C, 4,800 2,450 8260 3070 NA
Control-Cost-Baged

Atlanta 9,190 8,780 3460 6,420 2,280
BaRtimore 10,310 9,620 3170 5600 2,480
Boston 7.980° 7850  3120° 5,080° 1610"
Chicago 7,990 8,150 4680 9,120 2,440
Denver 6,660 4,580 2,790 4900 2,960
Houston 1'? 150 15,160 2,780 3,580 2,880
Las Vegas 5I00°  4,190° 11850° 27707
Los Angeles 21,350” 19250  6060° 13430° 4,840
Milwaukee 11,360 10,250 2560 4380 1590
New (rleans 8,10} 8 ETI} 2 4!]0 3130 1410
New York 123408 11720  5390° 11,000° 3910
Philadelphia 11,360 10,730 4040 7330 3,160
Sacramento 11,3508 10240  2950" 5800° 3,040P
San Diege 14, 11u'* 12,650°  3460°  6,640° 2,740

San Francisco Area 59500  srue0t a200® 4, ‘300" 2 4p0b
San Joaquin Valley 10,310 8,630 B,110 12480 2,750
Washington, D.C, 9,190 8.910 3,340 5320 8,010

£ NA = not available,

b For these regression estimates, original estimates of emission values
ara avaitable. They are presented in Table B.1.
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4.3 VALUES OF GREENHOUSE GAS EMISSTONS

Some previons studies described in this report presented emission values for
greenhounse gases. These studies usnally estimated emission values for CO, using the control
cost estimating method. Emisgion values for other greenhouse gases are generally caleulated
using the estiimated CO, value and the global warming potentials of other greenhouse gases
relative to that of CO,. Table 9 presents previous CO, emission value estimates. The table
shows large variations in estimated CQ, emission values. These variations are due partly
to the cited studies’ aasumptions regarding CO, control measures and the level of CO,
emiggions controlled. On the basis of estimated CO, emisgion values cited in the studies, we
suggest a median value of $15 per ton for CO, emissions.

As with past studies, we applied the global warming potentials of other greenhouse
gases to the value of $15 per ton of CO, to calculate emission vaiues for other greenhouse
gases. Global warming potentials and caleulated emission values for the greenhouse gases
are presented in Tabls 10. €Oy emission values estimated in the cited studies are based
primarily on the control coat eastimating method. To apply the global warming potentiaks of
various greenhouse gases in  calculating emizsion values, researchers would have to
implicitly interpret the estimated CO, walues as damage values, therefore creating an
inconsistency between the original control cost estimates and their intended wse, Ideally,
either control costs should he estimated for other greenhouse gases, or values for CO, should
be estimaied uwsing the damage value method — then the global warming potentials of
greenhouse gases can be applied to calculate their damage values.
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TABLE 8 CO, Emission Values Estimaied in Past Studies

Valoe
Study ($fton) Remarks Control Measure Specified

NYSEQ 19588 g Reforestation

Schilberg et al. 1980 147 Reforectation

Beraow and Marron 23 Tree planting

1990

Ottinger ef al. 1991 4.6-13.6 Not specified

PSCN 1991 22 Tree planting

NYSEQ 1991 T4 Marginal cost  Based on a revenue tax
55 Average cost Based on a trust fund tax

Nordhaos 1562 08 Averape cost 1% worldwide reduction in
14 Marginal cost GO, over the 1989 level
13.0 Average cost 50% wotldwide reduction in
327 Marginal cost ~ COg over the 1989 level

NERA 1993 3.2 Not, specified

OPUC 1993 10-40 Not specified

CEC 1982 76 Not apecified

Morris et al. 1993 5.2 Average cost $16/#0n carbun tax
15.7 Average cost U.8. GOy stable between

90-500 Marginal cost 129¢ and 2030
18.8 Average coat 10% reduction in U8 CO,
119-2,102  Marginal cost  between 1990 and 2030




