Environmental | y Responsi bl e Energy Pricing
by
W. Kip Viscusi,*
Wesl ey A Magat,™
Alan Carlin, ***
and

Mark Dreyfus****

May 12, 1993

*George G Allen Professor of Economcs, Dept. of Economics, Duke

University, Durham North Carolina 27706, phone 919-660-1833, fax

8}9-681;89;4, and nmenber of EPA Sciences Advisory Board on the
ean Air Act.

e *Prof essor of Business Administration and Senior Associate Dean,
Fuqua School of Business, Duke University, Durham North Carolina
27706, phone 919-660-7728.

e **Senjor econonmist, Ofice of Policy Planning and Eval uation
U S. EPA PM 221, 401 M Street SSW, Waterside Mall, Room 3220K,
Washi ngton, D.c. 20460, phone (202)260-5499

****Doctoral candidate in econom cs, Duke University.

This research was supported by EPA Cooperative Agreenent
#817478-1.  The supporting analysis underlying this article is
detailed in W Kip Viscusi and Wesley A Mgat, ‘I|Environmentally
Responsi bl e Energy Pricing," Report to U . S. EPA 1992. The views
expressed here do not necessarily represent the views of EPA



DISCLAIMER

Although prepared under EPA Cooperative Agreement No. CR814388-
02., this report has neither been reviewed nor approved by the U.S.
Environmental Protection Agency for publication as an EPA report.
The contents do not necessarily reflect the views or policies of the
U.S. Environmental Protection Agency, nor does mention of trade names
or commercial products constitute endorsement or recommendation for

use.



Abst ract

Thi s paper assesses the value of the non-global warm ng
externalities associated with energy use. The estimates of the
full social cost energy prices based on this "no regrets®
approach inmply environmental costs that often greatly exceed
current tax amounts. The m dpoint estimates suggest that the
price of coal is nmost out of line with its efficient |evel.
Natural gas is currently overtaxed, and gasoline is appropriately
taxed. There is also a substantial range of uncertainty enbodi ed

in the no regrets estinmates.



I ntroduction

In 1993 the Cinton admnistration pegan active
consideration of a variety of different energy taxes. Al t hough
energy taxes share with other forns of taxes the attractive
property of raising funds for the governnent, they have an
additional feature as well. In the usual tax situation, one
views the distortions in econom c decisions generated by the tax
as being associated with the loss of economc efficiency.

However, in the case of energy taxes, these higher tax val ues nmay
serve a constructive function by pronoting energy conservation
and possibly shifting the types of energy that are used.

One potential use of these taxes is to incorporate sone
recognition of the adverse externalities generated by energy use
in the price that energy consuners pay. Conventional pollution
damages, such as the visibility |oss associated wth air
pollution, is anong the types of danmages that coul d be reduced
through tax incentives. In addition, inposition of an energy tax
w || also discourage the generation of gases that lead to
possi bl e adverse | ong-term consequences for the gl obal
environment. The enphasis of this paper will be on assessing the
energy taxes that are appropriate fromthe standpoint of
addressing the costs associated with conventional forns of
pollution. This tax can be viewed as a first step toward
addressing the broader environnental damages associated with
greenhouse warm ng.

The main reason for abstracting fromthe role of climte

change is that the character and associ ated consequences are



highly uncertain.” At the nost extreme, sone scientists suggest
t hat prospective climte changes may, on bal ance, be beneficial.
Many observers have consequently recommended a nore cautious
policy approach, at least as an initial step. Until the
pertinent uncertainties are resolved, they suggest that we shoul d
follow the mninmal course of action dictated by our current
know edge.  The stringency of policies consequently should
reflect the non-gl obal warm ng damages and costs associated with
em ssions of greenhouse gases. This policy prescription has cone
to be known as the “no regrets” approach since even the nost
favorabl e informational devel opnents regarding the risks of
gl obal warmng will not undermne the desirability of taking
these minimal actions.” In 1992 there was increased prom nence
given to the “no regrets approach,"™ as environnmental advocates
viewed it as a politically feasible alternative to a full scale
gl obal warm ng policy.3

In other words, a "no regrets" approach is to adjust current
prices to reflect all non-global warm ng damages associated wth
the em ssion of greenhouse gases.* To ensure that society
adopts the nost efficient node of energy use, which is the nost
i nportant source of greenhouse gases, and that the economcally
efficient amount of energy will be used, the prices of these
energy sources should reflect their total social costs. On the
basis of this principle, the 1991 National Acadeny of Sciences
greenhouse warmng panel reconmmended:

Study in detail the “full social cost pricing” of
energy, with a goal of gradually introducing such a
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system ..on the basis of the principle that the

pol luter should pay, pricing of energy production and

use should reflect the full costs of the associated

environmental problems. The concept of full social

cost pricing is a goal toward which to strive. _

Including all social, environnmental, and other costs in

energy prices would provide consuners and producers

with the appropriate information to decide about fuel

m X, new investnents, and research and devel opnents

The results reported in this article seemto establish a
maj or conponent of the value of the full social cost prices. The
envi ronnment al damages fromfossil fuel use represent only a ngjor
component of the full social costs because they exclude the non-
environmental social costs of fossil fuel use. QG her possible
cost conponents include: national security costs associated with
ensuring uninterrupted oil inports and inefficiencies resulting
fromfailure of electric utilities to use marginal cost
pricing.® Although we know of no systematic study of these non-
envi ronnmental social costs, the magnitude of these costs may al so
be very large. The results reported here, however, pertain only
to the environmental damages of fossil fuel use.’

