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Auction Design for Selling CO, Emission Allowances Under the
Regional Greenhouse Gas Initiative

Executive Summary

In 2009, the 10 northeastern states that comprise the Regional Greenhouse Gas
Initiative (RGGI) will launch the first cap-and-trade program for greenhouse gas emissions
within the United States. This program, which covers CO, emissions from electricity
generators within the region, is the result of a multi-year cooperative effort among states
from Maryland to Maine. CO, emissions will be capped at levels comparable to emissions
levels at the beginning of this decade and then ramped down to 10% below initial cap
levels by 2019. RGGI member states have developed an architecture that can serve as a

model for a national program to limit greenhouse gas emissions.

The RGGI proposal represents a substantial break with the past. Rather than give
the allowances away for free, as has been done in earlier cap-and-trade programs, the
RGQGI states agreed to allocate at least 25% of the emission allowances created by a cap-
and-trade program to benefit consumers and to support strategic energy investments. An
auction of allowances is the most straightforward way to implement this policy. More
recently, several RGGI states have decided to auction 100% of their annual CO, allowance
budgets. As the first greenhouse gas cap-and-trade program to start with a substantial

auction of allowances, this major regional initiative will have a global impact.

A carefully designed allowance auction can help maximize the benefits of the
RGGI program and can serve as a model for other states and, ultimately, for a federal
program to control greenhouse gas emissions. The investigators on this project worked to

develop an auction design that meets several key criteria:
e Low administrative costs, low transaction costs for bidders;
e Perceived as fair, transparent, and understandable to participants and the public;

e Economically efficient —that is, getting allowances to those who value them the

most;

¢ Avoiding collusive behavior by bidders and providing good signals about

market prices;

e Helping to minimize price volatility;
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e Raising reasonable revenues from the sale of a valuable public asset; and
e Compatible with existing electricity and energy markets.

This research uses experimental economic methods, insights gleaned from the
economics literature, and results from past experience with various types of auctions,
including prior allowance auctions, to develop recommendations on the most appropriate

design for auctions of RGGI CO; allowances.

The research was conducted in two phases. Phase 1 included the initial preparation
of an annotated bibliography and a round of experiments to investigate the performance of
a number of auction types considered to be likely candidates for use in a CO, allowance
auction. The main auction types considered were the sealed-bid, increasing-price
sequential (English clock), and decreasing-price sequential (Dutch) auction forms. We also
examined whether sealed-bid auctions should use the pay-as-bid (discriminatory) or
uniform-price rules. Our experimental findings in Phase 1 regarding the performance of
these auction types did not reveal a clear winner; all of the formats performed well in these

initial experiments.

In Phase 2, we continued experiments aimed at the basic question of identifying the
auction type that performs best along an expanded set of performance measures and in a
richer institutional setting. The auction formats were compared with respect to price
discovery, that is, ensuring that the price of allowances at auction reflects their market
value, and in limiting collusive behavior. We also examined the effect of reserve prices and
allowance banking and did more analysis of how the auction combines with secondary (or
spot) markets. We looked at the effects of allowing participation in the auction by brokers
or other traders not needing allowances for compliance and of combining auctions with
“grandfathering” of some allowances for free to generators. In addition, we performed
some experiments to look at so-called “hoarding behavior” and the effects of different
mechanisms that have been proposed to limit hoarding. In particular, our experiments
examined whether holding auctions with participation limited to generators can reduce the

effect of hoarding behavior.

Several recommendations on auction design follow from the findings of this study

and they are summarized below.

1. The RGGI auction should use a uniform-price auction format, the clearing

price for the auction being the value of the highest rejected bid. The
uniform-price auction format has much to recommend it, including

simplicity, relative transparency, and the observed tendency for bidders to



10/26/07

ensure purchases of needed allowances by bidding closer to use values. This
auction design performed very well in our price discovery experiments. The
uniform-price auction also is familiar to the electricity sector, as it is the
auction form used in most Independent System Operator (ISO) electricity

auctions.

The RGGI auction should use a single-round, sealed-bid format. The

literature suggests that multiple-round auctions can be more conducive to
collusion, as they provide participants with opportunities for signaling and
detecting when someone has reneged on a collusive agreement. In our
preliminary recommendations, we had recommended that the first auction
for each vintage be a clock auction (with a final, sealed-bid stage), but
further examination suggests that clock auctions perform no better in terms
of price discovery than single-round auctions. Ties in the auction should be

resolved by a random process to help guard against collusive bidding.

Separate auctions should be held for different vintages. Since the yearly

vintages within a compliance period are not identical assets, due to different

first years of allowable use, they should be sold separately.

The auctions should be held quarterly. This schedule of auctions provides

the benefits of periodic price discovery and enhanced liquidity without

interfering with the performance of a secondary market.

Future allowances should be made available four years in advance of their

vintage. Auctioning future vintages in advance should assist generators in

their planning for future investments.

A reserve price should be used at each auction. In general, the reserve price

should be announced publicly, with the possible exception of the first
auction. How the reserve price is set in the auction interacts with other
aspects of the program design. No bids for allowances should be accepted if

the bid price falls below the reserve price.

Two options have been identified for what to do with_unsold allowances

because of insufficient demand or because the reserve price is triggered.
One option is that unsold allowances should be rolled into a contingency
reserve account. The allowances in the contingency account will not be
released for sale until some RGGI auction closes above a specified value,

such as the first offset trigger price. Once this condition is met, the
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contingency reserve allowances would be available for auction on the next
quarterly auction date. The contingency reserve account would help to
minimize large fluctuations in allowance prices. Another option is that some

or all of the unsold allowances could be rolled into the next auction.

Lot size at auction should be a minimum of 1,000 allowances. This will
reduce administrative costs and bidding costs without placing significant
burdens on bidders. The lot size should not be so large that it limits

participation in the auction.

Auctions should be open to anyone willing and able to meet financial pre-

qualification, but no single entity should be able to purchase (or take a
beneficial interest in) more than 33% of the allowances for sale in any
auction. Open auctions will enhance competition and limit opportunities for
collusion. Limiting the share of allowances that a single entity can purchase
in an auction raises the cost of using the auction to corner the market

without placing too stringent a restriction on what generators can purchase.

Accepted bids should be treated as binding contracts, and bidders must
provide strong financial assurance to cover the value of any bids. No bids

above financial assurance levels should be allowed for any bidder.

There should be a joint and uniform auction for allowances of a given

vintage sold from all RGGI states. Allowances should be completely
identical, notwithstanding the state of origin. All contract and enforcement
terms should be identical for all allowances, notwithstanding the state of
origin. This structure helps keep transaction costs low and prevents some

extraneous influences on prices.

RGGI market monitoring efforts should take advantage of existing

monitoring activities by federal and state agencies and other interested
parties. RGGI should coordinate with the Federal Energy Regulatory
Commission, the U.S. Environmental Protection Agency (EPA), the
Independent System Operators and the Commodity Futures Trading
Commission (CFTC) in designing criteria for detecting market
manipulation and for sharing of information regarding the performance of

the allowance market and the detection of attempts to manipulate prices.

RGGI should require that the authorized account representatives be obliged

to disclose the “beneficial ownership” of any allowance holdings. That is,
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every participant would have to disclose the party sponsoring or benefiting
from the agent’s activities in the allowance market if it was other than
themselves or their immediate employer. Currently this is not required in
the EPA’s Allowance Tracking System. This information is proprietary and
should be kept confidential.

Information from the auction that should be publicly disclosed includes the

auction clearing price, the identities of winning bidders and the quantity of
allowances obtained by each winning bidder. The actual value bid by each
auction participant should not be disclosed. Information about losing
bidders should not be disclosed.

RGGI should articulate the auction goals in a “Statement of Intent” and ask

all participants in the auction to acknowledge that statement and agree not
to undermine these goals. The goals that might be articulated range from
overall environmental integrity to specific behavior in the allowance

market.

RGGI should evaluate the performance of the auction on an ongoing basis

as part of their administrative oversight of the program.
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Part 1. Motivation and Organization of the Project

1 Introduction

In 2009, the 10 northeastern states that comprise the Regional Greenhouse Gas
Initiative (RGGI) will launch the first cap-and-trade program for greenhouse gas emissions
within the United States. This innovative program, which covers carbon dioxide (CO,)
emissions from electricity generators within the region, is the result of a multi-year
cooperative effort among states from Maryland to Maine. CO, emissions will be capped at
levels comparable to emissions levels at the beginning of this decade and then ramped
down to 10% below initial cap levels by 2019. Participants in the RGGI planning process
have developed architecture for a successful cap-and-trade program that can serve as a
model for a national program. A feature of this architecture, found in the original RGGI
memorandum of understanding (MOU), specified that all states should allocate at least
25% of the emission allowances created by a cap-and-trade program to consumer benefit
and strategic energy initiatives. An auction of allowances is the most likely way to
implement this policy. Since signing the RGGI MOU, several RGGI states have made the
decision to auction 100% of their annual CO, allowance budgets. By being the first
greenhouse gas cap-and-trade program to start with a substantial auction of emission
allowances, this program provides an opportunity to demonstrate how allowance

auctioning can help the program to succeed.

The purpose of this research project is to assist with the design of auctions for the
initial sale of CO, allowances in RGGI. The RGGI Model Rule specifies that each state
must allocate at least 25% of its budgeted allowances to a consumer benefit or strategic
energy purpose account. These “consumer benefit” allowances are to be sold or otherwise
distributed to promote energy efficiency, to directly mitigate electricity ratepayer impacts,
or to promote lower-carbon-emitting energy technologies. Some RGGI states have stated
that they intend to auction 100% of their budgeted allowances. In July 2006, the authors of
this report participated in workshop convened on behalf of stakeholders and state officials
in RGGI to provide technical assistance on how to design an auction (Burtraw and Palmer
2006). That workshop included reports on past experiences with auctions for emission
allowances and other commodities. The analysis provided in this study will illuminate how
different auction design specifications relate to particular goals and criteria that RGGI has

for the allowance auction. The report will conclude with recommendations on an auction

10
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design for meeting RGGI goals and criteria. The analysis is applicable to a large, region-

wide auction that involves the participation of all RGGI states. Guidance that is provided
applies to the general case of an auction of emission allowances at any scale, recognizing
that the size and other attributes of the market may affect the conclusions that are reached

in the recommendations.

