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| was asked by the Alberta Utilities Commission to review and comment on the proposed design of the
Alberta Capacity Market. | filed my initial reviews on 12 September 2018. This filing is a revision that
supplements my views with additional analysis and discussion. Among other things, | extend my report
to address the additional information requested by the Alberta Utilities Commission in a letter to me
filed in Proceeding 23757 on 28 September 2018.

| am an independent witness, residing at 6418 Dahlonega Rd, Bethesda MD 20816, USA. | have substantial
expertise in the design of capacity markets and electricity market design more broadly. | have advised
governments and system operators on the design of capacity markets in North America, South America,
and Europe. My CV is attached (Schedule A). Research papers and filings are available on my website:
www.cramton.umd.edu.

| was instructed by the Alberta Utilities Commission to review the proposed design of the Alberta Capacity
Market as presented on the Alberta Electric System Operator website. | focused on the consolidated
proposal and the consolidated rationale that are available on this site. | also drew on my experience in
capacity market design in other regions and my knowledge of the Alberta electricity market. | comment
broadly on most elements of the proposed design. My specific Statement of Work with the Commission
is contained in Schedule A to document number 23757 X0008 (or exhibit 8 in proceeding # 23757). |
received additional instructions from the Commission in Appendix A of document number 223757 X0096.

| acknowledge that | have a duty to provide opinion evidence to the Commission that is fair, objective and
non-partisan.

| have made no factual assumptions in preparing this report. The body of my report refers to the
references relied upon. My experience in the study and design of capacity markets is detailed in my CV.

! peter Cramton is Professor of Economics at the University of Cologne and the University of Maryland. His research
focuses on market design. He has applied that research to design auction-based markets of radio spectrum,
electricity, financial securities, and other products. | thank the Alberta Utilities Commission for funding this report.
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Summary

| review and comment on the proposed design of the Alberta Capacity Market as presented on the Alberta
Electric System Operator website. | draw on my experience in designing capacity markets in many regions.
A well-designed capacity market can support the goal of reliable electricity at least cost. The market
coordinates investment to ensure resource adequacy, consistent with the reliability requirement.

To be successful, the capacity market must have certain features. Capacity must be procured well in
advance, so that new entry can compete before costs are sunk. The capacity product must be defined as
the ability to provide energy and reserves during periods of reliability risk. Strong performance incentives
are needed to motivate capacity suppliers to meet supply obligations. The design should be technology
neutral and be as simple as possible.

The proposal and rationale for the Alberta market are comprehensive, covering all critical aspects of the
market. Only some details are left for subsequent development. Overall, | found the design choices to be
consistent with best practice recognizing the Alberta setting. | found no serious flaws in the proposed
design. Key parameters of the market, such as the demand curve and performance incentives were chosen
with care. The auction format is sound. The mitigation of market power is effectively addressed.

Performance incentives are addressed in an interesting hybrid way. Suppliers are motivated to be
available during the 250 tightest hours and to deliver energy and reserves during hours of reserve
shortage. Including availability in tight hours extends the incentives to a larger number of hours and
thereby reduces performance risk. Performance incentives during shortage hours are weaker but still
strong. The approach appears sound.

Neither the capacity market nor the energy market provides locational price signals. This can work
provided transmission constraints rarely bind. If constraints do bind frequently, then locational pricing will
ultimately be needed—at least in the energy market.

Based on my review, | am optimistic that the proposed design will work well in Alberta.


https://www.aeso.ca/market/capacity-market-transition/comprehensive-market-design/
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Introduction

| was asked by the Alberta Utilities Commission to review and comment on the proposed design of the
Alberta Capacity Market. This paper presents my views. It is based primarily on my study of the Alberta
electricity market and the final proposal and rationale for the market as appears on the Alberta Electric
System Operator (AESO) website. | draw on my experience in designing capacity markets in North
America, South America, and Europe, as well as my experience in electricity market design more broadly.

A well-designed capacity market can facilitate the overall market goal of reliable electricity at least cost.
The market coordinates investment in resources to ensure resource adequacy. The market also restores
any missing money from the energy and reserve markets (Newbery 2016). Revenues in spot markets may
be insufficient to ensure resource adequacy because of operator actions or market rules, such as market
power mitigation, that may result in too-low spot prices, especially in times of scarcity. The parameters of
the market, such as the demand curve, are tuned to express the desired level of reliability in Alberta.

| begin with my general views on capacity markets, both challenges and essential features. Then | discuss
the key elements of the proposed Alberta design and whether the design choices of each element are
consistent with best practice, recognizing other elements of the Alberta electricity market.