Qur assessnment of the full social cost prices of energy
suggests that even a "no regrets" policy involves enornmous dollar
stakes. Shifting our focus fromclinmate change to nore
conventional environmental effects does not elimnate the
prospect of considerable economc costs. Policies based on the
estimated environnental inpacts woul d necessitate substantia
expendi tures, possibly hundreds of billions of dollars annually.
Moreover, there is also considerable uncertainty with respect to

envi ronnment al damages from energy uses ot her than greenhouse



warmng, although less so than with the valuation of gl obal
war m ng damages.

Even if full social cost energy pricing is never
i npl enented, exam nation of these prices is a useful mechani sm
for identifying the divergence between private and social costs.
Shoul d our policy enmphasis, for exanple, be on inproving fue
efficiency of autonobiles, or should we direct greater attention
to decreasing pollution fromcoal? 1In terns of elimnating the
underlying uncertainties, should analysts focus their attention
on resolving the conplexities of acid rain, or do the nortality
ri sks associated with sulfur oxides represent an area in which
there is much nore to be |earned? Examning full social cost
energy prices highlights the salient open research questions as
wel | as the broad outlines of what is currently known about
appropriate pricing of energy. These issues are pertinent not
only to climte change policy, but also to the debate over our
national energy strategy.

Econom ¢ Foundati ons

| deal ly a society interested in the welfare of its citizens
wants to pronote efficient utilization of all resources,
including energy resources. This concern is particularly great
since energy consunption has been linked to a nunber of
environmental costs, principally relating to air pollution.
Because energy users do not conpensate those who bear these costs
as part of a market transaction, they represent a classic case of

environnental externalities.



In any market context, it is economcally efficient for
participants to bear the full consequences of their actions so
that their behavior will incorporate the social effects as well
as the private benefits. Consunmers of energy are not paying
t hese costs since they are permtted to use an environnental
resource (i.e., atnospheric waste disposal) w thout paying any
explicit fee.

The econom c objective is twofold. First, energy producers
shoul d supply the appropriate amount of each form of energy given
t hese social costs. Second, consumers shoul d consune the anount
of each energy source that reflects a balancing of the benefits
to them of the energy and the social costs of their actions. To
achieve this efficient energy usage objective, the incentives for
energy production and utilization nust be correct.

This article estimates user fees that |ead energy users to
i ncorporate the environnental costs of energy in their energy
choices.® This objective is obviously quite anbitious.

Obtaining a definitive assessnent could ultimately require a nuch
more extensive research effort. Because of resource constraints,
the scope of this study will necessarily be nore limted, and
substantial reliance will be placed on previ ous gover nnent

anal yses of energy-rel ated pollution.’

The incorporation of the environmental externality costs of
energy will be undertaken by relying largely upon benefit
assessments that have served as the basis for EPA standards.

Perhaps nore than any other avail able docunents, these



assessnments represent an official governnental view of the
environmental damages from energy use. This is not to say that
t hese assessnents shoul d be accepted uncritically, as they have
frequently been chall enged by other governnent agencies,
acadenics, and industry.'® Qur approach provides an
approxi mation of these environmental costs.

The estimates reflect only a subset of the adverse
environnmental externalities created by energy use. The nost
not abl e exception is the om ssion of the global warmng
externalities from the analysis. The reason for this omssion is
not that these externalities are uninportant. Rather, the
magni tude and even the direction of the greenhouse effect inpacts
remai n under strenuous debate. The intent of the “no regrets”
policy assessnent is to determ ne whether many of the objectives
of those advocating policies to address the risks of climate
change can be achieved through a nore limted approach that
recogni zes only those externalities other than clinate change.”

Before being inplemented, the the full social cost pricing
approach must be refined. | deal |y, the tax should be on
pol lution, not on energy. The nost obvious distinction that nust
be made is between anthracite and bitum nous coal. However,
generally there will be a need to reorganize differences in
pol lution associated with a particular energy source. One of the
mai n purposes of an energy pollution-free systemis to encourage
I nnovation to reduce pollution, such as by introducing control

equi pnent that wll decrease pollution froma particular form of



energy. Firms will have no such incentive if they are penalized
based on the type of energy they use rather than on the damage
that it generates. The ultinate objective is to establish fees
for pollution, not for energy use. The calculations in this
paper present what such a fee structure would ook |ike overall,
but should not be regarded as providing a rationale for ignoring
the |level of damage associated with each energy source.

Energy Sources and Pol | utants

Exi sting evidence on the costs associated with energy are
nost devel oped for various forns of petroleum (gasoline, diese
aircraft fuel, heating oil, and natural gas), wood, and coal. '
Excluded fromthis listing are three energy sources for which the
environnental damages may be negligible. Wnd and sol ar power
generate virtually no adverse environnmental effects, and the
wat er pollution and air pollution danmages associated wth
geot hermal power are believed to be mnimal.

Anot her energy source that we will not exam ne is nuclear
power. Unfortunately, there is no conparable governnental study
of nuclear hazards that enables us to include the associ ated
nucl ear risks in our analysis. Em ssions |evels are observabl e,
and with the aid of health benefit assessnents, it is possible to
make judgnents pertaining to the likely inpacts of pollution from
coal, wood, and petrol eum based fuels.

