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CHAPTER I
INTRODUCTION

Background
Air pollution is a very difficult problem for society
to find efficient solutions. The United States (U.S.)
traditionally was using a command and control

(CAC)

approach, which did not prove to be efficient nor cost
effective. This traditional approach is also referred to
as emissions standard, which is a legal limit on the
amount of the pollutant an individual source is allowed to
emit. The CAC approach does not encourage polluters to
innovate new technology or make it available to everyone,
because the control authority would impose higher
standards. Moreover, polluters have no incentive to reduce
emissions lower than what is allowed.
As we begin approaching the twenty-first century, it
becomes clearer that using markets to solve social and
environmental problems will be crucial. Markets will
create strong competition among companies to find the
cheapest and most technological advanced ways to cut
pollution. The U.S. will establish a sulfur dioxide (S0 2 )
emissions trading program which will give more flexibility
in the way clean air objectives will be met. This program
is based on economic incentives designed to provide more
efficient ways in meeting the air quality goals while
reducing the cost and the conflict between economic growth
1

and the preservation of air quality. This new approach to
reduce pollution emissions promise to stimulate more rapid
development of new control technologies than was possible
under the traditional system. Simply by issuing the
appropriate number of marketable pollution allowances and
letting the market do the rest, the control authority can
limit air pollution and achieve a cost-effective
allocation. This system allows the government to meet its
policy objectives while allowing greater flexibility
(Tietenberg, 1992) .
Sulfur dioxide emissions is one of the main problems
faced by the U.S. that the Clean Air Act Amendments

(CAAA)

of 1990 is trying to target. The reduction of this
pollutant, S0 2 , which is going to be achieved through

so2

marketable

emission allowances is the focus of this

thesis. The environmental objective aimed by the CAAA is
to reduce

so 2 emissions

by 10 million tons annually, which

is roughly half of the 1980 level of S0 2 emissions, by the
year 2010, when emissions will be capped at 8.9 million
tons of

so2

emissions a year.

Sulfur dioxide is released into the air from the
burning of fuels containing sulfur, mainly coal and oil,
and from metal smelting and other industrial processes.
About seventy percent of all

so 2

emissions in the

u.s.

come from electric utility plants that are fired by coal
and oil. Other sources of

so 2 emissions

include

refineries, pulp and paper mills, steel plants, chemical
2

plants, and trash burning. Home furnaces and coal burning
stoves, although not significant sources, also contribute
to S02 emissions. In the U.S., over 20 million tons of S02
are emitted into the atmosphere each year.
Sulfur dioxide causes both local and regional
effects. High S0 2 concentrations in a locality can cause
significant increases in acute and chronic respiratory
diseases, as well as, environmental damage. Once S0 2 is
emitted, it is chemically transformed when combined with
moisture to form sulfuric acid. Sulfuric oxides and
sulfuric acid are transported in the atmosphere and return
to earth as the primary contributor to acid deposition, or
acid rain as it is commonly known. The effects of acid
rain can be found hundreds of miles from the original
emission sources.
Acid rain is one of the most significant problems of
the nineties. It poses new challenges to the full
development of the forests,

agriculture, and aquatic

resources. Acid rain causes acidification of lakes and
streams, and damages trees in high altitudes. It also
accelerates the weathering process and decay of stones,
statues, historic buildings, building materials, and
paints. Corrosive damage to metal is also speed up by acid
rain.
Sulfur compounds in the air also contribute to
increase the level of smog and the degradation of
visibility in large parts of the country, cities, and
3

national parks. Acidic aerosols, which are tiny droplets
of sulfuric acid derived from S0 2 emissions, in the air
may pose a risk to human health. Although, acid mist may
contribute to lung disorders, the major human health
concern is associated with water. As water supplies become
more acidic, concentrations of heavy metals in drinking
water supplies may be hazardous.
The Clean Air Act Amendments of 1990 (CAAA) establish
an innovative new system that uses tradable emission
allowances to lower the aggregate amount of sulfur dioxide
(S02) emitted by fossil fuel-fired power plants. The new
system aims to reduce acid deposition by establishing a
market system to trade S02 emission allowances. Power
plants emitting S0 2 are issued a predetermined number of
emission allowances based on their past fuel usage and
statutory emission limitations.
Allowances can be thought of as certificates which
permit the holder to emit one ton of S0 2 during or after
the year specified in the allowance serial number. At the
end of the year, the number of allowances a power plant
holds must equal or exceed total emissions at that power
plant to avoid stringent penalties. Allowances may be
bought, sold, traded, or banked like any other commodity.
If a utility holds surplus allowances, it may sell them to
other sources whose emission levels exceed their allowance
supply, or it may save them for use in the future years.
An active allowance market will emerge in the coming

4

years, where utilities, brokers, speculators, and
environmental groups will participate in

so2

allowance

transactions.
The major benefit of this plan is that by using a
market system, total S0 2 emitted into the atmosphere will
be reduced at the lowest possible total cost, since
regulated utilities, rather than a government agency,
decide the most cost-effective way to use available
resources to comply with the requirements. Utilities can
reduce emissions by employing energy conservation
measures,

increasing reliance on renewable energy,

reducing power production, adapting pollution control
technologies, switching to lower sulfur fuels,

or

developing other alternate strategies. The market-based
allowance trading system provides incentives for energy
conservation and technology innovation that can both lower
the cost of compliance and yield pollution prevention
benefits.
Pollution control usually involves a process of
bargaining and negotiation before the exact content of the
regulatory package is determined. This negotiation aspect
improves the likelihood of polluter compliance, offers a
degree of flexibility,

and can potentially reduce the

perceived uncertainties of both regulator and polluter
(Pearce and Turner, 1990). Different countries have
adapted different approaches to solve the emission of

5

pollutants into the atmosphere, and thus, move toward
environmental goals.
In Europe and especially within the European
Community (EC), there has been a general trend in
pollution control away from a bargaining process to a much
more interventionist activity involving broad
considerations of quantity levels and emission standards
on a regional scale. Distinctions are made between
existing sources of pollution and potential new sources.
The central component of the EC's pollution abatement
strategy is the uniform effluent emission limit based on
Best Available Control Technology (BACT) . In recent years,
European countries have moved towards reduced direct
government intervention and regulation.
Air pollution emission charges have been implemented
in France and Japan, but to achieve different objectives.
The air pollution emission charge in France was designed
to encourage the early adoption of pollution control
equipment. The revenues from the charges are returned to
those paying the charge as a subsidy for installing the
pollution control equipment. On the other hand, Japan has
implemented the emission charge to compensate victims of
air pollution. This program compensates victims of
designated diseases with medical expenses, lost earnings,
and other expenses. The program is funded by an emissions'
charge on sulfur dioxide and from an automobile weight

6

tax. The level of the tax is determined by the revenues
needs of the compensation fund (Tietenberg, 1992).

Purpose and Specific Objectives
The purpose of this research is to examine the new
and innovative market-based system that uses marketable
emission allowances to reduce the aggregate amount of
sulfur dioxide (S0 2 )

•

The new market-based system created

by the Clean Air Amendments of 1990 (CAAA) aims to reduce
sulfur dioxide emissions by establishing a market system
to trade S0 2 allowances. In addition, this research will
analyze the recent developments and direction of the
market for S0 2 allowances. Finally, this research will
evaluate the benefits and costs of trading S0 2 allowances
in the futures markets.
The specific objectives are:
(1)

To review the literature on the theory of

externalities. The emphasis will be on the central
results' implications for the design of environmental
policy for pollution control;
(2)

To examine the U.S. and other countries'

policies designed for air pollution control;
(3)

To summarize Title IV of the Clean Air Act

Amendments of 1990 (CAAA), which includes all the rules
and regulations of the new system;
(4)

To analyze the recent developments of the U.S.

market approach system to reduce air pollution;

7

(5)

To evaluate the S02 allowance program being

established in the U.S., and draw policy conclusions.

