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BACKGROUND

Previous emission limits on electric utility boilers have
taken the form of performance standards, e.g., pounds of
pollutant permitted per million Btu heat input or a
percent reduction from uncontrolled emission levels.
Growth in generation, which necessarily accompanies
growth in demand, results in increasing emissions under
this type of standard. The CAAA90 addresses this
difficulty by setting an absolute cap on utility SO2
emissions. The Act allocates emission allowances only
up to the level of the cap. Owners of new capacity must
purchase or otherwise obtain allowances sufficient to
cover that capacity's anticipated emissions from this
limited pool of available allowances. The Act includes
other innovative features, such as allowance trading and
banking, which are intended to minimize the cost of the
prescribed emission reductions.

The utility industry can respond to these new constraints
through the application of retrofit controls on existing
units, the use of low emitting new capacity, repowering
and allowance trading. The chosen response will impose
a set of costs and other region-specific effects. The
utility response will depend upon:
• The current make-up of the industry in terms of existing
technologies and service demands.
• The availability and cost of new technologies,
especially generating technologies with low emissions.
• The availability and cost of fuels with inherently low
emissions.
• Demand growth.
• Interest rates, tax policies and other financial
considerations.
• State and local regulation. •
• The perceived future value of allowances.

TITLE IV REQUIREMENTS

Title IV provisions leave most SO2 and NOX
requirements of previous amendments intact, though the
percent reduction requirement associated with the Revised
New Source Performance Standard has been eliminated
and new provisions will force a reduction in emission
rates to well below current State Implementation Plan

(SIP) limits for some existing sources. The most
significant departures of Title IV from prior law are:
• The intent to control acid deposition in addition to
achieving NAAQS compliance.
• The specific inclusion of an emissions trading approach
intended to reduce the direct costs of emissions control.
• The imposition of an absolute emissions cap.
The most outstanding feature of the legislation is the use
of an emissions market, which gives individual utilities
the flexibility needed to choose a compliance strategy that
meets overall goals in an economically efficient manner.

Specific total reduction goals of ten rpillion tons of SO?
and two million tons of NOX below 1980 emission
levels are to be achieved primarily through constraints on
emissions from fossil fuel-fired electric power plants. As
a result of historical reductions in industrial and utility
SO2 emissions since 1980, it is not necessary for
utilities to achieve a full ten million ton reduction from
present levels. In fact, a reduction of less than 50% of
current utility emissions to a cap of about 8.9 million
tons would achieve the reduction goal. This cap, in
conjunction with a cap on industrial SO2 emissions of
5.6 million tons, will assure that future SO2 emissions
remain 10 million tons below 1980 levels. NOX
omissions are not limited by a cap.

The SO2 emission reduction goal is to be achieved in
two phases by the allocation of a limited number of
emission allowances. An allowance is an authorization
to emit one ton of SO2 in a specified calendar year or in a
subsequent year. In addition to the NSPS or SIP
performance requirements, a source must hold allowances
equal to its total annual SO2 emissions.

Phase I SO? Requirements

In the first phase, which takes effect on January 1,1995,
only units of 110 plants, which are listed in Section 404
Table A of the Amendments, will be allocated and must
hold allowances. Table A includes all units in the
continental U.S. with a capacity of 100 MW or more and
a 1985 SO2 emission rate exceeding 2.5 Ib./mmBtu.
These "affected" units are allocated sufficient allowances
to emit at a rate of about 2.5 lb./mmBtu. The precise
number of allowances, which are listed in Table A are
calculated as the product of 2.5 Ib/mmBtu and the average
annual heat input for each unit in the years 1985,1986,
and 1987. Outage periods exceeding four months are not
included in the average. The average heat input thus
determined is called the baseline.

The Amendments, as passed, impose Phase I
requirements one year earlier than the Administration's
original proposal. Up to 3.5 million tons of the
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additional reduction achieved by this schedule change are
put into a reserve to encourage early reductions through
the application of scrubber technology. The mechanism
is the Phase I extension program, which grants additional
allowances from this reserve to owners who agree to
install scrubbers by 1997. The scrubbers must be put on
Table A units or designated alternate units and must
operate at 90% or higher removal efficiency. Additional
allowances granted from the reserve will permit these
units to emit SO2 at their historical rate during 1995 and
1996.