Assessnent of the costs of nuclear power is a quite
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di fferent enterprise. Mpjor reactor failures are a rare

event. How, for exanple, should we incorporate the Chernobyl



experience in risk assessnents for the U S. nuclear industry? we
observe signals of likely hazards -- faulty safety practices

m nor m shaps, and near disasters -- but ultimately the risk
assessnment for nucl ear power hinges on subjective assessnents of
human and engineering failures. Sone observers claimthat the

ri sks have been overbl own, whereas others view nuclear power as a
serious threat. W do not view these uncertainties as

i nsurmount abl e, but to date there have been no definitive
assessnents of the risks of nuclear power. In the absence of
governmental risk assessnent for nuclear power or a conparable
definitive analysis, nuclear power wll be excluded from
consi der at i on.

The social cost results bel ow should not provide a relative
subsidy to nuclear power sinply by default. Before any
environmental cost fee systemis inplenented, there should be a
conparabl y vigorous assessnent of the expected externality costs
associated with nuclear energy.

Each of the colums in Table 1 list the different energy
sources that will be the subject of the assessnent. For each
energy source, seven different conponents of external costs were
considered. The inportance of these categories differs by energy
source. For gasoline, the nost detrinental externalities are for
particulate, in large part because EPA regul ations have already
greatly reduced the role of |ead pollution fromnotor vehicles.
Particulate are also an inportant category of pollution for

- diesel, aircraft fuel, and wood. For coal and heating oil,



sul fur oxide nortality is of greatest inport. Ozone is the nost
damagi ng pollutant |inked to natural gas.

The externality costs associated wth each pollutant are
given both in terms of a contribution per unit of the fuel as
wel | as a percentage of the 1986 retail price. The year 1986
was selected to ensure the availability of the key data
components. The estimates in Table 1 are based on the m dpoints
of the estimated EPA pollution benefit ranges. The degree of
uncertainty in these estimates is explored below. These
estimates also pertain to average benefit values over the entire
range of remaining benefits. As a consequence, these estinates
may understate the marginal unit benefits of pollution reduction.

The role of the different pollutants varies by energy
source. The remaining |lead in gasoline inposes external costs on
society that constitute roughly 1 percent of the retail price.®
Particul ate emssions are pertinent to all the energy sources
listed in Table 1. Wth the exception of natural gas, every
energy source generates substantial particulate em ssions. Both
notor fuels as well as stationary source fuel conbustion are
involved.' Particul ate enissions inpose costs on society equa
to 9 percent of the price of gasoline, 23 percent of the price of
diesel, 11 percent of the price of aircraft fuel, 6 percent of
the price of heating oils, under 1 percent of the price of
natural gas, 147 percent of the price of wood, and 25 of the
price of coal

The next two categories of externalities in Table 1 pertain
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to sulfur oxides. Em ssions of sulfur dioxide and resulting
sulfate particles fromnotor fuels and stationary source fuel
conbustion inmpose |osses that can be best distinguished in termns
of those that affect nortality and those that do not.'
Al t hough significant sul fur oxide costs are associated with both
di esel and heating oils, by far the greatest relative cost of
sul fur oxide externalities are those associated with coal
Sul fi de damages excluding nortality constitute 13 percent of the
price of coal, and the nortality effects constitute 464 percent
of the price of coal. Put sonewhat differently, the m dpoint
estimates of the sulfur oxide nortality effects of coal are
almost 5 tines larger than the market price of coal. As wll be
I ndi cated below, the level of these costs is also very uncertain.
The next category of externalities are those associated with
reduci ng anbi ent ozone concentrations resulting fromnotor fuels
and stationary source fuel combustion.' The costs of ozone
pol lution constitute 2 percent of the price for gasoline and
diesel, under 1 percent of the price for aircraft fuel, heating
oils, and natural gas, and 3 percent of the price for wood and
coal. The visibility externalities are largely associated wth
reducing sul fur oxide enissions fromcoal-fired power plants."
These visibility costs constitute 23 percent of the price of
coal .
The final environnental cost conponent in Table 1 consists
of the quantities of potential cancer cases related to non-|ead

em ssions fromnotor vehicles.?® These air toxic effects
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constitute 2 percent of the price of gasoline and 14 percent of
the price of diesel
Externalities and Net Taxes

| deal 'y, the prices of these various energy sources should
reflect the social costs they inpose. To adjust for these costs
one can inpose an additional charge on the use of these energy
sources. One mght view these charges as being a user fee for
the environmental resource that is not properly recognized in
market transactions. To the extent that there are existing taxes
i nposed on energy sources, these would correct at least in part
for the disparity between the private price and the social price
of the energy source.

Table 2 sunmarizes the current net taxes paid by various
energy sources as well as the external costs that are generated.
In situations in which the taxes equal the external costs, no
addi tional charges on the energy source are appropriate.

Current taxes on gasoline are 17 percent of the price,
roughly the same as the externality cost. In the case of diesel
fuel, the current net tax per gallon is 13 percent, whereas the
externality cost per gallon is 50 percent. 1In the case of
aircraft fuel, the current net tax per gallon is 16 percent of
the price, and the externality cost is 13 percent. Existing tax
| evel s are bel ow the anount of the appropriate user fee in the
case of diesel fuel, but there is no such discrepancy for
gasoline and aircraft fuel.?

Heating oils represent a case simlar to that of diese
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fuel. The current tax level is 15 percent, whereas the
environmental cost is 64 percent. Natural gas currently has
taxes of 6 percent, whereas the environnental cost is 1 percent.
Sonmewhat strikingly, the current tax levels for natural gas are
in fact above the user fee level based on this analysis.
Moreover, the environmental costs are very |ow in percentage

t erns.

