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Abstract

This paper explores the economic impacts of regulatory and legislative intervention in
the Clean Air Act Amendment's sulfur dioxide (S02) allowance trading market. This
intervention is of two types: (1) direct intervention through laws or regulatory orders that
constrain compliance options of market participants, and (2) indirect intervention, reflected
in utility decision making, and caused by a lack of regulatory policies that clarify the
treatment of allowance market transactions. The paper uses a dynamic, linear programming
model to empirically estimate the economic impacts of this intervention. An example of
direct intervention is explored by modeling actual legislative and/ or regulatory proposals
in New York and Wisconsin; indirect intervention is explored through the development of a
cost-uncertainty tradeoff curve. The results indicate that both types of intervention are
costly and these costs must be weighed against any expected social benefits.
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1. Introduction

The federal government has mandated control of sulfur dioxide (SOz) emis-
sions from major point sources for more than 20 years, using command-and-con-
trol regulations. However, with the passage of the Clean Air Act Amendments of
1990 (CAAA), the government has initiated a major shift in its regulatory
paradigm by using market mechanisms for SOz pollution control. The CAAA
establishes an allowance trading system that will permit market forces to deter-
mine the most cost-effective means of reducing total emissions 1. For years
economists have argued that, in theory, market mechanisms (such as transferable
emission allowances) are more efficient in meeting emissions goals than tradi-
tional command-and-control regulation (such as emission standards or technology
requirements). The CAAA is a major test case for the use of markets for
environmental protection.

Whether the SOz market meets the CAAA's goals at least cost will largely
depend upon the ability of utilities to freely participate in a competitive market.
However, two types of regulatory and/ or legislative intervention can restrict this
market participation, reducing the benefits of the allowance market. The first type
of intervention we call 'direct intervention.' This occurs when regulatory or
legislative bodies dictate compliance strategies to affected utilities. The second
type we call' indirect intervention.' This intervention emerges indirectly from the
uncertainty that accompanies the future regulatory or legislative treatment of
utility co~pliance plans that use market strategies. This uncertainty is one of
several that promotes hesitancy in utilities entering the market (see Palmisano,
1992; Hausker, 1990; Dudek and Goffman, 1992).

Although discussed qualitatively, a quantification of the economic impacts of
direct and indirect intervention is an important missing element of the policy ..

debate. In this paper, we approximate the operation of the allowance market
(1995-2005), focusing on the 110 plants affected by Phase I of Title IV of the
CAAA, and determine the economic impacts of both direct and indirect interven- ~

1 For an overview of economic incentives under the Clean Air Act Amendments of 1990, see Elman

et al. (1992).

(
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tion. The results show that both types of intervention may be very costly to the
nation as a whole 2.

2. Background

Phase I of Title IV of the CAAA provides for the establishment of an S02
allowance trading system for 110 of the V.S.'s highest emitting electric utility
plants. These include all units that have emissions greater than 2.5 pounds of
S02/ mmBtu and a generating capacity greater than 100 megawatts (MW). Phase
I of Title IV is in effect from January 1, 1995 to December 31, 1999 3. An S02
'allowance' is an authorization by the government that permits pollution sources to
emit one ton of S02 in a single year. These measures will reduce utilities' annual
S02 emissions by approximately 50% (from 18.9 million tons in 1980 to 8.9
million tons by the year 2001). Phase II of Title IV begins in the year 2000 and
will include most existing fossil-fired electric generating units with a capacity
greater than 25 MW and all new units.

In the allowance trading system, the government first establishes reduced
emission levels for each of the 110 plants and allocates annual allowances equal to
this level 4. These allowances are transferable, resulting in a market for them and a
competitively determined price. For each ton of S02 emitted, plants must submit
one allocated or purchased allowance to the Environmental Protection Agency
(EPA) at the 'true-up' date. The EPA is in the process of establishing an
allowance tracking system and requires on-line Continuous Emissions Monitors at
each affected plant to facilitate allowance trades and quick monitoring of compli-
ance.

The power plants affected by the regulations have a number of options
available for complying with the CAAA. Plants using coal as a fuel (all but two of
the Phase I plants use coal) may choose to switch to low-sulfur fuel to reduce
emissions and meet the limit created by their allowance allocation.

As an alternative, utilities may choose to continue to bum high-sulfur coal and
remove the sulfur from the emissions exhaust stream. The most widely available

2 We stress that this paper only analyzes the economic (market) inefficiencies related to these

interventions, and we recognize that other social benefits/costs may emerge through such interven-
tions. However, measurements of these social benefits/costs is beyond the scope of this paper. Some

considerations of these are addressed in Bernstein at al. (1993).
3 See Parker et aJ. (1991) and Lock and Harkawik (1991) for an overview of Title IV.
4 Allowances are allocated based on historical fuel consumption data (usually 1985-1987), which

are then applied to a formula specified by Congress (see Lock and Harkawik, 1991, p. 24). Although
sometimes considered a sidelight, the method of allocation (grandfathering, auction or distribution to
local governmental agencies) is likely to be crucial to the viability of the ensuing market and the

political acceptability of such an emissions control program.