Considerable experience in the sale of assets by governments has led to the
conclusion that careful attention to auction design can be critical to an auction’s success in
achieving the goals specified for the auction (e.g., McAfee 1996 and Whitford 2007). Sales
have included a diverse array of rights, such as timber harvests, resource extraction,
electromagnetic spectrum, securities, and, as in this case, emission allowances. Usually the
goal specified in the sale is to maximize some combination of efficiency and revenues.
Roughly speaking, efficiency is measured by whether the auction results in the rights being
owned by those who value them the most. It is sometimes the case that choosing a
particular element of auction design may require a tradeoff between revenues, efficiency,

and other desirable attributes.

Factors particularly important to the success of an auction also include the
auction’s competitiveness, the ability of the auction to elicit bids that reflect actual
valuations by bidders, and restricting bidder opportunities for acting strategically in a way
that defeats the efficiency or revenue-raising function of the auction. In addition, there may
be other, secondary characteristics that are of importance to policymakers or that may have
an effect on the market into which the goods are sold, if not the efficiency of the auction
itself. These factors may include price volatility, effects on related markets, transparency,

low administrative and transaction costs, and perceived political risk in auction outcomes.

Auctions for RGGI CO; allowances will be taking place with the expectation that
there will be an active secondary market for these assets and that a significant amount of
allowances will be traded outside of the auctions themselves. Concerns about the role of an
auction in CO, allowance trading can be roughly divided into three categories: those
concerns that arise due to the existence of trading itself, concerns that arise due to the
auction institution chosen, and some concerns that involve the interaction of the auction
with an existing market. In this report, our primary focus will be on the latter two concerns.
However, in the course of our research we also have looked in some detail at a few issues
that arise not from the auction but from the tradability of allowances themselves. These
particular issues would arise whether the allowances were distributed for free
(grandfathered), auctioned, or allocated in some other way. Part of our report will look at

potential opportunities for the auction design to address or mitigate concerns that would

11
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exist even in the absence of an auction. Where possible, we also comment on adjusting the

program design to address these larger market issues.

1.1 Methods of Analysis

The long experience with auctions and the substantial value of items sold at auction
has led to the development of a large body of academic literature on the subject. This
literature has three branches: theoretical, empirical, and experimental. By focusing on the
abstract strategic form of auctions, the theoretical literature allows us to make predictions
about how various types of bidders will respond to particular auction forms in particular

situations. These theoretical predictions are put to the test in two ways.

First, there is substantial and growing experience with real-world auctions and an
increasing value of goods that are sold by auction in both the public and private sectors.
We can find empirical evidence of how well the theory fits the actual results by reviewing
case studies and statistical examinations of the actual outcomes of real-world auctions
(Hendricks and Paarsch 1995; Athey and Haile 2006).

Second, increasingly auction theory is being tested and refined in the economics
laboratory (Kagel 1987; Rassenti, Smith et al. 2002; Staropoli and Jullien 2006). An
economics laboratory generally comprises a group of human participants at a set of
computers that are linked together with specialized software that allows the participants to
be presented with a set of carefully designed decision tasks where the incentives, choices,
information, and other characteristics are carefully controlled. Economics experiments are
increasingly used for analyzing public policy, economic theories, and institutions. By
allowing one factor to vary while holding all other factors constant in the laboratory,
experimentalists can test theoretical predictions about how that “treatment variable” affects
outcomes. Due to their availability and suitability, college students frequently are recruited
to participate in the experiments in economics laboratories. Generally, the experiment is
structured so that these student participants earn a payment based on the outcome of their

choices.

Auctions, in particular, are well-suited to experimental investigation because of
their compact institutional form. Experiments have proven valuable not only in testing
strategic relationships and the likely market outcomes that might be obtained, but also
because the formalized experimental setting requires a detailed specification of the

institution that will embody the auction format. Thinking through all of the details

12
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associated with that institution helps planners to anticipate potential problems (Holt, Shobe
and Smith 2006).

During the past few years, the FCC has used laboratory experiments to guide the
work on spectrum auctions (Goeree and Holt, 2005; Goeree, Holt and Ledyard, 2006,
2007). In particular, the high visibility 700 MHz auction scheduled for early 2008 will
implement a Hierarchical Package Bidding (HPB) format that was proposed by two
members of the RGGI auction design team (Goeree and Holt). When this format was first
proposed to the FCC last February, the agency reacted enthusiastically and asked for
laboratory tests. The FCC Public Notice (released 8/31/07) that invited comments about
our proposed HPB format mentions the importance of the experiments and the relative
success of HPB.! The more recent Procedures Public Notice (released 10/05/07) states
*“...we will use HPB in part because the mechanism for calculating prices is significantly
simpler than other package bidding formats...”” 2

Experiments with human subjects are resource intensive and original experiments
may not be necessary or appropriate for addressing all the questions that RGGI has about
how to design the allowance auction. Thus, in this research we draw on the results of a rich
literature on past auction experiments to help to inform our judgments about certain
auction design features. We also draw on our own experience and familiarity with the
design of past emissions cap-and-trade programs and allowance auctions in other settings,
such as the Virginia NOy auction, and the limited experience of others in Europe with
auctioning of CO, emission allowances under the European Union Emissions Trading
Scheme (ETS). In addition, we draw upon the empirical literature analyzing the
performance of past auctions mentioned above to help inform our conclusions and

recommendations regarding the design of a RGGI auction.

1.2 Two Phases of Research

This research was conducted in two phases. Phase 1 included the initial preparation
of an annotated bibliography of key papers on auctions generally, emissions auctions in
particular, and other related auction topics. Phase 1 also included a round of experiments to
investigate the performance of a number of auction types considered to be likely

candidates for use in a CO; allowance auction. The Phase 1 experiments measured the

1 See http:/fjallfoss.fcc.gov/edocs public/attachmatch/DA-07-3415A1.pdf.
2 See http://fjallfoss.fcc.gov/edocs_public/attachmatch/DA-07-4171A1.pdf.

13
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efficiency and revenues from several different auction types in the abstract. For the most
part, they did not take into account asymmetries in the cost of compliance among
participants or the likely presence of a secondary (spot) market for allowances. Based on
results from the academic literature, experience with previous auctions of allowances, and
the laboratory experiments, the Phase 1 interim report, completed in May 2007, provided
preliminary recommendations concerning which auction forms are likely to provide the
best fit for the auction of RGGI allowances and related recommendations on the frequency
of auctions, the role of reserve prices, and facilitating forward markets, among other
things. The results and recommendations of the phase 1 analysis largely are folded into this
report, although they have been modified and extended substantially as the result of

additional experimental evidence and research.

In Phase 2 of the research, we expand considerably upon the literature review
initially presented as an appendix to the interim report. Because our experimental findings
in Phase 1 regarding the performance of the different auction types did not reveal a clear
winner, we continued experiments aimed at the basic question of identifying the auction
type that performs best along an expanded set of performance measures, including price
discovery and limiting collusive behavior. We also examine the effect of reserve prices and
banking, do more analysis of combining auction with secondary markets, and look at the
effects of participation by “non-compliance entities.” In addition, to respond to questions
that have arisen as the states begin to conduct rulemaking to implement RGGI, we perform
some experiments to look at so-called “hoarding behavior” and the effects of different

mechanisms that have been proposed to limit hoarding.

1.3 Organization of this Report

The remainder of this report is organized in two parts. The first part introduces the
motivation and experimental methodology to be used. In section 2, we describe the general
types of auctions that were considered in this investigation. Section 3 describes the criteria
that are used to evaluate these auction types. In section 4, we describe the basic approach
to the use of experiments, including how the cost structure and incentives in the
experiment mirror in a stylized way the situation in RGGI. Section 4 also describes the
ways that we evaluate the experiments in quantitative terms and describes the types of

experiments that were completed.

The second part of the report focuses on results from the literature and from the

experiments that were conducted as a part of this study. Section 5 addresses an assortment

14
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of issues specific to RGGI, some of which do not hinge on the auction directly but all of
which affect the implementation of the auction. One of the topics addressed here is how the
auctions and the allowance markets could be monitored. Section 6 addresses collusion in
an auction and how to limit it, one of the important issues in any auction design and one
that informs our recommendations also. Section 7 addresses price volatility in general and
the role for a reserve price. Section 8 addresses the ability of the auction to move to an
equilibrium price, especially when new information about underlying costs of market
participants is revealed, and describes the relationship between the auction and the spot
market. Section 9 addresses the potential hoarding of allowances as it has been discussed
in the context of potential behavior by parties external to RGGI. We investigate whether
combining auctions with free allocation changes the performance of the auction in section
10. We return to a more comprehensive description of our recommendations in section 11.
We have two appendices that provide a mapping of the questions from the original
Statement of Work to places in the text where these questions are addressed and an

annotated bibliography of much of the relevant literature.

2 Background on Auction Types

2.1 Introduction

Sources covered by the RGGI program will be required to surrender one emission
allowance for each ton of CO, they emit into the atmosphere. Allowances are identical
except for their vintage, which determines the first year in which they may be used. Once
an allowance vintage year has been reached, the allowance may be used in that year or
banked for use in a future year. Since many allowances will be sold in a single auction, this
study is limited to auction forms appropriate to the sale of multiple units of an identical
commodity. Only one allowance vintage should be sold in any auction. This is because
there likely will be differences in the market value (and price) of allowances of different

vintages.

Multi-unit auctions usefully can be categorized in two dimensions. The first
dimension is the number of rounds of bidding, one or more than one, before the final
determination of the sale price is achieved. Single-round auctions sometimes are known as
sealed-bid auctions, meaning that after the bidder submits a bid there is no further
interaction and the bidder simply awaits an announced outcome. In contrast, a multiple-

round auction involves interaction because the bidder has a chance to change the bid in

15



10/26/07

response to information that is learned after each round. The second dimension is how the
price is set for the buyers. A uniform-price or single-price auction identifies a single price
for all transactions. A discriminatory-price (or “pay as bid”) auction yields final prices that
differ among buyers and depends on the amount of each buyer’s bid. These different

auction forms have different properties and may be used in combination.

These two characteristics allow us to make a useful, if necessarily incomplete,
categorization of four basic auction types: uniform price sealed-bid, discriminatory price
sealed-bid, uniform price multi-round, and discriminatory price multi-round. A very large
academic literature has explored various aspects of auction performance; however,
relatively few papers have examined the relative merits of each of these auction forms in
multi-unit auctions. Moreover, most of the prior experimental research on multi-unit
auctions pertains to the special case of only two units per bidder, which highlights the
strategic incentives but is of limited relevance for the RGGI setting. How the auction types
rank in economic efficiency and in raising revenue varies depending on numerous factors,
including competitiveness, risk aversion of bidders, reservation prices, the presence of

resale markets, and disclosure of bid information.