Outline of Thesis
Chapter I presents the background, problem statement,
and broad purpose. The specific objectives are outlined.
Chapter II includes a review of the literature on the
theory of externalities related to environmental
economics. In addition this chapter summarizes the rules
and regulations of the S0 2 allowance program, which are
included under Title IV of the CAAA.
Chapter III presents an analysis of marketable
emission allowances. Also,

it examines the requirements

that will enable the generation of an active market. In
addition, it evaluates the benefits of trading the
marketable emission allowances in the futures markets.
Finally, it examines the relationship between spot and
future prices of

so2

allowances.

Chapter IV presents the evolution of the market for
S0 2 allowances. First, it examines the first annual
auction of

so 2 allowances

held at the Chicago Board of

Trade (CBOT) on March 29, 1993. In addition, it evaluates
the price differentials between the spot and the future
prices for S02 allowances sold in the auction. Finally, it
presents the new direction of the market for S02
allowances, which will be the establishment and operation
of a futures and options market for
8

so 2 allowances.

Chapter V concludes the research with policy implications
that arise from the new market system.

9

CHAPTER II
LITERATURE REVIEW

Before turning into the literature review, a brief
explanation is needed to define the boundaries for this
review. For this purpose, a distinction is made between
natural resource economics and environmental economics.
The distinguishing characteristic of natural resource
economics is its concern with the intertemporal allocation
of renewable and nonrenewable resources. It typically
applies dynamic control methods of analysis to problems of
intertemporal resource usage. The dividing line between
environmental economics and natural resource economics is
not a clear one. For simplicity, environmental economics
can be restricted into two major issues. The main issues
of environmental economics are the valuation of
environmental amenities and the regulation of polluting
activities (Cropper and Oates, 1992). This review will be
restricted only to the regulation of polluting activities
related to environmental economics.
The source of the basic economic principles of
environmental policy for the regulation of polluting
activities is to be found in the theory of externalities.
The literature in this subject is enormous. An attempt to
provide a comprehensive and detailed description of the
literature on the theory of externalities reaches beyond
the scope of this review. Instead, a brief review on the
10

central results from this literature will be outlined. The
emphasis will be on the central results' implications for
the design of environmental policy for pollution control.

Valuation of Environmental Amenities
Environmental pollution, which is an externality or
loss of welfare, is a form of market failure usually
because of the over-exploitation of resources held as a
common property or not owned at all. The market fails
therefore when property rights are inadequately specified
or are not controlled by those who can benefit by putting
the resources to their most highly valued use. It is
argued that in an economy with well-defined and
transferable property rights, individuals and firms have
every incentive to use natural resources as efficiently as
possible. It is recognized that pollution is a pervasive
and inevitable phenomenon requiring government
intervention through regulation and economic incentive
instruments (Pearce and Turner, 1990).
In principle, an economic optimum level of pollution
is when the marginal net private benefits of the polluting
firm are just equal to the marginal external damage costs.
The aim of society is maximizing the sum of benefits minus
the sum of costs. When the marginal net private benefits
equals marginal external costs (MEC), then the price
equals marginal social cost

(Pearce and Turner, 1990).

This condition is necessary for Pareto optimality, and
11

also, it internalizes the externality as a cost to the
polluting firm. When the externality is internalized by
polluting firms,

it motivates the firms to pollute less.

Polluting agents need to be confronted with a tax
equal to the MEC of their polluting activities to induce
them to internalize the full social costs at the margin.
Such a tax incentive can take the form of the familiar
Pigouvian tax, a levy on the polluting agent equal to the
marginal social damage. The name Pigouvian tax comes after
Arthur C. Pigou (1877-1959), who was Professor of
Political Economy at Cambridge University. In his 1932
book, Economics of Welfare, he proposed a tax as a
suitable means of equating private and social costs.
Pigouvian taxes tend to be known today as pollution
charges, unit taxes, or effluent fees that are attached
directly to the polluting activity, not to some related
output or input. The basic result is that the efficient
resolution of environmental externalities calls for
polluting agents to face a cost at the margin for their
polluting activities equal to the value of the damages
they produce (Cropper and Oates, 1992).
There are other approaches to establishing the proper
economic incentives for abatement activities. Two
alternative policy instruments that have received
extensive attention in the literature are unit subsidies
and marketable pollution permits. A subsidy is a payment
by the control authority to firms who pollute below a
12

certain prescribed level. It was thought that a subsidy
per unit of emission reductions could establish the same
incentive for abatement as a tax of the same magnitude per
unit of emissions. The big difference is that taxes
decrease profits for the polluting industry, while
subsidies increase profits. The two policy instruments
thus have quite different implications for the long-run
and entry-exit decisions of firms.
Since the subsidy approach increases profits for the
polluting industry, this approach results in a larger
number of firms and higher industry output in the long
run. In contrast, the Pigouvian taxes will result in a
contraction in the size of the industry due to a decrease
in profits (Cropper and Oates, 1992). The subsidy approach
runs the risk of altering the entry-exit conditions in the
polluting industry in such a way that, instead of reducing
the total amount of pollution, it may actually increase it
(Pearce and Turner, 1990). In sum, unit subsidies are not
a fully satisfactory alternative to Pigouvian taxes
(Dewees and Sims, 1976).
In contrast, marketable pollution permits are,

in

principle, a fully equivalent alternative to Pigouvian
taxes. Instead of setting the proper Pigouvian tax and
obtaining the efficient quantity of pollution emissions,
the control authority could issue marketable emission
permits equal in the aggregate to the efficient quantity
of emissions and allow the polluting firms to bid for them

13

(Cropper and Oates, 1992). There is a basic sense in which
effluent fees are equivalent to marketable emission
permits. The environmental authority can set the unit tax
and then adjust it until emissions are reduced
sufficiently to achieve the prescribed environmental
standard. Alternatively, the control authority can issue
the required number of marketable permits and allow the
bidders to determine the market-clearing price.
Although marketable pollution permits and effluent
fees are considered equivalent alternatives, they are not
equivalent policy instruments from the perspective of the
regulatory agency. A major advantage of the marketable
permit approach is that it gives the control authority
direct control over the total quantity of pollution
emitted. On the other hand, under the fee approach, the
regulatory agency has to adjust and readjust the fee until
the desired total quantity of emissions is reached. Direct
control over the desired quantity of emissions is
preferred since the environmental standard itself is
prescribed in quantity terms

(Cropper and Oates, 1992).

A system of marketable allowances automatically
adjusts itself to growth and inflation. In the presence of
economic growth and a rising price level, the demand for
allowances will increase. This increased demand will
simply translate itself into a higher market-clearing
price for allowances with no effect in the aggregate
quantity of pollution emissions. In contrast, effluent
14

fees that holds emission levels at a desired level at one
moment in time will fail to do so later with increases in
inflation and economic growth. The regulatory agency will
have to readjust periodic increases in the effluent fees
which will become unpopular (Cropper and Oates, 1992).
Existing polluters are more likely to prefer the
marketable permit approach because it involves lower
levels of compliance costs. If all permits are auctioned
off, then polluters must pay directly for the right to
emit pollution as they would under an effluent fee system.
But rather than allocating the allowances by auction, the
environmental agency can distribute the permits free of
charge to existing sources to start the program. Some form
of "grandfathering" can be used to allocate permits based
on historical performance. Existing firms thus receive a
marketable asset, which they can use either to validate
their own emissions or sell to another polluter (Cropper
and Oates, 1992) . Existing sources of pollution have a
large potential for a large gain from a free distribution
of allowances instead of their sale through an auction.
New sources of pollution that arrive on the scene at a
later date will have to purchase the allowances (Lyon,
1982) .