Challenges and essential features of capacity markets

The main challenge of capacity markets today is largely the same as it always has been: to provide
investment incentives for generation resources to reliably meet demand at least cost. To achieve this goal,
the capacity market must be built within a sound market framework that provides: (1) a predictable and
stable regulatory setting, and (2) effective market rules that support the efficient medium and short-term
operation of existing resources. Embedded within a sound framework, a capacity market can unfold its
complementary benefits of coordinated efficient investment, reduced investment risk, and improved
operation during periods of scarcity.

However, to be successful, the capacity market must have certain key features that support the goal of
promoting efficient investment (Cramton et al. 2013).

First, capacity should be procured several years in advance to enable new entry to participate and
investments to be made. Spot capacity markets are unable to determine a reliable capacity price that
properly motivates long-term investment. In contrast, a forward capacity market allows projects to
compete before the investments are sunk, and thereby be reflected in the capacity price. To further
improve pricing, a downward sloping demand curve should be used that reflects the incremental value of
additional capacity.

Second, the capacity product should be defined clearly and simply in a way that is consistent with the
market’s objective: capacity is the ability to supply energy and reserves during a reserve shortage. This
definition of capacity makes clear that capacity is a reliability product. Resources are rewarded based on
their ability to reduce shortages during scarcity conditions.
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Third, strong performance incentives should come from supply obligations during shortages. Each supplier
is obligated to provide its proportionate share of demand (load plus reserves) during reserve shortages.
Deviations from obligations are priced at a high shortage price. Thus, each supplier is highly motivated to
supply energy and reserves during scarcity events. Those that provide more than their share are
rewarded; those that provide less than their share are penalized.

Early capacity markets in the US and elsewhere suffered from performance incentives that were too weak.
This is not surprising. It is natural for suppliers to argue for weak performance incentives. Doing so reduces
performance risk and makes the capacity product seemingly more attractive. However, it also degrades
the product and undermines the reliability objective by favoring unreliable resources.

Pleas to weaken performance incentives are often entertained because a key motivation of the capacity
market is to reduce investor risk, which it does by substituting a constant capacity payment for highly
uncertain scarcity rents. Nonetheless, strong performance incentives are critical to the market.
Performance risk must be borne by someone and this risk is best held by the party best apt to manage it:
the capacity resource.

There are many investments that a resource owner can make to mitigate performance risk, such as firm
fuel supply and improved maintenance. A well-maintained resource together with a firm fuel supply
provides a physical hedge for performance risk. Intermittent resources face greater performance risk, but
this appropriately recognizes the smaller contribution of the resource to reliability.

The weakening of performance incentives often results from allowing a myriad of exceptions to a firm
obligation. Resources identify their chief vulnerability and then lobby for an exception. For example, slow
resources that are rarely on lobby for advanced notice of scarcity events so they have time to ramp up;
resources behind a transmission constraint lobby for an exception in the event transmission prevents
delivery. The rule of “no exceptions” is the best here. Such a rule simplifies the market and properly
rewards a resource for its contribution to reliability.

The need for stronger performance incentives is especially great looking forward. Tomorrow’s market will
have an increasing share of intermittent resources, such as wind and solar, and a greater dependence on
gas during scarcity conditions. The reliability of the system may be increasingly vulnerable to disruptions
in the gas supply. Investments in dual-fuel technologies and improved gas delivery can improve reliability,
but weak performance incentives discourage these investments.

Strong performance incentives bring an important additional benefit. By putting suppliers in a roughly
balanced position during times of scarcity, they make the spot market work better. Suppliers are
motivated to supply as much as possible, rather than to withhold supply to achieve a high price. In
addition, load is fully hedged from the high scarcity prices. This protection makes it easier to establish high
scarcity prices. The high prices properly motivate behavior, yet only a small quantity is transacted at the
high prices, so the amount of money changing hands is limited.

One challenge of capacity markets is complexity. Too often the market rules grow complex with specific
needs, requirements, and exceptions. A successful market manages this complexity with a simple
underlying structure, the key component of which is the simple product definition above: the ability to
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supply energy or reserves during reserve shortages. Of course, the capacity market must recognize
operational constraints, such as the limits of the transmission grid, but the market should permit
substitution wherever it is possible. For example, absent transmission constraints, capacity prices should
not differ by location.