Wod currently is not taxed, whereas the appropriate user
fee for each short ton of wood is 152 percent of the price. Heat
provi ded by wood stoves clearly is not a totally environnentally
responsi ble solution to the energy crisis.

The case of coal is nost dramatic. The current tax per ton
of coal is 36 percent of the price, whereas the environnental
costs are 529 percent of the price

These taxes can be also put in different terns nore closely
linked to the current greenhouse debate. Advocates of policies
to address greenhouse warm ng frequently propose that a carbon
tax be implemented.?? The externalities considered here can
al so be incorporated within the context of a carbon tax, but the
| evel of the base carbon tax to account for the externalities
ot her than greenhouse warmng will not be uniform  The final
colum in Table 2 indicates how high the relative carbon tax on
each fuel should be, where the |evel of the carbon tax has been
normal i zed by setting the tax on natural gas equal to 1. The
rel ative carbon tax for those gasoline sources for which

estimates are available is much greater than it would be on
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natural gas, which is a conparatively clean energy source. The
relative carbon tax levels range from1l for natural gas to 28 for
gasoline to 105 for coal. A uniformcarbon tax is not an
appropriate vehicle for addressing environnental damages ot her
than global warmng. One of the major advantages of our approach
Is that it adjusts for the substantial heterogeneity in
envi ronnmental costs rather than relying on a sinple carbon tax.

| rrespective of whether the tax is levied through a carbon
tax or sone other mechanism the total price tag for the
externalities will be quite high. Table 3 summarizes the total
envi ronnmental costs associated with each energy source, assum ng
that there is no change in the quantity of energy used. There
woul d, of course, be a substantial shifting away from energy
sources whose relative price increased. The total tax anount is
$208 billion, which is about two-thirds of the $281 billion
proj ected budget deficit for fiscal year 1992.2 Over two-
thirds of the estinmated energy tax anmount is attributable to
coal. Gasoline, heating oils, and wood would be taxed in the
$10-$20 billion range, and coal would be $149 billion

| mposi ng externality charges of this magnitude is certainly
a daunting prospect. A mmjor source of the relative popularity
of regulatory standards as conpared with taxes is that firnms do
not currently have to pay for these costs. In effect, the
inposition of regulatory standards allows firms to have a | evel
of pollution up to the standard for free. % Standards can be

effective in pronoting the efficient degree of pollution contro
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for any particular energy source, but they will not provide the
correct incentives for the nodal choice anong alternative sources
of energy.

Suppose, for exanple, that there are two possible sources of
energy. Source Ais a highly polluting energy source for which
it is very difficult to reduce pollution levels. Source Bis a
very cl ean energy source for which it is possible to virtually
elimnate the pollution level at little cost. Setting efficient
regul atory standards, which is to say those that equate the
mar gi nal benefits to society of additional pollution reduction
with the marginal costs of controls, wll lead to very m ninal
pol lution reduction for energy Source A but may lead to the
elimnation of pollution for Source B. In each case efficient
controls woul d have been inposed for the energy source, but what
remains is an i mense unconpensated environnental cost inposed on
society for energy Source A Notw thstanding these
externalities, society perhaps should continue to use Source A
However, wunless the price that consumers pay for this energy
source reflects the remaining environnental costs that are
generated, the price mechanismw || not provide consuners wth
the appropriate incentive for making the appropriate energy
choi ce.

Al ternative Tax Approaches

The focus thus far has been on two forms of taxes that are

linked to the externalities. The first type of tax that we

consi dered was a consunption tax set based on the level of the
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externality associated wth consunption of each particular energy
type. The inplications of the consunption tax for product prices
appear in the first colum of Table 4. A tax of, for exanple, 28
cents per gallon on gasoline would be warranted.

The second approach is to levy the tax in terms of a tax on
carbon content. The information in the second colum of Table 4
i ndi cates how high the carbon tax |evel would need to be for each
particul ar energy source in order to generate the same revenue as
woul d the consunption tax. Because of the absence of data on the
carbon content of aircraft fuel and wood, the total tax revenue
rai sed for these calculations will be for all of the energy
sources for which data are available. As the results in the
second columm of Table 4 indicate, the carbon tax levels wll be
quite different than that inplied by the consunption tax in many
cases. For exanple, diesel fuel will be nuch nore heavily taxed
under a carbon tax approach than a consunption tax approach. In
addition, coal will be substantially undertaxed under a carbon
tax approach, although it will still be heavily taxed. The tax
inplied for gasoline is roughly simlar either under a carbon tax
or a consunption tax system

Both the consunption tax, which is based on conventiona
pol lution externalities, and the carbon tax, for which the
rational e can be traced to greenhouse warm ng concerns, are mnuch
nore explicitly linked to nodels of environnmental damages than
the tax policies that played a promnent role in the dinton

admi ni stration policy debate. The npst prom nent policy option
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was a BTU tax linked to the BTU content of each fuel type.

Anot her possibility that was considered was an ad valorem energy
tax, which would inpose a uniformtax on energy use. As before

l et the objective be to raise the same amount of revenue as woul d
be raised using a consunption tax. Although the actual revenue
objectives of the dinton admnistration’s proposals are nore
nodest, naintaining symetry in ternms of the revenue raised
facilitates conparison across the different tax types.

