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Abstract
The Total Cost Effects of the Binding Phase II Title IV SO, Allowance Market
By
Howard J. Haas

The current trend in environmental control regulation is to use marketable
allowance systems, or air bubbles, in the place of more traditional single emission
standard caps. The reason for the shift is that marketable allowance systems can achieve
specified emission goals at substantial control cost savings relative to the more traditional
forms of regulation. There are, however, two—not one—cost effects associated with
using a marketable allowance system relative to a single emission rule based cap—the
abatement cost affect and the external cost effect.

It is the more familiar abatement cost effect that has received the most attention
from the proponents of marketable allowance systems—particularly in the case of the
Clean Air Act of 1990’s SO, allowance market. However, given the nature of SO,
emission deposition, the marginal external costs of emissions vary across the units
participating in the market. Where these costs vary by unit, the reallocation of
allowances through trade among these units will impact the total external costs generated
by emissions relative to the total external costs where allowance trades are not allowed—
as under a traditional emission cap. This change in external costs is the external cost
effect of allowance reallocations. Both effects must be considered when estimating the
total benefits of using a market rather than a cap. Given the fact that sulfur dioxide

emissions have locational effects the failure to include the reallocation of emissions affect



of market trades is a serious oversight on the part of policy makers when calculating the
potential net benefits of the title [V market.

This dissertation uses a simulation of the future binding Phase II SO, Allowance
Market, as defined by Title IV of the Clean Air Act, and emission deposition models to
calculate the total annual cost effects of the market relative to a more traditional
emissions cap. In so doing it finds strong evidence that the annual external cost of
allowance reallocations will outweigh the projected annual abatement costs of the market
relative to the emissions cap. This loss is due to the miss-specification of the market
relative to the nature of the pollutant. The national scope of the Title IV allowance
market is too large when used to control a pollutant with regional effects. The models
show that smaller regional markets, which reduce the discrepancies in external cost
effects across participants and limit the geographic movement of allowance greatly

improve the net cost effects of market relative to a cap.
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INTRODUCTION

The current trend in environmental control regulation is to use marketable
allowance systems, or air bubbles, in the place of more traditional single emission standard
caps. The reason for the shift is that marketable allowance systems can achieve specified
emission goals at substantial cost savings relative to the more traditional forms of
regulation.

The promise of substantial costs savings from the use of a market for emission
allowances led to the largest and most ambitious marketable emission allowance program
yet—the Title IV SO, Allowance Market program included as part of the Clean Air Act of
1990. With a goal of reducing emissions from 1986 levels of 16.8 million tons a year to
8.9 million tons by the year 2010. There are, however, two cost effects associated with
using a marketable allowance system relative to a single emission rule based cap—the
abatement cost affect and the external cost effect.

The abatement costs effect is the total abatement cost savings of meeting the
emission goals using a market for allowances rather than a cap. Where the external costs
of emissions are dependent on the location of the source of the emissions relative to
possible receptors, the marginal external costs of emissions may vary across agents
participating in the market. Where these costs vary by agent, the reallocation of
allowances through trade will impact the total external cost of the market relative to total
external costs where allowance trades are not allowed—as under a traditional emission

cap. This change in external costs is the external cost effect of allowance reallocations.



The greater the discrepancy in external costs among market participants, the greater the
external cost impact of any trade among the participants. Both effects must be considered
when estimating the total benefits of using a market rather than a cap. Unfortunately
discussions of marketable permit systems, both theoretical and real, have ignored the
external cost effect when promoting the merits of market emission regulation.

The promised cost savings of Title IV are substantial—as great as $1.6 billion a
year relative to a cap with the same emission restrictions. In addition, the EPA has
estimated that potential health cost savings of the emission cap relative to where emissions
would be in 2010 without the cap are around $40 billion a year. Unfortunately, these two
estimates of benefits are unrelated. The first measure estimates the cost advantage of the
market system over the cap in terms of abatement cost savings to utilities. The second
measure estimates the health benefits of using the cap relative to a hypothetical situation
where no regulation was passed.

The estimated benefits of the Title IV program do no take into account the effect
of allowance reallocations on total external costs—while it was the abatement cost savings
of the market reallocations that promoted the program. Given the fact that sulfur dioxide
emissions have locational effects (emissions affect areas downwind of sources) the failure
to include the reallocation of emissions affect of market trades is a serious oversight on the
part of policy makers when calculating the potential net benefits of the title IV market.

This dissertation does three things. First, it examines the possibility that
marketable allowance systems can be less efficient than single emission standards when
external costs are locationally dependent. Second, it examines the two cost effects of the

SO, marketable allowance system under Title IV of the Clean Air Act of 1990. Third, it



shows that reducing the differences in the marginal external costs among market
participants—by reducing the size of the markets—will increase the net benefit of
allowance reallocation relative to those predicted for the national market.

Chapter 2 of this dissertation discusses the possibility that any marketable
allowance system can be less efficient than single emission standards when external costs
are locationally dependent. Chapter 3 discusses the Phase II allowance market and the
issues surrounding it and sets the stage for the simulation model used in chapter 4 to
measure the two cost effects of the binding Phase II market. Chapter 4 presents the
simulation model and its results regarding the net cost effect of the binding Phase 11
allowance market. The Chapter 4 results concur with the estimates of $1.6 billion in
annual abatement cost savings of using the market, but indicates strong evidence that all of
these savings will drowned out by substantial increases in total external costs due to
allowance market reallocations among participants. Chapter 5 indicates that a national
market for allowances is inappropriate for a pollutant with regional-dependent external
costs. Due to the size of the current market and the nature of SO, emissions, the marginal
external costs of emissions among market participants are very diverse. Therefore trades
among participants have strong impacts on total external costs. Chapter 5 simulates the
effect of using several regional markets in place of the current national market for
allowances and calculates the two cost effects of allowance reallocations in the markets.
Regional markets reduce the potential cost savings of any market trades, but they also
work to reduce the differences in marginal external costs among each market’s

participants. The results shows very strong evidence that using regional markets will



greatly reduce the negative external cost impacts of allowance market trades relative to
the current national market structure.

Chapter 6, the conclusion, reiterates the fact that in designing a market for
allowances, regulators must keep in mind the nature of the pollutant that us being
regulated. A marketable allowance system may not be the welfare improving option
relative to traditional single-emission standard caps when external effects of emissions are
location dependent. If the pollutant is equally damaging regardless of source a market will
always outperform a cap. Examples of such pollutants take the form of greenhouse and
ozone-layer-depleting emissions. In any other case, the potential external cost effects
must be examined to determine the true net benefit of a marketable allowance system, like

that used in Title IV of the Clean Air Act of 1990.



CHAPTER 1
TOTAL COST EFFECTS FROM THE USE OF MARKETABLE
ALLOWANCES IN PLACE OF EMISSION CAP REGULATION—THE
EFFECTS OF SOURCE DEPENDENT EXTERNAL COSTS

L Introduction and Methodology

This chapter examines the net welfare effects of using a market for allowances
rather than a single emission rule cap as a means of achieving a given emission goal when
there is a locational dependence on the external costs created by emissions. The model
presented here indicates that where external costs vary by firm, market reallocations of
allowances—relative to initial allowance allocations under a single emission standard
cap—cause welfare effects beyond just the abatement cost effects traditionally focused on
when examining the relative benefits of market based emission regulation. Given location
dependent external costs there is a potential that a single-emission standard will be more
efficient than a market for emission allowances among the firms. This is an important issue
given the current movement towards the use of markets for emission allowances as a
means of reducing the costs of compliance associated with meeting a given emission goal.
The most notable example of this new trend is the market for sulfur dioxide allowances set
up by Title IV of the Clean Air Act of 1990.

In the course of examining this issue, this chapter presents a theoretical model of a
number of firms each facing two regulators—one concerned with total emissions and
external costs from all firms and the other concerned with maximizing firm-specific

surplus. Section IV introduces a brief review of the externality regulation problem in the

literature and how, in most cases, it assumes away or ignores the effects of location



dependent external costs on incentive based regulation. Section V presents the two
regulators, the firms, the regulatory tools available to the environmental regulator, and the
information assumptions of the model. Section V also indicates the existence of the two
net cost effects of single-rule externality regulation in the context of emission caps and the
markets for allowances, and the conditions under which one form of the regulation could

be expected to outperform the other. Section VI presents the conclusion.

IL. Incentive Based Regulation and Command and Control Regulation in the

Literature

It is common knowledge that the use of incentive based regulation—such as a
market for allowances or an auction—will, all else held equal, lower the compliance costs
of achieving a given emission cap goal relative to command and control regulation.'
Montgomery, for example, proved that under conditions of perfect competition, a market
for allowances is superior to command and control regulation.’ This is not a surprising or
unprecedented result. It has been argued since Pigou that incentive based regulation
(market-based) have benefits over command and control forms of regulation.’ In fact, it

is noted that economists have a “traditional bias in favor of incentive-based instruments

' If trade occurs in a market for allowances it is assumed that the trading partners are at
least as well off after the trade as before. If the trade occurs, the benefit takes the form of
reduced compliance costs for the buying agent and revenue for the selling agent.

2 D.W. Montgomery, “Markets in licenses and efficient pollution control programs”,
Journal of Economic Theory, 5, 395-418 (1972).

} Pigou, The Economics of Welfare (1932).




over standards.” Economists interested in environmental, safety, and health regulation
have long argued that decentralized, incentive-based (IB) policies are more efficient than
centralized, command-and-control approaches (CAC). However, the introduction of
externality correcting regulation, either incentive based or command-and-control in nature,
can cause shifts in the relative location and volume of emissions in an environment with
multiple, spatially segregated firms. Though shifts in the location of some pollutants may
affect welfare, most of the current literature does not address this issue when discussing
the relative merits of incentive based regulation relative to command and control standards
and caps. Within the context of marketable allowances systems relative to single emission
rule caps, the issue of location dependent external costs has not yet been examined in any
detail.

While the issue of location-dependent externalities has been largely ignored, there
has been a considerable amount of literature regarding the circumstances where emission
caps and command and control regulation may prove to be more efficient, or at least as
efficient, as some incentive based regulation. For example, it is often argued that under
perfect information, where “the regulator and the firm are equally informed, standard-

setting and emissions taxation approaches are equivalent.”

This is seen in the work by
Baumol (1972), Seneca (1974), and Weiztman (1974). Weitzman argues that the reason

often cited for the theoretical superiority of price systems (taxes) above emissions caps—

that the use of prices economizes on information requirements—is incorrect. ‘“The main

* Chulho Jung, Kerry Krutilla, and Ron Boyd, “Incentives for Advanced Pollution
Abatement Technology at the Industry Level: An Evaluation of Policy Alternatives,”
Journal of Environmental Economics and Management. 30. 1996. Page 96.




thing to note here is that generally speaking, it is neither easier or harder to name the right
prices than the right quantities because in principle exactly the same information is needed
to correctly specify either.”

The examples where a standard can perform at least as well as incentive-based
regulation are not limited to full information cases. In fact, there is literature that
demonstrates that where information asymmetric or limited, standards can equal or
outperform a tax in efficiency. In the case of a single firm, Weitzman shows a situation
where a regulator with limited information about the marginal costs of abatement must
choose between a tax and a standard to achieve a policy goal, “there is nothing to

recommend one mode of control over the other.”’

Both forms of regulation, when set to
achieve the same emission goal, are both sub-optimal unless expected marginal costs are
equivalent to actual costs. For example, where the true marginal costs of control prove to
be higher than expected by the regulator, the tax is too low and the cap proves to be too
restrictive to be efficient—when the marginal benefit line of effluent removal is downward
sloping.

Of interest, however, is how the literature treats incentive base regulation when
external costs are location dependent on the source. In general, the studies regarding

incentive based regulation effects relative to command and control regulation are limited

to efficiency comparisons between standards and taxes—and not with regard to whether

* David P. Baron, “Regulation of Prices and Pollution Under Incomplete Information,”
Journal of Public Economics. 28 (1985) 211-31.

§ Martin Weiztman, “Prices vs. Quantities,” Review of Economic Studies, October, 1974,
41, page 477. '

” Martin Weiztman, “Prices vs. Quantities,” Review of Economic Studies, October 1974,
41, page 477.




or not the marginal external costs are or are not heterogeneous across firms. The major
concern with these standards is whether or not there is equalization of marginal abatement
costs across all firms.

The work by Weitzman (1974), Seneca and Taussig (1974), Dales (1968), Baron
(1985), Spulber (1985), and Jung (1996) is indicative of the studies regarding the
efficiency of a single tax relative to a cap or standard. Where there is little homogeneity
among the abatement costs of firms, the literature indicates that the single tax is preferred
over standards unless, as indicated above, the standards are firm-specific and set to equate
marginal abatement costs across all firms. Either implicitly or explicitly, the assumption of
the inefficiency of a standard relative to a tax when marginal costs of abatement are not
homogenous across firms assumes that the marginal external costs of firms are equal
across all firms. The general result that a single tax is more efficient than a standard from
Weitzman (1974), Seneca and Taussig (1974), Dales (1968), Baron (1985), Spulbur
(1985), and Jung (1996) falls apart in a multi-firm setting when marginal external costs
vary by firm.