\
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technology for this is flue-gas-desulfurization equipment (FGD or scrubbers),
which can reduce the emissions of S02 by over 90% (Shields and Lennox, 1992;
Van Horn et al., 1992). Other methods for cleaning sulfur from utility exhaust
include natural gas co-firing, FGD upgrades, sorbent injection, and repowering;
however, these technologies are not expected to have significant market penetra- ,
tion in Phase I and thus are not included here. Furthermore, electric power trading
may be viewed as a strategic compliance option (Villani, 1993). FGD systems are
generally more expensive and far more capital-intensive than coal switching

options.
Finally, utilities can buy allowances and avoid requcing S02 emissions. Those

plants able to abate their emissions at a marginal cost lower than the market price
of an allowance will do so and sell their excess allowances for a profit. Plants with
marginal abatement costs greater than the price of an allowance will buy an
allowance, saving the difference between the market price and the abatement cost.
Such activity will allow the electric utility industry to meet CAAA standards at the

lowest cost 5.

3. Intervention in the marketplace

Thus far, the S02 allowance market has been slow to develop. As of August,
1995, only a handful of bilateral trades have taken place, although contracts for
future trades are being discussed by a number of other utilities. This is due to
several factors, and we suggest that one reason utilities have been hesitant to enter
the market is due to what we call 'direct' and 'indirect' intervention.

Direct interventions by regulatory and legislative bodies are those activities that
directly constrain the compliance options available for utilities. For example,
restrictions on the types of fuel that must be burned or the type of pollution
abatement technologies that must be installed fall into this category. Also,
restrictions on the amount of allowances a utility may buy or sell constitute direct
intervention. These interventions act as constraints on a would-be free market, and
theoretically will increase total costs for meeting the environmental standards 6.

S For comprehensive theoretical discussions of environmental policy instruments see, inter alia,

Baumol (1972), Baumol and Oates (1988), Burrows (1979), and Comes and Sandler (1986). For
general discussion and references to work on emissions permit systems, see, especially, Cropper and

Oates (1992). A survey of empirical studies that compare the economic efficiencies of market-based
versus command-and-control environmental regulations are included in Tietenberg (1990, p. 24). .

6 Allowance markets that include direct interventions can be considered a type of regulatory hybrid;

they are based on economic incentives to regulate pollution, but also include some command-and-con-
trol features that are used to 'fine-tune' market outcomes. The issue of 'fine-tuning' is discussed in

Latin (1985), although he looks at command-and-control based regulations that are 'fine-tuned' using
market mechanisms. 'Fine-tuning' as viewed in this paper (through direct intervention) is discussed
theoretically in papers by Krupnick et al. (1983), McGartiand (1988), and South and McDermott

(1991), although these papers do not refer it as such.

\
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Fig. 1. Impact of EPS market restriction on polluting firm.

We depict the impacts that direct intervention may have on a firm's pollution
abatement decisions in Fig. 1. Fig. 1 shows a firm's decision making process in an
allowance market when these restrictions are applied. In this figure, MC ($/ unit)
is the marginal cost of abatement in $/ton, and Q'" (units) is the amount of
pollution that must be abated (or accounted for through allowances) based on the
firm's standard. Fig. 1 assumes that the polluter has a linear MC curve in the range
of interest and is a price-taker for allowances, which have a price of Pa.

Under an unrestricted market this polluter will abate until point A (Q') is
reached, where the cost of buying an allowance is lower than continued abatement.
The polluter would then begin buying allowances on the market at price Pa until
point C (Q"') is a~hieved. In this way, the polluter would benefit (through reduced
costs) an amount equal to triangle ABC 7.

Now, assume a mandate is introduced that prevents this polluter from partici-
pating in the market. In this case, the firm would have to abate to point B (Q"') in
order to meet the standards. The losses to the firm are represented by the triangle
ABC because the firm must now abate at marginal costs higher than what would
be available through the market. This loss increases if the local intervention also
includes some type of technology forcing that forces abatement by the firm
beyond point B.

For a similar firm that only has to abate to point D (Q") based on the firm's
standard, the results are similar. In an unrestricted market, the firm has an
incentive to abate more than required, to point A (Q'), and generate a number of
allowances (in particular, Q' - 0"). These allowances could be sold on the market

at a price Pa, and the firm would profit by the triangle ADE. Without market
participation, the firm will not have an incentive to abate to A (Q') and will stop at
D (Q"), thereby losing triangle ADE.