In experiments we considered eight alternative auction formats, including three
mentioned in the statement of work that have been used previously in the field to auction
emission allowances. Two of the types that have been used previously are single round,
including the discriminatory price sealed-bid (used for SO, allowances under Title IV of
the 1990 Clean Air Act Amendments) and the uniform price sealed-bid (used in Ireland for
auctioning EU ETS CO, allowances). The third type that has been used for emission
allowances is an English clock (ascending bid) multi-round uniform-price auction (used for
the Virginia NOy auction of allowances to comply with the NOy SIP Call). These auction
formats are described in section 2.2, along with the other auction types that were tested,
including: a Dutch (declining price) multi-round auction with discriminatory pricing (“buy
now”’) and an English clock followed by a final sealed-bid discriminatory-price “shootout,”
which we called the “shot clock.” In addition, we conducted other trials with a multi-round
discriminatory-price auction, a continuous discriminatory-price, and continuous uniform-

price auctions. Each of these is described below.

2.2 Auction Formats

All of the auction formats tested in this study are multi-unit auctions for a fixed
number (Q) of allowances. Each bidder is assigned a production capacity and each unit of

production requires some number of emission allowances, which varies among participants
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reflecting a distribution of technologies. Bidders’ values for allowances are determined by
the profit margins on their production capacity and by the number of allowances needed to

cover the production activity.

Each bidder is given an “activity constraint” that restricts the number of allowances
on which they can bid. In practice, this activity maximum could be infinity (i.e., no limit)
or it could be determined by financial pre-qualifications. In experiments when banking is
not allowed, bidders only bid on allowances that they need to support their production
activity. In this case, the activity limits are not binding, except in the English-clock
(ascending price) auctions where, as a feature of that format, a bidder is not allowed to
increase the number of units requested as the price rises in subsequent rounds. Also, in the
shot-clock format, the activity constraint that the bidder ends up with in the penultimate
round constrains the number of allowances that they can bid for in the final round

shootout.

Discriminatory Sealed-bid: This is a single-round (sealed-bid) auction in which
the bidders can submit multiple offers to purchase allowances with bids at different prices.
The highest bids for the Q allowances to be sold obtain allowances at their own bid prices.
This is the type of design used for the annual auction of SO, emission allowances by the
U.S. Environmental Protection Agency (EPA). The auction is “discriminatory” because the
price paid varies among bidders in relation to their bid price. In the implementation we

used for experiments, ties at the cutoff price were decided at random.

The discriminatory-price auction is a simple auction to conduct and understand.
Discriminatory-price auctions have been used frequently by governments to sell assets
such as timber, securities, oil leases, and real estate. They also are used in procurement
where participants in the auction bid a price at which they are willing to supply goods to
the government. Under fairly stringent assumptions about bidder characteristics, the
discriminatory- and uniform-price single-unit auctions should, in theory, raise the same
revenue and should be equally efficient (Vickrey 1961). However, this revenue
equivalence fails to hold up in more realistic environments, and, in particular, it fails to

hold in the case of multi-unit auctions (Ausubel and Crampton 1998).

According to theory, in auctions for single-prize “units” where participants bid to
obtain a single unit and many units are sold, such as hunting licenses, the presence of

bidder risk aversion will cause revenues to be higher in a discriminatory-price auction than
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in a uniform-price auction.?> However, in multi-unit auctions, where participants bid to
obtain multiple units, the amount of revenue collected can be greater than or less than
revenues from a uniform-price format auction. In experiments, revenue comparisons
between the discriminatory- and uniform-price formats depend on the nature of the
distributions of the bidders’ values (willingness to pay) for the items being auctioned, the
experience of the bidders, the information available to bidders, and possibly other factors.
(Miller and Plot 1985; Cox et al. 1985)

Uniform-Price Sealed-bid: This is also a single-round, sealed-bid auction in
which bidders can submit multiple bids at different prices, but the price paid by all bidders
with the highest bids for the Q available units is equal to the highest rejected bid. This is
the type of auction that was used for CO; allowances in Ireland in 2006. It is also
transparent and easy to conduct. In auctions for a single unit, Vickrey (1961) showed that
in theory the bids will reveal bidders’ true values and will produce an efficient outcome,
with allocation of the allowances going to the bidder with the highest value. However,
Ausubel and Crampton (1998) showed this result does not necessarily carry over to a
multi-unit case due to a phenomenon known as demand reduction. This implies that
bidders may attempt to manipulate the clearing price by bidding low on “marginal” units in
the hopes of bringing down the market-clearing price. Their theoretical results indicate that
there is no clear ranking as between discriminatory- and uniform-price auctions when
multiple units are sold. In experiments, the uniform-price auction yields a variety of results

depending on the setting.

Uniform-price auctions also may involve some embarrassment for the seller if
some bidders with very high bids obtain units at low prices. This may leave the seller open
to criticism that buyers obtained goods at prices substantially below what they were willing
to pay. On the other hand, discriminatory-price auctions put the buyer in a similar position.

They may find that they have paid much more than others for the goods purchased.

English Clock: This is a multi-round auction in which the auctioneer posts a
sequence of increasing (ascending) prices, usually at regular time intervals, and in response
the bidders state the quantity they are willing to buy at the specified price. The

“provisional” price starts at a price low enough so that the quantity demanded at that price

3 Cox et al. (1985) model an auction where multiple units are sold but where each bidder submits a bid for a
single unit. Under simple theoretical models of bidder behavior in this auction setup, the presence of bidder
risk aversion may be expected to cause revenues to be higher in a discriminatory-price auction than in a
uniform-price auction. Experimental tests, however, reject the hypothesis of higher revenues from
discriminatory auctions. Revenues from the two auction types were statistically indistinguishable.
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is expected to be greater than the amount the auctioneer has to sell. The price is raised, as if
by the hand of a clock, in response to the excess demand (e.g., the amount that the total
quantity bid (Q*) is greater than the available number of allowances (Q)). At each stage,

the provisional price is announced and bidders state how many units they desire. The
auction stops when the demand falls below the amount offered for sale (i.e. Q*<Q).

There is an issue of how to deal with the possibility of unsold units if Q*<Q in the
final round. In the experiments, we follow the procedure used in the Virginia NOy auction
of rolling back the price by one bid increment and selling all Q units at the lower price if to
do so would increase revenue. In case of a rollback, all who expressed a willingness to buy
at the higher price are included, and the remaining Q—Q* units are allocated on the basis of
the chronological order in which the bids were submitted in the penultimate round, which
provides bidders with an incentive to bid early in each round. If rolling back the price by
one bid increment would not increase revenue, then the permits are sold at the final price

determined by the clock and there remain unsold permits.

In order to force bidders to bid actively, each bidder’s activity limit (limit on the
quantity that can be bid and purchased) falls to the number of units requested in a round
and cannot be raised in subsequent rounds, so activity has a “lose it or use it” feature that
prevents bidders from hiding their interest in early rounds. Another issue that arises in a
multi-unit auction is what information to provide bidders after each round. The experience
with the Virginia NOy auction and in other settings that we have reviewed suggests that it
is best not to reveal the total number of allowances requested in each round so that bidders
will not be able to determine whether unilateral demand reductions on their part will stop
the clock. Providing less information also will tend to discourage collusion among bidders
(Klemperer 2002). Multi-round auctions have the advantage of giving bidders an
opportunity to think carefully and possibly acquire more information (see Jehiel and
Compte 2007) as the prices develop. Also, at each stage, each remaining bidder knows that
there are other bidders who value the items at least as much as they do. Delays can be

minimized by providing an incentive to bid early.

Shot Clock: This is also a multi-round English-clock auction with the same
activity constraints described above. The clock price rises in successive rounds, and it
stops when the total number of units requested falls to a cutoff level that is a specified
fraction higher than the number of units being auctioned (i.e., (1+x)Q, where x > 0). For
example, if a 10% cutoff trigger were used in an auction of 1,000 items, the cutoff could be
triggered when the quantity bid drops below 1,100 items. When the clock stops, all bidders

may submit a final set of sealed bids in the form of quantities and prices into a
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discriminatory-price, sealed-bid auction. The final set of bids is subject to two constraints:
1) all purchase orders at the final clock price are submitted as bids unless they are raised,
so any bid must be greater or equal to the final clock price, and 2) the number of
allowances bid for may not exceed a bidder’s activity level in the previous round of the

clock phase of the auction.

Allowances are awarded to those making the Q highest bids and bidders pay their
own bid prices, so this is a hybrid between an English-clock and a discriminatory, sealed-
bid auction. If there are any units leftover in the shootout round, the final clock price
applies. It is sometimes called an “Anglo-Dutch auction,” since the ascending-price phase
is like an English auction and the final shootout has a discriminatory flavor, as does the
multi-round Dutch auction to be described next (Klemperer 1999). As in the case of the
English-clock auction, incentives for collusion and strategic manipulation may be reduced
by not revealing the numbers of allowances requested after each round. In addition,
incentives for collusion may be reduced by not revealing the exact level of the cutoff. The
presence of the final shootout stage is intended to reduce the effectiveness of collusion and

strategic manipulation (Klemperer 1999; Goeree and Offerman 2004).

Dutch: This multi-round discriminatory-price auction starts with a high provisional
price, which falls by predetermined increments. The auction is discriminatory in price
because in each round the bidder can “lock in” some purchases at the current provisional
price (analogous to a “buy now” provision in an online auction at eBay) and/or the bidder
can wait for the price to fall. The auction stops when the number of allowances locked in is
greater than or equal to Q, with ties in the final round decided by the time at which a bid

was entered, again providing an incentive for bidders to act early in each round.

Other Auction Types: In addition to these five auction types, we conducted less
comprehensive tests on various other auction formats. One was a multi-round,
discriminatory-price auction with increasing prices, which was loosely patterned after
the Federal Communications Commission (FCC) simultaneous, multi-round auction. In
each round, bidders submit bids and the Q highest bids are announced as provisional
winners. These winning bids need not be raised in the following round, but provisionally
rejected bids must either be raised or withdrawn (thereby reducing a bidder’s activity). In
tests, this format required more than five times as many rounds of bidding to reach
convergence as a simple clock auction, since bid increases for a small number of rejected
bids tended to rotate across bidders, thereby slowing the overall degree of price increases.
An alternative would be to have a fixed number of stages (say 2—3) and to have bids in the

initial stage(s) determine eligibility and lower limits for bids submitted in a final stage.
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This format is similar to the shot clock in that early-round bidding determines eligibility
and may provide some price discovery information, but we decided to use the shot clock

instead for the purpose of investigating performance of this type of hybrid approach.