The ad valorem tax has a disproportionate inpact on several
energy sources that are considerably overtaxed relative to the
externalities they generate. Chief anong these are natural gas
gasoline, and aircraft fuel. In contrast, coal is taxed at one-
seventh of the rate that would be appropriate fromthe standpoint
of conventional externalities and |ess than one-fourth of the
anount that would be taxed under a carbon tax approach. Al though
the ad valorem tax may offer an advantage of adm nistrative
simplicity, it is not particularly well-linked to the economc
rationales for inposition of a tax.

The BTU tax, which is summarized in the final colum of
Table 4, cones nuch closer to an optimal tax than does the ad
valorem tax. Coal is taxed three tines as heavily under a BTU
tax as it would be under an ad valorem tax, and fuel sources such
as gasoline and diesel fuel are taxed less heavily.

Unfortunately, the relatively clean energy source -- natura
gas -- is taxed even a bit nore stringently under the BTU tax

t han under an ad valorem t ax. Moreover, all of these taxes on
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natural gas are considerably out of line with what is appropriate
given the externalities generated by this gas source.

Al t hough there appears to be a substantial msallocation in
terms of the distribution of the tax burden, nuch of this
difficulty arises fromthe substantial estimtes of the damages
associated with coal. Mreover, as was indicated above in the
di scussion of Table 1, the costs associated with coal are largely
due to sulfur oxide nortality. The degree to which one could
confidently nove forward with a particular energy tax structure
depends in large part on the firmess of this evidence, which we
wi Il now explore in sone detail.

The Range of Uncertainty®

One reason for caution wth respect to inplenenting such
externality charges is that there remains considerable
uncertainty in the ranges of the cost estimates. The pollution
effect estimates are disputed by private industry officials as
well as by many independent analysts. Moreover, there remains a
substantial range of uncertainty inplied by the governnental
studies on which this analysis has been based. Mst of those
anal yses served as the econom c franmework underlying the
justification of governnent regulations and, as a consequence,
were the result of substantial research effort. The range of
uncertainty that remains reflects, at least in part, the current

i mprecision of our scientific know edge that may be costly to

reduce.

I nstead of focusing on environnental costs based on the
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m dpoi nts of governnent analyses, Figure 1 indicates the current
tax amounts, and the |ower and upper bounds on the appropriate
environnental cost surcharge. (Gasoline has a nodest range of
uncertainty -- from 2.5 percent to 31.0 percent of its price. In
contrast, the |lower bound estimate for coal externalities is 21.0
percent, and the upper bound is 1,035.0 percent.

It is instructive to consider sonme of the sources of these
uncertainties. In the case of gasoline, the principal
uncertainty is the societal cost of particulate em ssions, for
which the estimates range fromO0.5-17.4 percent of the price.
Particulate costs are also the najor uncertainty for diesel (I.2-
44.7 percent of the price), aircraft fuel (0.5-20.6 percent of
the price), and wood (7.5-287.4 percent of the price). The
sulfur oxide nortality effect range is the greatest for two
energy sources -- heating oils (0.0-106.2 percent of the price)
and coal (0.0-928.0 percent of the price) . Al though one can nake
judgments regarding the appropriate estinmate within these ranges,
such as our reliance on the mdpoints, the range of uncertainty
signals the potential benefits of inproving the informationa
base underlying full social cost energy pricing. The extent of
uncertainty, our ability to resolve the uncertainty, the cost of
resolving the uncertainty, and the benefits to the design of the
energy pricing systemall affect the desirability of acquiring
this information.

Unl ess there is no potential for information acquisition,

these results imply that adopting the "no regrets™ social cost
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pricing approach may al so involve substantial regret as well.
The presence of uncertainty need not paral yze policy devel opnent
since taking no action may be costly as well. It does suggest,
however, that policies of information acquisition and refinenent
of these environnental damage estimates should be a high priority
for additional research

Concl usi on

Reverting to an environmental strategy of "no regrets” that
abstracts fromthe risks of global warm ng does not conpletely
sinplify the policy task. The remaining uncertainties involved
are currently substantial, though they can potentially be reduced
t hrough additional scientific and economc research. There is a
particular need for further know edge of the nature of the
rel ati onship between the external costs on society and additional
reductions in pollution. In addition, some of the nost uncertain
hi gh stakes externality conponents, such as sul fur oxide
mortality, merit detailed scrutiny so as to narrow the range of
uncertainty.

Shifting the focus from greenhouse warnming to nore short-
termair pollution problens also does not elimnate the need for
bearing enornous economic costs. The levels of the environnental
damages involved are substantial -- possibly on the order of
hundreds of billions of dollars annually. Non-environmental
costs may be significant as well.

The financial pressures to reduce the budget deficit may

make economi sts’ discussion of the role of energy taxes nore than
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hypot heti cal . However, there has not yet been an explicit
attenpt to link these taxes to the damages caused by use. One
difficulty is that there is no explicit market transaction that
makes clear the inplicit price for energy pollution that society
is now paying. Adverse health effects, such as nortality, are
diffuse. Many of these inpacts occur with a long tine lag, and
their incidence cannot easily be linked to particular energy
sources. As a result, their magnitude is w dely debated