Legislation of Air Pollution
The policy response to air pollution has been
continually evolving. The U.S. Congress enacted the first
15

legislation on air pollution in 1955. The law was called
Air Pollution Control Act of 1955, which mainly subsidized
research into air pollution problems. It was not until
1967 that the federal government began to play a more
important role, and urged the states for cooperation. But
states were unwilling to take the lead in air pollution
control policy, fearing a competitive disadvantage for
increases in employment and taxes (Tietenberg, 1992) .
In this atmosphere of uncertainty, the Clean Air Act
Amendments of 1970 were passed. These amendments set a new
direction for air pollution control. The main objective
was to protect and enhance the quality of the nation's
air. The federal government assumed a more direct role.
The U.S. Environmental Protection Agency (EPA) was created
to implement and oversee the regulation of environmental
policy (Tietenberg, 1992) .
The historical approach to air pollution control has
been based on emission standards. It has been a
traditional command and control (CAC) approach. Ambient
air quality standards were established for conventional
pollutants. The primary standards were designed to protect
human health. The secondary standards were designed to
protect other aspects of human welfare, such as
aesthetics, visibility, physical objects, and vegetation.
By 1975 it was apparent that many areas would not meet the
ambient standards by the statutory deadlines. Therefore,
in the 1977 Amendments to the Clean Air Act, Congress
16

extended the deadline for attainment of all primary
ambient standards, and also required the EPA to designate
all areas not meeting the original deadlines as
nonattainment regions. Also, Congress established a
noncompliance penalty as a means of reducing the
profitability in delaying compliance (Tietenberg, 1992).
Since 1974, the Environmental Protection Agency has
experimented with various emissions trading policies
through its clean air program. These policies have
established markets in which polluters trade emissions
reduction credits. The aim has been to allow polluters
greater flexibility in choosing how to control pollution,
and to reduce the overall costs of pollution abatement
(Tietenberg, 1985) .
The major program of this kind is the EPA's Emissions
Trading Program for the regulation of air quality which
was introduced in 1977. Basically, this operates through
an emissions reduction credit system. When a source
controls emissions more than it is required under the
standard, it can secure a credit for the excess reduction.
The credit can then be traded in several ways. The first
way is through a policy of offsets, which allows new
sources in nonattainment areas to offset their new
emissions with reductions by existing sources. The second
way is through a bubble policy. Under the bubble
provision, a plant with many sources of emissions of a
particular air pollutant is subject to an overall
17

emissions limitation. The third procedure is through
netting, which firms can avoid stringent limitations on
new sources by reducing emissions from other sources of
the pollutant within the facility. Lastly, there is the
banking provision, which sources can store up emission
reduction credits for use later in a netting, bubble, or
offset context (Pearce and Turner, 1990).
Although the Emissions Trading Program has increased
the flexibility with which sources can meet their emission
limitation and has allowed substantial cost savings, the
stringent restrictions impeded the ability of this market
to realize the potentially large cost savings from
trading. The great majority of the trades have been
internal ones. An active market in emissions rights
involving different firms has not developed under the
program. This seems to be the result of stringent
restrictions and a complicated set of procedures for
external trades that have increased transactions costs and
created uncertainties. In addition, the program has an
elaborate set of command and control style of regulations
which effectively prohibit certain kinds of trades

(Raufer

and Feldman, 1987).
The prospects appear favorable for the functioning of
the new market in sulfur dioxide allowances that is being
created under the Clean Air Act Amendments of 1990 (CAAA).
The experience with the Emission Trading Program can be
used as feedback to improve the ability of this new market
18

to be cost effective, flexible,

and active. This new

market is designed to address the acid rain problem by
helping to cut back annual

so 2 emissions

by 10 million

tons by the year 2000. The allowance system will permit
affected power plants to meet their emissions reduction
quotas by any means available,

including the purchase of

excess emissions reductions from other sources. The market
area for this program is the nation as a whole so that
there should be a large number of potential participants
in the market

(Cropper and Oates, 1992). In sum,

everything seems to be positive for the achievement of the
environmental objective of reducing the aggregate amount
of

so2

through the trading of

so2

emission allowances.

Title IV of the Clean Air Act Amendments of 1990
(CAAA)

offers an attempt to improve upon the EPA's

existing trading schemes. Title IV aims to reduce acid
deposition by establishing a market system to trade

so 2

allowances. The polluters receive emission allowances
which they are free to trade among themselves. In fact,
the emission allowances given to polluters is not a
property right to pollute. The CAAA states that an
allowance does not constitute a property right.

Summary of Title IV of the CAAA
General Structure. Title IV of the CAAA regulates
affected sources in three stages so the S0 2 reductions may
be achieved progressively. The affected sources are the
19

fossil fuel-fired electrical utility units run on either
coal, oil, or gas. Affected sources begin Phase I
reductions by January 1, 1995 and Phase II reductions by
January 1, 2000. They must maintain the final reductions,
scheduled for the year 2010, indefinitely.
The EPA will allocate annual allowances to affected
sources. Each emission allowance authorizes its holder to
emit one ton of S0 2 during or after a specified calendar
year, and no affected source may emit S0 2 without
possessing an allowance that permits the emission. Once
the EPA has promulgated the necessary regulations, the
polluter is free to use its allowances or trade them with
any of the designated representatives of the owners or
operators of affected sources and any other person who
holds such allowances.
All regulated sources must operate a continuous
emission monitoring system (CEMS), which will provide on a
continuous basis a record of emissions and flow of S02 and
other pertinent materials. The EPA is to promulgate
requirements for CEMS's, as well as for alternative
systems that provide requisite data where a CEMS is not
feasible.
In order to execute a trade, the EPA must record
written certification of the transfer, signed by a
responsible official of each party to the transfer. All
allowance allocations and transfers shall, upon
recordation by the EPA, be deemed a part of each unit's
20

permits requirements. A system for issuing, recording, and
tracking allowances, which shall specify all necessary
procedures and requirements for an orderly and competitive
functioning of the allowance system will be promulgated by
the EPA called Allowance Tracking System (ATS) . The EPA
will verify that the seller has sufficient allowances to
make the trade, and will cross-check the information from
the CEMS to insure that the seller's emissions level
correlates with its reduced allowance total.
Allocating the Allowances. Phase I regulates 261 of
the largest and dirtiest of the electric utility plants
listed in Table A of section 404 of the CAAA. Phase II
regulates every electric utility plant in the country,
approximately 2456, except those less than twenty-five
megawattage (MWe)

in size. The number and diversity of the

regulated sources is important because there must be an
adequate supply of buyers and sellers to support an active
market.
Phase I and II call for gradual reductions in the
pool of available allowances. After the year 2009, the
CAAA sets a permanent limitation on the total amount of

so 2

emissions permitted each year. This ceiling is

commonly referred to as the emissions cap. The emissions
cap ensures that after the year 2009 there will be an
unyielding ceiling of 8.9 million allowances per year for
electric utilities. Consequently, if greater production is
demanded after 2009, sources will have to operate in a
21

cleaner and more efficient manner in order to contain
their emissions within the limits imposed by this cap. The
EPA shall reduce, pro rata, the basic Phase II allowance
allocations for each unit.
During Phase I, the EPA is to allocate allowances
based on the product of each unit's baseline, its past
fuel consumption average, multiplied by an emissions rate
of 2.50 lbs/mmBtu, divided by 2000 to convert it into
tons. However, for Phase II the emissions rate by which
the baseline is to be multiplied is reduced to 1.20
lbs/mmBtu, to further reduce S02 emissions. Calculating an
allowance share on the basis of a regulated source's past
level of production activity, rather than on the basis of
a source's past emission tonnage rewards sources that have
already spent a significant amount of money in pollution
control for reducing their emissions.
Once the number of allowances and their recipients
are determined, the EPA will transfer the allowances to
affected sources. The CAAA "grandfathers" the majority of
the allowances, which are free emission rights given to
polluters. Thereafter, it leaves the task of
redistribution to the private market. The CAAA also
employs a zero-revenue auction to distribute a small
portion of the allowances, and a zero-revenue direct sale
to ensure that a supply of allowances will be available to
new sources.