Another auction format that was explored was a continuous-price auction.
Bidders can submit multiple bids with different prices for different quantities, and they
have the opportunity to raise (but not lower) their bids continuously during a specified
timeframe in which bidding is open. At any point in time, bidders can observe which of
their own bids are “provisionally winning,” but they cannot observe others’ bids. One
variation is a continuous discriminatory-price auction, in which bidders pay what they bid.
In contrast, winning bidders in a continuous uniform-price auction pay the highest rejected
bid at the end of the auction.

3 Criteria for Selection of an Auction Type

The specification of an auction design is guided by a number of performance
criteria and principles. These criteria come from various sources, including the statement
of work for this project, the report on the July 2006 RGGI Auction Workshop in New York
City, conversations with the RGGI Staff Working Group, and input from RGGI
stakeholders. Several of these criteria relate both to the auction and to the performance of

the larger allowance market. Each of the criteria is listed below with a brief description.

a. Efficiency: The allowance auction should be designed in a way that results in those
bidders who have the highest value for a RGGI CO; emission allowance obtaining
that allowance. On the producer side, emissions are, for the most part, reduced by
reducing production differentially for different types of fossil-fired facilities, e.g.
coal and gas. An efficient allocation of allowances means that CO, emission

reductions are being made at lowest cost to society.

b. Price discovery: A market for CO;, emission allowances should result in the
allowance price being equal to the marginal cost of reducing CO, emissions (either
through fuel switching or by reducing electricity generation), and that cost will be
approximately the same for all firms. This outcome results in the most cost-
effective distribution of CO, emissions across firms. Accurate price discovery in an
auction can help identify a market price close to the marginal cost of reducing
emissions. Once the market has reached this equilibrium, then the spot market will
provide a continuous summary of current opinions about the current value of

allowances and, hence, the current marginal cost of reducing emissions. This price
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will adjust daily as expectations change concerning fuel prices, electricity demand,

and other factors.

Liquid allowance market/no interference with secondary market: The auction
should not impede the liquidity of the larger allowance market. Liquidity refers to
the ability to convert emission allowances into cash through sale or to purchase
additional allowances. Liquidity is not the same thing as the volume of trade in the
allowance market. Liquidity is ensured by having many buyers and, in the
secondary market, many sellers. The auction should not inhibit the smooth
functioning of the secondary market by limiting options for trading or by yielding a

price that differs systematically from the secondary market.

Minimize price volatility: The allowance auction should be structured in a way that
seeks to limit the variation in price over time. Large variations in allowance prices
can be an impediment to firm-level investment planning. Allowance prices will
vary in response to new information about interest rates or fuel costs, but these
variations should not be augmented or amplified by market responses to uncertain

features of the regulation or auction design.

Guard against collusion and/or market manipulation: The allowance auction
should be designed in a way that limits opportunities for bidders to actively or
tacitly collude to keep prices low. To the extent possible, the auction also should
limit opportunities for bidders to bid up the price of allowances above the
competitive price, which we refer to as hoarding. Because collusion and hoarding
are potential issues in the allowance market, and not just the auction, there may be

a limit to the ability of an auction design to limit incentives for hoarding.

Fairness and transparency: The auction rules should be transparent and available
to everyone who might want to participate. The rules should not discriminate

against any potential qualified participants.

Revenue: In most cases when auctioning a publicly owned asset, such as treasury
bonds or surplus property, the government prefers an auction design that
maximizes government revenues. This is not always the case. In the
electromagnetic spectrum auctions, the FCC also was responsible for ensuring
competitive communications markets in the United States and, in some cases, was
required to give preference to particular classes of bidders (McMillan 1994;
McAfee and McMillan 1996). Although some stakeholders have indicated that

maximizing revenue is not a priority for them, evaluating the effectiveness of the
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auction in raising revenue is an important piece of information for comparing
potential auction designs. A revenue reduction that results from success bidder

collusion is something to be avoided.

Minimize administrative and transaction costs: The auction should not impose
large administrative costs on the RGGI states. The auction should also not impose

large transaction costs on auction participants.

Familiarity to industry: If two auction designs perform equally well on a host of the
criteria, it might be reasonable to favor a design that is more familiar to the
electricity industry in the region. This would reduce the cost of learning the

institution and could raise participants’ comfort level with the auction.

Align well with wholesale energy and capacity markets: Emission allowances are
an input to the production of electricity and thus it is important that generators have
an opportunity to purchase or contract for future purchase of emission allowances
before they place offers to supply electric energy or generating capacity in the
relevant markets. Since RGGI compliance periods are three, or possibly four, years
long, the need to secure allowances before actually producing electricity is less
critical. However, for some purposes, such as obtaining financing for new
investment, it may be important to obtain allowances that have a future vintage or
that can be banked for the future to provide assurance to investors. Also, the
auction may provide useful cost information to agencies that monitor cost and

performance in the wholesale energy and capacity markets.

Electricity producers, electricity regulators, independent-system operators, and
other RGGI stakeholders have experience with supply-side auctions that are used to
set prices of electricity and generating capacity, and some of that experience is
relevant for the context of allowance auctions as well. However, there are important
differences between energy markets and allowance markets that make this context
quite different. For one thing, allowances are storable and bankable for future use
but electricity is not. Thus, strategies to manipulate prices and supply in the
allowance market ultimately will be less effective than such strategies would be in
electricity markets. Electric-energy auctions are held very proximate to the time of
use, so the post-auction secondary market is likely to be less important in terms of
revealing information about price or reallocating the resource efficiently if

necessary.
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k. Be open to all participating states, with participation optional: The RGGI auction
should be open to all participating states, providing an opportunity to reduce

transaction costs and make the auction as large and liquid as possible.

4 Basic Experimental Approach for This Investigation

Auction experiments were conducted in a stylized setting that was intended to
capture key aspects of the market for allowances, while keeping the setup simple enough to
be relatively transparent for participants. Each experimental session typically involved 12
participants recruited from the undergraduate population at the University of Virginia.
Each participant was given the role of a firm with multiple “units” of capacity that could be
used to produce a product that sold at a known price. The use of each capacity unit
required that the person obtain permits. Participants were given a financial reward for
showing up in addition to earnings from purchasing the auctioned “permits™* at prices

below their value.

Subjects earned money from participating in the experiments, and they had a
financial incentive to improve their earnings by improving their payoffs in the
experiments. Subjects were paid $6 for showing up. Alternates who showed up but were
not needed were paid $10 and dismissed. On average, participating subjects earned $27 per
session. We conducted more than 100 experiment “sessions,” each of which lasted from 1-
2 hours and involved 6-12 subjects. In total, over 1000 subjects participated in these

experiments.

Experiments were pursued in two phases. In the first phase, which was completed
in May 2007, the primary focus was on a basic setup without spot markets or structural
conditions that would facilitate collusion or impede price discovery. All of the five auction
formats used performed comparably well, yielding efficiency measures of near 100% and
revenues that were close to competitive equilibrium Walrasian benchmarks. In the second
phase, conducted between May and October 2007, these auction designs were investigated
with a richer informational and strategic setting, which better served to “stress-test” and
differentiate the performance of the auction types. In the next section, we report on the
basic production technology and market structure that were common throughout the

experiments.

4 The word “permits” was used in the experimental sessions to abstract somewhat from the specific context
of pollution trading.
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4.1 Production Technology and Market Structure

To represent the technological characteristics of the market in the laboratory
experiments we draw on information that the emission rate (tons CO, per MWh) for gas-
fired generation is about 0.428 times that for coal-fired generation. Currently, electricity
generation from coal- and gas-fired generation is roughly equal in the 10-state RGGI

region.

We introduced an asymmetric cost of compliance by requiring some subjects to
obtain more permits to operate capacity than others. For the laboratory experiments, it is
important to have a correct stylized representation of the underlying technology, but it is
not important to achieve precision. We assume that coal-fired generation requires two
emission allowances for every one allowance required by gas-fired generation and that
capacity for generation exists in equal proportions. Specifically, half of the subjects were
“low users,” who needed one permit for each capacity unit, and half were “high users,”
who needed two permits to operate each capacity unit. One can think of low users as using
natural gas and the high users as using coal. Experiments typically had equal numbers of
low and high users, which was intended to roughly mimic the relative proportion of coal
and gas generators in the region. In most of the experiments, except those to explore the
possibility of collusion, production costs for each unit of capacity were randomly
generated for each new auction in order to ensure that comparisons among auctions were
not driven by particular configurations of costs. To keep the experiment from becoming
too complicated, we used a relatively small number of permits. Typically, 60 permits were
sold in each auction. Thus, each permit in the experiment corresponds to a block of
“allowances” in the market; the size of the block being determined by the “lot size” chosen
by RGGI.

In all of the experiments, the product price —the price of electricity— is certain, and
it is not affected by any decisions made by subjects in the experiment. This characteristic
removes any strategic incentive to affect the price of emission allowances in order to affect
the market price of electricity. The possibility of manipulating allowance price or
allowance holdings in order to manipulate product price is a concern that has been
addressed in the economics literature (Misiolek and Elder 1989). Although it is a potential
consequence in the allowance market, it is not a consequence of the auction. Nonetheless,
there are some features of auction design that might help mitigate the manipulation of
electricity prices, which we discuss below. With a fixed and certain output price there is no

production-related motive for non-emitters (nuclear, hydro) to acquire permits. However,
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in some experiments we include subjects with non-emitter roles to see how it may affect

the dynamics of the auction and spot market.

When banking of permits was not allowed in the experiments, each auction was a
separate strategic situation. In some experiments, banking over auction rounds was allowed
to provide an opportunity for inter-period planning. With all experiments with banking

there also was the opportunity to trade in a spot market.

The profit margin (payoff) to subjects is determined by the difference between the
known price of the product and its cost of production. The cost of production involves the
randomly generated cost and the cost of acquiring permits. The value of permits to a
subject is determined by taking the profit margin and dividing by the required number of
permits to operate a unit of capacity. For example, with a production cost of 6 and a price
of 12, the profit margin is 6. The permit value would be 6 for a low user who requires one
permit to operate the capacity unit, whereas the value of each permit would be 3 = 6/2 for a

high user who is required to have two permits to operate.

The costs of operating capacity for low users were set to be roughly twice as high
as the costs for high users to reflect the higher costs associated with natural gas-fired
generation. This cost difference also served to approximately equalize earnings across
subjects with different roles; that is, subjects with relatively higher emission costs had
relatively lower production costs. The costs for low users were randomly drawn from the
interval [5, 10], with all values in this interval being equally likely, and the costs for high

users were drawn from the interval [2, 6].