Under the assumption of heterogeneity of external costs, heterogeneity of marginal
abatement costs should be assumed at the optimal solution. What is required for
efficiency in this situation is not an equalization of abatement costs across firms, but
regulation that sets the marginal benefit of removing emissions form each firm equal to the
marginal abatement costs of each firm. A single tax cannot do this, but a single standard,
under the right circumstances can, at least in part, achieve this goal. This is seen by
Weitzman (1978). In his paper, Weitzman has a regulator choose to employ either a

single (pure) tax, a single (pure) cap, or a combination of a quantity and price restraint on



a set of firms to control an externality. Weitzman finds that where the marginal costs of
abatement are more homogeneous, the single standard is more efficient than the tax.
When the marginal external costs are more homogeneous, Weitzman finds the single tax is
superior to the single emission standard where marginal abatement costs are
heterogeneous. Weitzman indicates that regulation that makes use of both taxes and
quantity restrictions can be superior to either a tax or a cap.?

However, Weitzman’s results (1978) have unexpected implications regarding the
efficiency of a market for allowances relative to a cap. They would seem to indicate that
the efficiency of a market for a set quantity of allowances, which is by definition a system
of both prices and quantities, may depend on the relative homogeneity of the marginal
external costs of all firms in the market. Where these costs are similar, the single price
mechanism of the market will “correct” the differences that may exist in marginal
abatement costs—thus improving efficiency via the results in Weitzman (1974), Seneca
and Taussig (1974), Dales (1968), Baron (1985), Spulbur (1985), and Jung (1996).’
However, where the marginal external costs of the firms are heterogeneous, the single
price offered by the market may reduce welfare relative to the cap—via the Weizman’s

result that a tax may be less efficient than a cap in similar circumstance.

® His regulation achieves better results than either pure regulation by placing more or less
weight on a tax or the quantity standard depending on the relative homogeneity of
abatement and external costs of the firms. See Martin Weitzman, “Optimal Rewards for
Economic Regulation,” AER, September 1978, 68, no.4, Pages 683-691.

® As noted above, all of these authors indicate that a single tax (price) will be more
efficient than a standard when marginal abatement costs are heterogeneous across firms—
unless standards are set on an individual basis to equate marginal abatement costs across
firms.
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The problem with the market for allowances, unlike Weitzman’s proposed
regulation, is that the proportion of price oriented and quantity oriented effects of the
market for permit regulation, as defined, is not adjustable. Where marginal external costs
are heterogeneous across firms, the single price offered by the market will be, via
Weitzman’s analysis of the single tax, less efficient than the single standard. Yet there is
no mechanism to reduce the marginal abatement cost smoothing effect of the market when
it is inappropriate. This implication of Weitzman’s work has been missed by the most
current literature regarding the use of a market rather than a single emission rule cap.

Where markets for allowances are specifically examined in the literature, the effect
of heterogeneous marginal external costs on the efficiency of the market do not receive
much, if any, interest. This is not to say that locational or firm specific externalities are
not recognized in the literature, merely that this issue is treated in passing as a side issue,
or assumed away. Misiolek and Harold (1989)'°, for example, examine imperfect
competition effects on the efficiency of an allowance market. It is implicitly assumed that
marginal external costs are constant across the firms in the analysis when arguing that
market manipulations by firms are always detrimental to efficiency, relative to a single
emission rule cap. When Jung, Krutilla, and Boyd (1996)ll look at incentives to innovate

in abatement technology across various regulatory tools they show that a market may not

' Walter S. Misiolek and Harold W. Elder, “Exclusionary Manipulation of Markets for
Pollution Rights,” Journal of Environmental Economics and Management, 1989, Number
16, Pages 156-166.

"' Chulho Jung, Kerry Krutilla, and Ron Boyd, “Incentives for Advanced Pollution
Abatement Technology at the Industry Level: An Evaluation of Policy Alternatives,”
Journal of Environmental Economics and Management, 1996, number 30, pages 95-111.
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be the most efficient form of regulation in terms of lowering costs over time due to
innovation. While they mention that their paper is timely due to the current Title IV
market for allowances, their study was made without regard to location dependent
external costs of sulfur dioxide emissions.'? They indicate that an auction is the most
efficient means of pollution control in terms of innovation, but that the allocation of
allowances is not relevant. Weitzman (1974), takes a look at multiple firms facing a
market or a single emission standard cap. In this paper, the market will improve on a cap
by equating marginal costs of abatement across firms. As noted previously, this result is
only generally true when marginal external costs are homogenous across firms in the
market.

In the case where the studies are specifically made in regard to the developing
allowance market under title IV, where there is every indication that external cost effects
are not homogeneous across firms, the issue of location dependent external costs have
received a mixed treatment. One of the most recent examinations of the Title IV
allowance market set up by the 1990 Clean Air Act is by Coggins and Smith (1993). In
their paper regarding a simulation of a two firm allowance market under two regulators,
there is an explicit assumption that the external impact of trades of sulfur dioxide
allowances are not dependent on the relative sources of the emissions. It is assumed that

since the command and control (CAC) and incentive based (IB) regulation will achieve the

2 In addition, the fact that they examine an emission standard rather than an emission cap,
indicates that their conclusions regarding the relative efficiency of a market in terms of
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same emission goals they will be equivalent in external impact:

“Because the pollution levels for each firm are here held fixed---and

because the overall emission standard is assumed to be identical in the CAC

and in the allowance trading case—there is no need to account for the

environmental damage in the welfare measure. ..environmental damage is

not unimportant; it simply does not change.”"
Coggins and Smith are implicitly assuming that the relative location of the sources does
not impact the costs inflicted by sulfur dioxide emissions. However, in the case of sulfur
dioxide emissions, environmental damage does change with the location and levels of
emissions. Under these circumstances each and every trade or reallocation of allowances
in the market can and will cause some change in environmental damage—thus there is a
need to account for environmental damage as a welfare measure. This is a fact recognized
by Schmalensee when he states, “permitting allowances to be traded freely anywhere in the
United States would be a first-best policy if and only if emissions everywhere in the United
States had the same marginal damage, which they plainly do not.”'* However, the effects

of trades are beyond the scope of Schmalensee paper and he does not include them in his

discussion of the current, early Phase I market. This was beyond the scope of Joskow,

innovation are suspect in regards to the impact of Title IV.

' Coggins and Smith, “Some Welfare Effects of Emission Allowance Trading in a Twice-
Regulated Industry”, Journal of Environmental Economics and Management 25, 275—
297 (1993).

'“Richard Schmalensee, Paul Joskow, A. Denny Ellerman, Juan Pablo Montero, and
Elizabeth M. Bailey, “An Interim Evaluation of Sulfur Dioxide Emissions Trading,”
Journal of Economic Perspectives, 12, num. 3, Summer 1998, Page 54.
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Schmalensee, and Bailey (1998) as well."> Here, the authors argue that the market for
sulfur dioxide emissions (allowances or allowances) is very efficient, so much so that “the
frictionless, perfectly competitive ideal is a good approximation to reality.”'® While
Joskow (et al) argues that the market lacks much in the way of transaction costs, he does
not address the potential impact on external costs of a reallocation of allowances through
trade—and what impact this may have on the net efficiency of the market. As of the
writing of this paper, there has not been an explicit treatment of location-dependent
marginal external costs in a comparison of markets and single-emission rule caps in the
literature.

In comparing an allowance market to a single-emission rule cap, this paper follows
in the tradition of the previous literature that examines the relative strengths of various
forms of externality regulation under varying circumstances. As in Weitzman (1972,
1978), Kwerel (1977), Dales (1968), and Baron (1985), this paper presents a regulator
with limited information that must choose between imperfect instruments in attempt to
maximize welfare. This paper differs in that it examines the welfare effects of using a
market for allowances rather than a single emission rule cap to reach a given emission
goal, whereas the bulk of research has been in regards to comparisons of standards and

taxes. Unlike the earlier comparisons between single-emissions standards and a market,

' paul L. Joskow, Richard Schmalensee, and Elizabeth M. Bailey, “The Market for Sulfur
Dioxide Emissions,” The American Economic Review, Vol. 88, NO. 4, September 1998,
669-683.

'¢ Paul L. Joskow, Richard Schmalensee, and Elizabeth M. Bailey, “The Market for Sulfur
Dioxide Emissions,” The American Economic Review, Vol. 88, NO. 4, September 1998,
Page 682.
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this paper examines the effect of a locational dependence of external costs on the net

welfare of each regulatory form.

III.  Single Emission Standard Caps and Markets for Allowances: The Net

Welfare Effects of Market Reallocations of Allowances

This section of the paper is divided into several sections. Part 1 introduces the
economic units (firms) that produce an externality along with an output. Each of these
units is described as a regional firm with its own firm-specific downward sloping demand
curves. This section is further divided into a number of sections that introduce the
locationally dependent external costs of each unit, and the abatement (pollution control
cost) function. Part 2 is divided into several subsections. The first two sections, a and b,
introduce the two independent regulators of the unit: the environmental regulator and the
Firm Specific Regulator (FSR). These sections also discuss the setting of the single
emission rule cap and the allocation of the allowances. Part c explains the abatement cost
and the external cost effects within the context of the model. Part d discusses the effect of
the cap on the firms and how the FSR responds to the allowance allocations applied as a
cap. Part e discusses the reaction of the firm and the FSR when the cap is applied as set of
marketable allowances on the firms. Part f indicates the two distinct welfare effects of
market reallocations of allowances—the abatement cost and the external cost effects—
relative to the EPA’s initial allocations of allowances under the single emission rule cap.
Part f briefly describes the conditions under which the market will cause both effects and

where a net loss is possible relative to the use of the cap.
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A. The Basic Economic Unit: The Firm.

There exist a number of profit-maximizing firms indexed by i. Each firm is a
monopolist in its own market and there is no interdependence of demand functions among
the firms for the output (Q;) produced by each firm. Let each firm’s demand function be

defined by the following: P; Q; ..
Where P is the price received for each unit for 2, Price is to be decreasing with respect

to output sold:

4 piQ; 0

For simplicity, each firm’s demand curve is assumed to be identical.

Let C; Q; be the cost of producing J; units of this output at a firm’s production
facility. The cost function is assumed to be strictly increasing in terms of Q; and twice
differentiable in terms of 2, For simplicity, the costs of production are assumed to be

identical across all firms. Each firm has an identical fixed physical capacity constraint on
its output equal to Qmax. Qmax is equal to the quantity where the identical, firm specific
demands return a price equal to zero (at the intersection, if any, of the demand curve with
the horizontal axis). Each firm is only able to own one production facility, so Qmax
represents the maximum output possible from any one given firm. In addition it is
assumed that each firm must satisfy its firm specific demand before attempting to supply
another firm’s demand (before it attempts to enter another firm’s market). These
assumptions prevent incumbent firms from successfully entering other markets. In

addition, infrastructure requirements allow only one firm to operate in a given area. This
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can be explained by assuming each firm has exclusive control of each region’s only supply
of material capable of producing Q. This assumption preserves the assumption that each
firm is a monopolist in its own market and there is no interdependence of demand
functions among the firms for the output (Q;) produced by each firm. In addition this
assumption prevents entry from new firms. The assumption of no entry or exit from the
industry is not unusual in the literature regarding comparisons between externality
regulation. This last feature simplifies study of an allowance market where allowance
allocations are fixed and provided only to incumbent firms."’

Each firm’s profit function, without regard to abatement and external costs is thus
defined as follows:

1. The locationally (spatially) dependent external costs of the firms.

It is assumed that the firms are distributed among several geographic regions
indexed by j. Each firm emits a pollutant that imposes costs on the residents of the other
geographic regions. The costs are not imposed on the firms. Nor do the pollutants affect
the population where they are generated. That is, each regional market and incumbent

firm imposes an externality on the residents of other geographic regions.

'7 This assumption is often used in models where an emission goal is being set for the cap.
See Chulho Jung, Kerry Krutilla, and Roy Boyd, “Incentives for Advanced Pollution
Abatement Technology at the Industry Level: An Evaluation of Policy Alternatives,”
Journal of Environmental Economics and Management, 30, (1996), 95-111; Martin
Weiztman, “Prices vs. Quantities,” Review of Economic Studies, October, 1974, 41, 477-
91; Martin Weitzman, “Optimal Rewards for Economic Regulation,” AER, September
1978, 68, no.4, Pages 683-691; and David P. Baron, “Regulation of Prices and Pollution
Under Incomplete Information,” Journal of Public Economics. 28 (1985) 211-31.