22

Zero-Reyenue Auctions. Distributing allowances by
auctioning them off is unpopular with the industry because
it requires sources to pay for allowances to pollute as
well as for pollution control. Zero-revenue auctions are
more politically palatable than regular auctions because
they redistribute the revenues from the sale back to
polluters. Clean sources are reimbursed for all allowances
they would have received but did not purchase. Dirty
sources pay for any allowances purchased over their quota.
This method of initial allocation also ensures efficiency,
since polluters should not purchase more allowances than
they need.
The CAAA utilizes the zero-revenue auction concept in
a limited fashion. It requires the EPA to auction 150,000
allowances annually during Phase I and 250,000 allowances
each year thereafter. The EPA then redistributes the funds
collected from these auctions to the owners or operators
of affected sources on a pro-rata basis. Any source may
avail itself of the zero-revenue auction to sell its
allowances. However, the zero-revenue auction saves the
private industry the transactions costs of seeking trading
partners.

23

CHAPTER III
ANALYSIS OF POLLUTION MARKETS

The Role of Markets
The new Title IV of the Clean Air Act Amendments of
1990 (CAAA) has introduced the market based approach for
controlling sulfur dioxide (S0 2 ) emissions instead of
continuing to rely on command and control

(CAC) approach.

Using the CAC approach, regulators have often required
that industry apply the best available control
technologies

(BACT) as a means of achieving the lowest

levels of pollution emissions. The obvious costs of this
system are the large regulatory management systems and
personnel which are needed to monitor and administer the
thousands of regulated firms. Also the bureaucratic
process to determine the BACT to set standards. Such
regulation may discourage the development of processes and
technologies which lower pollution further by industry,
for fear that the new technologies would be mandated for
their operations. Therefore, the CAC approach can be very
costly by not allowing firms the flexibility to discover
and apply the least cost methods of lowering pollution.
In contrast, the market based approach involves the
marketing of S0 2 emission allowances, which are expected
to provide flexibility, efficiency, conservation, and
innovation in achieving the environmental goal. Market
incentive systems, such as marketable emission allowances,
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begin with an overall level or goal for emissions.
Optimally, such a goal is determined by considering the
costs of abatement in relation to the potential benefits
to society. Subsequently, incentives are put into place to
achieve the overall environmental goal in the least costly
fashion. With marketable emission allowances, firms that
can control their emissions at very low costs have the
incentive to do so, while those firms with expensive costs
to restrict emissions can purchase allowances. In
addition, market incentive approaches encourage the
development of more cost effective control technologies.
One of the objectives of the market based approach is
to achieve better levels of pollution reduction at a lower
cost. Cost savings to government agencies are expected to
be high because these regulatory agencies can reduce the
large infrastructure for enforcement used in the
traditional CAC approach. In addition, cost savings to
industry are expected to develop from choosing least cost
control options for S0 2 emissions reductions. Costs may
also be offset by the revenues obtained from trading
allowances.
The reason emission allowances can result in a cost
effective allocation is quite straightforward. Power
plants have very different costs of controlling emissions.
When allowances are transferable, those plants that can
control most cheaply find it in their interest to control
a higher percentage of their emissions because they can
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sell the excess. Buyers for these allowances can be found
whenever it is cheaper to buy emission allowances for use
at a particular plant than to install more control
equipment. Whenever an allocation of pollution control
responsibility is not cost effective, further
opportunities for trade exist. When all such opportunities
have been fully exploited, the allocation is cost
effective. The key to making sure a market works is to
reduce the transaction costs to the participants and to
widen the market to ensure that there is a reasonable
number of potential buyers and sellers.
Marketable allowances solves the problems of
information and incentive that are posed by the CAC
approach by allowing each participant in the market to
play that role it plays best. Regulators ensure that
sources have the proper incentives by allowing a big
market of

so 2

emission allowances with the potential of

active trading. Also, regulators have the assurance that
no more

so 2

emissions will be emitted than the available

number of allowances. By exploiting the flexibility
inherited in trading allowances to lower their own costs,
individual sources lower the total costs incurred by all
sources collectively. The self interest of every affected
source coincides with cost effectiveness.
The costs of achieving a given reduction in emissions
will be minimized if the marginal costs of control are
equalized across all emitters. Because the marginal cost
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curves cross at the cost-effective allocation, they must
be equal at that point. Allowing emission rights to be
traded results in a lower cost of compliance without any
change in total emissions. With marketable allowances, the
control authority can achieve a cost-effective allocation
despite its lack of knowledge about control costs. It
would only issue the required total of allowances to
achieve the level of

so2

emissions desired, leaving the

ultimate choice about control responsibility up to the
sources who have the best information on the available
control technologies (Tietenberg, 1985).
The marketing of emission allowances not only
encourages sources to adopt existing pollution control
technologies more rapidly, it also encourages the
continued development of new and more efficient
technologies. If the cost savings of a cleaner technology
were larger than the purchase price of the new technology,
the source would save money by switching. These incentives
encourage the potential suppliers of new technologies as
well. When emission allowances are tradable, the demand
for new technologies is higher. Faced with a higher demand
potential, suppliers of cleaner technologies are more
interested in devoting resources for research and
development.
Moreover, cost savings from government agencies are
expected to be extremely high. Marketable S0 2 emission
allowances do not need the large control and enforcement
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used for CAC approaches. The EPA has stated that it will
not get involved in the primary allowance marketplace
after it has developed the trading regulations. This is to
ensure the cost effectiveness of a free market allowance
trading system. However, the EPA will conduct certain
auctions and direct sales of allowances to ensure fairness
in the system. The EPA will also have the additional
responsibility to conduct the emissions monitoring
oversight and allowance tracking obligations. The
monitoring of S0 2 emissions and tracking of

so 2

allowances

will be computerized, which will reduce inefficiency and
costs.

The Generation of an Active Market
For the generation of an active market there must be
a proper composition of active participants to support it.
This requires not only an adequately large pool of
traders, varied enough in their need for S0 2 allowances to
ensure that many will buy and may will sell. Also, there
must be willingness of the participants to use the market
system. Two main factors will influence the willingness of
potential traders to patronize the market. First, there
must be an incentive to trade S0 2 allowances. Second,
transactions costs must be sufficiently low to maintain
this incentive (Hahn and Hester, 1989). In other words,
unless polluters perceive the gains from trading to be
greater than its costs, no active market will evolve.
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Additionally the marketable emission allowances must be
readily available and must retain their economic value.
Participants must perceive a potential to profit from
trading S02 allowances. Trading will occur only if the
abatement costs for the different sources vary enough to
ensure that the gains from trading will be greater than
the costs. Costs of trading include both the price of the

so2

allowances, which should reflect the risk of future

unavailability, and the transactions costs which
necessarily surround the sale. There is a big incentive to
trade because the potential market participants face
significant differences in abatement costs. For example,
larger plants with least cost can exploit economies of
scale in pollution reduction, and sell their extra
allowances to smaller sources with higher abatement costs.
Also, the auctions provide an incentive to start and
promote the trading of

so2

allowances.

The lower the transactions costs, the greater the
gains from trading. The auction system best facilitates
the process for buyers and sellers to identify each other.
The singularity of the regulated industry and the limited
number of regulated sources of approximately two thousand
should lower the transactions costs of standard sales by
simplifying searches for trading partners. Also, a private
organization can establish an information clearinghouse.
Participants would list the number and price of the S0 2
allowances they wanted to buy or sell. This system would
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help participants identify willing buyers and sellers, and
the price quotations would serve buyers in making their
cost-benefit analysis for decisions. Potential market
users must perform a cost-benefit analysis to determine
the economic benefits of trading.
In addition, another factor influencing transactions
costs is the simplicity of the trading process.
Fortunately, in the case of marketable so 2 emission
allowances, extensive oversight or complex procedures are
not necessary. The system is not more complicated than a
standard checking account. Each regulated source holds an
account with the EPA. When S0 2 allowances are distributed,
the accounts of each source are credited by the number of
S0 2 allowances received. When a trade is made, the buyer's
account is credited, and the seller's account is debited
by the amount of allowances traded. When a source's CEMS
is read, the amount of the reading is checked against its
account.
In order for allowances to retain their value, the
EPA must enforce the rules of the market, and must keep
the emissions cap so the number of allowances in the
market is fixed. Without an inflexible commitment to an
emissions cap, a marketable emission allowance system
would not maintain the market value for the allowances,
thus, providing uncertainty. Also, the EPA would face
constant political pressure to increase the number of
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allowances, and give various sources special treatment in
the form of extra allowances.