&7

TABLE 10 Global Warming Potentials and Emission Values of Greenhouse Gases

Giobal Warming Potential
BEmisaion
Bernow and DeLuchi NERA Our Adopted  Value G.-‘tan,h
Greenhouse Gas Marron 1990 1991 1993 Value 1989 dollars)
GO, 1 1 1 1 16
CH, 10 9 10 10 150
N0 180 190 180 180 2,700
CO 22 2 2.2 232 13
NMOG (C weight) N/A® 7 NtA T 106
N D: WA i4 N/A 14 210
CFC-11 NiA NiA 1304 1300 1%,5000
CFC-12 NiA 4 50 3,100 2,700 55,500

3 DeLuchi's global warming potentiale for a 50)-vear horizon are cited here becauge of their
congistency with the global warming potentials in the sther tweo studiss.

b We adupted a value of $15 per ton of CO, and calculated values for other policiants by
z
using the adopted 00, value and the global warming potentials of the other pollutants.

¢ N/A = pot available,
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§ CONCLUSIONS

We have reviewad two general methods of estimating the monetary values of air
pollutants: the damage value method and the control cost method. Using the damage value
method, researchers directly estimate the values of air pollutant emission damages by
simulating air quality impacts of a given amount of emissions, estimating health and other
welfare impacts of the resulting air quality changes, and calculating estimated monetary
vatues of the health and other welfare impacts. For the control cost method, the marginal
emiggion control cost required to meet given air quality or emission standards is estimated.
This cost represents the opportunity cost offset by emission reductions from a given source,
and is treated as the value for emisgions reduced by the source. Although the damage value
method is theoretically sound, many assumptions and uncertainties are involved in ils
eptimating procedures. Consequently, estimated emission values may not aecurately
represent true emission values. On the other hand, the opportunity coat estimated using the
control cost method may or may nat represent the value that society places on a given air
pollutant.

Numercus stndies have been conducted to estimate the values of air poliutant
emissiona. We have reviewed the major studies in this yeport. As in our study, many of the
reviewed studies are secondary sources; that is, the researchers did not conduct ariginal
estimates of emission values, Both the damage value and control cost rethods were used in
the past atudies. By and large, damags-based estimates tended to be incomplete and ta be
lower than control-cost-based estimates, except for PM, o, for which damage-based values are
higher than control-cost-based values, Not surprisingly, these original studics nsed different
methodz and assumptions, and their results are difficult to reconcile. The studies have
revealed wide variations in emisgion values among regions — region-specific estimates of air
pollutant emisgion values are ¢ortamly noadad.

Using emission values estimated by some original studies for 15 1.8, air basins, we
established relationships between emission values on the one hand and total population and
air pollutant concentrations on the other hand. The established regression relationships take
logarithmic forms. On the baais of the established relationships, we have estimated hoth
damage-based and control-cost-based emiszion values for 17 major U.S. urban regions. Our
estimates show that emission values vary significantly among regions and among pollutants,
Although the regression-estimated emission values may not be as aceurate ag the estimates
conducted using the demage value or the control cost method for a particular region, cur
estimates are more acenrate than direct application of the eatimates for other areaz to the
study region. I[deally, emiesion values should be estimated for each region.

Cur report sumanarizes greemhonse gas emission values developed during past
studies. Based on past estimates, we proposed a per-ton CO, emission value of $15 and
developed emisgion valoes for other greenhouae gases based the proposed CO, value and the

global warming potentials of various greenhouse gases.
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Emisgion valoe estimates in past studics are primarily for stationary source
emissions. Consequently, our regression estimates (bazed on past studies) are applicable to
stationary gource emiggions. Estimates of the values for mobile source emissions are lacking;
virteally no damage-bazed estimates have been developed for mobile source emissions.
Although researchers have estimated the coat-effectiveness of various mobile source emission
control measures, the estimated mobile source control costs have not been used to
appraximate mobile source emission values, Use of emission values estimated in this report
may understate the true value of mohile source emisgions. The only exception may be
emission values for greanhouse gases, for which the differences in values between mobile
sources and stationary sources may not be significant.