The external cost of each firm depends on several factors. First of all, the damage
caused by a given firm (i) to a given geographic region (j) is dependent on what
percentage of the firm’s emissions (I P hit a given receptor region. As noted in the
paragraph above, the percentage of emissions that hit a firm’s own region is equal to zero.
Each unit of emissions that does make landfall is assumed to do the same amount of

damage (d) regardless of its source. Each unit of output (Q;) from any firm is assumed to

create a unit of emissions equal to E. E is assumed to be equal across firms before the
application of any form of abatement controls, which are defined in the next section. Total

emissions from a firm, before abatement, are therefore given as QE. Therefore, what

determines the total external cost of a given firm (i) is the total percentage of its emissions

m
that make landfall (0 \_: Ty N times the amount of emissions generated by a firm
j=1

m
1
d-EQT ;).

—

(\
j=1

Consider the following functional form for the externality produced by a firm:

m
A

D\Q‘\= dEer ij
i=1
Where:
J subscript that identifies a region that receives emissions
i subscript that identifies each unit that produces an eternality through emissions
I represents the percentage of a given unit of pollution from unit i that

affects region j.

E represents the units of pollution that each unit of output (Q) generates.

18



9 represents output from unit i.

d represents the damage caused by each unit of pollution generated that makes
landfall within regions indicated by j.

For ease, let the damage per emission unit be denoted as equation 1.3:

m
13Mp= N\ dr;

—_— Y

j=1
Where MD stands for the marginal damage caused by each unit of pollution generated by

firm i. Total damage from a firm is then given as:

D; Q; =EQ{MD;
Total external costs across all firms is given as:
f'n n ‘
; N piQ;= N\ EQ;MD;
i=1 i=1 |

2. The abatement or emission reduction cost function of firms

It is assumed that technology to remove emissions from a firm’s production
process exists. Since the profit maximizing firms do not include the externality in their
calculations, the technology is left unused unless the costs of emissions (MD) are
internalized through regulation that will be introduced later in this chapter.

Abatement effort is measured in the percentage of emissions that a given level of

abatement will remove from the emission stream (RE;). As such, the value of abatement

effort ranges from 0 to 100 percent of emissions.



Unlike production costs, the cost to generate a unit of RE (a percentage point of
removal) is unit specific and dependent on the retrofit requirements of the individual unit
and the amount of emissions removed. It is assumed that each region’s available resources
have a unique quality that affects the costs of removing emissions from the production
process (as various coal types affect the costs of FGD use in utilities). Abatement costs
are a function of output (Q) and the percentage of emissions removed (RE). Let

A {Q;,RE; be the cost of abatement for removing a specific percent (RE) of emissions

created with the production of Q in output at a given firm. This cost function is assumed
twice differentiable and strictly increasing in terms of output (Q) and abatement (RE).
This model of abatement costs is similar that used by Baron (1985), Weitzman (1974,

1978), and Jung (1996). Differentiating A ; Q;,RE; with respect to abatement (RE):

d

€ _A;Q,RE; >0
dRE;
and
d2
-~ — A,;Q;.RE; 0
2 '
dRE;

Differentiating with respect to output:

d

——A IQI’REI>0
dQ;

a2
_— A i‘QI’REi ,O
dQ;2
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B. The Two Regulators

This part of section V introduces the two regulators that govern the behavior of
the monopolistic unit described above. The first regulator is described as a firm specific
regulator (FSR). The FSR is modeled after a firm-specific utility regulator. The objective
of each FSR is to maximize the surplus that exists in the regional market it oversees based
on the private costs of the regional firm. That is, welfare is maximized without regard to
external costs generated by firm under the FSR’s jurisdiction. Each FSR’s objective
function is maximized subject to a break-even constraint on the firm it oversees. This
regulator is described in part (a) below. The second regulator, the Environmental
Planning Administrator (EPA), is modeled after a stylized Environmental Protection
Agency. The objective of the EPA is to maximize total regional surpluses (welfare) by
internalizing the external costs generated by the firms. The EPA has limited information
regarding the external costs generated by the firms as a whole, as well as limited
information regarding industry-wide costs of abatement. In addition, the EPA is limited to
two forms of regulatory intervention—a single emission standard cap applied to every firm
or a similarly distributed allocation of marketable emissions allowances. The stylized EPA
is described in part (b) below. The behavior of both regulators is modeled into two distinct
static equilibrium periods—the period before EPA regulation and the period after EPA
regulation. This is not an inter-temporal planning model. No reaction functions are
modeled between the two regulators due to the fact that neither regulator has information
needed to anticipate the others responses. It is assumed that the FSR and the firm cannot
anticipate the EPA’s regulation before it occurs. Nor can the EPA anticipate the reaction

of the FSR to its cap or market regulation of emissions. Part c describes the actions of the
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FSR after the EPA has attempted to internalize the costs of emissions by way of a cap or a

market for allowances.

1. The Firm Specific Regulator: the FSR

Each FSR’s objective is to maximize the static equilibrium surplus within a
regional market given the private costs of the firm it is regulating. The FSR’s objective
function is constrained by the fact that revenues must at least cover the private costs of the
regulated firm in the market in question in each period. Prior to intervention in from the
EPA, external costs are not, by definition, included in the objective function of the FSR.
The period before EPA action is referred to as period t-1. The t-1 equilibrium levels of
output and emissions are assumed to be historical information for the EPA when the EPA
imposes emission regulation in period t, described in the next part of this section. It is
assumed that neither the firm nor the FSR can anticipate any action, if any, that will be
made by the EPA in period t. The objective function of a FSR in period t-1, before EPA

regulatory action is as follows:

1.4 Max w.r.t Q
[i'Qi |
. |

W= PX; dX; PQ;-Q; - PQ; Q; CQ;
.0

Subject to

Ill.O

Q;-0

Qi“Q ma»
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The Kuhn Tucker maximization conditions for maximization of the Lagrangian ({) with

respect to Q and A1 are as follows:

d _ v . d ;
L5 ——8{Q =P(Q; Q- C(Qj)=0, 41;=0, and M1 —5{Q;,A1;) =0
dil; drl;

d ; -] ) d r'.';d ‘ ‘1" . X d / .
1.6 ai’\Qi,M i/=PQj) - EC\QU + Al l|l tgap\Qi))'Qi* PQj) - d_é—C\Qi}

i Vol i

<0

) d
QFO, jS‘Qma» and. Qi' ’\iﬁf ‘\\Qi'“i}ro

Where the budget constraint is not binding (11 ;>0 and A1=0), welfare is maximized,

subject to the solution satisfying the second order constraints, where quantity is such that
price equals marginal cost, seen from 1.6 above:'®

d . _ d co. =
E'sl\_Qi,“ i)‘P\‘Q i~ d—é’_C\Qi)-o

1 1

or

oad
PQi% 4, Y

Where the budget constraint is binding (Il =0,41,;<0), the constraint yields the

trivial solution that price is set equal to average cost (from 1.5):

'* For the second order conditions see Appendix L at the end of this dissertation.
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Subject to the satisfaction of the familiar second order conditions, which are not given

here.

The Q that satisfies 1.5 and 1.6, and the second order conditions, represents the

static equilibrium of the ith firm before the EPA sets emission regulation. This level of Q

will be referred to as Q; throughout the rest of this paper. Given the assumptions about

demand and production costs, Q;' is equal across all firms. Total emissions are equal to

n
Z EQ; . Total damage from emissions is equal to

i=1

n n ]
\"pofi= N ko~ .
> piefj= > EQ] MD |
i=1 i=1 ]

Total welfare across all regions is given by

i Pl \
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2. The Environmental Planning Administrator: The EPA

The stylized EPA modeled here is based on the Title IV allowance program
currently being administered by the Environmental Protection Agency. Under the Clean
Air Act of 1990’s Title IV provisions, the EPA was empowered to permanently reduce
total sulfur dioxide emissions of the affected industry by 8 million tons relative to its
historical 1985 base emission levels. Historically, the EPA has had effectively one tool—
caps on emissions. The 1990 law followed in this tradition. Taking the 1985 emission
levels, minus 8 million tons, the law called for total remaining emissions to be distributed
to each boiler according to its portion of the total mmbtu of fuel burned by the affected
firms in 1985 through 1986. However, unlike earlier regulations, the caps on emissions
take the form of marketable allowances. The thought being, as outlined above, that this
would lower the costs of compliance, all else being equal. Actual net effect of trading
allowances beyond possible abatement costs savings were not considered or known.

In line with these stylized facts, the Environmental Planing Administrator that is
modeled here is assumed to have limited authority and information concerning both the
firms and the costs caused by emissions. The model of the EPA regulator presented here is
similar to those used by Weitzman (1974) and Weitzman (1978). The regulator in this
literature faces uncertainty regarding the costs of abatement of the firm(s) and—in the
case of Weitzman (1978)—the marginal external costs of emissions. Here, the EPA is
assumed to only know the average benefit of reducing emissions and the average costs of

industry-wide emissions reduction, as will be illustrated below.
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n

As in Weitzman (1974, 1978), the EPA knows the total damage ( D(Q ;) )

i=1

caused by the emissions generated by the firms in t-1. The EPA also knows the historical

n
(t-1) output (Q;") of the firms and the total emissions ( Z EQj ) generated in t-1, like

i=1
the EPA under the Clean Air Act."” The EPA does not know the damage that occurs at a
specific location, nor which firms are responsible for what portion of the damage that does
occur. That is, firm specific MD is hidden from the EPA. However the information

available to it is sufficient to determine the historical (t-1) average damage per unit of

€missions: D 4y, =
n
N
EQ;

i=1
It follows that each unit of emissions removed by the industry from its emission stream

will, increase welfare on average by D..,. Thus total estimated benefit of emission

n

removal is measured as D avg’ Z EQ;"RE where RE_, is an industry wide abatement

ind >
i=1

effort.

1% Strategic behavior by firms anticipating the EPA’s action is assumed away. In the case
of the 1990 Clean Air Act, historical output levels, from before the legislative process for
the act began, were used as the base year to limit the ability of firms to make use of
strategic behavior.



As mentioned above, the EPA knows the average industry-wide costs of

abatement, given historical output levels Q;".*° This industry-wide abatement cost for an

industry emission reduction target (RE,) is given as A ;o (REjpg).

Using this information, the EPA’s goal is to maximize welfare. It is assumed that
the EPA’s only influence upon the firms and the FSRs is through the use a cap of

marketable emission allowances. This total emission limit will then be divided among the
firms according to their historic output (Q;) fromt-1. This allocation method is used to

for two reasons. The first and most important reason is that this method of allocation
mimics that used under Title [IV—the law this model is designed to illustrate. The second
reason is that baring more specific information, the EPA modeled here has no better means
of allocating the allowances among the firms—as recognized by Weiztman (1978) and
Senecca and Taussig (1979), and Dales (1968). This is seen in Dales (1968) when he
writes:

“The first problem that arises (when using a standard) is

how the total amount of waste reduction should be

allocated between the firms. . .equity criteria suggests that

each firm share the targeted reduction equally, and thus

each firm would be required to reduce wastes

(proportionally)...regardless of any underlying cost

differentials.”*!

Baring a better allocation method, the literature proposes an allocation method based on

some measure of equity.

20 The cost estimates available to the EPA are based on present control measures with and
best guesses of potential suppliers, holding output constant at the base year—an
explanation also used by Baron: David P. Baron, “Regulation of Prices and Pollution
Under Incomplete Information,” Journal of Public Economics. 28 (1985), page 213.
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It is further assumed that once the emission allocations are set, the EPA cannot

adjust them.”? »

The EPA will not be able to react to any adjustments or trades that the
FSR makes in period t as it is committed to its emission allocations once set. This means
that the period t, which occurs after the EPA allocates emissions allowances and the FSR
responds to the change in perceived private costs, will be solved as a static equilibrium
model. The model presented here is therefore similar to the models developed by Baron
(1985), Weitzman (1974, 1978), Jung (et al) (1996), and Coggins (et al) (1996). There
are many justifications for the use of a single-period model presented in the literature,
which are applicable here. In Baron (1985), “if a regulator can commit to a multi-period
policy and the private information of the firm is the same in each period, a stationary
regulatory policy is optimal...a finite horizon model is thus equivalent to a single to a

single-period model under these circumstances.”**

Similarly, if the emission goal set here
by the EPA is credible over the foreseeable future, the perceived price of the regulation to
the firms will be constant over time, and the single period model will be equivalent to a
multi-period model’s outcome. In addition, it has been argued that a single, non-

adjustable form of regulation is representative of actual environmental policies due to the

2! Joseph J. Seneca and Michael K. Taussig, Environmental Economics, Pretice-Hall, Inc.
Englewood Cliffs, New Jersey 07632, 1979, 1974.

“2 This is not to say that there would be no need to have an adjustment process, nor is it
assumed that adjustment processes are unimportant. The adjustment process of the EPA
is a long one based on precedent, administrative rules, and more often than not actual
court proceedings. Modeling of such behavior, for the sake of presenting the problems at
hand, is not relevant.