Phase II SO2 Requirements

In Phase II, which takes effect on January 1, 2000,
allowances are allocated to virtually all categories of
fossil-fuel-fired plants. The allocation for units larger
than 75 MW with a 1985 emission rate exceeding 1.2
lb./mmBtu, will not permit an average emission rate
exceeding 1.2 lb./mmBtu. Most of ihe Phase II emission
reductions are achieved by this group of plants. As in
Phase I, the allocations are calculated as the product of an
emission rate and the baseline fuel consumption.

The Amendments, as passed, implement Phase II
requirements one year ahead of the schedule originally
proposed by the Administration. Up to 5.3 million tons
of the additional reductions achieved by this schedule
change have been put into a reserve to provide bonus
allowances to benefit historically low-emitting plants,
which are at a disadvantage since more allowances are
distributed to historically higher-emitting plants. These
bonuses benefit plants with low emissions due to low
emission rates and due to low capacity factors. Ten
percent of the bonus emissions are to be allocated in each
of the first ten years of Phase II.

COMPLIANCE OPTIONS

The impact of Title IV on electricity supply will be
determined by the specific compliance options chosen by
affected utilities. Compliance with SO2 emission
requirements, basically, means one Ihing: not exceeding
each unit's available allowances. The impacts are largely
determined at the individual unit level, where
technologies, fuel choices and trading decisions are
implemented. According to EPRI2 151 GW of capacity
face new SO2 emission constraints in the form of their
share of the total tonnage cap; 60 GW with FGD must at
least maintain their emissions performance, though
improvements are likely to be needed; 73 GW currently
committed to low sulfur coals will face increased prices,
and 12 GW of new capacity already in the works will not
be permitted on line without offsets. The aggregate
response of these individual unit decisions will affect
market prices for fuels and technologies, regional growth,
interrelated environmental impacts, the economic health
of the industry, reliability of electricity supply, and the
cost effectiveness of the acid rain protection afforded by
the Act.

Compliance options include:
• Retrofit of flue gas desulfurization.
• Repowering with fluidizcd bed combustion (FBC) or
gasification with combined cycle (GCC).
• Switching to lower sulfur fuels.
• The use of environmental rather than economic
dispatch.
• Capacity replacement and capacity expansion with low-
emitting technologies.
• Use of the allowance market.

THE UTILITY SIMULATION

Representation of Title IV

The key features of the Title IV sulfur dioxide reduction
program are the iradable allowances and the cap on the
number of those allowances to be allocated in each year.
It is particularly important to also represent two other
provisions, banking and the Phase I extension program.
Banking and the Phase I extension program can be viewed
as affecting the actual level of the cap in specific years.
That is, banking reduces the effective level in one year
and increases it in a subsequent year when the banked
emission allowances are used. The Phase I extension
program similarly changes the effective cap in 1995 and
1996 and leads to banking in 1997 through 1999.

Allowance trading permits a spatial shift in emissions.
This shift is permitted without regard to the location of
participating plants, provided the trade does not result in
violation of other emission regulations, such as
performance requirements. Allowance banking permits a
temporal shift in emissions. Emission allowances are
distributed annually and can only be used in the year in
which they are allocated or in a subsequent year. Under
this constraint, the most likely source of banked
allowances is overcompliance by Phase I affected units
(Table A units). By overcomplying, which is equivalent
to not using all of their available allowances, they can
bank allowances for future sale or use. It may be very
advantageous for utilities to overcomply with the modest
Phase I constraints (essentially 2.5 pounds per million
Btu) to gain allowances to ease the transition to tighter
Phase II constraints (essentially 1.2 pounds per million
Btu). The appeal of this option is enhanced by the Phase
I extension program, which offers two incentives for
scrubber retrofits. It provides a two year extension to the
compliance date for Phase I and it provides additional
allowances for emission reductions achieved at an
emission rate below 1.2 pounds per million Btu.