Because our regression relationships rely on original emission value estimates, we
recommend that these values be used for relevant areas, when available. Our purpose here
ie not t¢ supplant a more careful study, but to provide working valueg until studies are
completed for the various locations for which no value estimates have been developed. We
strongly believe that accurate estimates of emisgion values using either the damage value or
the control cost method are needed for various individual regions and for mobile source

emisgions.
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APPENDIX A: SAMPLE CALCULATION OF EMISSION CONTROL COSTS
OBTAINED BY USING DIFFERENT CALCULATING TECHNIQUES

We have presented four techniques of calenlating the cost effectiveness of emission
contral measures. In this appendiz, we calculate control cost effectivencss using each
technicue for two sample control measures: a hypothetical stationary souree emisgion eontrol
technology and electric vehicles as a mohile source emission condrol measure. Jur intention
here is to ghow the differences in the calculated results and their meanings for each different
¢aleulation technique.

The fiur iechniques are presented in Table 1 of the main text. Some detailed
information regarding the techniques and assumopbions uwsed i the following sample
calculation is presented in an early report first anthored by Warriner (Warriner et al., 1993).
For that detailed information, we refer readers to the Warriner report.

A1 Emisgion Control Cost-Effectiveness of & Hypothetical
SBtationary Control Technology

The assumptions for a hypothetical atationary control technology are presented in
Table A1

Table A2 presents caleulated control cost-effectiveness with three different discount
rates using the four techniques. The table shows significantly different costs and meanings
ealenlated vsing the different techniques. In practice, technigques 2 or 3 should he nsed in
calculating control coat-effectivencas, because the results obtained using these two techniques
do not account for the equipment’s lifetime, which would allow the cost-effectiveness of
varions control measures with varying lifetimes to be divectly compared. To evaluate costs
and benefits of control measures from a societal accounting point of view, we believe that
diseounting ahould be applied to both costs and emissions. Therefore, we recommend that
case a of both techniques 2 and 3 be used in calculating control cost-effectiveness.

TABLE A1 Assumptions of Hypothetical Stationary

Emigsion Conirol Technology

Lifetime of the equipment (year) 10
Antiaal emizgion reduction (tonafyesr} ag
Initial capital cost of the equipment () 1,750,000

Annual operating cost of the equipment {$fyear) 175,000




il

TABLE A2 Conirol Cost-Effectiveness of Hypothetical Stationary Emission
Control Technology

Dizeount Rate {%}
Technique Case 4 8 8 Unita Meaning
1 a 63,388 60,760 58,485 (Mlifetimey Cost to reduce one ton
{tonfyr) each year threughout
lifetime
b 63388 60760 58485
2 a 7815  B256 8,716 $iton Cost to veduce one ton
b 7,815 255 8,716
3 a 7,515 B255 716 %o Cosat to reduce one ton
b 6,239 8,076 5,840
4 a 054 1,122 1299 (§yearV Annual cost to reduce
b 064 8526 872 (tonflifetime}  one ton throughout
lifetime:

Takle A.2 shows that, for constant annual emission reductions, cases a and b for
technique 1 or 2 yield the aame control costs. This is hecause, with constant annual emission
reductiona, levelized annual emisgion reduetiona are the ammne as the atradght average of
annual emission reductions. The table also shows that case a of techniques 2 and 3 yicld the
same results, becanse under this case, dissounting is applied to both coats and emissions for
each of the two techniques.

Note that the control costs calculated using techniques 1, 2, and 3 decline as the
discount rate lcreases.
A.2 Emigsion Control Cost-Effectiveness of Electric Vehicles

We use electrie vehiclez (EVa) as another example of caleulating emission control

cost-effectiveness to show control costs calculated using the four techniques under varying
annual emission reductions and varying annual operating costs.