The Futures Market
The creation of a market in emission allowances
increases flexibility in complying with the acid rain
provisions, but it does not eliminate risk and
uncertainty. Price volatility is one of the greatest fears
of the market participants. There is also great difficulty
in establishing an appropriate market value for the S0 2
emission allowances. This is very important for regulated
sources because they want reliable cost-benefit analysis
for planning purposes. Utilities also may be reluctant to
dispose of excess allowances when the availability and
reliable prices in the market is still uncertain.
Regulatory uncertainties also complicate utilities'
strategic planning decisions. In an effort to make
emissions trading more efficient, it has been proposed
that

so2

allowances should be traded in the futures

markets.
The enormous reduction in

so 2 emissions

under the

emission allowance program represents a major step toward
solving environmental problems at lower cost through the
use of market forces and market institutions. On April 21,
1992, the Commodity Futures Trading Commission (CFTC)
unanimously voted to designate the Chicago Board of Trade
(CBOT) as a contract market for the
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so 2

allowances. This

authorizes the CBOT to establish a market for futures
contracts and options on futures contracts in S0 2
allowances, which will be launched later this year. The
auction will stimulate the

so 2 allowance

trading market

and complement the CBOT's innovative futures and options
markets. Electric utilities and other participants in the

so2

allowance market should find the introduction of

futures contracts and options to be a valuable tool for
strategic planning and risk management.
Futures markets have been used for over a century to
reduce price risks associated with unanticipated changes
in supply and demand. Futures contracts are contracts for
the delivery of a specified commodity at a specific date
in time. It commits two parties to the underlying
commodity at a given price on a specified future date. An
important distinction between the cash and the futures
markets is that less than 5 percent of the total volume of
futures transactions is settled by delivery of the actual
commodity, whereas virtually all cash transactions result
in physical delivery (Kroll and Paulenoff, 1993). An
active, open cash market supplemented by an active futures
market will improve the quality of prices for the

so2

allowances. The futures and options markets will make it
easier to buy and sell allowances, and will generate price
information needed to help firms identify the least cost
way to comply with the law.
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Each S02 emission allowance futures contract traded
on the CBOT will be equal to 25 tons of

so 2

emission

allowances or 25 S02 allowances. The product that is being
traded in a futures exchange is a contract. It is an
agreement to buy or sell a given number of contracts, each
for 25 S02 allowances, at a given price on a specified
future date. A futures trader establishes a position in a
futures contract either by purchasing contracts, a long
position, or by selling contracts, a short position. The
trader then may maintain its position until the contract's
expiration date, and make the exchange at the prearranged
price. Alternatively, a trader may offset its position by
entering into the opposite transaction before the
expiration of the contract. This offsets the same number
of contracts the trader bought and sold, and only pays or
receives the difference of the prices for the number of
contracts offset.
The options contract is similar to the futures
contract. The only difference is that with an options
contract, the trader has the option or the right to buy or
sell one futures contract at a specified price by a
certain expiration date. The trader of an options contract
pays a fee called premium, which is the options price. An
option to buy a futures contract is called a call option.
An option to sell a futures contract is called a put
option. The fixed price at which the option trader can
either buy or sell a futures contract is called the
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exercise price or striking price. In addition, the option
has a definite life, which means that it can be exercised
on any business day prior to expiration, or not exercised
at all by paying only the premium {Chance, 1989).
Futures trading provides risk management and price
discovery, which are valuable tools for utilities. Using
the futures market to trade pollution rights is very
attractive because the market discovers the best price for
those rights. These markets will price the right to
pollute in a very efficient way. Futures trading is a
remarkably close approximation to the classical economic
concept of pure competition. The conditions of perfect
competition are a large number of buyers and sellers so
that no individual has an influence on price, a
homogeneous product, free entry and exit, and full
information. These high volume markets have evolved into
this form out of market forces

{Hieronimous, 1981) .

The existence of an active S0 2 allowance futures
market could make available to the general public and to
hedgers the most current future price information of
allowances. Futures prices generally reflect all of the
currently available market information concerning the
anticipated value of a product at a particular point in
the future

{Rosenzweig and Villarreal, 1993). Also, these

markets are open to everyone to speculate or invest, so
this hasten new information into the markets, creates more
accurate price signals, and help firms plan and adjust
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their production. Thus, even those not participating in
the futures and options markets can benefit by pricing
their cash allowances purchases and sales that reflect the
prices predicted by those markets.
Efficiency will be created with the use of the
futures markets. The price signals of pollution rights
will lead to better informed and efficient decisions.
Also, the idea of random walk is achieved with the use of
these liquid and high volume markets, and thus, providing
everyone with valuable information. Planning for the
future will be easier with the availability of prices for
future contracts on S0 2 allowances. Companies can adjust
their decisions on emissions, production, investments,
cleaner technology,

fuel switching, and future planning by

taking into consideration the spot and future prices of

so2

allowances.
The creation of a S0 2 allowance market brings with it

risk. Without the ability to establish future prices for

so 2

allowances, power plants are unable to make informed

decisions on how to comply with the CAAA in the best way.
Futures markets allow both buyers and sellers to establish
a price for

so 2

allowances by hedging several months or

even years before the actual transaction will occur thus
eliminating the risk of price fluctuations. Using futures
markets to protect against adverse price fluctuations is
known as hedging. Hedging with futures contracts can help
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avoid a loss, but it also prevents the opportunity to make
a profit if the price moves in the other direction.
For example, suppose management at power plant A
determines that it is economically better for it to comply
by installing cleaner technology or scrubbers, thus
generating excess allowances that can be sold. Once that
decision is made, plant A is at a substantial risk that
the price of

so2

allowances can fall, thus decreasing the

value of its excess allowances and jeopardizing its rate
of return. On the other hand, power plant B might decide
that it is more feasible to purchase allowances rather
than installing expensive pollution control equipment. In
this case, plant B is exposed to the risk that in the
future the prices of S0 2 allowances can rise. Had plant A
and B been able to establish or lock in a future price
with a futures contract of

so2

allowances when the initial

decision was made, price risk would have been eliminated.
Hedging can also be accomplished through the use of
options on futures contracts. Purchasing an option is
similar to purchasing insurance. The buyer of an option
pays a premium for the option. In exchange for the
premium, the buyer is granted the right, but not the
obligation, to buy or sell a futures contract at a later
date at a predetermined price if he chooses to exercise
the option. Therefore, the option buyer is protected
against a price move against him, but still he is able to
take the advantage of a possible favorable price move.
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Power plants that do not hedge in the futures or options
markets automatically become speculators if they plan to
buy or sell S0 2 allowances in the future.
The use of the futures markets also reduces some
legal risks. Cash market contracts entered outside the
CBOT futures markets carry the risk that the counterparty
will breach its contract because of bankruptcy or other
causes. By contrast, one of the functions of a futures
market is to reduce counterparty risk. In the unlikely
event that a counterparty failed to perform on a futures
contract, the CBOT would make payment, or would go into
the cash market and obtain S0 2 allowances to make delivery
to the buyer, as appropriate. Then the CBOT sends the bill
of this bad deal to the brokerage house which bought or
sold the futures contract for the party that failed to
perform the contract. Accordingly, neither party that
trades in the futures markets needs to rely upon the
performance or solvency of the other party.
Of course, the futures and options markets themselves
are not without risk. These markets are highly leveraged
and are subject to extreme price volatility. Techniques
for hedging can be subtle and complex. Indeed, hedges are
seldom perfect, and thus may leave the hedging party
exposed to some level of market risk. Moreover, cash
market and futures market prices do not always track one
another perfectly. If these prices become seriously out of
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line, the basis risk can result in unexpected losses on a
hedging transaction (Rosenzweig and Villarreal, 1993).