Figure 1 presents an estimate of the effective emission
cap, contrasting the basic requirements with important
special provisions. The dark line displays the basic SO2
emission trajectory — increasing emissions until the onset
of Phase I, a drop in emissions from the reduction of
Table A unit emission rates to 2.5 lb/mmBtu, nearly
constant emissions until Phase II, and a precipitous
decline in SO2 emissions with the onset of Phase II. At
the beginning of Phase II, banked allowances keep
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Figure 1 The Effect of Phase I Extension Program and Banking on the Effective SO2 Emission Cap

emissions above (he ultimate cap of 8.95 million tons.
The effect of the Phase I extension program and banking
are shown by the light line. In 1995 and 1996 extra
allowances granted to units which qualify for the
extension program keep emissions above the nominal
Phase II allowable. In 1997 through 1999 these units
can operate well below the 2.5 lb/mmBtu rate on which
allowances are based. The result is reduced emissions and
the banking of allowances. The use of these banked
allowances then results in higher emissions early in
Phase II. The extent of banking and the rate of banked
allowance use are estimated by the model based on an
initial price estimate and a discount rate, which reflect the
level of risk perceived by utilities.

The effectiveness of SO2 emission allowance trading
under Title IV is of great interest due to the innovative
nature of this market incentive approach. However,
many analysts have claimed that utilities will decide not
to trade in the allowance market. This is generally
attributed to electric utilities being a regulated industry.
There are three slightly different variations on this theme
of regulatory distortions. One theory attributed to
Averch-Johnson in the economics literature claims that if
a utility earns an above normal risk-adjusted return on its
investments, it will jeek to make capital intensive
expenditures, such as FGD equipment. The second
variation is that even if utilities only earn their cost-of-
capital on investments, since they are given the
opportunity to pass their costs to their customers, they
are concerned about their costs. Since the purpose of
emission trading is to improve efficiency by lowering
costs, the utility may be indifferent as to trading. The

third variation deals with uncertainty in state regulatory
commission treatment of buying, selling, or holding
allowances. It would appear that the regulatory treatment
of interutility power exchanges would be a guide to the
regulatory treatment of allowances but there are some
differences, namely, that allowances can be banked for the
future and held as part of the utility's portfolio.

We think that it is a mistake to frame the compliance
problem as a decision to trade or not. Trading of
allowances should be the consequence, not the decision.
The two meaningful decision variables for a utility are
the control approaches for its units and the amount of
allowances to hold in its portfolio of assets for the future.
The number of allowances to be bought or sold(i.e.
traded) is determined by the control and banking
decisions.

Our preferred approach is to set up the problem in terms
of the ABC's of the CAAA90: abatement strategy,
banking, and cost competitiveness. (These are elaborated
more in Hanson, et al.)

Abatement. A utility minimizes its costs whenever the
marginal abatement cost(constructed from its alternative
control options) is equal to the market evaluation of
allowances. This gives a deterministic rule for the least
cost control option for each unit in a utility's system.

Banking. Banking can also be a part of cost minimizing
strategy based on the discounted present value(DPV)
criterion. That is, the strategy that minimizes system
DPV may be to over comply with the Phase I standard
which is not tight in favor of lowering compliance cost



in Phase II by utilizing banked allowances. However, the
rational banking decision by utilities is more complex
because of the uncertainty in Phase II allowance prices.
A utility may well wish to hold extra allowances in its
portfolio of assets to hedge against a higher than expected
need in Phase II for fossil fuel generation. Such a
strategy can be shown to lower the overall variance in the
firm's portfolio (see Hanson). Partially offsetting this
desire to bank allowances for risk hedging reasons is the
incentive to sell any unused allowances whenever their
expected growth rate in price is less than the utility's
cost-of-capital. That is, the expected return on a utility's
holding an allowance is the expected capital gain. For
example, if a utility anticipated running out of its stock
of banked allowances in the year 2005 and it expects the
prices of an allowance to be S750 (1990S) per ton in
2005, the discounted present value of purchasing an
allowance in 1993 for use 12 years later at a real interest
rate of 8% is 750/(1.08)12 or under S300. This
discounting phenomenon helps to explain the low prices
for current allowance trades that people are now
discussing.