We have calculated emission control costs of EVz relative to gaeoline vehicles (GVs).
Tables 4.3 and A.4 present the sssumptions for EVs and baseline GVs. Table A5 presents
control costs calculated nsing the four technigques,
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TABLE A3 Assomptions for Electric
Vehicles and Baseline Gasoline Vehicles:

General Parameters®

Increass in initial EV coats () 5,000
EV and GV lifetime (yr) 12
Gagoline price (¥gal) 1.20
GV fuel economy (mifgal) 28
Electricity price (cents/kWh) 4.5
EV electricity consumption (KWh/mi) 0.35
Battery lifetime (y1) 3
Battery cost ($) 3,000

Ratio of EV O&MP cost to GV O&M cost 0.6

NMHC® reduction by Evs (%) L}
CO reduction by EVz (%) 90
NO_ reduction by EVs (%) 50

% These assumptions are basad on Wang et al.
{1993).

b o&M = operation and maintenance.

¥ NMHC = non-methane hydrocarbon,




TABLE A4 Assumptions for Electric Vehicles and Baseline Gasoline Yehicles: Anmual Parameters

GV Emissions (g/mi)* EV emission
Annyel GV fuel GV O8M EV fael EV battery reduction EV net
Year VMT® NMHC Q0  NO, cost($m)  eost®(f5r)  cost (Shr)  comt (40 (Iblyr)*® cost (Biyr)

1 12900 0503 2623 029t 553 132 203 0 5L 402
2 12,600 0585 4026  0.376 540 289 198 0 70.7 ~457
3 12300 0659 6140 0507 527 368 194 0 99.0 -481
4 11,900 0747 8.081 J.831 510 415 187 3000 1227 2511
5 11,500 0820  9.912  0.748 493 447 181 0 142.9 -491
6 1,000 L1150 14062 1005 471 468 173 0 192.3 485
7 10,600 1443 17825 1249 454 477 167 3,000 212.3 2,622
8 10,100 L1715 21209 1480 433 488 169 0 266.3 -469
g 9,600 1974 24574 1608 411 488 151 0 201.9 -456
10 9,100 2214 27505 1905 390 489 143 3,000 310.6 2,558
11 8700 2426 30222  2.103 373 &6 137 0 825.5 270
12 8200 2637 32798 2.280 351 478 129 0 333.1 413

% Frows Wang et al. (1993). Emissions of a 1905 OV were estimated by vaing EPA'sa Mobile 5a. NMHC emissione here include both
exzhaust and evaporative emissions,

* Vehicle miles traveled, from FHWA (1992).

® A composite emnisgion reduction is caleulated from emission reductions for NMEC, CO, and NO, with relative damuge values of 1, (.49,
ard 1.4 for NMHC, CO, and NO, reapectively. Thesa relative damage values are from Wang et al. (1893)

it
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TARLE A5 Control Cost-Effectiveness of Electric Vehicles

Digcount Rate (%)
Technique Case 4 fi 8 Tnit Meaning
1 a Bl436 80026 79,082 (Mifelimey Cast to reduce ane ton
h 76,086 72,260 68,956 {(tenfyr} each year throughout
lifatime
2 a 8,677 9,546 10,494 $/ton Cost to reduce one ton
b 8,107 8618 9,154
3 a 8,677 0545 10,494 $Aon Cost to reduce one ton
b 6,341 6021 5,749
4 a 925 1,139 1,392 (§/year)V Anaual coet through-
b 878 718 763 (tonfifetime) out lifetime to reduce
phe ton

Table A.5 ghows that, with varying annual emission reductions and costs, control
costs calculated using different techniques are different, except that techniques 2a and 3a
result in the same control eoats. Under varying annusl emission reductions and anppal eosts,
use of a high discount rate in emission control cost calculationa could result in an increase
or a decreaze in control costs, depending on which technigque is used.