Relationship Between Spot and Future Prices
The most important relationship between the spot and
the futures markets concerns price. The pricing of futures
contracts is very complex. The very nature of the word
futures concern expectations of prices in the future
(Chance, 1989). The difference in price between the actual
cash price and a designated future price in the same
commodity is called basis. The basis is one of the most
important concepts in futures market. It is usually
defined as the difference between the spot price and the
future price. The basis is quoted as the number of points
or cents at which the spot price differs from the future
price. When the price of the cash commodity is trading
lower than the future price, it is said that the basis is
off or negative. When the price of the cash commodity is
trading higher than the future price, the basis is on or
positive. The basis and its fluctuations are major factors
that directly influence the decisions of traders.
No matter what the commodity, and although the price
of the spot commodity may be higher or lower than the
price of the distant future, the spread between spot and
future prices must narrow as each future price approaches
expiration. Ultimately, the cash and expiring futures
prices must converge because of the possibility of traders
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seeking profit. The arbitrageur buys the allowances at the
lower price and immediately sells them at the higher
price. The low price will be driven up, and the high price
will be driven down until there is no more profitable
trading. Arbitrage is the mechanism that keeps prices in
line.
There exist three basic types of futures markets
classified by the structure of prices. First, a premium or
contango market refers to a market where each future
contract sells at a higher price over the previous future
contract. Therefore, the future price is higher than the
spot price in the premium market. Secondly, a discount or
inverse market refers to a market where each future
contract sells at a lower price from the previous future
contract. So, the future price is lower than the spot
price in the discount market. Lastly, a flat market refers
to a market where the spot and the future prices trade at
approximately the same level.
The premium market is the most common type of market
structure in the futures markets, existing when current
supplies are in excess of requirements. In such market,
the spot price will be lower than the future price. The
excessive stocks tend to depress the cash price, and
buyers have no incentive to aggressively bid for supplies.
The difference between the spot price and the future price
reflects the expected rate of return in the future. Also,
the price differential reflects an opportunity cost and a
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cost of carry. The cost of carry is the cost of holding
the excess allowances and the interest lost on the funds
tied up.
For the S02 allowances, a future price higher than a
spot price will suggest that there is currently an excess
supply of allowances, or the current demand for allowances
is small. Also, prices can be structured this way if
cleaner technology will be more expensive in the future,
or if the costs of fuel to fire the power plants increase
in the future. Another reason for a higher future price
for S02 allowances can be the expectation of a larger
demand of allowances in the future, or the expectation of
a smaller supply of allowances in the future. Markets look
ahead, anticipate supply and demand that will come to the
market at a later time, and adjust prices in line with
expectations (Hieronimous, 1981) .
A discount market is likely to develop when current
supplies are below anticipated requirements. In such
inverse market, the spot price will be higher than the
future price. This price structure can also be influenced
by an expected large supply in the future. These
conditions tend to reduce the future price relative to the
spot price. Therefore, cash buyers are forced to bid up
prices in order to secure their current requirements. The
current tight market conditions discourages holding on to
supplies. Although, there is a convenience yield of
holding on to supplies, which is an extra return for
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possessing supplies during shortages. This extra return is
reflected in the higher spot price relative to the future
price.
An inverse market for so 2 allowances reflect a high
spot price relative to the future price, which means that
there is an excess demand for so 2 allowances in the spot
market. This current demand tends to increase the spot
price for allowances. In such a market, spot buyers are
forced to bid up prices in order to meet their current
demand for allowances. Utilities must aggressively bid
higher to avoid the anticipated difficulty of obtaining
allowances in the spot market. The tightness of current
supplies and a higher supply of allowances in the future,
inverts the normal price relationship. It causes the
future price to sell at a discount relative to the spot
price. The extent of the discount is largely determined by
the degree of scarcity of the current supply (Kroll and
Paulenoff, 1993). On the other hand, a future surplus of
S0 2 allowances relative to a current shortage of
allowances will also affect the level of the price
differentials between the spot and the future prices.
Higher spot prices tend to allocate supplies of
scarce allowances over a longer period of time, pending
the arrival of additional supplies in the future. An
excess supply of allowances in the future will reduce the
future price of allowances. Having future prices for S02
allowances smaller than the spot prices, the market is
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expecting that the cost of cleaner technology will be less
costly in the future. With this price structure, it will
be less costly to comply with the

so 2

emissions limitation

in the future. This can be due to advanced research and
development being a lucrative business. Therefore,
innovative technology can be available to power plants at
less cost and with more efficiency. Adaptation to clean
technology or scrubbers by utilities can provide the
market with an excess supply of allowances in the future.
The price structure of S02 allowances will provide price
signals and expectations that can be used to everyone's
advantage.
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CHAPTER IV
EVOLUTION OF MARKET FOR S0 2 ALLOWANCES

The development of the market for

so 2

emission

allowances started with the first annual auction that took
place early in 1993 at the CBOT. The CAAA established the
Special Allowance Reserve, which is a withhold of 2.8
percent of the allocation of

so 2

allowances for each year.

This Special Allowance Reserve of allowances will be sold
in an annual auction to stimulate the allowance market.
The auction complements and forms the basis for the CBOT's
planned cash, futures, and options markets in

so 2

emission

allowances. The CBOT markets will make it easier for
everyone to buy and sell allowances, and will generate
risk management options and price information needed to
help firms identify the least cost way to comply with the
law. Moreover, these markets will stimulate direct trading
of allowances between sources.
Before the auction, the S0 2 emission allowance market
was developing and evolving as an informal, private cash
market. As such, it was characterized by customized and
sometimes complicated transactions with informational
value difficult to ascertain because of limited price
dissemination (Sandor, 1993). Clearly, a centralized,
efficient public price discovery method was needed to help
assure the success of the emerging S0 2 allowance market.
The first auction of S0 2 allowances held at the CBOT on
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March 29, 1993, marks the beginning of an innovative
market approach concept for the successful implementation
of public policy initiatives. Besides the S02 allowance
auctions, the CBOT will launch a standardized cash market
for allowances that will provide for price disclosure and
standard trade terms. In addition, the CBOT has also
received approval from the Commodity Futures Trading
Commission (CFTC) to trade futures and options contracts
on

so2

allowances.

Auction Details
The electronic sealed-bid auction, run for the EPA by
the CBOT, was designed to set a national benchmark for the
price of S02 emission allowances. In the price
discriminating auction,

sales started with the highest

priced bid, and continued to lower priced bids until all
allowances were sold. The bids outnumbered by four to one
the allowances on sale. Although, the first auction
resulted in a wide range of bid prices and a limited
number of serious bidders. The EPA raised $21 million in
the first annual auction of S0 2 emission allowances.
As required by law, the EPA will return the auction
proceeds to the affected utilities from whom the auctioned
allowances were withheld. There is no upper or lower limit
on bid price levels, and there is no limit on the number
of

so 2 allowances

that any single entity may purchase.