7 We assume here that all benefits of the allowance market are allocated to the polluting firm, which

may not necessarily be the case (see Loeb, 1990).
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So far, several states have initiated laws or orders that can be considered direct
interventions 8. For example, Illinois legislators recently considered a law that -

requires two Illinois utilities to install scrubbers, and the rest to use certain
proportions of Illinois coal. In addition, other states such as Wisconsin and New
York are considering action to restrict out-of-state selling and buying of al- .
lowances by in-state utilities (Clean Air Report, 1991). A number of states have
also imposed regulations that require utilities to determine and justify any socioe-
conomic impacts due to their compliance decisions (Environment Week, 1991).

The purpose of these laws is usually to protect some attribute of a given state or
region. In some cases (e.g., Illinois), it may be the protection of high-sulfur coal
mining jobs (see Norris, 1992; Bernstein et al., 1992; Journal of Commerce,
1993); in others (e.g., New York and Wisconsin), it may be the protection of the
regional environment 9. In this paper, we analyze direct intervention that restricts
the ability of utilities to participate in the allowance market. Direct intervention of
the Illinois variety (i.e., intervention that dictates technological control strategies)
is analyzed in previous work (see Bernstein et al., 1992).

Indirect intervention is defined as that situation whereby activities of legislators
or regulatory bodies indirectly constrain the compliance options of affected
utilities. One type of indirect intervention is associated with policies and proce-
dures (or lack thereof) related to the allowance market that create uncertainty in
utility decision making. This uncertainty is translated into an unwillingness of
utilities to participate in the market (and hence, a constraint on utilities' compli-
ance options) 1°.

Of course, other types of uncertainties exist in utility decision making that may
affect market participation. One example is technological uncertainties, due to
potential technological difficulties associated with some compliance options. For
example, the flame and ash characteristics of different types of coals may make
some types of low-sulfur coal unacceptable for use in certain boiler design.
Another example is economic uncertainties associated with fuel cost and al-
lowance price estimations. We recognize these uncertainties, yet will concentrate
in this paper on analyzing uncertainties generated from regulatory policy.

Regulatory /legislative uncertainties arise for at least two important reasons:
(1) the uncertainty of future, direct intervention by regulatory and / or legislative

bodies in the compliance planning of utilities; and .

~
8 For a review of these, see Bailey et al. (1992). Concerns with acidic deposition due to 'upwind'

states have been issues in New York, Wisconsin, Virginia, West Virginia and Pennsylvania; concerns
related to local employment dislocations have been issues in Illinois, Idiana, Ohio, Kentucky, West
Virginia, and Pennsylvania. A more recent review is contained in Bohi (1994).

9 Such restrictions, it is believed, will reduce the amount of S02 that migrates from other regions

into their respective states. This contention is largely unfounded - see Bernstein et al. (1993).
10 For example, see Bohi (1994) and National Regulatory Research Institute (1993).
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(2) the lack of clarity in future regulatory treatment of allowance sales and
purchases; for example, in prudence reviews and rate hearings 11.

Without a clear commitment by each state's regulatory authority on its position on
allowances, utilities in that state will not likely look to the market for compliance
planning 12.

Utility responses will vary with respect to direct and indirect intervention. In
the case of direct intervention, utilities have no choice but to respond as dictated
by the regulatory or legislative body. Expensive legal battles can be (and have
been) waged to fight these interventions, but the results are uncertain and the costs
are frequently prohibitive.

The response of utilities to indirect intervention is more complicated. The major
impact of indirect intervention is the creation of an added level of uncertainty in a
utility's decision-making process. This uncertainty is primarily focused around
how utility compliance strategies based on market participation will be viewed by
regulatory or legislative bodies in the future 13. One way for a utility to avoid this
uncertainty in utility compliance decisions, then, is to avoid the market altogether.
Risk averse utilities or utilities with little to gain from the market will be more
inclined to comply using other proven and acceptable (likely technological)
strategies.

This study estimates the costs for the two types of intervention discussed above.
To analyze the direct interVentions of regulatory and legislative bodies, examples
of proposals in New York and Wisconsin that limit utility participation in the
market are explored. The model that is used can be modified to explore many
other direct interventions. The model is discussed in detail in the following
sections.

To analyze the impacts of indirect intervention (i.e., utility uncertainty) we
believe that this uncertainty will be reflected in reduced participation levels of

11 This has been called the 'prudence conundrum' (Mitnick et al., 1992) in the sense that uncertain

regulator acceptance of compliance plans forces the utilities into a possible no-win situation. If a utility
chooses to install a scrubber because allowance prices seem high, excess allowances will be available
which will bring the price of allowances down. Then the price of allowances may become lower than
the cost of scrubbing, probably forcing the regulator to disallow some of the scrubber costs. On the
other hand, if a utility depends on the market, and the supply of allowances becomes tight, the price
will rise above the costs of scrubbing, again facing the possibility of costs being disallowed. Other
discussions of prudency review and utility uncertainty are contained in Bailey et al. (1992).