With a fixed-output price, a “wide” distribution of costs determines a wide range of
permit values. For low users, costs are drawn from the range [5, 10], with all draws in this
range being equally likely; then a product price of 12 will result in a range of permit values
between 2 (= 12-10) and 7 (= 12-5). The values for high users are obtained by dividing
profit margins by the required number of permits (2) per capacity unit, so a cost
distribution from the range [2, 6] results in values between 3 = (12 — 6)/2 and 5 = (12 -
2)/2.

Note that a narrow range of costs would determine a narrow range of values and a
relatively flat (“elastic”’) demand for permits, whereas a wide range of costs would
determine a wide range of values and a more inelastic demand. We used narrow ranges of
values in some sessions to induce a more elastic demand for permits, an attribute that is
identified as important in the experimental literature (Miller and Plott 1985). The Porter et
al. (2007) analysis of the Virginia NOx Allowance Auctions suggested that an English
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clock auction, which charges a uniform price, might perform better with a narrow cost

range, while discriminatory auction formats might perform better with a wider cost range.

In the narrow-range treatment, the cost distributions of [2, 6] and [5, 10] for high
and low users were reduced to [3, 4] and [7, 8], respectively. The narrow range of values
creates a more competitive situation, with low earnings, so participant earnings were
doubled for the narrow-range treatment by doubling the conversion rate between lab
earnings and cash earnings paid at the end of the experiment. Table 4.1 reports the

parameters that are used.

Table 4.1. Experiment Parameters

Wide Cost Range Narrow Cost Range

Low User Cost Distribution [5, 10] [7, 8]
High User Cost Distribution [2, 6] [3, 4]
Product Price 12 12

4.2 Measures of Performance

Section 3 outlines important criteria for evaluating the alternative designs that we
have considered. Some of these criteria can be informed by a review of the literature and
previous experience, and some can be informed by the laboratory experiments. To analyze
the laboratory results, we rely on two primary numerical measures of performance:

efficiency and the ability to raise revenue.

To understand how efficiency is measured in the experiments, we refer to Figure
4.1. The vertical axis in the figure indicates the value of permits to a firm, represented by a
participant in the auction. The value of a permit relates directly to the value of production.
To simplify this discussion, let us assume one permit is required for each unit of
production. (In the experiments, sometimes two permits are required for one unit of
production.) In this case, the value of a permit is determined by the difference between the
price received for production and the participant’s cost of production, not including
allowance costs. This value is indicated on the vertical axis, and the quantity of permits
(emissions) is on the horizontal axis. Each step on the demand schedule shows the permits
that are worth as least as much as the associated value on the vertical axis. The area under

the schedule is a measure of “economic surplus,” or in this case, simply economic profit.
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The schedule indicates the aggregate willingness to pay for permits across the industry. In
the absence of a constraint on the number of permits (emissions), firms would expand
production until the marginal value of production equaled zero. However, with the addition
of an emission constraint, profit maximizers would be willing to buy a permit as long as
the value of producing a unit is greater than or equal to the cost of a permit. One of the
virtues of using experiments to test auction performance is that the exact values of each

production unit are known to the experimenter.
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Figure 4.1. Measures of Efficiency

With a cap on emissions, as indicated by the vertical line in the figure, the quantity
of production is effectively limited, and there will be production units that would be
profitable in the absence of the environmental constraint that will not be produced. An
efficient allocation of emission permits will maximize value so that the production units
that are used are the most profitable units. Efficiency measures the extent to which this
maximum production value is realized. Panel A illustrates a fully efficient allocation of
permits. However, if there were any skips in the allocation of permits and if any permits
were allocated to lower portions of the demand schedule, then permits would not be going
to their highest valued use, and the allocation would be inefficient. Panel B illustrates the
loss of efficiency by having some amount of permits allocated in a way that is not their

highest valued use.
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For the purposes of the experiments, the measure of revenue indicates how much of
the maximum production value, or profit, is captured as revenue.’ It is unrealistic to expect

100% revenue, as there would be no profits for producers.

In a competitive market, there will be a price that causes the quantity demanded to
be just equal to the quantity supplied; this price—quantity pair is known as Walrasian
equilibrium. In Walrasian equilibrium for pollution permits, the production value would be
maximized because producers would exchange permits for money until the permits were
owned by those who value them the most. In other words, the Walrasian equilibrium

would be an efficient allocation of permits.

3
= Y
>

2 | Walrasian

Revenue
1 .
O i i - T
0 20 40 60 80 100

Number of Permits

Figure 4.2. Walrasian Equilibrium and Revenue from the Auction

The Walrasian equilibrium is pictured in Figure 4.2. The Walrasian revenue is the
amount of money that would be raised if all of the permits were purchased at the
equilibrium price. In our analysis, we use a Walrasian revenue prediction to measure the

ability of the auction to raise revenue. The Walrasian revenue prediction is the percent of

5 It is noteworthy that the profit associated with each unit of production in the presence of an emission cap is
not the same as it would be in the absence of an emission cap because the emission cap effectively imposes a
barrier to entry that raises the returns to those who hold permits. When the auction captures a portion of the
profits of producers, it is capturing in large part the change in profits that would accrue to producers if
permits were given away for free.
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maximum production value that would be captured as revenue if permits were sold at a

competitive equilibrium price.

Several other qualitative measures of the performance of the auction types come
into play. One is price discovery, which indicates how well the market prices in each
auction track the equilibrium price. In particular, we focused on price discovery in several
different auction types when there was an abrupt change in equilibrium price due to an
unannounced shift in subjects’ costs. If price discovery is high, then the auction prices
move relatively quickly to the new equilibrium in repeated experiments. Another is the
proximity of the auction outcome to the spot-market price. In theory, the auction price
should be very close to the spot-market price when subjects can both participate in the
auction and trade freely in the spot market. Finally, debriefing of subjects provides
important insights into the transparency of auction design. The auction is transparent if
subjects inform us that they easily understood the rules of the auction and how the auction
equilibrium was achieved. We also debrief subjects about their strategies, especially with
respect to collusive behavior. We also refer to the recorded correspondence among subjects
when they were able to communicate using instant messaging to provide “cheap talk”

making suggestions to the group about how to bid.

4.3 Important Aspects of Phase 1 Experiments

The first phase of experiments was completed in May 2007, with the aim of
identifying a preferred basic auction type. The Phase 1 experiments are described in table
4.2. We ran 15 sessions with wide cost distributions: 3 sessions for each of the five auction
types (uniform price sealed-bid, discriminatory price sealed-bid, English clock, Dutch
clock, and shot clock) using a total of 180 subjects (= 15x12). In the second set of sessions
with the narrow cost ranges, we focused primarily on the three auction types listed in the
statement of work. We ran three sessions using each of the three main auction types
(uniform price sealed-bid, discriminatory price sealed-bid, and English clock) and one
session each for the other two auction types (Dutch clock, shot clock), for a total of 11
sessions and 132 subjects. The participants for the second set of sessions in Phase 1 were

recruited from those who had participated in the first set of sessions.
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Table 4.2. Phase 1 Experiments

Experiment # of Sessions | # of Subjects
Auction Performance: Wide Cost Distribution 15 180
Auction Performance: Narrow Cost Distribution 11 132
Baseline for Phase 2 with Spot Market and Banking 4 48

Finally, as part of Phase 1 we also conducted four sessions with a spot market
following each auction (wide cost range).¢ The spot market was structured so that
participants could submit limit orders that specify a maximum quantity of permits and a
maximum purchase price or a minimum sales price (e.g., sell up to six permits for at least
$4). Buy orders were arrayed from high to low, sell orders were arrayed from low to high,
and the price determined by the intersection of these arrays was the price at which
transactions were executed. Then after the spot market cleared, subjects decided how many
permits to use in production and whether to bank permits or incur a deficit. It was
announced that any deficit in permits was penalized at a rate of $9 (about three times the
predicted price) after the spot market that followed every third round of auctions (i.e., after
rounds 3, 6, 9, etc.). That is, the experiment characterized a compliance or true-up period
that occurred after every three auctions. In fact, there were only eight auction/spot-market
pairs, but this was not announced in advance, so subjects behaved as though the

experiment would continue beyond number eight.

The main result from the Phase 1 experiments was that all auction formats are
reasonably efficient, and the revenues for the two single-round, sealed-bid formats
(discriminatory and uniform price) were at least as high as those for the multi-round
formats (Figure 4.3). In addition, we found no clear support for the conjecture that the
uniform and English-clock auctions would perform better with narrow cost ranges. In
particular, we did not see the dramatic revenue increase of more than 15% reported by
Porter et al. (2007) for the treatment with the narrow range of bidder values (Figure 4.4).
One procedural difference is that, in their experiment, subjects were put into a situation in

which the nature of demand (elastic or inelastic) switched randomly from one auction to

6 In addition, we ran another 12 pilot sessions for testing purposes (some done with fewer than eight auctions
or 12 participants) to refine the instructions and procedures.
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the next. In contrast, our comparisons were between sessions with a series of auctions

using the same demand structure (elastic or inelastic).
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Figure 4.3. Revenues and Efficiencies by Session with Wide Cost Range; Revenue
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4.4 Important Aspects of Phase 2 Experiments

The second phase of experiments was completed between May and October 2007.
Because the first phase did not lead to a definitive recommendation over the basic auction
type, the second phase of experiments added institutional or strategic complexity to test the
basic auction types in a multi-unit setting. In the second phase, we ran 68 sessions

involving 600 subjects in total, and these experiments are summarized in Table 4.3.

Table 4.3. Phase 2 Experiments

Experiment # of Sessions | # of Subjects
Loose Cap 18 108
Collusion 16 96
Price Discovery 18 216
Partial Grandfathering and Outside Sales 7 84

The most important variations included the following. One was modeling of a spot
market, extending the approach initiated in Phase 1, to better understand how the auction
interacts with the spot market. One version involved the existence of a standing-outside
option for sale of allowances. Another version involved the participation of subjects who
did not participate in the auction and had no capacity for production and who only
participated through the secondary spot market. These subjects, referred to as “brokers,”
could buy permits in the spot market and sell them in the “world market” for a known
price. The world-market price exceeded the equilibrium price of the permit market if it

were closed to outside sales.

Two additional rounds of experiments explored the opportunity for collusion. In
addition to comparing auction formats, we explored the difference in settings when
subjects only had the opportunity for tacit collusion with no communication among
themselves and when they had the opportunity to communicate, so called “cheap talk”
because they could make promises to collude but were not necessary committed to doing
so. These experiments involved 96 subjects. Another round of experiments tested auction
performance in the presence of a relatively loose cap on emissions. Having a loose cap
creates a less competitive environment, since most bids would be accepted. These

experiments involved 18 sessions and 108 subjects.
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A third type of extension was to explore the ability of auction prices to track
unanticipated changes in market conditions. This “price discovery” experiment involved a
sharp increase in demand in the middle of a sequence of auctions. These experiments
involved 216 subjects.