Even if society does not adopt a full social cost pricing
system for energy, analyzing what the prices should be from an
efficiency standpoint provides an illumnating framework for
anal ysis and for ranking alternative tax approaches. Chief anong
the conclusions of this study is that the prices of the energy
sources that seem nost out of line with their environnental
damage are coal and wood. Natural gas is a conparatively clean
energy source that is currently taxed nore than is warranted
given the costs that its use inposes on society. Moreover, the
al nost excl usive obsession of the popular press and nuch
government regulation with private notor vehicles appears to be
m spl aced. Gasoline pays its own way in the sense that the
current gasoline tax equals the environnental danmage inposed.
Per haps because of these efforts, the gap between the
environmental costs resulting from gasoline and the taxes already
i nposed is nmuch |l ess than for energy sources such as diesel fue
and heating oils. Moreover, all of those adverse effects are

dwarfed by the enormous, but highly uncertain environmental costs
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associated with coal

Pursuit of a “no regrets” policy of full social cost energy
pricing raises the same class of concerns as do proposals to
address climte change, but to a lesser degree. The stakes are
i mmense, the uncertainties are considerable, and the possibility
of regret over controlling pollution by nore than will prove to
have been warranted is quite real. These parallels suggest that
this entire policy area involves intrinsic uncertainties.
Utimtely, decisions will have to be nade w t hout clear-cut
guarantees regarding their effects. At the sane time, these
uncertainties suggest that the value to society of scientific and
econom ¢ research that inproves the environnmental information

base may be consi derabl e.

22



GlEL 0s¢l

SaljI[euIa)xa soNjIeuIa)xa soudjo % e p7
|

J0 punoq Jaddn JO pUNOQ JaMO SE Sj9A9] XB) JUaLIN)
JuaoIad
GZLl 0001 6.8 052 G¢9 005 Sl¢ 082 174 0

¥ T

1 T T

00'SE0}

9011d |an4 Jo Juadlad
B Se S9l}I[eulajxg uoinjjod Jy pue saxe|
| 2inbi4

[e0d

POOAA

s|i0 bunesH

seq) [einjeN

[an4 yesouy

jan j2salQ

auljoses)



Table 1

Unit Value of Benefits of Emission Reduction to Zero Following Compliance with Current Standards’

‘These estimates are based on midpoints of the estimated range of values.

Pollution Gasoline Diesel Aircraft Heating Oils }J Natural Gas Wood Coal
Category $ per gal $ per gal Fuel $ per gal $ per 1,000 $ per short $ per short
(% of price) || (¥ of price) | $ per gal (% of price) ton ton
(% of price) (% of price) |l (¥ of price) || (¥ of price)
Lead in 0.0108
Gasoline (1.16)
0.0831 0.2156 0.0679 0.0432 0.0181 91.0788 8.4069
(8.92) (22.94) (10.55) (6.23) (0.46) (147.43) (25.25)
0.0005 0.0029 0.0003 0.0102 0.0001 0.1166 4.3005
(0.05) (0.31) (0.04) (1.48) (0.00) (0.04) (12.92)
Sulfur 0.0169 0.1044 0.0091 0.3653 0.0026 0.9108 154,51
Oxides S0, (1.82) (11.10) (1.42) (53.09) (0.07) (1.48) (464.00)
Mortalit
Ozone 0.0214 0.0176 0.0055 0.0021 0.0228 2.1076 1.0579
(2.30) (1.87) (0.86) (0.29) (0.58) (3.41) (3.18)
Visibility 0.0008 0.0051 0.0005 0.0178 0.0001 0.0425 7.54
(0.09) (0.55) _(0.07) ] (2.60) (0.00) (O 07) (22.66)
Air Toxics 0.0223 0.1281
from Motor (2.40) (13.63)
Vehicles




Table 2
Summary of Energy Externalities and Taxes
Assuming Compliance with Existing Environmental

Current Tax per Unit 1986 Current Tax as a Percent Externality Cost Estimate as a Relative Carbon Tax
b
of Price (1 986) Percent of Price (1 986)

3asoline (gal) 0.15 16.60 16.74 27.89
Jiesel Fuel (gal) 0.12 12.90 50.40 52.88
\ircraft Fuel (gal) 0.10 15.50 12.94 NA
Jatural Gas 0.25 6.40 111 1,00
(100Q cu. ft)

{eating oils (gal) 0.10 14.60 63.69 47.99
Nood (tons) 0.00 0.00 152.43 0.00
>oal (tons) 11.95 35.90 528.01 104.87

a. Excludes taxes designated for Federal Highway Trust Fund, Superfund Tax, and Black Lung Tax.
b. Based on midpoint environmental damage estimates in Table 1.

c. Based upon carbon emissions per unit fuel. Relative carbon tax values are normalized with natural gas equal to 1.




Table 3

Total Tax Revenue for Each Fuel Type*

Fuel Type Total Tax Revenues | Net Tax Revenues
($ billions) ($ billions)

Gasoline 26. 87 17.98

Diesel Fuel 5.00 2.38 °

Aircraft Fuel 171 1.7

Heating Oils 4.72 4.70

Natural Gas 411 4.11

wood NA NA

Coal 10.17 9.61

TOTAL TAX 52.58 40.49

*Based on most recent estimated consumption
volumes. 1989 in most cases except wood, 1987.

Al figures in 1986 dollars.




Table 4

Alternative Tax Structures

Consumption Tax

Carbon Tax

Ad valorem Tax

BTU Tax

Description of Tax

Tax assessed at retail

level for all fuel types.

Tax assessed at retaillevet for al 1 fuel
types. Tax amount determined by carbon
content of each fuel.

A uniform tax at a rate of

1.02% of retail price.

Tax assessed based on BTU content
of each fuel type.