2 The output and emissions of the base year are considered a historic record for the
model. Thus, the firms and their immediate economic regulator do not have the
opportunity to anticipate the actions of the EPA during the single cap setting period
presented above—therefore the concept of a base year output.
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costs of adjusting them. Weitzman argues that is inappropriate to view the regulation as a
“process of continual fine-tuning...there are costs to adjusting regulations, and they are
likely to be substantial.”?® The possibility that a given regulation, once set, will not be as
efficient as hoped is one of the risks that must be examined when studying regulation.
Weitzman writes, “a basic principle of regulation is that the regulators are forced to make
decisions in an uncertain environment and they must lie with the consequences for some
time.”?*

The EPA’s welfare maximization problem is then:

n
1

w EPA\REind =D avg’ }_‘ E'Qir'REind A avg‘REind-
i=1
Subject to

Taking the first order condition in terms industry wide abatement (RE ;, 4):

n
N\ d

EQ: _
' dRE;4

d =
1.6 .~ - WEgpa REjpq 'Davg

A RE: =0
avg ind
dRE; 4

—

=1

—

% David P. Baron, “Regulation of Prices and Pollution Under Incomplete Information,”
Journal of Prices and Pollution Under Incomplete Information, 28, 1985, 211-231.

25 Martin Weitzman, “Optimal Rewards for Economic Regulation,” AER, September
1978, 68, no.4, Page 684.

26 Martin Weitzman, “Optimal Rewards for Economic Regulation,” AER, September
1978, 68, no. 4, Page 685.
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Equation 1.6 states that the welfare maximizing level of emission reduction occurs where
n

the marginal benefit of the industry-wide abatement (D ,,,- \_: EQ; ) equals the
i=1
industry’s average marginal cost of abatement (gizé ~ Aavg REjpq ).
ind

In order for the solution to 1.6 to be sufficient to maximize the EPA’s welfare function,

the REi found must satisfy the second order condition given in 1.7 below:
1.7 9 werE. = 9 A RE. ., <0
: EPA ind = avg “ind

Denoting the RE ;4 that satisfies both 1.6 and 1.7 as RE; 4" ", the EPA determines

- n
’ @ . . ..
the target level of emissions (Etargeﬁ! \ EQ {1~ RE;pg™ ") 1) which will maximize
' |

i=1 !
welfare.
Since the EPA must follow a single emission rule cap, the EPA gives a portion of
the total emission allowances to each firm in proportion to the firm’s regulated output

relative to the total output of the industry in the base year:

Since Q;'is equal across all firms, as outlined in the previous section, 1.8 indicates that the
emission cap set on each firm is identical (A ;). A ; represents the number of tradable
allowances allocated to each firm.

Given the need to assign the caps according to each firm’s proportion of the total

output in the base year and the information available, the cap assigned by the EPA will
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maximize the perceived benefit relative to any other single emission rule cap that the EPA
may implement. The proof of this is straightforward. Since the caps assigned to each firm
must be in proportion to its share of the total base year output, any change the cap
assignments to each firm requires a change in the target emission level. But, as noted
above, the target emission chosen by the EPA, in satisfying 1.6 and 1.7, maximizes
welfare. Therefore any deviation from this emission target will, given the information

available to the EPA, reduce welfare.

3. EPA’s forced hand: the possibility of a welfare loss from market trades

As in the case of the actual EPA enforcing the 1990 Title IV regulation, it is
assumed that the cap allocations represented by A are tradable among the firms. That is,
the decision to use a market rather than a cap is predetermined by the legislation that
allows the EPA to reduce emissions via single-emission-standard-cap-allocations. This is
not inconsistent with the welfare-maximizing objective of the EPA, given the information
available regarding emissions and abatement costs—as outlined above. Without specific
information as to the relative distribution of the firm’s MD and abatement costs, the EPA
is indifferent about whether or not allowances are marketable or not. However, as
discussed briefly in the introduction, where the external costs of enﬁssiops and the costs of
abatement vary across firms, whether or not the allowance allocations are tradable or not
will affect the total surplus generated under the EPA’s emission reduction regulation.
This section briefly describes how the market for allowances can cause a loss in total

welfare relative to a more traditional cap with the same total emission goal.
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Both the marketable and unmarketable form of allowances, as presented in this
paper, will improve total welfare over the case where neither regulatory form is used to
curb emissions (Where MD effects are, on average, greater than zero). Both regulatory
forms work by indirectly internalizing the external costs created by the firms. How well
one form of the cap performs in terms of total welfare effects is dependent how closely the
internalized costs of emissions under the cap or the market mimic the actual MD of the
firms. What determines whether or not the market or the cap better internalizes MD
across all firms, is whether or not internalized (shadow prices) of emissions regulation is
closer or further away from the actual MD of the firms after trades.

The reallocation of allowances through trade has two effects. The first effect is in
terms of relative abatement costs. The second effect is in terms of relative external costs.
The sum of the two effects determines whether not allowing allowances to be marketed
will improves or degrade total surplus (welfare) relative to the case where allowances
remain unmarketable (imposed as a cap). This net effect of trades is equivalent to the
measure of the reduction or increase in the dead weight loss caused by the shadow prices
of emission regulation moving closer or further away from the actual MD of the firms
after potential allowance trades.

The first effect of the trades in a market is the abatement costs savings relative to a
cap. For trade to occur there must be differences in the abatement costs across firms.
The end result of trade is that it reduces the heterogeneity in the marginal costs of
abatement across all firms. This is due to the fact that each firm will have an incentive to
use abatement until its marginal cost of abatement equals the market price for allowances.

Therefore at the market-clearing price for allowances, the marginal costs of abatement will
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be equal across all firms. This has the effect of reducing the total costs of abatement for a
given emission goal, relative to the single emission rule cap. Holding external costs
constant with trade, this reduction in total abatement costs improves total welfare relative
to the cap. It is this effect that has sold marketable allowance systems in the 1990 Clean
Air Act.

The second effect of allowance trades is the impact that the reallocation of
emissions has on external costs. In order for total external costs to be the same before and
after trade, the marginal external costs must be identical across all allowance trading
firms—assuming total emissions remain the same under both the cap and the market.”’ If
the marginal external costs do vary by firm, the absolute value of second effect of the
market on welfare is greater than zero. The greater the differences among the external
costs among the firms, the greater the value of the externality effect on total welfare. This
is due to the fact that any trades and reallocations of allowances will affect the external
costs of emissions relative to the allocation under the cap. Unlike the abatement cost
effect, the externality effect of trades can be either positive or negative relative to total
welfare under the cap.

Where the sum of differences in marginal external costs across the firms is greater
than the differences in the marginal abatement costs, the absolute value the externality
effect of allowance trades will be greater than the abatement cost savings effect of the

trades in the allowance market. In this situation, the sign of the external cost effect will

?7 Where the emission constraints are binding on all firms, as they are in this model, total
emissions will remain constant under both the cap and the market—assuming well-
behaved firm specific costs.
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determine whether or not the market for allowances is superior or inferior to the single
emission rule cap in terms of total welfare improvement.

Without specific information as to the relative distribution of the firm’s MD and
abatement costs, the EPA cannot foresee the possible net effect—positive or negative—of
allowing allowances to be marketable or not before trades occur. The EPA is, therefore
indifferent about whether or not the allowances it allocates are marketable or not at the
time it allocates them among the firms. However, as discussed above, the homogeneity
and distribution of abatement and external costs—which are hidden from the EPA—will
determine the total welfare of the emission cap set by the EPA. The fact that allowances
are tradable may increase or decrease welfare relative to the level predicted by the EPA.
The impact of whether or not allowances are marketable on the FSR’s decisions is

discussed in the next two sections.

4. The FSR’s reaction to the single emission rule allowance allocations
where allowances are not tradable

This section discusses the affect of applying the allowance allocations in their more
traditional form as non-tradable emission caps. The impact of this cap on the FSR and the
firm is used to examine the how allowing the trade of allowances affects the shadow price
of the emission regulation imposed by the EPA.

When the cap is applied to the firms, the costs of complying with the emission cap
must be included in the profit function of the firm. The FSRs must, in turn, adjust their

output and prices in order to achieve their objectives as outlined in the sections above. The
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FSR’s objective function, which now includes abatement costs, is now maximized subject
to an emission constraint given by A.
The FSR’s objective function is as follows:

1.9 Max w.r.t. Q,RE

Q.
Qj ,,
-0 :

subject to

m; 0

Q; 0

Qi Uma

The emission constraint is assumed to be binding on all firms, given the fact that emissions
before abatement are equal across firms and allowance allocations are equal across firms

as well—therefore EQ; 1 - RE; A =0,

The Kuhn-Tucker maximization conditions for the Lagrangian (£) with respect to

Q, RE, A1, and A2 are as follows:
110 3flf-g‘0i’REi’“ #*2{=P Q;-Q; CQ; ~A;Q;RE; 0,11;0,and
1
Mg RE,A1;,22. =0

1
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11 % & QuRELMIA2;=EQ; | RE; A; 0 12,0, and
di2;

d -

12:< - 8 QRELIA2; =0
12,

d

d d

1.12 .E(Qi,REi,M i'mi)ad 'Ai(Q i,REi)—?Qi'E'Qi—M i.dRE-Ai(Qi’REi)SO’ RE 0,
i i i
RE ,and RE ¢ & Q.RE, 11,12, =0
'v\dREi :
1.13
d . d d . o ld oo d cn, d o i

Qi 0,Q; Qpayand Q; 30.5 Q;RE;A1;,A2; =0
. 1 !

The values of Q, RE, A1, and A2 that satisfy the 1.10 through 1.13 and the second
order conditions (not given here) maximize welfare subject to the emission constraint.”®
Where the budget constraint is binding (I'1=0, A1<0), the constraint yields the trivial
solution that price will set equal to average cost (from 1.10 where Q and RE satisfy the

Kuhn Tucker maximization conditions):

114 pQ=dQ  AQRE)

Note that total costs now include the costs of abatement required to meet the
emission constraint. The output and abatement levels that satisfy 1.14 must also satisfy
1.11 through 1.13. Condition 1.12 requires that the marginal cost of abatement effort per
unit of emissions, subject to the budget constraint (captured in A1) must equal the shadow

price of the emission constraint (A2):
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or, equivalently,

.16 1yEQ=1 1, ‘:kEA(Q,RE)

Equation 1.16 shows that abatement effort is set, subject to the budget constraint, where
the marginal costs of abatement equals the marginal effect of abatement on the of the

shadow price of the emission constraint (} ,'E-Q) on the firm.

Similarly, from 1.13, the output of the firm is set where the net marginal costs of
Q (net of revenues generated by the sale of Q)—divided by the number of emission units
generated per unit of output (E-E*RE)—equals the shadow price of the emission
constraint subject to the budget constraint:
d

dQ

4 o Pt o
Q . do
(E ERE) (E ERE)

AQRE)  KQ) . { CQ+  AQRD)
117 a=99 9 Q |

_ Ay - —_—— 2%

Equation 1.17 is written as

1.18
_ d d d ‘ d d
Lo(E- ERE)=-- P(Q)Q P(Q): - C(Q)-- A(QRE) A, PQ)---CQ) -~ A(QRE),
dQ dQ dQ dQ dQ

Equation 1.18 shows that the marginal cost of the emission constraint on the firm,
is dependent on the level of abatement (RE). The higher the level of RE, the lower the
marginal cost of the emission constraint on the firm per unit of output produced, which in

turn means that output increases as RE increases—subject to the budget constraint. That

28 The second order conditions are given in Appendix L.
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maximum output increases with abatement (RE) can be seen in the emission constraint
itself:

1.19  EQ(I1-RE) A=0

Solving 1.19 for Q:

A
(E - ERE)

Output (Q) is constrained by the level of abatement (RE) and the number of allowances
held (A). As RE increases, Q increases, and vice-versa.

Where the budget constraint (1.10) is not binding (I1>0), the shadow price of the
budget constraint is zero (A1=0). Again, condition 1.12 requires that the marginal cost of
abatement effort per unit of emissions must equal the shadow price of the emission

constraint (A2):
120 1,EQ=% AQRE)
dRE

Similarly, from 1.13, the output of the firm is set where the net marginal costs of

Q per unit of emission each unit of Q generates, equals the shadow price of the emission

constraint:
d d
P(Q) C(Q) A(Q,RE)
- dQ d
1.21 A= S
(E ERE)

Alternatively, Q is set such that price is equal to the marginal cost of production, including

the marginal cost of the emission constraint:

122 pQ=! @ 9 AQ.RD 1,(E ERP
dQ  dQ
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Both equations 1.21 and 1.22 again show that the marginal cost of the emission
constraint on the firm, is dependent on the level of abatement (RE). The higher the level
of RE, the lower the marginal cost of the emission constraint on the firm per unit of output
produced, which in turn means that output increases as RE increases—subject to the
budget constraint. The solution to 1.9 for an individual firm shall be referred to as
RE*,Q*, A1*,and A2*.