12 Moreover, changing the regulatory framework of Title IV in midstream can irreversibly damage

the potential success of the 8°2 regulations and future market-based approaches to environmental
control (Brown, 1993).

13 Uncertainties resulting from causes other than ill-defined regulatory policy have also been

identified in the literature. These uncertainties arise due to the 'novelty' of the allowance trading
system. For discussion on uncertainty and allowance trading systems, see Tietenberg (1990) and Latin

(1985).
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utilities in the allowance market. High levels of utility uncertainty will be
associated with low levels of utility involvement in the market; similarly, low
levels of utility uncertainty will be associated with high levels of utility involve-
ment.

In order to carry forth the analysis of indirect intervention, it is necessary to ,
consider which utilities will be less inclined to participate in the market given
certain levels of uncertainty. Intuitively, it seems that utilities with the least to gain
from market participation will restrict their involvement. Likewise, utilities with
more to gain from the market (utilities with very high or very low compliance
costs) will be more willing to participate 14. This is discussed in more detail in
Section 6.

4. Analyzing emission markets

The theoretical basis of tradable emissions allowances has been well estab-
lished, and most of the relevant issues and expectations of such a system have
been analyzed elsewhere, beginning with Dales' (1968) seminal work 15. In fact,
most economists would agree that marketable allowances are far more economi-
cally efficient in achieving emissions goals than traditional command-and-control
regulation. Regulators also recognize that marketable allowances continue to give
them control over emission outputs and are more politically acceptable than
emission fees (see Oates, 1990).

Published analyses regarding the specific operation of the allowance market
specified in Title IV of the CAAA are not widely available in the literature. ICF
Resources (1989) has used its linear programming model to estimate SOz emis-
sions reduction costs under several scenarios. Also, several private studies aimed
at utility planning and fuel/ equipment demand forecasting have been recently
developed, but so far these have not been used for policy analysis (Weyant, 1992).

Most of these models of emissions markets can be placed into two categories;
those that theoretically describe the economic operation of a generalized emissions
allowance marketplace under ideal conditions, and those that empirically estimate
the SOz CAAA compliance costs. The former examines the markets in general and .
explores economic efficiencies and inefficiencies of the market as compared to
alternative regulatory paradigms. The few empirical estimates have taken a

~

14 The same type of analysis can be applied to the issue of transaction costs. Robert Hahn (1984,

1986) has especially identified market transaction costs or 'search' costs as a hindrance to utility
participation in the allowance market.

15 See, inter alia, Pearce and Turner (1990), Tietenberg (1988), Raufer and Feldman (1987),

Montgomery (1972), McGartland and Oates (1985), Seskin and Anderson (1983), O'Neil, et al. (1983),
Baumol and Oates (1988), and Freeman (1978).



JJ. Winebrake et al. / Resource and Energy Economics 17 (1995) 239-260 247

'technical' approach to the problem, examining the operation of the plants and the
technical solutions needed to meet the emissions limits (see, e.g., Electric Power
Research Institute (EPRI), 1991; Beck, 1991).

Empirical models have not yet focused on what we have defined as direct and
indirect intervention. This analysis will utilize an 'engineering-economic' ap-
proach in examining Phase I and the early part of Phase II of the S02 allowance
market, using the theoretical economic aspects of the market equilibrium, and
incorporating the technical and policy parameters of the real S02 emissions
market.

This study quantifies the economic costs of regulatory and legislative interven-
tion 16. Other outcomes of the analysis include: overall compliance costs for Phase
I plants, allowance price estimates for a ten year period, and industry compliance
strategies that can be expected. By simulating various levels of direct and indirect
intervention, the model can help policy makers better understand the impacts of
their decisions.

5. Modeling the Clean Air Act Amendment's S02 allowance market

In attempting to model the impact of alternative environmental regulatory
options, much of the literature uses a constrained optimization formulation pre-
sented by Montgomery (1972). In these models, the objective is to maximize some
function of output, while remaining within an emissions constraint.

Similar models attempt to minimize emissions abatement costs while achieving
a given emissions reduction level 17. The shadow price of the emissions constraint
here represents the marginal benefit (output or negative costs) associated with a
one unit increase in allowable emissions. Under a market based system, this
shadow price can be considered the additional' value' of that extra unit of
pollution to the producer and is a proxy for that producer's 'willingness to pay' (or
the market price) for that extra unit.

The model used in this paper was developed in an effort to determine several
items: (1) the overall economic and environmental impacts that Title IV would
have on the national utility industry; (2) the competitive market price for an S02
allowance; (3) the size and makeup of the allowance market; (4) the types of
compliance strategies that would be used by utilities; and (5) the distribution of
economic and environmental impacts within the utility industry itself. The model

16 Although we recognize that there may be social costs/benefits from such interventions, the

analysis of these is beyond the scope of this paper. Here, we only explore the market inefficiencies of
intervention, given the SOl market outlined in the CAAA.