Another form of substitution is generation technology. To the extent possible, capacity markets should be
technology neutral. All resources, regardless of technology, should compete to supply capacity on an
equal basis. Of course, “equal basis” recognizes the different contributions each resource makes to the
reliability objective.

The system operator rates each resource based on its expected performance in supplying energy and
reserves when the market is tight. The rating determines the amount of capacity that the resource can
offer to the market. A new gas turbine may be rated at 94% of nameplate capacity, whereas a wind
resource may be rated at 30% of nameplate. Demand response is also rated based on its expected
contribution to reliability. Resource ratings are revised based on experience so that they do reflect the
long-run expected performance during reserve shortages. In general, resource ratings depend on the
composition of resources in the market. For example, if the quantity of wind resources increased
substantially, the shortage event is more apt to be caused by a lack of wind, and therefore the ratings of
wind resources would be reduced.

A technology neutral capacity market is both simpler and more efficient than alternatives that attempt to
specify specific technological needs and thereby limit substitution. Maximizing substitution across
technologies has the additional benefit that the capacity market is less fragmented. This promotes
competition.

Key elements of the Alberta market design

| now consider the main elements of the proposed market design and evaluate whether they are best-
suited to the Alberta market.

Eligibility
Existing resources are automatically eligible to participate in the capacity market. An exception is
proposed for resources that are part of the Renewable Electricity Program. These resources are

compensated separately. It is best to remove them from both supply and demand, so they do not
adversely distort the outcome.

New resources are eligible provided they are credible. A financial guarantee is required to ensure
credibility. As milestones are met, the size of the guarantee falls. This makes sense.

The proposed approach recognizes the importance of making sure that new resources are credible yet
does not create entry barriers by imposing excessively high financial guarantees on new resources. A
delicate balance is achieved.



Delisting

The capacity market should encourage efficient new entry and at the same time encourage retirement of
non-economic resources. Retirements are apt to be especially important as the resource mix changes and
plants age. Resources wanting to delist either permanently or temporarily apply to the AESO. Temporary
delists can only occur in the second balancing auction and the owner must offer the net avoidable costs
into the second rebalancing auction. This is intended to prevent a supplier from exercising market power
through a temporary delist.

Retirements are permanent and as such are much less apt to be intended to impact the price in a single
capacity auction. For this reason, retirement offers are not mitigated.

| find the treatment of delisting resources to be consistent with best practice.

Capacity value

Capacity values are set for each resource based on UCAP for the 250 tightest hours in each year over a
five-year period. Owners can adjust UCAP within a limited range. Limiting the range is important to ensure
resource adequacy. Otherwise, if performance incentives are too weak, suppliers would be motivated to
inflate capacity values.

One exception in the UCAP calculation is to exclude transmission system constraints. This is consistent
with Alberta’s single-price energy market. The market operates well when transmission constraints rarely
bind. However, this approach requires a robust and responsive transmission grid. Should transmission
constraints become significant, then Alberta will need to consider an energy market with locational prices.

The downside of the Alberta approach is that neither the energy nor the capacity market sends price
signals to motivate the efficient location of resources. Ignoring locational price signals has proven to be
problematic in other markets. Nonetheless, it is a huge simplification of the market and it may succeed if
transmission is able to expand to relieve all important constraints. This may become increasingly difficult
with the expansion of wind and solar. If energy and capacity are more valuable at specific locations, then
the prices should reflect this.

UCAP is calculated with availability factors for resources that follow energy market dispatches. For
intermittent resources—wind, solar, run-of-river hydro—a capacity factor methodology is used. The
methodology for calculating UCAP is sound.

Demand curve

The administrative demand curve is a critical element of the market. It determines the quantity of capacity
resources that are purchased as a function of price. In this way, it represents the reliability standard. The
more that is purchased, the greater the reliability. The reliability standard in Alberta is for at most 0.0011%
of unserved energy.

The proposed design has a downward-sloping, convex demand curve. It is determined from several
parameters. The minimum quantity is defined by the reliability standard of 0.0011% unserved energy. This
is the quantity demanded at the price cap. The price cap is the maximum of 1.75 net-CONE or .5 gross-
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CONE. CONE is the cost of new entry estimated from a reference unit. Net-CONE subtracts the estimated
energy and ancillary service profits from gross-CONE. There is an inflection point at .875 net-CONE at 7%
above the minimum quantity. The foot is at 18% above the minimum quantity at a price of zero. The
demand curve is the two line-segments connecting these three points, plus the horizontal line from zero
to the minimum quantity at the price cap.