How efficient the cap is in the case of the individual firm is dependent on how
closely the shadow price of the emission constraint (A2) is to the actual MD of that firm.

Where the emission cap is set such that 12,;=MD ;, the output and abatement decisions of

the FSR, subject to the emission cap, will maximize welfare.

Take, for example, the case above where the budget constraint is not binding. If
12 =MD ; then the FSR will set abatement effort so that the marginal costs of abatement,
per unit of emissions, equals the marginal cost the externality per unit of emissions®*:

d A Q.RE
RE.:

123 MDg= - =2

Output will set where the price for output (P(Q)) equals the marginal social cost of
output:
124  PQ=2 Q) -9 AQRE)- MD(E ERB)
d dQ
Therefore where 12 =MD  there is no dead weight loss (DWL) associated with the

FSR’s choice of RE and Q when faced by the emission cap set by the EPA. If, on the

% MD is the marginal cost of emissions per unit of emissions, as seen in equation 1.3
above.
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other hand 12,;°MD ;, it follows that the FSR’s choice of RE and Q will cause some

amount of DWL relative to the optimal solution. For the cap to provide the first best
outcome across all firms, 22 ;=MD ; must hold true for all firms from 1 to n.

Note that allowance allocations are equal across all firms (A =A,.)). Given this, if
abatement costs vary across firms, such that the marginal costs of abatement vary across
firms at Q* and RE*, then where the emission constraint is binding the shadow price of
the constraint also varies across firms. That is, 12;712,... For the non-tradable allowance
allocations to provide the first best outcome, it must also be true that MD =2,
andMD, =12, ... This in turn requires that MD ;“MD, .. when 22712, Not only must MD
also vary across firms, but they must also vary exactly as marginal abatement costs so that
MD =12, andMDj - =) 24 Where this does not hold, the allocation of non-tradable
allowances will cause DWL relative to the situation where A2 ;=MD ; holds true across all

firms.

5. The single rule emission cap applied as marketable allowances

After the EPA distributes the allowances to each firm according to the single
emission rule cap, the firms and their individual economic regulators must adjust their
output and price in order to achieve their objectives as outlined in the above sections. The
welfare function of the regional firm regulator must once again include the emission
constraint represented by the number of allowances assigned to the firm and the costs of
the abatement technology. But unlike the situation under the unmarketable cap, the

regional firm regulator faces a market for allowances which will influence the welfare
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maximizing abatement and output decision through the market equilibrium price for

allowances (P ).

Firm profits now include net revenues from activity in the allowance market. The
revenue/expense of selling/buying allowances is expressed by the net demand for

allowances (E;Q; 1 RE; A times the market determined price for allowances
(Pa-fEi-Qi- ‘1 -RE; - A;!). Itisassumed in this model that the firm is a price taker in the
allowance market due to the large number of firms that participate in it. The market

clearing allowance price is determined externally to the firms, as is defined by the price

i n

that sets the sum of all firm’s net demands equal to zero (? \_: ? E;Q;i1 RE;

|
-
i Ai[=0)
|

li=1

30 Including the market for allowances, the FSR’s welfare function is now written:

1.25 Max w.r.t. Q,RE;:

rQ; .
W Q;RE;= | P X dX; PQ;-Qj PQ;-Q; CQ; AjQyRE; P,IEQ(l REj-A;
0

subject to:
;-0

Q; 0
Qi Q ma
RE; 0

RE;

i1

** Where QJmkt ; and REmkt ; are the equilibrium output and abatement level for a given firm

at a given market price for allowances. The market-clearing price for allowances is

defined as the price sufficient to make the industry’s net demand for allowances to equal
Z€ro.
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Taking derivatives of the Lagrangian () in terms of Q, RE, and provides the Kuhn

Tucker maximization conditions as follows:

1.26 31—5 Qi,REi,l i'=P Ql Ql C Ql -A i‘Qi’REi PA'rE-Qi-vl - REi; - A lj ,O, A i"_O’ and
i . L

d e

di

li" 3 Qi’REi’)‘i :‘=0

d _d d -
1.27 d—RElg Qi,REi,l i -vd_liEi-A i Qi’REi - PA-EQi‘ A i 77{A i‘Qi’REi‘ + PA.E.QiJ -0,

i i
RE;-0, RE 1,

d -

1.2836‘5'%,“1’1{# Q; -4 cQ; 9 A;Q.RE; -P,E 1 RE -..
1

dQ; ' do;

wodp 4P Q-PQ; 4 co; oY A, Q,RE; P,E 1-RE; -0
i \

" ag; a; " 4o ']

Q; 0, Q; Qpa» and Qi’ig‘QfQi’REi" i‘}=0
Conditions 1.26 through 1.28 describe a Q, RE, A set that maximizes welfare
according to the private costs of the firm—subject to the satisfaction of the second order
conditions (not given here).!
Where the budget constraint is binding (I1=0, A<0), the constraint yields the trivial
solution that price will set equal to average cost (from 1.26 where Q and RE satisfy the

Kuhn Tucker maximization conditions). Note that revenues from the allowance market

*! The second order conditions are given in Appendix L.
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depend on the number of allowances (A) the firm has been allocated. Rearranging 1.26
shows the FSR will have the firm invest in abatement until the marginal cost of abatement
over uncontrolled emissions (E*Q) is equal to the costs of each unit of emissions in terms

of allowances (P,):

d AL QuRE
dRE;
129 PA= - E-Q
1 1

or

130 P,EQ=d A(QRE
AEQ=SAQ.RE)

Equation 1.30 shows that abatement will be set such that the marginal cost of abatement
equals the marginal benefit of abatement to the firm. Each unit of RE will change the

revenue/cost of allowances by P , ‘E-Q.

Whether or not the firm is buying or selling at the point described by 1.17 is
determined by the level of abatement which is occurring at that price relative to the
number of allowances that was granted the firm. In other words, it depends on whether or
not the firm’s net demand for allowances is positive or negative at the market clearing
price. In either case, the marginal cost of abatement, per unit of emissions without
controls, equals the marginal cost of allowances in the market (P,). Note that this is also
true in the case where the budget constraint is not binding on the firm.

Similarly, equation 1.28 shows that the FSR will set the price and output of the
firm at a point where the price for the output Q; will equal the marginal cost of producing
it. Note that this marginal cost of production now includes the marginal cost of output in

terms of changes in allowances and the marginal cost effect of output on abatement costs.
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Again, where the budget constraint is binding, Q; will be set (for a given RE;) such that

price equals the marginal costs of production:

|
¢ A;QpRE; Y cq;
dQ; dQ; '

A i
1.30 P, .= [fj PQ:. ‘O:+ E 1-RE: P -
Q; Y in Qi -Q; | LT A

Where the budget constraint is not binding, equation 1.30 can be written as:

131 PQ;=E | RE, -pA-‘;Q.AiQi,REi d

i in

CQ;

Equation 1.31 simply states that output and price will be set by the FSR to the point,
where for a given level of abatement (RE;), price (P(Q;)) equals the marginal cost of
output in terms of production, abatement, and allowance costs. An increase in output
causes an increase in the number of allowances required to cover the emission
requirements of the firm. Each unit of Q requires E - E-RE in allowances, at a cost of P

In the following sections, the combination of Q and RE that maximizes 1.25 will be

mkt
referenced as Q im'“ and RE;™,

As noted in the discussion above, it is the price for allowances (P,) that acts as the
internalized cost of emissions via the EPA’s allocation of allowances (A). How efficient
the market for allowances is in the case of the individual firm is dependent on how closely
the price of allowances (P,) is to the actual MD of the firm. Where allowance allocations

across all firms are such that P , =MD ;, the output and abatement decisions of the FSR will

maximize welfare.
Take for example, the case above where the budget constraint is not binding. If

P o=MD ; then the FSR will set abatement effort of the firm so that the marginal costs of



abatement (:—I{Ef A ; Q;,RE; ) equals the marginal benefit of each unit of emission reduction
i

(MD):

=d =
1.32 MD;EQ '-:iR-EfiA i QRE; =P 4 -EQ;

or

Output will be set where the price for output (P(Q)) equals the marginal social costs of

output:

133 P oi;=:-0-c Q; ‘:Q—AiQi,REi.fMDi- E ERE;
i i

Therefore, where P ,=MD ,, there is no dead weight loss (DWL) associated with

the FSR’s choice of RE and Q under the market created by the allowance allocations set

by the EPA. If, on the other hand, P 5 “MD, it follows that the FSR’s choice of RE and Q

(Q;™ and RE;™ ') will cause some amount of DWL relative to the optimal solution. For

the allowance market price (P4 ) to provide the first best outcome across all firms,

P o=MD; must hold true for all firms 1 to n. It is necessary then, that MD be constant

across all firms 1 to n, for the allowance market to provide the optimal allocation of

resources (zero DWL) for a given allowance market clearing price Pa.
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6. Comparing tradable and non-tradable allowances

Both tradable and non-tradable allowances have some potential inefficiency where
external costs are locationally dependent. Which incarnation of the allowance allocations
better internalizes the external costs of emissions will depend on the relative heterogeneity
and distribution of the firm abatement cost functions relative to the heterogeneity and
distribution of the external costs of each firm. As discussed in section C above, there are
two cost affects associated with the trades of allowances where external costs are firm
dependent—the abatement cost effect and the external cost effect. The sum of these two
effects determines whether or not allowing market trades increases or decreases welfare
relative to the initial allocation of allowances. The change in welfare takes the form of
decreasing or increasing dead weight loss (DWL) associated with the allowance
reallocations—relative to the case where the actual marginal external costs are
internalized. What determines the size of the DWL is whether or not the internalized cost
of emissions is closer to the actual (MD) to each firm before or after allowances trades.

The size of the abatement cost savings effect from the reallocation of the
allowances (A) among the firms is dependant on the magnitude of the differences in
marginal abatement costs across all firms evaluated at where the emission constraints are
just satisfied by each firm. Note that allowance allocations are equal across all firms

(A =A,.;). If abatement costs vary across firms when they just satisfy these allowance

allocations (a firm keeping emissions within it’s allowance allocation perceives a shadow
price of the constraint equivalent to the A2 discussed above), allowance trades will occur
among the firms. Trading allowances reduces the difference among the marginal

abatement costs of the firms—reducing the differences among the shadow price of the
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emission constraint among the firms. Trade continues until all differences in marginal
abatement costs are exhausted (all trade opportunities are used). This occurs, by
definition, at P,—the allowance-market-clearing price. At P, the shadow price of the
emission constraint is equal across all firms and the supply of allowances equals the
demand for allowances.

Whether or not the allowance market trades improve welfare or not is depedent on
whether of not the shadow price of emissions is closer to the actual costs of emissions
(MD) before or after trades. Where trades moves the sum of internalized prices of
emissions away from the actual MDs of the firms, the cost savings of the market are
exceeded by the increases in external costs caused by trades. This is represented by DWL
growing under the market relative to the DWL under the initial allocation of the
allowances. If the opposite is true, DWL is lower under the market than under the initial
allocation of allowances.

Assuming a continuous, well behaved abatement cost function, the magnitude of
the cost effect is determined by the absolute magnitude of the differences between the
internalized cost of emissions at the initial allocation of allowances and the average
marginal cost of abatement among all firms at that allocation. This relationship is
dependent on how the EPA determines the welfare-maximizing cap on total emissions.
The EPA sets the total allowance allocations at the point where the average of these
marginal abatement costs equals the average MD of the firms. The greater the absolute

value of differences between the actual marginal costs of abatement at this point, the
greater the magnitude of the absolute value of the differences between 12, and the

average marginal costs of abatement at A, for firms 1 to n. The greater this difference,
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the greater the movement that will occur along the marginal abatement costs curves as

trades equalize marginal abatement among the firms at the equilibrium price Pa.
Therefore, the larger the absolute value of the difference between the P, and 12 im, the

greater the abatement cost savings effect of trade.