17 See for examples, Atkinson (1983), Atkinson and Tietenberg (1982), Batterman (1992), Hahn

(1984), and Seskin and Anderson (1983).
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is a dynamic linear program that simulates the operation of the market over Phase
I and the first five years of Phase II of Title IV.

As opposed to many of the models generalized in the literature that use the
amount of emissions to abate as decision variables, this model uses compliance
options (of which emission levels are a function) as decision variables; that is, the '

decision variable is not how many tons of SOz to abate, but how much to emit
based on compliance choices. The solution provides the optimal use of technolo-
gies which minimize the costs of generating electricity while also meeting the
EPA's regulations for Phase I and II of the CAAA 18. The benefit of this choice of
decision variable is that it allows a more straightforward application of the model
to allowance markets in which a set number of allowances are distributed to
polluting firms (such as the SOz program). In this way, one need not determine
the reductions that these allowances indirectly represent (which entails knowing
the baseline emissions from each firm); one merely needs to know the n\lmber of
allowances distributed to each firm.

In each period the model allows plants to buy or sell their allowances in a
competitive market, or to bank them for future use. The model uses actual data
from the CAAA as its basis for allowance supply and data from the 110 utility
plants as its basis for allowance demand. (Data sources are found in Appendix A
of this paper). The three critical equations of the model are shown below; a more
detailed discussion of the important constraints and variables is included in the
following sections.

5.1. The critical equations of the model

Objective function: f

:,c}P K T

minimizeEEL£Gk,p,t X MCk,p,t. (1)
p k t

Demand constraint:

K
L£Gk,p,t > Dp,t for each plant, time period. (2)'
k

18 The types of pollution abatement technologies considered are fuel switching and wet scrubber

technology. Others, such as advanced combustion technologies and/or in-duct sorption, were not
considered due to the fact that wet scrubber technology will likely be the only economic option in the
short run, particularly for the 110 older plants specified in the CAAA (see Corcoran, 1991). The use of
power trading was also considered, based on the theoretical work of Villani (1993), but it was
determined that trading in the short term would not likely be an economic option for Phase I plants

(Villani, personal communication).
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Emissions limit constraint:

K

DDk,p,t =Lp,t-ASp,t +ABp,t-Bp,t +Bp,t-1
k

for each plant, time period. (3)

where
k = type of production/abatement technology 19,
p = 110 utility plants cited in Title IV of the CAAA and one variable used

to represent the additional plants affected in Phase II,
t = five annual periods of Phase I and the first five years of Phase II,
EGk t = electricity generated using technology k for each plant and time period

,p,
(kWh),

MCk,p,t = marginal cost of generating this electricity ($/kWh), including fuel
costs, capital and 0 & M costs for all new equipment,

D = amount of electricity demanded from plant p in period t (kWh) 20,
SDk,p,t = amount of SO2 emitted at plant p in time t using technology k (tons),
Lp,t = allowances allocated to plant p in time t,
AS t = amount of allowances sold by plant p in period t,

p,
AB t = amount of allowances bought by plant p in period t,

p,
Bp,t = 'banked' allowances of plant p at the end of period t.

5.1.1. The objective function
The objective function, which is minimized, is the total cost of producing

electricity given the SO2 compliance options most plants face. This includes costs
for the type of fuel that is burned and any scrubber technology used 21.

We assume in this analysis that the capacity utilization factor of Phase I plants
is not expected to change appreciably. Most of the plants are base-load plants and
can expect to face similar demands through the year 2005.

Further, we use levelized costs for capital investments, such as scrubbers or
low-sulfur coal technology modifications, as specified in EPRI (1991). Concerns
have been raised as to whether using levelized costs grossly affects the results of
the model when compared to actual utility decision making. We rely on EPRI
(1991) and on a study carried out by Pace University (1991), which both use

19 These include, very low-sulfur coal (0.25% sulfur content), low-sulfur coal (0.75%), medium-sulfur

coal (1.5%), high-sulfur coal (3.0%), and wet scrubbers with any coal type. As stated above, wet

scrubbers seem to be the most competitive near-term technology to scrub SO2 from stack emissions.

As of this writing, all scrubbing contracts signed for Phase I implementation are for wet scrubber

technologies (Greenberger, 1992; National Regulatory Research Institute (NRRI), 1993).
20 We assume a constant demand over the ten year period because of the base load argument below.

21 A number of researchers have noted that linearity is a reasonable approximation for this objective

function (see Raufer and Feldman, 1987; Atkinson and Tietenberg, 1982; Atkinson, 1983).
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levelized costs in modeling environmental decision making for utilities. Both
studies (and current utility practice in the initial analyses of the 8°2 market 22)
indicate that this is accepted practice in the energy planning field.