A fourth extension was to explore the effects of partial grandfathering of
allowances on the performance of the auction. We conducted only a few sessions under

this set of assumptions.
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Part 2: Research Questions

5 Key Auction Design Features

The experiments performed for this research focus on questions of auction type and
variations of auction performance depending on stringency of the cap, unanticipated shifts
in allowance demand, and other factors. Several important features of an auction program
are less amenable to experimental testing in the laboratory, but decisions about these
features can be informed by past experience with auctions and by sound economic
reasoning. In this section, we address several of these key auction design features. Each
feature is related to a particular question or set of questions from the Statement of Work,

which is highlighted at the beginning of each section.

5.1 Defining Allowance Vintages

The vintage of an allowance determines when it can first be used for compliance
with the RGGI CO; cap. In the interim report, we made a preliminary proposal that
allowance vintages be defined by three-year compliance periods and not on an annual
basis. This way of defining vintages would eliminate differences between allowances that
aren’t really meaningful, since all allowances from within a three-year compliance period
should have equal value at the time of compliance. We have concluded that this multi-year
approach to defining allowance vintages will not work because of changes in the length of
the compliance period that could be triggered in the event of sustained high allowance
prices. Specifically, the length of the compliance period will be extended by 12 months if
the average allowance price for the prior 12 months hits the second-stage price trigger of
$10 per ton (expressed in real 2005 dollars) at any time after 26 months into a particular
compliance period. Once this provision takes effect, the starting year for future compliance
periods also will shift ahead by a year, and thus it becomes necessary for allowances to

have annual vintages in order to be able to accommodate these potential changes.

5.2 Frequency, Timing, and Size of Auctions

How often and when should RGGI allowance auctions be held?

The timing, size, and frequency of auctions all are important considerations that

were raised in the RGGI auction workshop in the summer of 2006 and that have been
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raised in our conversations with RGGI generators, RGGI Staff Working Group members,
emissions brokers and traders, and others. In many cases, the concerns of different groups
are similar, and in all cases, finding the best way to address those concerns involves
trading off the costs and benefits across possible approaches. In our interim report, we
presented some preliminary recommendations with respect to the timing and frequency of

auctions, and we elaborate on those here.

Timing and frequency of auctions are a key concern for generators. Generators
have expressed a desire for some degree of certainty regarding future allowance prices and
allowance availability to assist in their planning for future investments. They want auctions
of allowances of current and future vintages to occur before regional Independent System
Operators (ISO) capacity auctions to allow generators to be able to secure the allowances
they would need to perform those contract obligations in the future. Generators also want
auctions to be held frequently enough that they will be able to get the allowances they need
in order to cover the emissions from their operations in the near term. They want
allowances to be auctioned in small enough lots so that inadequate cash flow or potential
high costs of borrowing do not impede their ability to purchase the allowances they need.
On the other hand, companies don’t want to have auctions be so frequent and lots so small
that the transaction costs of participating in the auctions becomes burdensome relative to

what they can reasonably expect to purchase in a particular auction.

Frequent, small auctions have the virtue of limiting the number of allowances
auctioned at one time and thereby limiting the likelihood that a buyer could use the auction
to manipulate the market. This is particularly true given that RGGI compliance periods are
slated to be three years in length. Frequent auctions also will contribute to the liquidity of
the allowance market by making allowances available for purchase on a regular basis.
Frequent, small auctions also will limit the potential for the allowance auction to disrupt
the spot market by dumping large quantities of allowances on the market at a particular

time.

When deciding how frequently auctions should be held, the desirable features of
frequent auctions need to be weighed against the administrative costs of conducting
multiple auctions and the transaction costs to the firms of participating on a frequent basis.
Past experience suggests that a significant proportion of the administrative cost of holding
auctions is related to the initial set-up of the auction, including the development of auction
rules, deploying auction software, and establishing the mechanisms for prequalifying

bidders (discussed below) and that the incremental costs of repeating a particular auction
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type will be low in comparison to these initial costs. The costs that may increase with the

number of auctions include:
e Costs to bidders and auction administrators of establishing prequalification
e Costs to bidders and of preparing bids or bid strategies
e Administrative costs of setting up, advertising, and running an auction
e Costs to bidders of posting bids.
Some costs will fall over some range as the frequency of auctions increases:
e Costs that may arise from noncompetitive behavior
e Costs to smaller firms of providing financial prequalification
e Costs of purchasing larger blocks of allowances.

Generators have lengthy planning horizons and can get significant benefits from an
active market for future allowance vintages. An active futures market provides valuable
signals about the relative scarcity of allowances in the future. Firms wishing to insure
against the price risk or against the potential unavailability of allowances in the future can
do so by purchasing allowances early. If current allowance vintages are relatively scarce,
then purchasing future vintages may lower the costs of long-term compliance planning.
The ability to purchase future allowances also could help with capacity planning and with
demonstrating to the ISOs that the generator has the ability to perform if called upon to
supply capacity, a precondition for bidding to supply in capacity auctions that may go out
several years into the future. Auctioning some allowances prior to their vintage year will
create a market in allowance futures. Once the first auction has taken place for a particular
vintage, spot market trades will start to occur, and they will provide a more continuous

signal of how the market price is evolving.”

One risk to bidders of purchasing allowances in advance is the potential that RGGI
could be superseded by a federal program. So, while there are benefits to providing current
access to future allowances, this must be balanced against the regulatory risk in an

environment where large changes in the regulatory framework appear increasingly likely.

71t is possible that spot market or contractual trades in future allowances could take place before the first
auction occurs, but it is likely that this type of pre-auction trading activity, should it arise, will be thin
because none of the parties to the trade could own the asset in trade. The considerable additional risk of
contracting over an asset that only will become available some years in the future lowers the net value of the
trade because of the much higher risk of nonperformance.
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The greater the perceived risk, the greater will be the price discount applied to future

vintages and the lower their value in managing risk for generators.

Balancing the costs, risks, and benefits leads us to conclude that a regular program
of quarterly allowance auctions would be the most appropriate frequency. This provides
the benefits of periodic price discovery and enhanced liquidity without interfering with the
performance of a secondary market. As we discuss in section 8.2, experimental evidence
and evidence from other allowance auctions is persuasive that auction and spot market
prices will track each other closely.® A regular sequence of auctions for allowances will be

built into spot-market participant expectations and is unlikely to cause disruption.

Again, a balancing of risks and benefits leads us to conclude that selling allowances
four years in advance of their vintage is likely to generate significant gains without
imposing large regulatory risks on the value of the future vintage allowances. Current
vintage allowances would be sold at each quarterly auction during their vintage year.
Future vintages would be sold only at one of the quarterly auctions. For example, in the
first quarterly auction of a given year, two separate auction sessions would be held: one
auction for the current vintage and one auction for the vintage one year ahead. In the
second quarter, one auction would sell the current vintage and one would sell the vintage
two years ahead, and so on for the four quarterly auctions. Table 5.1 gives the details of
proposed auction timing. The table reflects the possibility that auctions would be held

before the program becomes binding, labeled as year 0.

8 This conclusion is consistent with the observed outcome in the Virginia NOy auction of June 2004. NO,
allowance prices had risen in the weeks leading up to the Virginia auction. Prices at auction were on the
order of 5% above the morning spot price, and prices continued on an upward trend for the following weeks.
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Regular Auction Forward Auction

Yr Q [ Vintage sold % of vintage sold Vintage sold % of vintage sold
0O 1 Y1l 12.5% Y2 16.67%
0O 2 Y1l 12.5% Y3 14.3%
0O 3 Y1l 12.5% Y4 12.5%
0 4 Y1 12.5% Y5 12.5%
1 1 Y1l 12.5% Y2 16.67%
1 2 Y1l 12.5% Y3 14.3%
1 3 Y1l 12.5% Y4 12.5%
1 4 Y1 12.5% Y5 12.5%
2 1 Y2 16.67% Y3 14.3%
2 2 Y2 16.67% Y4 12.5%
2 3 Y2 16.67% Y5 12.5%
2 4 Y2 16.67% Y6 12.5%
3 1 Y3 14.3% Y4 12.5%
3 2 Y3 14.3% Y5 12.5%
3 3 Y3 14.3% Y6 12.5%
3 4 Y3 14.3% Y7 12.5%
4 1 Y4 12.5% Y5 12.5%
4 2 Y4 12.5% Y6 12.5%
4 3 Y4 12.5% Y7 12.5%
4 4 Y4 12.5% Y8 12.5%
5 1 Y5 12.5% Y6 12.5%
5 2 Y5 12.5% Y7 12.5%
5 3 Y5 12.5% Y8 12.5%
5 4 Y5 12.5% Y9 12.5%
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How large should each auction be?

The size of each auction is determined completely by the number of auctions for
allowances with vintages from each compliance period. Once fully implemented, the
auction plan outlined in the previous section would result in eight auctions for each
vintage: four in its vintage year and one each in the previous four years. At each auction, a

minimum of 12.5% of the allowances to be auctioned for that vintage would be for sale.?

How does staggered implementation by RGGI states of auctions affect the efficiency
and fairness criteria laid out below?

Other things equal, market mechanisms generate their greatest gains when risks and
transaction costs are kept to a minimum and when opportunities for strategic behavior
unrelated to true asset values are minimized. Careful attention to the details of market
implementation can aid in minimizing these costly impediments to gains from trade. First,
every reasonable effort should be made to ensure that all RGGI allowances are identical
from the buyer and user points of view. There should be no differences in contract
language, enforcement terms, reporting, or fungibility. Insofar as possible, there should be
a single point of contracting and one auctioneer. If this were not true, then allowances from
different states would have different values and there would be a multiplication of assets

and prices, resulting in a large increase in transaction costs and risk for market participants.

A joint regional auction is far preferable to separate state auctions for several
reasons. Differences in auction design and implementation may lead to confusing and
irrelevant differences in price signals. States would be tempted to choose the timing of
auctions, reserve prices, or other parameters in ways that favor them. In addition, multiple
auctions almost certainly will raise the administrative costs of making allowances available

to the market and the transaction costs for firms seeking to acquire them.