This cost effect is measured as the difference in the total welfare, as measured by
the FSAs, under the cap and the market, at the solution set found for each firm under both
the cap and the market. Abatement cost savings affect on welfare is measured as follows

in equation 1.34:

cap  _ mkt mkt cap cap
1.34 A P A2y =W Q, T ,RE; Wi Q;,RE;™"

Where
Qi
1 - ¢
W, Qim-REiMh = ‘ PX, dX; P Qimkt 'Qimk"' p Qimn‘ .Qimh C‘Qimh A Qimn'REimn' . PA'iE'Qim“'il’ RE™,
<0
And
} i‘Qicap \
w izoicap,REicap‘= ‘ P XI dxl P'Qicap"o icap . | P‘.‘Qicapj 'Qicap Cl‘yQicap’! A\Qicap,REicap;l
[ .0 Pl \ . : ' /
Where P 5 22", the firm i will participate in the allowance market and the

abatement costs effect will be greater than or equal to zero. This effect will never be
negative as the external costs effects are not reflected in the welfare measures used by the
FSA’s, as seen above in 1.34. Summing across all firms provides the total abatement
savings effect of the market for allowances relative to the cap:

n
135 N AP, 12 0
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The external cost effect of trades, on the other hand, can be either positive or
negative, depending on how the market relocates allowances relative to initial allocations
among the firms—assuming firm specific external costs (MD;). The greater the
differences in the MD across firms, the greater the potential affect of allowance
reallocations on total external costs. The magnitude of the external cost effect is the effect
of allowances trades on the size of the dead weight loss relative to the loss under the cap.
It is measured as the difference between the total external costs of emissions under market
trades and the external costs generated under the cap, as follows in equation 1.36:

| i

n
136 N' b p, 22 =N MDEQ™. 1 RE™ MDEQ I RE™
p— ’ !

J— !

i=1 =1

cap

Again, trades only occur where P , 12,7, 1.36 is therefore dependent on

differences in the marginal abatement costs across firms at the point of compliance with
the cap. When no trades occur in the market, equation 1.36 equals zero, as the market has
not effect on total external costs relative to a cap.

Where marginal external costs are equal across firms (MD =MD, ), total external

costs with or without market trades are identical—assuming emissions totals are equal
with or without allowance trades. In this case, equation 1.36 is equal to zero. If allowance
trades cause emissions to increase at firms with MD’s higher than average, while lower
than average MD firm’s lower their emissions, equation 1.36 will be positive. If the
opposite occurs, equation 1.36 will be negative as the market allocation of allowances will

produce a lower amount of external costs than the cap.
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Taking the difference between the external cost effect (1.36) and the abatement
costs effect (1.35) across all firms provides the net welfare effect of market reallocations

of allowances in terms of dead weight loss (DWL):

n
1.37pwi= N D P, 12
—_—

4

_r

| cap
A PyoR2{T

i

—

i=1
Where equation 1.37 is negative, the internalized costs of emissions in the market
(PA) have moved closer to the actual individual MDs of the firms, relative to the
internalized price under the cap (A2;). The negative value of 1.37 indicates that market

allocations have reduced any deadweight loss associated with the initial allowances
allocations set by the EPA. This situation will obviously occur if P , 712" and
MD =MD, .,, as allowance reallocations under the market have no effect on external costs

and any trades provide costs savings relative to the cap. However, when the MD’s of the
firms are homogeneous it is possible that the external cost effect will be both positive
(1.36) and of sufficient magnitude to cause 1.37 to be positive as well. If this occurs, it
indicates that the market reallocations of allowances have increased dead weight loss
(reduced welfare) relative to initial allowance allocations.

It is possible, therefore, that market reallocations of allowances will cause a
welfare loss relative initial single emissions standard allocations of allowances when
external costs are firm location (firm) dependent. This possibility exists when external

costs are emission dependent and the marginal abatement costs vary across firms.
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IV.  Conclusion

When external effects from emissions are location dependent, allowance market
regulation of emissions may not be as efficient as more traditional single-emission standard
caps. This goes against the common wisdom that incentive based regulation—which
reduces total abatement costs relative to single emission standard caps—is always superior
to single emission standard caps or regulations. The common wisdom, however,
assumes—either implicitly or explicitly—that external costs are constant across sources.
Under such circumstances the common wisdom is correct, as indicated above. Where
MDs are constant across firms, any trades in the allowance market have a strictly positive
effect on total welfare in the form of reduced abatement costs. However in many cases
where allowance markets are in use or have been suggested—such as with regard to sulfur
and nitrous oxides—the location of the emission source is of primary concern in
determining the external cost effect of emissions. Under these circumstances, caution may
need to be exercised in defining the market.

The possibility that the Title IV sulfur dioxide allowance market will cause a net
welfare loss relative to a cap is explored in chapters 2, 3, and 4 of this paper. Where
allowance trades could cause a net welfare loss relative to a cap, steps would need to be
taken to minimize or eliminate the potential negative external cost effect of allowance
reallocations through trade. This could be a as simple as reducing a larger market into a
series of smaller geographic markets—thereby reducing the disparity among the external
costs of emissions among each markets participants. Reducing the size of the markets
would have the effect of reducing the possible savings of a market system, but at the

benefit of reducing the negative impacts of trades. The impact of geographically defined
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sub-markets is explored in relation to net welfare effects of the Title I'V market in chapter
4 of this paper.

In conclusion, the commonly held assumption that market-based emission control
systems are superior to command and control regulation can not be generally applied
when external costs of emissions are location dependent. The relative efficiency of the
market will depend on the nature of the externality. If the pollutant is equally damaging
regardless of source (MDs are constant or based on total ambient emissions) a market will
always outperform a cap. Examples of such pollutants take the form of greenhouse and
ozone layer-depleting emissions (carbon dioxide and CFCs). In any other case, the
potential external cost effects must be examined to determine the true net benefit of a

marketable allowance system, like that used in Title IV of the Clean Air Act of 1990.

52



CHAPTER 2

THE TITLE IV ALLOWANCE MARKET

L Introduction: Cause for Concern

Chapter 1 indicates that there are two effects associated with market reallocations
of allowances when external costs of emissions and marginal abatement costs vary across
units in the market. These two effects are the abatement costs savings effect and the
external cost effect. The sum of the two effects provides a measure of whether or not a
market for allowances improves or reduces welfare relative to a single emission standard
cap with the same total emission goal. The existence of the external cost effect is of
concern given the Title IV allowance market created with the passage of thee Clean Air
Act of 1990. Sulfur dioxide emissions, the pollutant of concern under Title IV, have
location based cost effect due to their means of distribution and deposition rate out of the
atmosphere. Of particular interest then, is how efficient this market will be when the
allocation of allowances becomes a binding constraint on emissions in the near future
under Phase II of the Title IV statute. At this point, assuming the full exploitation of
trading opportunities, there is an expectation of a large amount of allowance relocation
among a affected firms—and therefore a potentially large change in external costs

relative to the initial allocation of allowances.
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The Focus of chapter 2 is to provide an introduction to the Phase II binding
allowance market and the simulation model used in chapter 3 to emulate it. The purpose
of the model presented later in chapter 3 will be to measure the potential welfare effects
of allowance relocations relative to a cap. To prepare for that discussion, this chapter
explains the technologies, the policies, and the expectations involved with the Title IV
allowance program, as well as current market activity and how it has affected
expectations regarding the long-term binding phase II market that is modeled in chapter
3. In discussing these issues, this chapter outlines the singular importance of FGD in the
future Phase II market and how it will play a central role in determining the reallocation
of allowances in a future binding allowance market under Title IV. The chapter will
discuss the possible impact of FERC order 888 on compliance strategies in the
foreseeable future, as well as the impact of Powder River Basin coal price shock that
occurred recently. This chapter is therefore an introduction to an examination of the
potential net cost of the future phase II allowance market under Title IV of the Clean Air

Act of 1990 that occurs in chapter 3.

I Introduction to Title IV, the Market for Allowances, FGD, FERC order 888,
and Recent Developments in the Allowance Market
This paper introduces a number of issues and background material essential to
understanding Title IV and the issues that will affect the long-run allocation of
allowances in the Phase II allowance market relative to a Phase II compliant cap. This
discussion will outline the need to use a simulation to model the long-run Phase II

market, the role of FGD in the long-term allowance market given recent developments in
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the coal markets, and the expected impact of FERC order 888 among Title IV units in
terms of load served, FGD, and after-market allowance allocations. In the course of this
discussion, this paper provides the background for the theoretical model with regard to
assumptions regarding FGD technology and native load allocations used in the simulation
model—in the context of the goals of Title IV and recent developments in the utility
industry.

The introduction to Title IV and FERC order 888 is split into several parts. Part
ITI discusses the goals and mechanics of the allowance market set up under Title [IV—and
the expectation that FGD will allow compliance with Phase II in the long run. Part IV
discusses the reasons for concern regarding the reallocation of allowances under the
binding phase II allowance market. Part V outlines current phase I market behavior and
the adjustments and revised expectations the market has made in response to
unexpectedly low prices for Powder Basin Low-Sulfur Coal. Evidence indicates that the
market is recovering quickly from the minor shock in long-term demand for
allowances—allowance prices are rebounding as the market accesses the impact of lower
priced low sulfur coal. Earlier expectations that FGD will be the defining technology of
the Phase II market have remained intact given coal use-projections over the next 20
years and expected long-term allowance price trends. Part VI discusses the impact of
low-price, low-sulfur coal on the long-term demand, long-term supply, the use of FGD,
and long-term price of allowances. Part VII discusses the effect of Powder Basin Coal on
expected trades and the use of FGD in Phase II, relative to trade and FGD expectations
before the price of Powder Basin Coal dropped. Part VIII discusses FERC order 888

with regard to the behavior it may cause in units affected by Phase II regulation. Part IX
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discusses the current nature of allowance trading under Phase I—and why there is a
concern in terms of external cost effects under Phase II. Part X outlines the need for a
simulation to model the binding Phase II allowance market. Part XI explains the use of
FGD as the pivotal compliance technology in the binding Phase IT market. Part XII
provides a survey of the current literature regarding the Title IV market and how it has
not, until now, examined the potential effect of locational external costs on allowance
trades when calculating the costs savings of the market for allowances relative to a more

traditional cap on emissions. Part XIII is the conclusion.

III.  Title IV: Background and FGD

Title IV does two things. First, it reduces the total sulfur emissions from all
utility generators from the 1985 baseline emission levels—of around 16.8 million tons
annually—to around 8.9 million tons of annual emissions by assigning annual emission
allotments. Second, it allows a market for annual pollution allotments in the form of
marketable allowances. The intent of the market is to reduce the costs of compliance
with the annual 8.6 million-ton emission goal in the long-term. It is important to note
that allowances are allocated, free of charge, to each utility on an annual basis, based on
their 1985 baseline emission levels. Each allowance represents the right to produce one
ton of SO, emissions. Once used to cover a ton of emissions, it is considered “spent” and
is eliminated from the records.

The emission goal of Title IV is to be reached in two phases—Phase I and Phase
II. Phase I took effect in 1995 and ends in the year 2000. This phase of title IV affects

about 1/3 of the total number of units that will be affected by under phase II. Phase I is
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an introductory phase with limited emission reduction goals and a large number of bonus
allowance programs designed to encourage early over-compliance. Phase II, which
begins in the year 2000, tightens the annual emissions limits imposed on the phase I
affected units, eliminates bonus allowance programs, and also sets restrictions on smaller,
cleaner plants—encompassing over 2,000 units in all. While the program affects all
existing and future utility units serving generators with an output capacity of greater than
25 megawatts, the EPA will only allocate allowances to units that existed by 1986. New
units that produce emissions must annually buy allowances to meet be in compliance
with Phase II rules. This assumes that some Phase II units allocated allowances will
over-comply and sell allowances.

Both Phase I and Phase II limit the total amount of emissions from units by
assigning a set amount of allowances annually. Each allowance allows one ton of sulfur
dioxide to be emitted by a party that holds the allowance. As such, the total number of
allowances acts as a cap on emissions in that year. All allowances are marketable—that
is they can be bought and sold between parties. These parties need not be utilities or
related to the utility industry. However, as noted above, only utilities in operation by
1986 or emitters of sulfur dioxide emissions who opted into title IV by 1995 are eligible
for direct EPA allocations. Thus new load capacity is not allocated allowances under
these provisions. Once allocated, the holders of allowances are free to trade the
allowances.

The ability to trade allowances is expected to lower the costs of compliance with
the emission goals set up by Title IV. Cost savings projections under phase II restrictions

are expected to be in the neighborhood of $700 million to $2 billion annually, by many
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estimates, with prices for allowances ranging from $150 to $300." These are substantial
savings and the greatest selling point of the market when it was going through Congress
in 1990. All of these cost saving estimates assumed FGD as the primary means of
emission compliance with Phase II restrictions. As will be discussed below, only FGD
will allow both compliance with Phase II compliance requirements and enough over-
compliance to allow the trading of allowances—and the cost savings advertised by

proponents of Title [V—when Phase II becomes binding on emissions.

IV.  Reasons for Concern under Phase II

The estimated cost savings of the Title IV allowance market are quite substantial.
However, these cost savings occur due to market reallocations of allowances among units
with heterogeneous FGD abatement costs. The reallocation of allowances indicates the
reallocation of emissions among units. Those units holding more allowances after trades
will generate more emissions than those units holding fewer allowances after trades—
assuming a binding allowance market. This is cause for concern given the fact that
external costs associated with SO, emissions are location dependent—based on an area
population, the concentration of emissions, and a number of other factors. As indicated
in chapter 1, where external costs are location dependent, caution must be exercised when
implementing an allowance market as a means of achieving a total emission goal. Where
external effects are locationally dependent, external effects of allowance trades may more

than offset the savings in abatement costs across units.