Chao and Wilson (1993) indicate that the decision to use scrubbers is not only
based on the marginal cost of 8°2 abatement from these technologies, but also the =
loss of flexibility that accords such a purchase. They argue that purchasing
allowances affords compliance flexibility and therefore allowances obtain an
additional 'option value' for allowance purchasers. Informal discussions with
utility executives confirm that allowance 'option values' are real considerations in
scrubber installation decisions. (Of course, selling an allowance decreases compli-
ance flexibility to the selling firm, which, for similar reasons discussed in Chao
and Wilson, may create an increase in allowance price. The idea of a 'loss in
option value' to the seller has not been explored in detail in the literature.) This
'option value' could possibly be modeled by increasing the costs of capital
intensive technologies using results from those expressed in Chao and Wilson. We
did not choose to do this because of the uncertainty on how the' loss in option
value' may affect the decisions of selling firms; we leave this for further research.

5.1.2. The demand constraint
The first major constraint on the plants' production decisions is the demand

constraint; i.e. each plant must generate enough electricity to satisfy demand for
each time period.

5.1.3. The emissions limit constraint
The second major constraint on the plants' production decisions is the emis-

sions constraint; i.e., each plant must not emit more than the allowances it
possesses.

A plant can therefore increase its allowable emissions in period t by (1) buying
allowances in period t (AB I)' or (2) drawing on its banked inventory from thep,
period before (Bp,l-l)' A plant can decrease its allowable emissions by (1) selling
allowances (ASp,I)' or (2) banking allowances (Bp,I)' The equality implies that any
allowances not used in period t automatically get banked for use in a later period;
i.e., no plant' throws away' excess allowances. The shadow price of this constraint
can be viewed as the marginal benefit (negative cost) of one more allowance (an .
increase in L of one unit). In a perfectly competitive market, this represents a
'willingness-to-pay' for that allowance by the marginal producer and translates
into the price of one allowance on the open market. .
5.1.4. Boiler constraints

A boiler constraint is used to reflect the fact that some plants, due to technical
constraints, may not be able to bum all types of coal. In particular, cyclone boilers

22 Larry Noyes, PECO Energy, Philadelphia, PA, 1993, personal communication.
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Table 1
Ten year compliance costs (1995-2005): Emissions trading system versus command-and-control

Scenario Total costs Allowance
($ billion) price ($)

Emissions trading system (ETS) 5.02 143 ,
ETS under utility bubble 8.56 different for each bubble
Command-and-control (CAC) 9.21 nja

For comparative purposes, an estimate is also made of the costs of complying
with the reductions in SOz without the emissions trading system. This approxi-
mates a conventional command-and-control system which regulates the total
amount each plant is allowed to emit and must be met by technological means.
This example assumes that the total command-and-control emissions limits placed
on each plant are equivalent to the allowances allocated to each plant under the
allowance system. The emissions trading system can save over $4.19 billion over
the first ten years of the CAAA. We also obtain an allowance price of $143/
allowance.

Finally, a third type of 'base-case' is developed that models a scenario in which
only plants owned by a common utility are allowed to trade allowances among
each other. This reflects the i~ea of 'utility bubbles,' whereby utilities may find it
easier to trade allowances 'among plants owned by that single utility. This analysis
was performed by adding a constraint to the model that prevented plants from
trading with other plants not owned by their 'mother' utility.

Because over 60 different utilities own and operate the 110 plants in Phase I,
the results are consistent with what one would expect: total costs are less than a
strict command-and-control scenario, but greater than an unrestricted free market.
In fact, only the five utility companies that own four or more plants regulated
under Phase I see any real benefit under a 'utility bubble' strategy. Of course,
allowance prices are different for each 'bubble' in this scenario.

6.2. Direct intervention: the case of New York and Wisconsin

In this section, we use an analysis of two states that have considered allowance
trading restrictions, New York and Wisconsin, to illustrate the costs of direct
intervention. Both states are considering laws that will prevent any in-state utility
from selling allowances to another utility. Both New York and Wisconsin hope
that preventing in-state utilities from selling allowances will reduce acid deposi-
tion in environmentally sensitive areas. In the model we constrain the utilities in
New York and then in Wisconsin from both selling and buying allowances in the
market. In addition, we prevent New York utilities from banking allowances. The
results are shown in Table 2.
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Table 2
Costs of direct intervention in NY and WI (1995-2005)

Base case NY out WI out-
National compliance costs ($ billion) 5.021 5.145 5.107
Increase in national compliance costs - 124 86

($ million)
Compliance costs for NY ($ million) 90 219 -
Compliance costs for WI ($ million) 72 - 160
Allowance price ($) 143 143 143