Also, there is no limit on the number of bids that may be
44

accepted from a single bidder for either the spot or
advance auctions. Anyone who owns allowances may offer
them for sale in the auctions, and may set a minimum
acceptable price for the allowances. Bids for the two
respective auctions, the spot and the advance auction, are
sorted in descending price order, and the allowances are
allotted to bids until all the allowances in each auction
pool are distributed.
The sale of 150,000

so 2

emission allowances from the

Special Allowance Reserve, mandated under the CAAA,
resulted in the purchase of all allowances. Of these
150,000 allowances sold, 50,000 were sold in the "spot"
segment of the auction. These S0 2 allowances may be used
in 1995 or later, when 261 of the largest and dirtiest
power plants located in the eastern and midwestern states
must have S0 2 allowances in order to operate. An
additional 100,000 allowances were sold in the "advance"
segment of the auction. These S0 2 allowances may be used
only in the year 2000 or later, when 2,456 smaller and
cleaner power plants come under the S0 2 reduction program.
The Special Allowance Reserve used for the annual
auction will allocate 150,000 allowances per year for each
year from 1995 through 1999, and 250,000 allowances per
year for every year beginning in the calendar year 2000.
Since the S02 reduction program starts in 1995, the first
three years of the annual auctions starting in 1993 will
sell 50,000 allowances in the spot auction for use in 1995
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or later. By 1995, there will be 150,000 accumulated S02
allowances that were sold in the spot auctions of 1993,
1994, and 1995. The idea of dividing the 150,000 S02
allowances usable in 1995 or later into three years was
designed to start the activity of trading allowances and
discovering prices since 1993. Also, the idea of selling
allowances in the advance auction, which can be used in
the year 2000 or later, was designed to provide price
signals about expected future prices of

so 2

allowances. In

addition of these allowances, power plants can voluntarily
offer extra allowances for sale in the auctions.
The EPA's reserve S0 2 allowances sell first,

and the

voluntarily offered allowances sell second. After all the
50,000 spot and 100,000 advance allowances are sold in the
auction, bids remaining will be matched, at bid price, to
allowances voluntarily offered for sale. The offer
stipulating the lowest minimum acceptable price will be
matched with the highest remaining bid. Offers will
continue to be matched lowest offer to highest bid until
all bids are filled,

all offers are accepted, or until

minimum acceptable offer prices are higher than the
remaining bid. In considering bidding strategies,
utilities will start by identifying the internal per-ton
cost they face in cutting emissions. Any purchase of
emission allowances at a price lower than the internal
control costs reduces the final compliance cost faced by
the utility (Sandor, 1993).
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The S02 allowances that the EPA sold at the annual
auctions will represent only about 2.8 percent of nearly
6.4 million allowances allocated annually to affected
sources for use beginning in 1995. The 6.4 million
allowances represent about 65 percent of the S0 2 emissions
coming out of the 261 dirtiest power plants. When the
program is expanded to 2,456 power plants in the year
2000, the annual auctions will sell only about 2.8 percent
of nearly 9.5 million allowances allocated annually then
for use. After the year 2009, the emissions cap will be of
8.9 million S0 2 emission allowances allocated annually.
The reductions of S02 emissions are 3.5 million tons of S02
every year in Phase I and about 10 million tons of

so 2

emissions during and after Phase II.

Price and Quantity Evaluation
The auctions held at the CBOT are one of the first
steps of the innovative emission reduction program under
the acid rain provisions of the CAAA. The event thus
successfully launched the first market-oriented approach
to the regulation of a pollutant. Besides the 150,000
reserve allowances sold, there were many other S02
allowances voluntarily offered by the utilities. For the
spot auction,

95,010 allowances were voluntarily offered

for sale by power plants. For the advance auction, 30,500
allowances were voluntarily offered for sale by utilities,
too (Table 4.1 and 4.2).
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TABLE 4.1
EPA S02 ALLOWANCE AUCTION RESULTS
I. TOTAL ALLOWANCES OFFERED FOR SALE

Spot Auction:
50,000

(EPA Reserve) + 95,010 (offered)

=

145,010

Number of Offers: 16
Minimum Price Range: $10- $1,900
Average Minimum Price: $439 (w/o $1,900 offers)

Advance Auction:
100,000 (EPA Reserve) + 30,500 (offered) = 130,500
Number of Offers: 35
Minimum Price Range: $200 - $449
Average Minimum Price: $273
II. WHO BID IN THE AUCTIONS

Purchasers

Bidders
Advance

Spot

Advance

52%

32%

95%

99%

Brokerage Firms

8%

12%

5%

1%

Public Groups

6%

9%

<1%

<1%

Private Investors

20%

38%

<1%

<1%

Other

14%

9%

<1%

<1%

Spot
Utilities

Source: U.S. Environmental Protection Agency (EPA), 1993.
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TABLE 4.2
SPOT AND ADVANCE AUCTION RESULTS

SPOT (1995)

Total Quantity Bid:

ADVANCE (2000)

321,354

283,406

50,010

100,000

$7.8 million

$13.6 million

Average Price:

$156

$136

Highest Bid:

$450

$310

$0.26 (not valid)

$0.01 (not valid)

$131

$122

Successful Bids:

36

30

Unsuccessful Bids:

70

35

106

65

Allowances Sold:

Total Proceeds:

Lowest Bid:

Lowest Successful Bid:

Total Bids:

Source: U.S. Environmental Protection Agency (EPA), 1993.
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A total of 145,010 allowances were offered for sale
in the spot auction. Of this number, 50,000 allowances
were withheld as reserve by the EPA for this year's spot
auction, and 95,010 were voluntarily offered. The CBOT
received 106 bids for a total quantity of 321,354
allowances for the spot auction of which 36 bids were
successful. The successful bid price for each allowance
ranged from $131 to $450. The total number of spot
allowances sold was 50,010. Therefore, only 10 allowances
were sold of the 95,010 allowances that were voluntarily
offered for sale by utilities. This is because utilities
were voluntarily offering S0 2 allowances for sale at very
high prices. Only 10 allowances were offered at a price of
less than $131. Learning needs to occur in the market so
that the participants can make better decisions.
In the advance auction, a total of 130,500 allowances
were offered for sale. Of this number of

so 2

allowances,

100,000 were withheld by the EPA as a reserve for this
year's advance auction, and 30,500 were voluntarily
submitted for sale. The CBOT received 65 bids for a total
quantity of 283,406 allowances for the advance auction of
which 30 bids were successful in buying 100,000 S02
allowances. The successful bid price for each allowance
ranged from $122 to $310. In the advance auction only the
reserve allowances withheld by the EPA were sold.
Therefore, none of the allowances voluntarily offered for
sale was offered at a price of less than $122. The average
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Price per allowance sold in the advance auction was $136,
as opposed to $156 in the spot auction.
Fossil fuel-fired utilities purchased the largest
share of the S0 2 emission allowances at the auctions held
at the CBOT. Utilities bought 95 percent of all the S02
allowances in the spot auction, and bought 99 percent of
all the allowances in the advance auction. Carolina Power
and Light, Raleigh, NC, bought about half of all the
allowances for sale at an average price of $135 per S0 2
allowance,

for a total of $11.5 million. A spokesman for

the utility says that the purchase will allow the powergenerating company to defer installing expensive emissions
scrubbers until the year 2005 (Reisch, 1993).
Brokerage firms purchased about 5 percent of the S02
allowances in the spot auction, and about 1 percent of the
allowances in the advance auction. Other purchasers were
public interest groups, environmental groups, private
investors, and others. Although the purchases of these
groups accounted for less than 1 percent of S0 2 allowances
in the spot and advance auctions. These groups were not
serious purchasers, but they had other objectives such as
stimulating the activity of the auctions and attracting
attention. For instance, the Natural Resource Defense
Council

(NRDC) bought one S02 emission allowance. A

spokesman says that NRDC supports the auction approach,
and will retire its S0 2 allowance of the market as a
gesture to cut pollution (Reisch, 1993).
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The first auction for S0 2 emission allowances
resulted in a wide range of bid prices and a limited
number of serious bidders. The only serious bidders were
utilities, which bought almost all of the so 2 allowances.
Even though utilities made only 52 percent of the bids in
the spot auction and 32 percent in the advance auction,
they bought 95 percent and 99 percent of all allowances,
respectively. The other groups, which is composed of
brokerage firms, public interest groups, private investors
and others, made 48 percent of the bids in the spot
auction and 68 percent in the advance auction, but only
purchased about 5 percent and 1 percent of all allowances,
respectively. Even though utilities were the serious
bidders, the S02 allowance auctions were taken seriously
because it attracted other participants.