The same cautions do not necessarily apply to different choices among the states
concerning the proportion of allowances sold rather than given out for free. As long as
state policies on allocation are announced in advance and are applied in a predictable way,
differences among the states are not likely to disrupt the performance of auctions or the

subsequent secondary markets for allowances. It is well understood from economic theory

9 It is possible that the percentage could be more if unsold allowances from earlier auctions were added to the
one-eighth standard share. Also, if some allowances are being allocated for free to generators, the rule for
that allocation should be announced as far in advance as possible. Actual free allocations should be
announced as early as possible so that generators know what they will get from the free allocation and can
plan their purchases accordingly.
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and evidence from market activity that the market price of allowances is not determined by
how the allowances are handed out but rather by the cost of reducing CO, emissions at the

margin.!0
5.3 Financial Assurance Mechanisms

The prequalification of auction participants is essential to the integrity of the
auction, and the auction literature provides strong evidence that careful thought must be
given to the bonding mechanism that certifies eligibility in the auction (McMillan 1994;
Binmore and Klemperer 2002; Klemperer 2002; Borgers and Dustmann 2005). Financial
assurance mechanisms provide a way for RGGI to ensure that all auction participants can
and will perform on their bids. Use of such mechanisms is standard procedure in all types
of auctions, including energy auctions, to ensure the ultimate performance of those bidding
to supply energy, such as in the New Jersey Basic Generation Service auction and in the
FCC spectrum auctions. In the FCC case, bidders who were exempted from the standard
financial assurance requirements were the ones who ended up defaulting on their bids
(Burtraw and Palmer 2006). Financial assurance mechanisms typically include the posting
of a bond, deposit, or letter of credit up front that would cover a substantial fraction of the
bidders ultimate payment should she win in the auction. This mechanism would limit
bidders to bids that don’t exceed the level of financial assurance provided prior to the
auction. An additional, penalties for default or non-payment on the part of the winning

bidders would provide further incentive for winning bidders to perform on their bids.

Past allowance auctions, including the Virginia NOy auction and the Irish auction
of CO; allowances, have required financial assurance. In the case of Ireland, they
discovered ex post that they should have set their deposit requirement for bidders at a much
higher level to be sufficient to cover the upside potential for the price of EU CO,
allowances. In Virginia, bidders with high credit ratings could use their rating to provide
financial assurance. Most other bidders were required to deposit all of the money they were
willing to spend on allowances in escrow with a designated third-party bank prior to the
auction. The auction software automatically prevented bidders from bidding more than the
amount of assurance posted. The share of the money placed in escrow actually owed for

allowances by winning bidders was transferred by the broker directly to the state at the

10 The exception to this would be if allowances were awarded for free on the basis of output or emissions and
allowance allocations were updated over time. Such an approach to free allocation would provide generators
with an incentive to increase their generation in order to obtain a larger share of the total allowance “pie,”
and this would tend to increase the price of emission allowances (Burtraw et al. 2001).

41



10/26/07

conclusion of the auction upon presentation of evidence that a particular bidder had won in
the auction (Burtraw and Palmer 2006). Firms not required to use the escrow method wired
their payments to the state or, in the case of one very small municipal utility, sent a check.
The Virginia setup resulted in very rapid settlement. Nearly all payments and allowance

account transfers were completed within three days of the completion of the auction.

Every effort should be made to minimize the cost of providing financial assurance.
Since these auctions likely will be held on a regular basis, assurance mechanisms, such as
using credit ratings and letters of credit, may provide a high level of assurance at very low
cost for most bidders. Even insolvent firms can participate using escrow methods, as was

the case in the Virginia auction.

5.4 Market Monitoring

Monitoring of behavior in the allowance market would help to address a number of
program goals. Monitoring may be effective if it can raise the visibility of behavior that is
inconsistent with program goals because it can bring that behavior to the attention of
administrators, who may want to make adjustments in the program if necessary. In
addition, discovery of such behavior may identify potentially illegal activity. Moreover,
raising the visibility of behavior that is inconsistent with program goals may raise the cost

of that behavior by threatening to undermine the goodwill and public image of a firm.

There are a variety of potential problems that monitoring could address. Monitoring
is a way to guard against potential collusion in the allowance market, either with the intent
of realizing gains based on allowance holdings or with the intent of manipulating the price
in electricity markets. Monitoring helps build investor confidence in the knowledge that
the value of investments will not be eroded by illegal or unsanctioned activity in the
market. Also, market monitoring provides an early-warning system for trends in the market
that might be important to market administrators, even if the trends do not stem directly

from behavior that is inconstant with program goals.

If monitoring is administratively costly or raises transaction costs, however, then it
will undermine the effectiveness of the allowance market by raising costs. Good program
design should not allow market monitoring to be intrusive. There is reasonable business
interest on the part of firms in limiting the disclosure of information about their strategic
investment activities; information about allowance holdings could be a signal of business
strategy. If market monitoring leads to the revelation of strategic business information,

then it is likely to undermine the effectiveness of the market by limiting participation in the
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market. Consequently, program administrators have to balance their interest in information
about the workings of the market, even on a day-to-day basis, with a recognition that

markets work best if they are unencumbered with unnecessary reporting requirements.

Within this general context concerning the role for market monitoring, it should be
clear that market monitoring is not an auction design issue per se. However, information
from the auction results may contribute to the ability of the market monitor to track
behavior in the market. Also, as noted elsewhere, the design of the auction can help to
mitigate some of the same problems that market monitoring is intended to address.
Therefore, in deciding on auction design one may want to be informed about opportunities

for monitoring.

The closest analogies in the United States to the RGGI market are the SO, and NO
markets. Each of these are somewhat larger than the RGGI market is likely to be, with
recurring annual values of emission allowances totaling roughly $2-3 billion, albeit with
considerable variance over time. Today there are two organized futures markets for SO,
and NOy run by NYMEX and the Chicago Climate Futures Exchange. These futures are a
regulated commodity and fully regulated as “designated contract markets” by the
Commodity Futures Trading Commission (CFTC). It is noteworthy that although the
primary realm of authority for the CFTC is the futures market, the agency can “reach back”
into the over-the-counter cash market when there is evidence of cash market transactions
that affect the futures market and vice versa. The over-the-counter market, including
bilateral transactions and auctions, would not be in the jurisdiction of the CFTC until and
unless manipulation in that market affected a regulated futures market. Plans to organize a

futures market for RGGI allowances have been announced.

A second agency interested in the performance of emissions markets is the EPA.
The agency conducts ongoing analysis looking for a variety of indicators, aggregating
allowance holdings by parent company/holding company, to look for concentrations of
market power. Markets are examined weekly by looking at trading logs. Attention is paid
to the activities of all participants, including non-emitting entities and hedge funds. The
EPA’s accounting software, known as the Allowance Tracking System (ATS), is the
backbone of both the SO, and NOx markets. The ATS does not require disclosure of
trades, but it does enable and require the transfer of allowances among authorized
accounts. Allowances must appear in the appropriate account before they can be used for
compliance. In practice, the large majority of trades are immediately recorded as transfers
and many contracts for trades actually designate the trade as effective when the transfer

among accounts is recorded. In no case does the ATS require the disclosure of prices at
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which trades occur. However, the annual auction for 2.8% of SO, emission allowances
provides one transparent price signal. In addition, there are market indices maintained by

various entities that are publicly available and are monitored by the EPA.

A third, different oversight role is provided by the Federal Energy Regulatory
Commission’s (FERC) Oversight Division. The division follows all the markets providing
components that contribute to the delivery of electricity services and activities in those
markets, including allowance markets. It also monitors the behavior of parties in the
electricity markets and various input markets, including emissions markets, on a daily
basis. The FERC will have an immediate and ongoing interest in the performance of the
RGGI allowance market.

Finally, the three state ISOs serving the electricity industry in the region have a
natural interest in monitoring the performance of markets. These organizations monitor and
report on the competitive structure, performance, and economic efficiency of the markets,
as well as the conduct of market parties, including any attempt to exercise market power or

restrict competition.

5.4.1 Guidance on Monitoring in RGGI

The most obvious step that RGGI should take is to coordinate with interested

federal and state agencies in the design of monitoring criteria and sharing of information.

Secondly, RGGI may want to take one step beyond that required at the federal level by

requiring that the authorized account representatives should be obliged to disclose the

“beneficial ownership” of any allowance holdings. That is, every participant would have to

disclose the party sponsoring or benefiting from the agent’s activities in the allowance
market if it was other than themselves or their immediate employer. Currently, this is not
required of the EPA’s ATS. At the least, if there is a suspicion that an auction could
exacerbate the possibility of behavior that is inconsistent with program goals, then a
requirement of financial prequalification for participation in the auction should include the
disclosure of beneficial ownership of any allowance acquisitions. Revelation of this
information would allow for the market monitor and interested third parties, including
government agencies, to identify allowance holdings that appear in excess of compliance

obligations and to use this information as a potential trigger for further investigations.

Third, RGGI might accomplish a lot by simply articulating goals in a Statement of

Intent and asking all participants in the auction to acknowledge that statement and agree

not to undermine these goals. The goals that might be articulated range from overall
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environmental integrity to specific behavior in the allowance market. Fourth, RGGI could

establish guidelines that require, or request, allowance holders to report their holdings on

an annual basis, although it is not clear how one would enforce such a rule without

additional requirements that could have unintended consequences of their own. In
evaluating these or other measures, it is important for the auction and for the allowance
market that monitoring should strive not to be intrusive, administratively costly, or to
require the release of strategic information about normal operating procedures in the

electricity market.

Fourth, information from the auction should be, and is likely to be, assimilated into
RGGTI’s allowance tracking system. The identity of winning bidders should be revealed,
along with the market-clearing price in the auction. The overall demand (quantity) for
allowances in the auction should be revealed, along with the minimum and maximum bids.
It may be useful to reveal information on a weighted average basis for quintiles in the
auction. This information would to serve as a signal if auction participation dips, bringing
it to the attention of compliance parties that the auction may represent a favorable
opportunity in the future, thereby boosting participation. However, we strongly
recommend against the revelation of specific offer prices by individual participants in the

auction.

The literature has provided some evidence of tacit collusion under the uniform
price format in highly stylized (symmetric) settings. The level of coordination required to
sustain such collusive outcomes is unlikely to occur in the RGGI auction with many
asymmetric bidders (in terms of number of permits demanded and their values). For this
reason, collusion is unlikely to be a problem in the initial RGGI auctions, but it may
become more of a problem as bidders learn about others' demands and bidding behavior.
RGGTI should monitor auction outcomes and be prepared to make adjustments to the

auction design if such collusive behavior becomes evident.

6 Auction Performance in Collusion-Enhancing Environments and How to
Limit Collusion

When potential bidders collude to coordinate their bidding, it is done with the
intent of lowering the price the colluding bidders pay for the goods purchased. As noted
earlier, the lost revenue generally is associated with lower efficiency and also with less

accurate price discovery, since the clearing price will be lower than would occur in a
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competitive market. In addition, collusion may result in outcomes that will be perceived as

unfair by other bidders.