The market equilibrium for the (rising) price of
allowances and for the extent of Phase I SO2 reductions
and the supply of allowances to be banked will depend on
the abatement cost curves for all affected units and the
utility's demand functions for holding allowances for the
future.

Cost Competition. It is our view that utilities do have
incentives to lower their costs, as measured by Ievelized
revenue requirements, due to competitive pressures,
uncertainty in the ability to pass costs to customers in
rate cases and due to the intense public scrutiny given to
utility decision making. Emission trading can help
utilities lower their revenue requirements.

The amount of trading that takes place will be a
consequence of the application of the ABC's of the
CAAA90. However, it should be recognized also lhat
much of the efficiency gains-from-trade among units can
be achieved fay trades within the utility company or
among the members of the utility's power pool, within
which power is routinely traded. Hence the absence of a
large amount of trading between regions of the country
need not imply that the CAAA90 trading provisions are
ineffective in achieving SO2 reductions at lower cost.

The utility model being developed at Argonne is designed
to examine unit compliance decisions, utility incentives
for banking and the resulting market equilibrium
allowance price path over time, SO2 emission paths and
associated reductions costs. The model can also be used
to represent the effects of the barriers to trade identified by
some analysts.

The emission goals of Title IV are met in spile of this
reliance on coal because of the use of low sulfur coal, the
application of flue gas desulfurization (FGD) and the
application of advanced coal technologies. The relative
importance of advanced and conventional coal plants is
clear from Figure 3.

Simulation Results

As of ihe time of this writing results of the simulation
for various allowance price and escalation assumptions
are not available. These results will be presented at the
conference and can be obtained from the authors.
However, some general features of the projections are
available from results obtained assuming the distribution
of banking suggested in Figure 1. Key assumptions for
this analysis, including the distribution of new capacity
among gemmating alternatives are consistent with the
National Eiiergy Strategy reference case3.

The resulting distribution of capacity and generation by
fuel and technology is displayed in Figure 2, which
shows that approximately two-thirds of total generation
in 2030 is coal-fired. Again, this situation reflects the
NES baseline assumptions. Other NES scenarios
examine the implications of a stronger role for nuclear
power and renewable technologies.
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Figure 3, Relative Amounts of Conventional and
Advanced Coal-Fired Capacity

Part of the decline in the importance of conventional
technology is due to its retirement and replacement during
the study period as shown by Figure 3. Much of the
emission reduction achieved by Title IV would eventually
have been achieved by this replacement, even without
additional regulation. Figure 4 shows the contributions
to emissions of three groups of units: those which
currently exist, those which are included in current,
announced utility plans, and additional new capacity added
by the simulation to meet demand. Even though existing
capacity only accounts for 20 percent of total generation
in 2030, it contributes 50 percent of total emissions, in
spite of emission reductions imposed by Title IV.

The decrease in SO2 emissions shown in Figure 1 is
accompanied by a dramatic increase in scrubbed capacity.
A decline in scrubbed capacity in later years reflects unit
retirements and the preference for advanced coal options.
The early reductions are not achieved by scrubbing alone.
The use of low sulfur coal as a means of compliance is
clear from the significant decline in average coal sulfur
content during Phase I and a portion of Phase II. Note on
Figure 5 that the coal sulfur content rises again to nearly
its 1990 level as inherently low emitting technologies
dominate.
The use of low sulfur coal as a compliance strategy has
implications for the coal industry, since it results in a
shift in demand from high sulfur coal regions to low
sulfur coal regions. However, as can be seen in Figure 6,
higher sulfur coal producing regions regain their market
share as new technologies penetrate the generation
market. This eventual recovery does not lessen the
severity of the near term effects. At its peak, the
reduction in market share for Illinois Basin coal is nearly
25% of what the region would have produced without
Title IV. The values in Figure 6 are the difference in
annual output between the coal use projections with and
without Title IV.
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Figure 4 Contribution to SO2 Emissions by Age
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