Price Differentials Between Spot and
Future Prices
In the first annual auction held at the CBOT in March
29, 1993, there were price differentials between the spot
prices for so2 allowances and the future prices for so2
allowances. The average price per allowance sold in the
spot auction was $156. The spot auction sold allowances
that can be used starting in 1995 or later. On the other
hand, the average price per allowance sold in the advance
auction was $136. The advance auction sold allowances that
can be used when the program is expanded starting in the
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year 2000 or later. In addition,

98 percent of all S02

allowances sold in the spot auction were in the price
range of $131 to $200. In contrast, 96 percent of all S02
allowances sold in the advance auction were in the price
range of $122 to $160. As it can be observed from the
average prices and the price ranges, the spot prices for
allowances were higher than the advance prices. Not only
was the average price per allowance higher for the spot
allowances, but also the price range for spot allowances
was more spread out into higher prices.
There can be many reasons for the spot prices being
higher than the future prices for S0 2 allowances. One
reason can be that current supplies of allowances are
below the necessary requirements to comply with the law in

1995. This means that there is an excess demand for
allowances which tend to push the spot prices up relative
to the future prices. In order to secure their anticipated
so2 allowances, spot buyers are forced to bid up prices.
Phase I regulates dirty power plants with high costs for
pollution abatement that must aggressively bid higher, to
avoid the difficulty of obtaining allowances. In sum, the
high demand for allowances mixed with a low supply of
allowances tends to increase the spot prices for so2
allowances.
Spot prices were higher than future prices in the
auction because of the convenience yield of having the S02
allowances, and avoiding any uncertainties in the coming
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years. Since it is very costly for the large, dirty power
Plants to reduce so 2 emissions, they are willing to pay
higher prices for the allowances. Phase II regulates
smaller and cleaner power plants that can reduce S02
emissions cheaper than· dirty sources. With a cheaper
reduction of S0 2 emissions for Phase II, it reduces the
prices for allowances in the future. These reasons make
the spot prices higher than the future prices for so2
allowances.
Future prices being lower than spot prices can be the
expectation that cleaner technology will be less costly in
the future. With technological innovation on pollution
abatement, the costs of reducing so 2 emissions can be
smaller in the future. Since CAC approaches of the past
did not encourage the development of innovative
technologies to control pollution, it must be expensive to
buy scrubbers or cleaner technology in the present. The
marketable emission allowances will encourage research and
development of clean technology and clean production that
reduces the costs of cutting emissions and that promotes
resource conservation in the future. These reasons and
expectations of the future tends to decrease the future
prices of so2 allowances relative to the spot prices.

pirection of the Market
The first auction for so 2 allowances marks the
direction of where the market is going. The annual
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auctions will stimulate the trading of S0 2 allowances for
the generation of an active market. The auctions represent
an innovative concept of applying market-based approaches
to the control of pollution. The success of these first
auctions, spot and advance, proves that utilities and the
public are taking seriously, and that a market-based
approach to environmental policy can succeed in meeting
the dual goals of environmental protection and economic
growth. The EPA allowance auctions are intended to
stimulate the S0 2 allowance trading market, and
establishing an initial market price early in the program.
The auctions will also provide a source of S0 2 allowances
to new utilities, which are not automatically entitled to
any allowances under the CAAA.
The auctions will stimulate the cash market for

so 2

allowances. Now that an initial price for allowances has
been established by the spot and advance auctions,
electric utilities can make better decisions for their
future planning. With reliable cost-benefit analysis, the
activity of direct trading between utilities will
increase. Also, the creation of a clearinghouse can
promote trading of allowances. In addition, the CBOT will
conduct another cash market for S0 2 allowances, including
the annual auctions, through a new electronic trading
system it plans to install. An efficient cash market is
essential to ensure that participants can readily buy and
sell allowances as needed. Utilities need to be able to
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obtain allowances cheaply and easily in order to cover
unexpected increases in emissions and sell excess
allowances. An active cash market supplemented by the
annual auctions will promote the development of the S02
allowance market.
The new direction for the

so 2

allowance market was

set when the CBOT was authorized by the CFTC to establish
and operate a futures and options market for

so 2

emission

allowances. Futures and options will provide the allowance
market with valuable tools, and promote the success of the
program. Futures markets provide risk management and price
discovery in a very efficient manner. With the ability to
establish future prices for

so2

allowances, power plants

are able to make economically sound decisions on how to
comply in the best manner. Once a decision has been made,
utilities can protect themselves against price
fluctuations by hedging with futures and options markets.
An active futures market will improve the quality of

prices for S02 allowances. All the markets combined, the
auctions, cash, futures and options, will constitute a
well organized trading system for the

so2

allowances.

The S02 allowance program is already being viewed
around the world as the prototype market for solving
environmental problems. The allowance trading system
capitalizes on the power of the market to reduce S02
emissions in the most cost-effective manner possible. If
the program succeeds, the market-based approach of
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marketable allowances will serve as the model for future
environmental programs. People around the world will be
keeping track of the

so2

allowance program because it is

likely to shape the environmental laws and regulations of
the future. The key is to devise programs that put the
marketplace to work on behalf of the environment.
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CHAPTER V
CONCLUSION

The S02 allowance program is an excellent example of
a win-win environmental policy that will be copied around
the world in the twenty-first century. It represents a
major step toward solving environmental problems at a
lower cost through the use of market forces and market
institutions. The enormous cut in the
the

so2

so 2 emissions

under

allowance program will greatly reduce the damage

that acid rain causes to forests, aquatic resources,
structures, and visibility. The cost savings the market
approach provides means less resources will be
inefficiently used. Also, the market approach of
marketable allowances will save money to industries,
consumers, and government agencies.
Title IV of the CAAA, which contains comprehensive
provisions to control the emissions that cause acid rain,
represents a legislative breakthrough in environmental
protection. The legislation calls for historic reductions
in

so2

emissions from the burning of fossil fuels, the

principal cause of acid rain. In addition, the approach
embodied in the new provisions represents radical
departure from the traditional CAC approach to
environmental regulation that prevailed in the U.S. during
the 1970's and 1980's.
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The S02 allowance trading program that the EPA is
developing under the CAAA takes a more flexible approach.
It simply sets a national ceiling on S0 2 emissions from
electric power plants, and allows affected utilities to
determine the most cost-effective way to achieve
compliance. The reductions of so 2 emissions are very
stringent. In Phase I of the program, the target for the
maximum S02 emissions will be 15.4 million tons, which is
a reduction of 3.5 million tons of so 2 emissions. In Phase
II, the target for the maximum S0 2 emissions will be 9.4
million tons, which is a reduction of 10 million tons.
After Phase II, by the year 2010 the emissions cap will be
of 8.9 million tons of S0 2 emissions, and the emissions
cap will be permanent for the years after 2010.
The premise behind S02 emission allowance trading is
that there are two kinds of electric utilities. One has
high costs of reducing S0 2 emissions, and the other has
low costs of reducing emissions. Utilities with low costs
will reduce their emissions below their limit level.
Reducing S0 2 emissions below the compliance level,
provides utilities with extra S02 allowances. Then, they
can sell the allowances to the utilities with high costs
of reducing emissions. Supposedly, both types of utilities
benefit because the total cost of achieving the target
reduction in so2 emissions is less than if each had to
invest in actually reducing its emissions.
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By placing a permanent cap on 50 2 emissions, the CAAA
allowance trading program looks to the future by
encouraging energy conservation, the use of renewable and
clean alternative technologies, and pollution-prevention
practices. These innovative provisions will help ensure
that lasting environmental gains are made. The 802
allowance system creates an inherent incentive to conserve
energy and promote efficiency, since for each ton of 802
emissions reduced, there is one less allowance a utility
will have to purchase or use to meet its allotted emission
level.
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