Sealed-bid auctions generally are thought to be more resistant to collusion than are
multi-round auctions, where repeated signals of value and demand are available to
participants (Fabra 2003; Abbink, Brandts et al. 2006; Goeree, Offerman, and Sloof 2006).
One way to reduce the impact of collusion in multi-round auctions is to limit the
information provided to bidders during the auction to the minimum information needed for
participation in the auction (McAfee and McMillan 1996; Klemperer 2002). It is well-
understood that some information, if provided to the bidders during the auction, can (and
probably will) be used by bidders to implement tacit collusive strategies (Avery 1998;
Binmore and Klemperer 2002; Klemperer 2002; Fabra 2003; Dechenaux and Kovenock
2005; Abbink, Brandts et al. 2006). There is a tradeoff, however, since bidders may be able
to glean information about changing market information from others’ bids during an
auction. In the case of RGGI auctions, however, there will be ongoing secondary markets
in which allowances are traded, so this within-auction transmission of information is less
critical. These results argue strongly for limiting the amount of information made public
during the auction. After the auction, the public disclosure of information should be the
minimum necessary to ensure the fairness and transparency of the auction. For example, it
is not necessary or advisable to make public the actual bids of winning bidders. This
information might be used by bidders to coordinate bids in later auctions. The fair

operation of the auction will be guaranteed by normal audit procedures.

Another way to improve the performance of multi-round auctions in the presence
of possible collusion is to combine them with sealed-bid auctions. Both of these strategies
are used in the shot-clock design tested. The bidders know only the current price, not the
size of excess demand and not the amounts bid by others. The shootout round provides
each colluding party with a opportunity and incentive to renege on collusive agreements

and earn extra profits without the other parties to the collusion having a chance to retaliate.

6.1 Effects of a Loose Cap in Uniform-Price and Discriminatory-Price
Auctions

6.1.1 Motivation

There has been some discussion of the possibility that the cap on CO, emissions
might be “loose” in the early years of the RGGI program. The actual tightness of the cap,

however, is difficult to predict, since there may be some speculative demand in early years
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in anticipation of higher allowance prices in the future as the cap is tightened or as
economic growth increases demand for electricity. However, extensive energy-
conservation measures and economic responses to allowance costs (e.g., fuel switching)
might have the opposite effects. The initial Phase 1 experiments were done with a
relatively tight cap, so we decided to run some sessions in which the number of allowances
to be auctioned was about 10% below the number that would be demanded at a zero price
as opposed to the 30% reduction assumed in the standard cases.!! The motivation is that a

loose cap creates a less competitive environment, since most bids would be accepted.

In a loose-cap environment, bidders may be more likely to collude tacitly by
reducing their bids in a series of auctions, whether these are discriminatory- or uniform-
price auctions. Therefore, this experiment provides a type of “stress test” of auction
formats in an environment where tacit collusion may develop, which is one of the main
objectives of the Phase 2 research. In a uniform-price auction, there even may be a role for
the exercise of unilateral market power if the cap is so loose that a single bidder can profit
from bidding lower on allowances for marginally profitable capacity units in the hopes of
lowering the clearing price on other, more profitable units; this is known in the literature as
“demand reduction.” Likewise in a clock auction, bidders might withhold their demand on
marginal units to prevent the clearing price from rising and thereby increase the earnings
on other units. In a discriminatory-price auction, there is less risk with a loose cap since a
higher proportion of bids will be accepted, and the resulting bid reductions may cause
revenue to be lower in a multi-unit discriminatory-price auction than in a multi-unit
uniform-price auction.!? This revenue comparison might be reversed if there is demand

withholding in a uniform-price auction.

I These numbers are scaled to the laboratory environment and should not be taken to be the values that
actually would occur in the RGGI program. The actual tightness or looseness of the cap in the labortory also
should be evaluated in comparison with the allowance needs of a typical bidder.

12 Vernon Smith (1967) found that seller revenues were higher in a uniform-price auction than in
discriminatory-price auctions in settings with moderate numbers of rejected bids and that this difference is
not apparent with high numbers of rejected bids. These were multi-unit auctions, but they are not directly
relevant since bidders only were allowed to submit two bids, whereas the RGGI implementation would allow
bidders to submit any number of bids for blocks of allowances. Moreover, about a third (8 of 26) of the bids
would be rejected even in the treatment with the fewest number of rejected bids, so this is not a “loose cap”
of the type that might be observed in the RGGI auctions. The Smith experiment was done in an environment
that was motivated by the Treasury Bill auctions, in which the prize values to bidders were identical for all
units and were randomly determined (i.e., a random common value).
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6.1.2 Procedures

For these experiments, the group size was reduced from 12 (used in all Phase 1
sessions) to 6 bidders. There were six sessions for each of the auction formats: uniform
price, discriminatory price, and clock. New sequences of random cost draws were
constructed for each of the six “waves,” so that the same set of cost draws was used in the
first group of uniform-price, clock, and discriminatory-price auction sessions, a second set

of draws was used for the second group of auction sessions, and so on.

6.1.3 Aggregate Results

Revenues and efficiencies are measured as before, as percentages of the maximum
levels. Efficiency measures the extent to which the surplus value (price minus cost) is
maximized subject to the constraint on total emissions. Efficiency is 100% if the reduction
in emissions by five units is accomplished in the least cost manner; that is, the manner that
minimizes the economic effect of the cap on emissions. Efficiency in this sense does not
require that production be cut back for high users only, since their costs generally are
lower. High users required twice as many permits per capacity unit as low users; it is only
better to keep these high-user plants in service if the costs are less than half of the costs of

the capacity of the low-user plants that would be taken out of production.

Revenue is measured relative to an (unrealistic) maximum in which bidders in a
discriminatory-price auction bid full value and, hence, they earn nothing at all, so 100%
revenue would indicate zero profits for the bidders.!3 A more realistic benchmark is
obtained by calculating the Walrasian revenue that results if bidders in a uniform-price
auction bid full value for all units, since the bids then reveal the demand curve. The
resulting cutoff price is determined by the intersection of demand and a supply curve that
is vertical (above the reserve price) at the number of units being auctioned. This cutoff is a
market-clearing price, and the actual revenue in the auction can be measured as a
percentage of the revenue that would result if bidders were to pay the competitive market-

clearing price.

13 Note, however, that if one auction format were to yield 10% more revenue than another, this would not
mean that the high-revenue format would reduce firms’ profits by 10%, since the output price in these
experiments is fixed and exogenous. The demand for electricity is relatively inelastic, especially in the short
run, so an increase in permit prices caused by a switch in auction formats likely would be passed through to a
large extent to consumers.
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Table 6.1. Summary Performance Measures for Sessions With a Loose Cap

Revenue Efficiency
Uniform Price (6 sessions) 53.5% 98.5%
Clock (6 sessions) 58% 98%
Discriminatory (6 sessions) | 64% 99%

The average revenues and efficiencies across all auctions for all of the sessions of
each of the three auction types are shown in Table 6.1. The loose-cap environment appears
to have no significant effect on efficiency for any of the auction types. The discriminatory-
price auction format has a significant revenue advantage, but the difference goes away by
auction eight (Figure 6.1).

Average Price Paid Per Permit

$3.50
$3.00 1
$2.50 1
/HV
l\._./._’—l\ o
$2.00 A
0]
L
g
$1.50 Walrasian Price Prediction
—#— Average Uniform Price
—e— Average Discriminatory Price
$1.00 Average Clock Price
$0.50 1
$OOO T T T T T T T

Auction 1 Auction 2 Auction 3 Auction 4 Auction 5 Auction 6 Auction 7 Auction 8

Figure 6.1. Average Prices Paid by Auction Format

The prices paid, averaged over all six sessions in each treatment, are plotted in
Figure 6.1, along with the Walrasian price predictions, again averaged over all six waves.
This figure shows that prices in discriminatory-price auctions are higher than in the

uniform-price and clock auctions, as would be expected from the revenue comparisons
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discussed previously. But note that this price difference diminishes steadily and is
eliminated by the final auction. The more aggressive bidding in the discriminatory-price
auction diminishes over time as bidders come to collude tacitly. In all three formats, prices

are considerably below the Walrasian predictions in this loose-cap setting.
6.2 Collusive Environment with Standard Caps

6.2.1 Motivation

A second way to “stress test” an auction design is to introduce the possibility of
explicit discussions among bidders prior to the auction. To test how the two sealed-bid
auction formats perform in the presence of this type of explicit collusion, we altered
several design features to create an environment that was more favorable to collusion than
was the case in the Phase 1 experiments. Other studies have shown that group size has a
large effect on the ability of participants to exercise market power and keep prices down
(or up, as in the case of supply side auctions) (e.g., Bernard et. al. 1998). Therefore, in our
collusion treatments, as in the loose-cap experiments, we reduced the group size by half,
using 6 instead of the standard 12 participants. In addition, the participants’ costs (and
therefore permit values) remained constant from one auction to the next, instead of
changing randomly within a certain interval. The idea here was that it would be easier for
participants to coordinate bidding strategies when they face the exact same environment
from auction to auction. The auctions in these sessions were followed by secondary (spot)
markets, so that bidders would be able to obtain needed permits if a collusive effort to bid
low in the auction failed as a result of a defection by other bidders from an agreement.
Lastly, in half of our collusion treatments we allowed participants to chat with other
participants by using instant messaging for one minute prior to each auction. This gave
groups an even stronger potential to collude by giving them the opportunity to discuss
strategies and make non-binding agreements. We recorded the transcripts from these chat

sessions and used them in our data analysis.

6.2.2 Procedures

We ran discriminatory-price and uniform-price auction treatments. Half of the
treatments allowed for explicit collusion via an instant messaging “chat” window, and half
of the treatments did not allow communication among group members. New sequences of
random cost draws were constructed for four “waves,” so that we ran four sessions of both

discriminatory-price and uniform-price auctions with communication and four sessions of
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both discriminatory-price and uniform-price auctions without communication, for a total of

16 sessions.

6.2.3 Aggregate Results

The results offer strong evidence of tacit collusion under both the discriminatory-
price and uniform-price auction types in this environment. One of the ways to ascertain
how well participants colluded is to look at the difference between the average price paid
for each permit and the Walrasian prediction (“supply equals demand”). In all of the
treatments, the average accepted bid in the discriminatory-price auctions and the price in
the uniform-price auctions remained below the Walrasian prediction. This collusion
appears to be somewhat more successful at lowering price in the discriminatory-price

auction than the uniform-price auction but only slightly so (see Panel A of Figure 6.2).
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Figure 6.2. lllustration of Tacit Collusion

Allowing bidders to communicate before the auction can facilitate collusion under
the rig