' ICF Resources, Inc., “Economic analysis of Title IV of the administration’s proposed
Clean Air Act Amendments (HR 3030/S 1490), Report prepared for the U.S. EPA
(1989); Jay S. Coggins and John R. Swinton, “The Price of Pollution: A Dual Approach

58



There is a significant amount research regarding the locational concentration
effects of SO,.2 In addition, there is strong evidence that the location of the source of
SO, emissions in the United States will affect the regional concentrations of SO,—thus
affecting external costs associated with SO, emissions.” Despite the recognition that
external costs of SO, emissions are location dependent, nothing has been done—until the
writing of this paper—to catalogue the effects of potential allowance trades on external
costs.

The concern over trade directions and allowance allocations is caused by the fact
that FGD technology has demonstrated decreasing average costs with regard to emission
reductions. The bigger the plant and the greater the sulfur content per Btu of coal burned,
the cheaper it is to remove each ton of SO,. This fact is born out in the regression results
given in appendix G, based on FGD cost data from the Shawnee test bed and the

Integrated Air Pollution Control System Technical Documentation Manuals, volumes 2

and 3.

to Valuing SO, Allowances,” Journal of Environmental Economics and Management, 30,
1996, 58-72.

% See Abbey, D.E., M.D. Lebowitz, P.K. Mills, F.F. Peterson, W.L. Beeson and R.J.
Burchette, “Long-term Ambient Concentrations of Particulates and Oxidants and
Development of Chronic Disease in Cohort of Nonsmoking California Residents,”
Inhalation Toxicology 7, 1995, pages 19-34; Abbey, D.E , F F. Peterson, P.K. Mills and
L. Kittle, “Chronic Respiratory Disease Associated with Long Term Ambient
Concentrations of Sulfates and Other Air Pollutants,” Journal of Exposure Analysis and
Environmental Epidemiology, 1993, pages 99-115; American Lung Association, Health
Effects of Air Pollution, New York, New York. 1978; D.V. Bates and R. Sizto,
“Associations Between Ambient Particulate Sulfate and Admissions to Ontario Hospitals
for Cardiac and Respiratory Diseases,” American Journal of Epidemiology 142 (1), May,
1995, pages 15-22; and others. See bibliography for a more complete listing.

*See J.S. Chang, R.A. Brost, .S.A. Isaken, S. Madronich, P. Middleton, W.R. Stockwell,
and C.J. Walcek, “A Three Dimensional Eulerian Acid Deposition Model: Physical
Concepts and Formulation,” Journal of Geophysical Research, Vol. 92, No.D12,
December 20 1987, Pages 14,681-14,700.
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There is concern, therefore, that high sulfur states of the mid-west and east will—
through the decreasing average costs of FGD—be in a position to sell allowances to
lower sulfur coal states.* Allowance demand is expected to be concentrated among units
that use lower sulfur coal due to geographic position—units in states to the west of many
high sulfur coal states.’

If net allowance trades do shift net allowance allocations to the west relative to
initial Phase II allocations, external costs associated with SO, emissions would increase
relative to emissions that would occur without trade. This is due to the fact that
emissions travel from west to east in the continental United States. Reducing emission in
the east and increasing them in the more westerly units will increase total emissions that
make landfall in the United States—therefore increasing the external costs of emissions.
Therefore, there is cause for concern about allowance reallocation effects of an SO,
allowance market given the fact that external costs associated with SO, emissions are

location dependent.

* As mentioned previously in this paper, the structure of FGD costs is described and
estimated in great detail in appendix G and later in this paper.

* Smaller units will also have higher abatement costs than larger plants, causing another
source of cost differentials among units—and incentives to trade allowances.
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V. Phase I Market Activity: Inter-temporal Adjustments in the Demand and

Supply of Allowances

When the Clean Air Act of 1990 was passed, FGD was the major source of
projected allowance supplies in any market that developed under binding Phase II
restrictions. Based on earlier implementation costs of FGD (made prior to the
development of the ADVOCATE FGD process) estimates indicated that allowance prices
be around $500 a ton when phase II requirements come into play in the year 2000. These
projections were still prevalent in 1994, when the New York State Energy Commission’s

New York State Energy Plan projected that allowances prices would “peak around the

year 2000 at about $500 a ton.”® Other estimates had indicated even higher prices for
phase II allowances—ranging from $500 to $700 a ton.” The short-term Phase I market
was expected to see prices ranging from $250 to $350 a ton®, in an environment where
emission restraints were lax and bonus allowances were going to be awarded. The
common consensus in the early 1990°s was than the costs of abatement would be fairly
high—around $500 a ton. It was also estimated that phase I would see a significant level
over-compliance and the banking of allowances. This was due to the fact that phase II
restrictions were to be much tighter and the price for allowances was expected to be
much higher than in Phase I—100% more expensive in most estimates. As long as the

expected price for allowances was greater then the average cost of adding Fluidized Gas

¢ New York State Energy Office, New York State Energy Plan, Volume III: Supply
Assessments, October 1994, Page 538.

7 Richard Schmalensee, Paul Joskow, A. Denny Ellerman, Juan Pablo Montero, and
Elizabeth M. Bailey, “An Interim Evaluation of Sulfur Dioxide Emissions Trading,”
Journal of Economic Perspectives, 12, num. 3, Summer 1998, page 55

8 Richard Schmalensee, Paul Joskow, A. Denny Ellerman, Juan Pablo Montero, and
Elizabeth M. Bailey, “An Interim Evaluation of Sulfur Dioxide Emissions Trading,”
Journal of Economic Perspectives, 12, num. 3, Summer 1998, page 55.
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Desulfurization (FGD) or switching to low sulfur coal, it made sense to reduce emissions
to free up allowance for sale in the more lucrative phase II market.

There were, and are, are several reasons to expect some discrepancy between the
long-run phase II prices and prices which were expected to show up under phase I. The
most important reason for a discrepancy between the two price projections is the fact the
two markets are, in fact, different. Phase I rules affect less than 1/3 the total number of
units which will be affected by Title IV under phase II. In addition, Phase I units, on
average, are dirtier plants than their phase II counterparts—as discussed in more detail
later in this paper. As such they are expected to have much lower costs of abatement than
the units to be brought in under phase I1.° In addition, Phase I allowance allocations are
generous relative to phase II allocations which begin in the year 2000. In 1997, for
example, the 417 phase I affected boiler units received over 6.9 million allowances. In
the year 2000, total allocations under phase II will be 8.9 million allowances divided
among more than 2,000 units. There is, therefore, reason to believe that there will be a
difference between observed phase I market prices and the prices seen in phase II. It was
this reason that it was expected that active phase I units would, for the most part, be
preparing for participation in the Phase II allowance market—indicating that there should
be some evidence of inter-temporal planning among phase I units.

Early market activity, however, indicated that initial allowance price and
abatement cost projections for the Phase I market might be high. Even the spot auction
that took place before Phase I took effect in 1995 seemed to indicative of this. Two spot

auctions for allowances held in 1993, for example, indicated that the costs of compliance

® The characteristics of boilers which affect the costs of abatement are explained in great
detail in appendix G at the end of this chapter.
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were lower than anyone had officially anticipated. The first auction that took place in
1993 was for 50,000 allowances earmarked for use in 1995 or later. The second auction
was for 100,000 allowances earmarked for use in the year 2000 or later. In the course of
the auctions, “The lowest successful bid price was $131 and the highest was $450.”'°
The highest price actually paid by an investor owned utility was $201—well within the
mid-range of the phase II allowance projections made by the long-run phase I market
simulation.!’ A full 98% of the “phase I allowances auctioned by the Chicago Board of
Trade were sold for $130 to $200 per ton.”'? “The weighted-average price for all bidders
was $156.63.” " Prices were slightly higher in private negotiation, with “$180 to $200

price range observed for allowances.”"*

These prices are all well within the mid-range
price estimates generated by this paper’s market simulation model, but lower than earlier
estimates. In the advance auction of year 2000 allowances, the lowest successful bid was
$122 dollars. The highest utility bid was $171 dollars'*—again within the price estimate
range of the simulation model. The weighted average of the utility bids was $146—at the
lower end of the allowance price projections of the simulation.

As might be expected, the existence of allowances prices lower than earlier

expectations was an indication that the costs of compliance might be much lower than

' NRRI, Regulatory Treatment of Electric Utility Clean Air Act Compliance Strategies,
Costs, and Emission Allowance, December 1993, page 21.

' NRRI, Regulatory Treatment of Electric Utility Clean Air Act Compliance Strategies,
Costs, and Emission Allowance, December 1993, page 22.

12 New York State Energy Office, New York State Energy Plan, Volume III: Supply
Assessments, October 1994, Page 536.

3 NRRI, Regulatory Treatment of Electric Utility Clean Air Act Compliance Strategies,
Costs, and Emission Allowance, December 1993, page 22.

'* Timothy N. Cason and Charles R. Plott, “EPA’S New Emissions Trading Mechanism:
A Laboratory Evaluation,” Journal of Environmental of Economics and Management, 30,
1996, page 145.

63




previously anticipated. Schmalensee recently estimated that, among the 27 phase I plants
that installed and ran scrubbers in 1995 and 1996, the average cost of scrubbing to
remove emissions cost around $265 a ton among current phase I plants—though there
was considerable variation about this average.'® This average cost is significantly lower
than the $500 a ton estimate made only 4 years prior. In fact these costs “are at the lower
end of the range of earlier estimates, which varied from $180 to $307 a ton.”"” In
addition, Schmalensee found that the short-run marginal cost of running existing FGD
equipment averages “roughly” around $65 a ton.'®  Both of these cost Diagrams are well
within the cost estimates made by this paper’s simulation of the phase II market and
participants.

Schmalensee credits some of the difference between earlier and current estimates
of the costs of FGD to “induced innovation.”"®* Such innovations over earlier FGD cost
estimates were uncovered in the course of developing the data base used in this paper
through a number of interviews with the staff at various power plants in New York State.
Alongside these innovations Scmalensse also notes that there has been “higher than

expected utilization of scrubbed units...which reduces the capital costs per ton of sulfur

IS NRR], Regulatory Treatment of Electric Utility Clean Air Act Compliance Strategies,
Costs, and Emission Allowance, December 1993, page 23.

16 Richard Schmalensee, Paul Joskow, A. Denny Ellerman, Juan Pablo Montero, and
Elizabeth M. Bailey, “An Interim Evaluation of Sulfur Dioxide Emissions Trading,”
Journal of Economic Perspectives, 12, num. 3, Summer 1998, page 64.

'7 Richard Schmalensee, Paul Joskow, A. Denny Ellerman, Juan Pablo Montero, and
Elizabeth M. Bailey, “An Interim Evaluation of Sulfur Dioxide Emissions Trading,”
Journal of Economic Perspectives, 12, num. 3, Summer 1998, Page 64.

'8 Richard Schmalensee, Paul Joskow, A. Denny Ellerman, Juan Pablo Montero, and
Elizabeth M. Bailey, “An Interim Evaluation of Sulfur Dioxide Emissions Trading,”
Journal of Economic Perspectives, 12, num. 3, Summer 1998, page 65.

1 Richard Schmalensee, Paul Joskow, A. Denny Ellerman, Juan Pablo Montero, and
Elizabeth M. Bailey, “An Interim Evaluation of Sulfur Dioxide Emissions Trading,”
Journal of Economic Perspectives, 12, num. 3, Summer 1998, page 65.
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removed.”°

That is, FGD units are being run at capacity. This is a result anticipated in
this paper, given the decreasing average cost found in FGD technology, and the constant
marginal costs of operation over the majority of the operating range. As long as prices
are higher than the short-run operating expenses, FGD equipment will be operated flat
out. As indicated by Scmalensee’s results, and those in this paper, as long as prices are
greater than $65 to $70 it makes sense to operate FGD at capacity.

Another reason for the discrepancy between predicted prices, both by the
simulation of phase II presented here and by other sources, and the current phase I
allowance pricing involves the issue of coal switching. Coal switching has proven to be
an easier and cheaper short-term option than previously thought.?' The cost of reducing
sulfur dioxide emissions through coal switching has “an average cost of $187 per ton.”*
This is a figure echoed, to the penny, by Coggins and Swinton (1996).” This cost
estimate includes the instances where the switch to low sulfur coal incurred zero and even
negative costs to the plant in question. Lower than expected prices for low and lower
sulfur coal was made possible due to greatly reduced transportation costs in the west and
increased productivity with regard to lower sulfur coal.

While the price of allowances is lower than expected, they are also lower than the

estimated and projected long-term costs of abatement and compliance in the industry.