Level of Tax

Gasol ina $ 0.28/gal $ 0.25/gal? 0.953/gal 0.54/gal
Diesel 0.61/gal 2.81/gal 0.962/gal 0. 59/gal
Aircraft 0.12/gal NA 0.658/9al 0.52/gal
Coal 232.71/ton 142.30/ton 34.094/ton 92.03/ton
Heat ing 0.58/gal 1 .43/gal 0.704/gal 0.62/gal
oils

Natural 0.06/1000 cu. ft. 0.06/1000 cu. ft. 4.054/1000 cu. ft. 4.42/1000 cu. ft.
Gas

Wood 134.11/ton NA 63.253/ton

Pet ro | eum

Electricity

Total Tax Revenue 284.99 259.383 281.72 267.80

for 1989 est imsted
consumpt i on
volumes (in
billions $)’

Range of Tax
Revenue: lower and
upper bounds (in
billions $)

21.41 - 548.36

21.51 - 497.53

22.22 - 541.04

21.80 - 513.59

Tsum over al | fuel types of optimal tax (midpoint estimate) for each fuel multipl ied by most recent estimate of consumption of that fuel.
2rax constraint calculated as sum of optimal tax on gasoline, diesel fuel,coal, heating oils, anq natural gas multiplied by 1986 consumptionvalumes for each fuel.

Afrcraft fuel and wood fuel were deleted due to insufficient carbon content data.
3gxc Ludes carbon taxes on aircraft fuels and wood fuel.




Not es

1. There remains a debate regarding the inplications of climate
change for greenhouse warming. Some areas nmay be affected
differently by climate change. |In addition, sone researchers
hypot hesi ze that there may be global cooling. The enphasis of
this paper will be on greenhouse warmng, recognizing that there
are diverse scientific views. See the National Acadeny of

Sci ences, Policy lnplications of nh rmng (Washi ngton:
Nati onal Acadeny of Sciences, 1991) . Sone states share these

concerns. See the New York State Energy O fice, Draft New York

State Energvy Plan, Executive Summary, July 1991
2. Ohers have |abeled this the “bootstrap” approach. See
Stephen H Schneider, dobal Warming: Are W Entering the

nh nturv? (San Francisco: Sierra Cub Books, 1989).
3. The “no regrets" approach has been characterized as foll ows:
“Reduci ng pol lution now nmakes sense whether or not global warm ng
occurs. And at the end of the decade, with the benefit of nore
information and new technol ogies, the U S. coul d deci de whet her
nmore aggressive actions were warranted.” New York Tinmes, May 25,
1992, p. A1s.

“The Adm nistration s approach, reasonable in principle, is
to adopt nulti-purpose neasures that enhance the environnent or
energy security while also reduci ng greenhouse emissions. That
way there will be ‘no regrets’ even if global warm ng proves a

false alarm
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But in practice the Admnistration is doing far less than is
should. . . Its failure to propose a ‘no regrets’ carbon tax, the
strongest weapon avail able, shows nore commtnent to rhetoric

than results.” New York Tinmes, My 24, 1992, p. E1O

4,  Qur analysis of this "no regrets" approach does not inply an
endorsenment of it. If the effects of current actions are
irreversible, waiting for uncertainties to be resolved nay inpose
consi derable costs. Mre generally, see schmalensee, “Conparing
G eenhouse Gases for Policy Purposes,” Ihe Energy Journal, vol.
14, No. 1 (1993), pp. 245-255, for a recent perspective on these
| ssues.

5. National Acadeny of Sciences, Policy Implications of

G eenhouse Warm ng (Washington: National Acadeny Press, 1991) , p.
73.

6. Sone other omtted cost categories are those related to the
fol lowing: urban vehicle congestion due to non-pricing of road
use duri ng peak hours; overbuilding (froman economc
perspective) of housing (and hence overuse of heating and
cooling) due to the honme nortgage deduction; possible overuse of
energy due to the inclusion of costs for energy-using utilities
in the rents charged for many apartnents; possible overuse of

hi ghways to haul freight in heavy trucks that nmay not pay the
full cost of the damages they cause to the highways; and possible -
adverse effects of dependency on foreign oil on U S. trade
policy. An issue arises as to what extent sone of these

externalities should be attributed to the general activity or the
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energy source. The analysis also excludes total life cycle
environnmental costs and only exam nes costs associated with
energy use. Total costs for the fuel cycle also are likely to be
greatest for coal

7. The main building blocks for our assessnent are past U S.

Envi ronnental Protection Agency (EPA) studies of the economc
damages from environmental pollutants resulting fromfossil fuel
use that the agency prepares as part of its mjor regulatory
initiatives. Al though these estimtes can clearly be debated and
possibly refined, they have received substantial internal and
public review since they provide the anal ytical foundation for

U S. regulatory policies.

8. It should be noted that the user fees should be regarded as
only an initial approximtion to such optimal fee levels. The
theoretically correct user fee anount is based on a conplex set
of econom c influences beyond the degree of refinenent possible
with available data. See Dennis carlton and ( enn Loury, “The
Limtation of Pigouvian Taxes as a Long-Run Renedy for

Externalities ," gQuarterly Journal of Econom cs, 1980, pp. 559
566.

9. These studies in turn have sonetinmes relied on the academc
literature, such as Lester B. Lave and Eugene P. Seskin, Air
Pollution and Human Health (Baltinore: Johns Hopkins Press for
Resources for the Future, 1978).