The two examples presented in this appendix are intended to demonstrate the
differences in control costs caleulated uaing different techniques. Although we have tried to
use reasonable aseumptions for the two examples, the control costs calculated here should
be uaad only to compare varicus calculating technigques,
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APPENDIX B:

DATABASE FOR REGRESSION ANALYSIS BETWEEN EMISSION
VALUES AND AIR POLLUTANT CONCENTRATIONS
AND POPULATION
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TAELE RB.1 Database for Regression Analysis betweon Emission Values and Air Pollutant Concentrations

and Population
Daxage-Eased Emdiaicg Vi Contral-Coat-Basad Emiesiem Valons
{1949 dollara, #ren) (1oér dullare, Riton? Air Pelfutant Concentrations *
Total Pop.
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Sm Franxico Arve™* 7,490 i) 1 24,38 3453 10400 10300 2300 2,600 8840 C1l 08 B 900 F EA8
Sacrrzrente Vallu® 6om 4l 0 M 1,500 w400 Bloa 5000 g400 Bt 04 oo m poos n L
Venrs o, ¥ 1847 1> a FRLT 1,500 18500 Zidod a L& 420 01d 0085 an aaol 4 T
Sante Bacbarald 1847 288 ¢ o, 108 1500 8,100 . 100 ] B0 5,000 018 S02d M 10z [ L13]
Ferth Cantral Cont® 1066 2o ¢ 5,874 1,500 2,100 9,100 1] 200 E000 00 El - I X 2 ET2
Han THage® 5EES LT 1 14,228 276 18,300 17.600 110 108 T80 015 003 41 006 ] 257
Merth Comst™ ™ 7] ] 51 1500 4000 a,500 0 | 3,000 01 noea FTR YL : 737
Sopthwast Doseribe 450 167 0 280 1009 4,000 2500 200 ETH 1700 LR TR 1T 6 003 1 228
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TABLE B.1 {Cont.)
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APPENDIX C: EMISSION CONTROL COST-EFFECTIVENESS
OF MOBILE SOURCE CONTROL MEASURES .

The past studies described in this report estimated emission values based on
emissions from stationary sources in general, and from power plante in particular. The
primary purpose of those studies was to establish regulations to incorporate air pollution
externality costa of power plants in the utility resouree planning and acquisition process.
Although the study by Small and Eazimi (1994) estimated damape-based emission values for
motor vehicles, the fandamental relationships ueed in their atudy wers developed primarily
from studies on stationary source emission values.

Emission value estimates hased on emiszions from mobile sources should be different
from those hased on emiseions from power plants, Damage-baged emigsion values for mebile
source emissiong might be higher than those for stationary source emissions mainly because
inobile source emissions occur in downtown areas and other activity centers where human
exposure is intensive, while stationary source emissions (especially power plant emiszions)
occur outaide human activity conters. The location of emisaions is eapecially important for
localized air pollution such as CO pollution. For example, while some past atudies (e.g., the
CEC gtudy) have estimated virtually zero damage value for CO emissions from powar plants,
CO emiesiona from motor vehicles in urban streeta certainly cause damages to human health.
No studies have yet been conducted to estimate the damage values of motor vehicle CO
emisgione. Such studies are needed {0 accurately evaluate the henefit of various mobile
sourre CO emission control measures,

Control-cost-based emiagion values used in past studies have relied almost entirely
on emigsion control costs catimated for stationary sources. Emission values based on
stationary and mobile source control coets would certainly he different. The exclusion of
mobile source emiegion contrel costs in estimating emirsion values may be cansed by two
facters. First, the past atudies were intended to estimate emisaion values for stationary
sources, particularly power plants; researchers may have believed that moebile soures control
couts were irrelevant for such studies. Second, estimated emission control costs for mobile
gources were leas comprehensive and subject to greater uncertainties. For example, the
asanmed baseline vehicle emissions and vehicle lifetime are critical in determining the control
costs of motor vehicle emissions. Yet, there are many uncertainties regarding both of these
factors. The assumptions made in some past studies to eztimate mobile ecurce emisgion
control costs were not explicit, which makes it difficult to compare the studies.