2 Richard Schmalensee, Paul Joskow, A. Denny Ellerman, Juan Pablo Montero, and
Elizabeth M. Bailey, “An Interim Evaluation of Sulfur Dioxide Emissions Trading,”

Journal of Economic Perspectives, 12, num. 3, Summer 1998, page 65.

' The limitations of coal switching as a long term compliance option are discussed in
a?pendix H at the of this dissertation.

2% Richard Schmalensee, Paul Joskow, A. Denny Ellerman, Juan Pablo Montero, and
Elizabeth M. Bailey, “An Interim Evaluation of Sulfur Dioxide Emissions Trading,”

Journal of Economic Perspectives, 12, num. 3, Summer 1998, page 64.
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According to Coggins and Smith (1996), “the average value of allowances should equal
approximately $292.”** Coggins and Swinton (1996) make a point to emphasize that this
value is signicantly higher than current prices. “At current observed prices, it appears
that allowance purchases are an attractive compliance alternative...utilities that have
purchased allowances to date appear to have achieved considerable compliance

925

savings.”” An evaluation shared many in the utility industry, where prices of $150 in the

mid 1990s was considered “quite a bargain.” 2

The 1996 phase I market prices are also
lower than the average cost of scrubbing found by Schmalensee. In addition current
phase I prices are lower than the average cost of reducing emissions via lower sulfur coal.
This would seem to indicate that current phase I prices are not representative of the long-
term equilibrium price for allowances.

There is still a question, in some eyes, as to why the prices dropped as low as they
did during phase I, when it is assumed that rational agents would be reacting to longer-
term compliance cost estimates. The central reason for the unexpectedly low prices of
allowances during phase I is one identified by Schmalensee—the current levels of

oversupply of allowances are even greater than anticipated by phase I active units. The

reason for the unexpected oversupply in the short-term is the shock of the Powder River

 Jay S. Coggins and John R. Swinton, “The Price of Pollution: A Dual Approach to
Valuing SO, Allowances,” Journal of Environmental Economics and Management, 30,
1996, page 60.

% Jay S. Coggins and John R. Swinton, “The Price of Pollution: A Dual Approach to
Valuing SO, Allowances,” Journal of Environmental Economics and Management, 30,
1996, page 60.

%% Jay S. Coggins and John R. Swinton, “The Price of Pollution: A Dual Approach to
Valuing SO, Allowances,” Journal of Environmental Economics and Management, 30,
1996, page 60.

% Jay S. Coggins and John R. Swinton, “The Price of Pollution: A Dual Approach to
Valuing SO, Allowances,” Journal of Environmental Economics and Management, 30,
1996, page 60.
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Basin price drop on long-term expectations based on pre-market predictions of the prices
of allowances and the size of future demand for allowances.

The expectation going into Title IV was that the long-term price for allowances
was going to range from $250 to $700 on the open market, with prices increasing as time
went on. Given these estimates, many utilities invested in long term coal contracts for
lower sulfur coal and in new FGD equipment. Under such expectations it would make
sense to do so. Indeed, Schmalensee uncovered evidence that “the expectation of
allowance prices in the $300 to $400 range were ‘very important’ in the choice of
scrubbing.”*’

Then, as indicated above, the price fell in the western coal market. Transportation
costs fell as rail lines consolidated, but more importantly there were great labor
productivity gains in many of the Powder River-Basin mines. This allowed deeper
penetration of lower sulfur coal as among phase I and phase II plants than previously
expected. The long-term result in the phase II market would be expected to be lower
costs of compliance and lower allowance needs for units able to take get access to and
use the lower sulfur coal—in other words, an downward shift in the long-term demand

for allowances. Those units, which had made long-term contracts for Powder Basin low-

sulfur-coal’® and/or invested in FGD, found themselves with more excess supply than

7 Richard Schmalensee, Paul Joskow, A. Denny Ellerman, Juan Pablo Montero, and
Elizabeth M. Bailey, “An Interim Evaluation of Sulfur Dioxide Emissions Trading,”
Journal of Economic Perspectives, 12, num. 3, Summer 1998, page 65.

2% As opposed to low sulfur coal from other regions, which have significantly higher
levels of sulfur per btu. As will be discussed below, only Powder Basin Coal is capable of
allowing coal switching to be a viable long-term compliance option, and this is only a
practical solution in a hand-full of units. Other coal switching efforts only work to

reduce the need for allowances relative to compliance requirements—thus reducing the
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they originally intended due to the shock to the long-term demand for allowances. This
downward shift in demand pushes back the date at which it is expected that allowances
banked under phase I will be used up and the phase II allowance allocations become
binding in the market. Earlier estimates had the banked supply of allowances being
exhausted between 2005 and 2010.%° Since the shift in coal prices, and the subsequent
reduction in long-term demand for allowances, it is expected that the supply of banked
allowances will occur closer to the year 2010.*

The unexpected shift in long-term demand for allowances would be expected to
have some downward pressure on allowance prices in the near term, particularly within
the short-run time period surrounding the shock. Given the time involved adjusting FGD
plans and long-term contracts for coal, adjustment to the shock from the supply side has
been slow at first, but there is strong evidence that rapid adjustments are being made.
This is seen in the fact that prices have not only stabilized, but they have dramatically
increased since the low coal price shock went through the market. Prices started to
recover in February of 1996, after the steady fall from expectations in 1993, the time of
the first auction. Current prices have since risen back to $170 and $180 as of June

1998—sufficient to cover long-term average costs of both coal switching and FGD at

magnitude of demand at units where this an option. The end result is reduced long-term
demand for allowances from plants that have not considered FGD.

2 NRRI, Regulatory Treatment of Electric Utility Clean Air Act Compliance Strategies,
Costs, and Emission Allowance, December 1993, page 539; EPA, Human Health
Benefits From Sulfate Reductions Under Title IV of the 1990 Clean Air Act
Amendments, October 1997; EPA, 1996 Compliance Report, Acid Rain Program, Office
of Air and Radiation, June 1997; and “Looking back on SO, Trading: What’s Good for
the Environment is Good for the Market,” Public Utilities Fortnightly, October 1997.

% EPA, Human Health Benefits From Sulfate Reductions Under Title IV of the 1990
Clean Air Act Amendments, October 1997; EPA, Office of Air and Radiation, 1996
Compliance Report, Acid Rain Program, June 1997, and“Looking back on SO, Trading:
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many units.’' The peak price, prior June of 1998, was in excess of $210—further
evidence of adjustments in the market. The most recent price trend is seen in Diagram 1
below.*? An increase in prices was to be expected given the long-run average prices of
abatement in the market, and the fact that allowance allocations will become a binding
constraint on the industry under phase [I—though at a later date than previously
expected.

In addition to the rebound of prices after an adjustment of expectations among
utilities, there have been increases in emissions rates that, in Scmalensee’s word, “can be
interpreted as movement towards an efficient equilibrium time-path of emissions.”*
While emissions have increased, and prices have rebounded, banking continues in the
expectation of even higher prices in the future. The State of New York, for example, is
still suggesting that “an allowance price of $450 per ton (be) recommended for energy
planning purposes during the early years of Phase II.”** In fact allowance prices are well
within original trend-line projections again regarding long-term allowance prices,
assuming interest rates of 5 to 10 percent. Prices since August of 1994 (the opening bids)

are given in Diagram 2.1 below, along with a 5% and a 10% interest trend line. Note the

quick rebound after the Powder Basin Coal price shock.

What’s Good for the Environment is Good for the Market,” Public Utilities Fortnightly,
October 1997.

*! As Scmalensee points out, average FGD costs vary considerably around his average of
$265, with many units with costs much lower than this. This is true of many units that
have not installed FGD, as indicated in the simulation in this paper.

*2 Diagram 1 indicated the monthly average price of a current vintage year allowance, as
reported by two brokerage firms and Fieldston Publications' market survey.

** Scmalensee (et al) (September 1998, page 66.)

34 New York State Energy Plan, Volume III: Supply Assessments, page 539.
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Diagram 2.1: Allowance Prices over Time

The strength of the market is that it allows adaptability to changing developments.
The unexpectedly low price of powder basin coal was a shock to price expectations and
to long-term demand expectations in the allowance market. As in any market, a shock in
a market requires an adjustment period as expectations are reevaluated and supply and
demand bring themselves back into long-term equilibrium. Given the apparent efficiency
of the market,*” it is expected that long-term supply and demand in the market would
adjust to any shocks in time. This seems to be the case here. Prices, and the

expectations of prices, have rebounded quickly.

3% Paul L. Joskow, Richard Schmalensee, and Elizabeth M. Bailey, “The Market for
Sulfur Dioxide Emissions,” The American Economic Review, Vol. 88, NO. 4, September
1998. Pages 669-685.
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VL.  Expectations of Long Term Allowance Prices: Long Term Demand and

Supply of Allowances

While there is no denying the fact that the low price of Powder Basin Coal sent a
shock through the allowance market, the market appears to be recovering quickly towards
a long-term trend-line regarding allowance prices. The general impact of the low price of
Powder Basin Coal should take the form of a slight decrease in long-run allowance
demand. This would indicate a lower long-run equilibrium price of allowances, but not
the elimination of the need for a market—nor for the need for FGD. The allocation of
allowances will still become binding under phase II requirement, but the year that this
happens has been moved back. This simple fact is indicated in Diagram 2 through 4
below. Both diagrams show that coal consumption, of both lower and high sulfur
varieties, is increasing annually. Coal use is increasing relative to 1986 levels when SO,
emission exceeded 16.8 million tons. Given that Phase II requires a maximum SO,
production of 8.9 million tons, the continued and growing use of coal guarantees that
Phase II will become binding in the near future and that FGD will be needed for the
industry to achieve compliance.

Under these expectations, the prices for allowances would be expected to increase
from the average low of around $100 found while the market was still adjusting at the
end of 1995. As the evidence has indicated, the market has accounted for the penetration
of Powder Basin coal, and prices are again increasing towards long-run compliance costs.
In the long run, prices would have to increase relative to the unprecedented low of $100,

given the long-term costs of compliance evidenced in the market. This is seen in the fact
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that prices have made a dramatic recovery towards long-term cost—jumping as high as
$210 over the last six months.

The quick rebound in allowance prices was not unanticipated. The cost of
reducing emissions via coal switching has an average cost of $180 a ton.*® The cost of
new FGD can (and does) run below $150 a ton—but the current industry average so far
has been around $250. In addition, Coggins and Swinton (1996) have estimated the
shadow price of compliance under phase I restrictions is around $229 a ton—a “number
commensurate with other recent estimates of the marginal cost of abatement for coal
plants in the Midwest region”.>’ Under Phase II, Coggins and Swinton (1996) “expect
that shadow prices will be driven up” from there to “at least $350”.*®  As indicated by
Coggins and Swinton, and earlier comments, there is reason to believe that phase II
plants, being cleaner on average, will have compliance costs higher than this. Thus, an
expectation of higher prices in the long-term appears to be a sound expectation.

The reason that lower than expected prices of coal have not had a deeper impact
on the market for allowances is the fact that coal switching alone will not allow units to
meet compliance in phase II. There will be a need for FGD, as under previous

expectations. The reason is simple. Coal switching, as an industry-wide compliance

strategy, will not be sufficient to satisfy the stricter Phase II rules which take effect in

%8 It is important to note that reducing emissions via coal switching is not synonymous
with meeting Phase II compliance requirements. Among current phase I units, the use of
low sulfur and lower sulfur coal (non-Powder River Basin coal) has met Phase 11
compliance requirements in only 13% of the units. Coal switching is not a long-term
compliance option for the industry, as explained in the text.

%7 Jay S. Coggins and John R. Swinton, “The Price of Pollution: A Dual Approach to
Valuing SO, Allowances,” Journal of Environmental Economics and Management, 30,
1996, Page 70.
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2000. Only FGD allows sufficient reductions to meet phase II standards in the long run
and only FGD will allow continued growth in fossil fuel use as a means of generating
electricity—see Diagram 2 below.

Schmalensee determined that 55% of emission reductions from 1993 to 1995 and
1996 were attributable to fuel switching—including the use of lower sulfur coal. ** *
However, only 13 percent of the difference between actual and counterfactual emissions
at Phase I units were due to true low sulfur coal (from the Powder River Basin, for
example).* The rest of the fuel switching was to lower sulfur coals from eastern or mid-
western mines or to other fuels such as natural gas. ** However, of the mandated and
voluntary phase I units which had emission rates in excess of 1.2 Ibs per mmbtu** in
1985, only 13% reduced emission rates via coal switching alone to a level sufficient to

45 46

guarantee compliance under Phase II rules. Reductions using lower sulfur coal—that

% Jay S. Coggins and John R. Swinton, “The Price of Pollution: A Dual Approach to
Valuing SO, Allowances,” Journal of Environmental Economics and Management, 30,
1996, Page 70.
*® New power plants (built after 1990) are not granted allowances. Any allowances
needed to cover emissio