10. See A.L. Nichols, and R.J. Zeckhauser, “The Perils of

Prudence,” Regulation Vol . 10 (1986), pp. 13-24; Lester B. Lave,
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cd. , Quantitative Ri sk Assessment in Regqulation (WAshi ngton:

Brookings | nstitution, 1982) ; and R.J. Zeckhauser and W.K.

Viscusi, "Risk Within Reason, " scienceVol. 248, No. 4955 (1990),
pp« 559-563.
11. This assessnent of the social costs of energy enbodies
several sinplifying assunptions. Mst fundanental is that the
focus of the study is on the total social costs of pollution,
which will generally be |lower than the social cost that firns
must pay for the right to pollute. These environnental costs do
take into account the role of conpliance wth existing
regul ations, but do not incorporate charges that firnms now pay or
wi ||l pay under EPA policies being inplemented. Under the acid
rain trading system new firnms in areas that have not attained
their air quality standards are required to purchase permts for
their pollution fromfirns that have reduced pollution by a
conparabl e amount. These permt costs in effect will serve as a
price that should be counted toward the firm’s paynent of its
full social costs.

Even when there are no permt changes, there generally are
EPA regul ations that frequently inpose requirenments that are nore
stringent than would be dictated on econom c efficiency grounds.
The difficulty is that even stringent standards do not solve al
of the economic problens. Firms will still be given pollution
levels up to the standard for free. Indeed, all of the estimtes

in this study are based on an assunption of conpliance with

regul ations. The focus is, however, on existing regulations, not
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on all regulations that will enmerge as a consequence of the new
Clean Air Act. As aresult, the incentive of firms to enter the
Industry will be too great. The appropriate economc solution to
achieve an efficient outcome requires the use of sone kind of
system to augnent regulations. The level of these fees wll,
however, be influenced by the stringency of current regulations -
- a conplication not incorporated in the analysis.

12.  Darwin Hall, *‘“Social and Private Costs of Alternative Energy
Technologies," Contemporary Policy lIssues, 1990; Thomas C.
Schelling, “Cimatic Change: Inplications for Wlfare and

Policy, " changing Cimate, Report of the Carbon D oxide

Assessment Conmittee (Washington: National Acadenmy Press, 1983) ;
and Thomas C. Schelling, “Econom c Responses to d obal Warm ng:
Prospects for Cooperative Approaches,” in R Dornbusch and J.M.
Pot er ba, eds., Warming: i C Policy Responses
(Canbridge: MT Press, 1991), pp. 197-221.

13. See Hall, op. cit. for areviewof the literature on these
effects.

14 . These cal cul ations al so assunme that conpliance with existing
EPA standards will achieve a 25 percent reduction in current
pollution levels. The sensitivity of the results to this
assunption is discussed in W Kip Viscusi and Wesley A Mgat,
“InterimDraft Report on Efficient Energy Pricing,” Report to

U S. EPA, Septenber 1991. To ensure conparability, the analysis

uses 1986 as the reference year.
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15. These estimtes were based on information fromthe U S. EPA,

Ofice of Policy Analysis, Costs and Benefits of Reducinag |ead in

Gasoline, Final RIA February 1985.

16. The underlying externality estimates are based on
information fromthe U S. EPA, Strategies and Air Standards

Di vi sion, Requlatory Impact Analvsis of the NAAos for PM Second

Addendum Decenber 1986.
17. The basis for these estimates is the U S. EPA, Ofice of Ar

and Radi ati on, Regulatorv Impact Analvsis of the NAACS for

Sulphur Oxides (sulphur Dioxide), Draft Report, March 1988.

18. Resources for the Future, “The Health and Agricultural
Benefits of Reduction in Anbient Ozone in the United States,”
Decenber 1988.

19. National Acid Precipitation Program [ntegrated Assessnent

guestion One Economcs, June 11, 1990.
20 U.S. EPA, Ofice of Mbile Sources, Air Toxics Em Ssions

From Mdtor Vehicles, Septenber 1987.

21.  This tax would be even larger if we knew the externalities
for No,.
22. See Wlliam D. Nordhaus and Gary W Yohe, “Future Carbon

Di oxi de Em ssions from Fossil Fuels," Changing Clinate, Report of

the Carbon Dioxide Assessment Committee (Washington: National

Acadeny Press, 1983); James M Poterba, “Tax Policy to Conbat
G obal Warming: On Designing a Carbon Tax," in R Dornbusch and
J.M. Poterba, eds., Warminag: ] olicy Responses

- (Canmbridge: MT Press, 1991), pp. 71-97; and WIliam D. Nordhaus,
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“Econom c Approaches to G eenhouse Warming,” in R Dornbusch and

J.M. Poterba, eds., Jobal Warming: ECOnOm Cc Policv Responses
(Canbridge: MT Press, 1991), pp. 33-66.

23. Counci| of Econom c Advisors, Econon ¢ Report of the

President, 1991, p. 375.

24, Robert crandall, Controlling Industrial Pollution: The

Economi cs and Politics of Clean Air (Washington: Brookings

Institution, 1983).

25. Uncertainty is an inherent conponent in other risk
regul ation contexts as well. See Richard Wlson and E.A.c.
Crouch, “Risk Assessnent and Conparisons: An |ntroduction,”

Science, Vol. 236 (1987), and A.J. Krupnick and P. R Portney,

“‘Controlling Uban Air Pollution: A Benefit-Cost Assessnent,”
Science, Vol. 252 (1991), pp. 522-528.
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