For the period analyzed, Table 2 shows that non-participation in the market can
be costly. New York's non-participation can increase that state's cost from $90
million to $219 million (in mills/kWh, this cost increases from 0.683 mills/kWh
to 1.661 mills/kWh). This represents an increase of about 240%. These increases
reflect New York plants' stake in the allowance market. The overall impact that
New York's non-participation has on the nation's other utilities is a decrease in
their compliance costs by $5 million. This 'subsidy' from New York to other
states is primarily due to the fact that New York is a net buyer of allowances in
the perfect market case, since New York plants have higher marginal abatement
costs than those plants that sell allowances at equilibrium. The exclusion of the
New York utilities decreases allowance demand. This decrease in demand reduces
the costs of compliance for out-of-state utilities by allowing utilities that were
previously 'out-bid' by New York utilities to buy allowances and capture savings.
This effect of subsidization of out-of-state utilities by intervention has been
discussed before, but this is the first example of an attempt to quantify such effects
in a real trading system (Bernstein et al., 1992). In addition, the allowance price
does not change significantly in this model under the New York (or Wisconsin)
scenarios 24.

As shown in Table 2, Wisconsin's non-participation in the market presents
similar results. Wisconsin's costs increase from $72 million to $160 million, or
about 220% (in mills/kWh, this increase is from 1.351 mills/kWh to 3.002
mills/kWh). Like the New York case, the restriction on Wisconsin utilities has

24 The reason that the allowance price does not change under these scenarios is due to several factors.

First, marginal cost functions in this model are step functions. (Stepwise marginal cost function~ are

required since we are using a linear programming model that minimizes a linear, total cost objective
function.) Second, the elimination of New York or Wisconsin from trading utilities does not create
large net increases or decreases in available allowances for sale. Third, the cost structure of the utility

industry creates a step function with very 'wide' steps in the vicinity of the competitive equilibrium
region. Therefore, although the allowance price is determined where the marginal cost and marginal
benefit functions intersect, this may be amidst a 'step.' If the increase or decrease in allowances
available for trading is not large enough to move the intersection to a higher or lower 'step', then the

allowance price will remain the same.



254 JJ. Winebrake et al. I Resource and Energy Economics 17 (1995) 239-260

little effect on the total compliance costs to out-of-state utilities, decreasing these
costs by only $2 million. .

6.3. Indirect intervention ,

The continued threat of future, direct intervention in some states and the lack of
clarity in future regulatory treatment of allowance sales and purchases have
increased the uncertainties that utility decision makers face. This uncertainty
makes utilities hesitant to enter a market since they are unsure whether the utility
commissions will ultimately approve compliance strategies based on emissions
trading. Until state commissions finalize their position on the market, utilities in
those states will not likely look to buy or sell allowances. We call the effects of
these ill-defined regulatory policies as 'indirect intervention.'

Since the reactions of state regulators are unclear, utilities may develop
compliance strategies that minimize risk rather than cost (see Palmisano, 1992).
Choosing to install scrubbers and switch fuels may be considered a 'safer' strategy
than relying on allowance purchases and sales because the costs are more easily
quantified and forecasted. Only when utilities are comfortable that allowance
trading will yield least-cost compliance and help manage uncertainty' will they
begin to use trading as a pollution control strategy.

Without assurance from regulatory bodies, utilities with little to gain from the
market will be less inclined to participate in it. We have analyzed a number of
scenarios to model various levels of utility participation (ie., utility uncertainty
and, hence, indirect intervention). The scenarios are determined by parametrically

Table 3
Results of indirect intervention scenarios for Phase I (1995-2000)

Percentage utility Total costs Allowance
participation ($ billion) cost ($ Iton)

100% (ETS) 1.156 143
80% 1.156 143
50% 1.156 143
30% 1.156 143 ~

27% 1.171 162
24% 1.222 169
21% 1.277 187 :

18% 1.481 261
15% 1.632 302
12% 1.704 493
9% 1.797 660
6% 2.013 804
3% 2.287 1060
0% (CAC) 2.710 1390
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Fig. 2. Cost/allowance price-participation tradeoff curve.

adjusting the proportion of utilities participating in the market. The results are
shown in Table 3 and Fig. 2.

Fig. 2 illustrates these results. The x-axis of Fig. 2 represents the percentage of
allowances that are available for trading nationwide. We use this measure as a
proxy for utility participation. We also suggest that this reflects utility uncertainty
due to indirect intervention. As utility participation decreases, the number of
tradable allowances decreases, creating a smaller total allowance market.

The effects of decreased utility participation are increases in total compliance
costs and the allowance price. Fig. 2 suggests that there are three regimes of
compliance cost effects due to indirect intervention. The first occurs at participa-
tion levels greater than 30%, where only firms with marginal costs almost equal to
the market price of an allowance are affected. These utilities tend not to trade in
the perfectly competitive market even when the regulatory uncertainty is elimi-
nated. In fact, only about 30% of allowances are traded in the perfect market,
emissions trading system scenario.