Table C.1 summarizes past studies on mobile source emission control coate, As the
table shows, because assumptions involved in different studies are different, there are
widevariations in the estimated mobile source emiasion contral cost-effectiveness between
studies and even within some of the same studies. Nevertheless, the table showa that
gasoline Reid vapor pressure (RVFP) reduction, Stage IT refueling emizsion control, on-board
refueling control, enhanced inspection and maintenance (/M) programe, old car acrappage,
gross emitter repair, and oxygenated fuels are penerally cost-effective methads of reducing
mobile soures emissions. Costs of alternative-fuel vehicles {AFV) vary widely, depending on
studies. However, compressed natural gas (CNG) vehicles in general cost less than other
vehicle types.
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TABLE C.1 Cost-Effectiveness of Mobile Source Emission Control Measures

Cost ($ton,
Contral Measure 198% dollars)  Pollutant Souree
Casoline RVP reduction 330 e TH VOO OTA 1983
3,150 VOO Kinnsar 1902
Etage I refueling emizsion contrel L040 VOO OTA 1938
1040  VOC SRI 1994
2,160 VO Kinnear 199%
On-board refusling emdasion contind 800 Voo Kinnear 1962
1,250 to Laa0 Yoo OTA 1958
2.2a0 voC SRI 1594
Enhancsd VM program 350 voC SRI 1994
450 Voo EPA 15924
1,260 VO Kinnear 19892
3,330 to 6,660 Voo OTA 1988
Old car scrappage 3,150 VOO or NOx Kinmear 1992
3,320 VOO + NOx CARE 1583b
4,250 to 6,720 VOO + HOx + CO BRI 1684
Groae emitter repaie 185 co Hishop et al. 1953
Tedetal Phasze 2 gascline 6,700 o 3,600 VOO + NOx NPC 1993
8180 Voo Kinnear 1582
51,960 VOO + NOx SRI 1991
CA Phase 2 gasoline 4,600 Vi NEC 1993
TT.790 VOC + Nl SRl 1991
Cuvgenated fuels 5440 to -1 <0 Frams et al. 1500
Federal Tier 1 standarde 2430 VO ar NOx Kinnear 1992
6,050 VOO + NOx + 0O SRl 1994
Federal Tier 2 stapdards L1554 YVOC + NOx + €0 SRI 1994
12,160 VOO or NOx Kinnear 1592
TLEVs 180 VOO + NOx CARE 1993a
4,220 to 16,440 Voo Anderson et al. 1994
T.820 VOO + NO= + CO SRI 1984
LEVa 47D VOL + NDx CARB 1983a
9,830 VOO « NOx + 00 SRI 1954
13,370 to VOO Anderson et ab. 1994
55,210
ULEVsy & 660 VOO + NOx CARB 1993a
7,960 VOC + NOx + CO  SRI1904
THA410 to C Anderacn st al. 1904

185,410




TARBLE C.1 (Cont.)
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Coat {§tan
Contral Measore 1589 dollars) Pollotant Source
The LEV program 8,811 tc 37,830 Voo
23,850 VOO + NOx DRIMcGraw Hill 1924
Mas FFva 2400 tn 14,410 VOO + NOx + CO  Wang et al. 1963
3170 to 27,860 VO Fraas et al. 1990
62,410 VoG Krupnick et al. 15590
M100 FFVs 2,780 to 15,370 VYOU + NOzx +C0  Wang et al. 1993
MEE dedicatad vahicles B to 2400 VOO + NOx + 00 'Wang et al. 1922
11530 ko VOC Krupniek st al. 1990
20790
M0G0 dedicated vehicles 3,750 to T,490 YOO Fraas et al. 1930
A} to 3,340 VOO + NOx + GO Wang et al. 1993
12570 MNOx CARB 19530
25,040 to Voo Erupnicl: et al. 1950
410, O}
Cruzl-fuet CHG vehicles D to 1,920 VOO + NOx + CO Wang et al. 1253
Dedicated CNG vehicles < i} VOO + NOx + CO Wang et al. 1932
-8,660 to 169 Voo Fraas et al. 15540
o424 MNOx CARE 1993h
16,230 VOC + NOx + 00 SRI 1994
EVz 480 to 11,530 VOC + NOx + GO Wang et al. 1993
G 450 VOO + NOx + GO SRI 194
205 280 VO + NOx DRIMceGraw Hill 1594
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