The second regime occurs when participation is between 20% and 30%, and
compliance costs rise moderately. The third regime exists when indirect regulation
causes market participation to fall below 20%, where costs rise rapidly. In this
area the utilities that are restricted from participating have very high and low
compliance costs (i.e., they have the most to 'gain' and 'lose' from the market).
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Table 3 and Fig. 2 also show the allowance prices that result from each of the
levels of market participation that is modeled. As expected, reduced participation ,
in the market results in higher allowance prices, following a similar pattern as total
costs.

Based on these results, we see that forcing utilities out of the market as we '
have, indirect intervention in states that have high- or low-cost abaters can have
large impacts on the overall costs of the SOz regulations. Intervention in states
that have moderate abatement costs will be less pronounced. It is in the former,
especially, that regulations should be clearly and precisely defined and consistent
over time.

7. Conclusions

We have used a dynamic, linear programming model to empirically estimate
the economic impacts of direct and indirect intervention in Phase I and the early
part of Phase II of the SOz allowance market. The results provide an important
contribution to the policy debate surrounding emissions trading systems. Restric-
tions on allowance trading in Wisconsin and New York were used to illustrate the
direct intervention impacts; a model of market participation, assumed to be a
function of utility uncertainty, was used to proxy the impacts of indirect interven-
tion. The results show that while an unencumbered market can dramatically reduce
the cost of pollution control, regulatory and legislative intervention will drive up
the costs of compliance.

The results obtained in the analysis agree with what one would expect from
regulatory and economic theory. Any constraints on the free operation of an
allowance market will increase the total costs of compliance. In this analysis, we
assume that indirect intervention affects utilities with very high- and low-abate-
ment costs last (this is the 20% of the market in the third 'regime' in Fig. 2). In
reality this may not be the case; high- and low-cost abaters may be in states that
have either the largest indirect intervention or direct interventions. Intervention
that affects this 20% has the greatest cost impacts.

The extension of these results to other types of emissions trading markets is
also an important consideration (Goffman, 1993). Although the results obtained ~

from this study are highly dependent on the nature of the underlying marginal
abatement cost curves, similar results can be expected from systems with compara-
ble cost curves. In this case, the marginal cost curves of many plants are similar, ~
providing a large number of abatement opportunities near the $143/ton level.
Other systems, particularly ones that include more than one source industry, may
have participants with very different cost curves. The RECLAIM program for
trading nitrogen oxide reduction credits in Southern California is an example. The
effects of intervention in that trading market could be quite different from the
results identified here.
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The most important question raised here is whether intervention costs are
justified given the anticipated benefits these constraints may have. For New York
and Wisconsin, these constraints will hopefully reduce the amount of acid
deposition in environmentally sensitive areas. Decision makers must weigh these
benefits with their costs to determine what is best for their state 25.

Emissions trading systems will continue to be a primary policy option for
environmental regulators. As such, all states should be aware of the costs of their
regulatory and legislative interventions, both direct and indirect. Especially impor-
tant is that states clarify regulations so that uncertainty is minimized. Although
direct intervention may be acceptable if the measurable benefits outweigh the
costs, indirect intervention through ill-defined policies cannot be justified on an
economic or political basis.

Appendix A. Model data and sources

Plant size for the 110 Phase I CAAA plants (MW) is from Edison Electricity
Institute, Environmental Directory of U.S. Power Plants, Washington, DC, 1991.

Plant capacity factors (%) are from Utility Data Base, U.S. coal plant statistics
1990, reports #UD1-022-91, 5th Ed., January 1991, except for the plants Des
Moines, Northport, Port Jefferson, Sunbury, Harrison, Mitchell I, and North Oak
Creek, which are from National Coal Association, Steam Electric Plant Factors,
1986.

Plant emission limits (tons S02) are aggregated from the Clean Air Act
Amendments of 1990, Table A: Affected sources and units in Phase I and their
sulfur dioxide allowances (tons).

Sulfur content (S02/tons coal equivalent), heat rate (MBTU out/MBTU in),
fuel inflation rate (%/yr), and fuel cost ($/MBTU) are from EPRI, Analysis of
alternative S02 reduction strategies, January 1991, pp. 4-14, and Energy Informa-
tion Administration, Cost and quality of fuels for electric utility plants 1990,
various tables.

Scrubber capital cost ($/kW-yr) and fixed O&M costs ($/kWh) from EPRI,
Analysis of alternative S02 reduction strategies, 1991, pp. 4-13. Note that the
capital costs are levelized using a 30 year time horizon and a 10% discount rate.
Further, instead of unit-specific costs, regionalized estimations for capital and
operating costs were made for all units. Capital and O&M cost data for fuel
switching were also obtained from U.S. Department of Interior, Bureau of Mines.

2S Another issue that arises in any of these intervention activities is a legal one related to interstate

commerce. Can the trading restrictions placed on state utilities be considered a violation of interstate
trading law? This question is currently being addressed in the federal courts.
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