The downward-sloping demand curve recognizes that additional resources beyond the minimum have
value but at a reduced rate. The downward-sloping curve gives a better representation of the marginal
value of resources. It also reduces price volatility, improves price formation, and reduces incentives to
exercise market power.

The proposed demand curve is consistent with best practice.

Base auction

Aside from a transition period in the first few years, the base auction is conducted three years ahead. This
is long enough forward that new entry can effectively compete in the auction. This is important for price
formation.

The product has a one-year obligation. Some capacity markets allow new entry to lock in a price and
obligation for multiple years to reduce investment risk for new entry. However, given that the capacity
price is only a fraction of resource revenues and the multi-year lock-in is still short relative to the life of
the asset, | suspect that the risk reduction is not too significant. The advantage of a one-year obligation is
that it is the same for all resources. Further it means that the capacity payments will more closely reflect
year-by-year changes in market fundamentals.

A sealed-bid uniform-price auction is proposed. Some markets use a descending-clock auction, rather than
a sealed-bid auction. The descending-clock auction elicits demands in a sequence of rounds, allowing
some price and outcome discovery to occur during the auction. This can be helpful for some market
participants in deciding how to bid. However, it can create stronger incentives to exercise market power.
Experience in markets using the descending-clock auction suggests that little is lost with a sealed-bid
auction in this setting (Harbord and Pagnozzi 2014). The single-round auction also simplifies auction
implementation.

One important complication in the auction design is that resource blocks often come in discrete lumps.
An inflexible block is either in or out for all its capacity. By contrast, flexible blocks can be rationed at any
level. The presence of inflexible blocks means that it may not be possible to set the quantity at the exact
point where the aggregate supply curve crosses the demand curve. The auction must specify both who
wins and the capacity price in this case. Addressing this lumpiness issue is especially important in a smaller
market like Alberta.

Consistent with best practice, the proposed clearing algorithm selects resources to maximize social
surplus, the area between the demand and supply curves. When the marginal block is flexible or the
intersection of supply and demand occurs at a vertical part of the supply curve, the algorithm picks the



point where supply and demand cross. In cases where an inflexible block is accepted at the margin and
extends beyond the demand curve, the price is set at the offer of the marginal block.

This same approach for clearing and pricing is used in the Alberta energy market. It is best practice.

There are many other possible auction designs that could be considered other than uniform-price sealed-
bid and descending clock. For example, Alberta could use a pay-as-bid auction. However, | believe a pay-
as-bid auction would be a poor choice in this setting. Pay-as-bid would force bidders to estimate the
clearing price and bid as close to it as possible. This guesswork often would result in inefficiencies. Pay-as-
bid tends to favor the largest participants as they are in a better position to guess the clearing price. By
contrast, the uniform-price auction tends to favor smaller participants. The exercise of market power by
large participants makes room for smaller competitors, which is pro-competitive, especially in the context
of a long-run investment market. There is good reason why all capacity markets use uniform-pricing.

| cannot think of any other auction designs worthy of consideration in this setting.

Rebalancing auctions

The rebalancing auctions allow participants to adjust supply in response to new information. The system
operator may also update the demand curve, but not its shape, for example in response to higher growth
than expected. Rebalancing auctions are conducted 18 and 3 months before the obligation starts. The
number and timing of the auctions seems right. The rebalancing auctions should be few to concentrate
liquidity.

The rebalancing auctions use the same auction format and methodology as the base auction. This is the
best approach. It is expected that most capacity will transact in the base auction. The rebalancing auctions
nonetheless play an important role in letting participants adjust to new information about supply and
demand.

Monitoring and mitigation

The proposal includes consumer protections to mitigate the potential exercise of market power. The
protections are like what we see in other markets. There is a must-offer obligation. All non-delisted
resources must submit offers. An ex ante market power screen—the ability to profitably increase price by
10% or more—then determines whether the offers are subject to mitigation. Firms that fail the screen
must offer at or below .8 net-CONE, unless they demonstrate higher net going forward costs. Mitigation
only applies to existing capacity in the base auction. There is no mitigation in the rebalancing auctions.

The approach appears to be a good one. It is a simple method of identifying firms that may have an
incentive to increase price through economic withholding. Mitigating price to .8 net-CONE is a reasonable
compromise between over-mitigation and higher prices from market power. Over-mitigation occurs when
a resource is required to offer at a price that is below its true cost. This should be avoided.

One feature that discourages economic withholding is the possibility that the withholding will lead to new
entry. In this case, the withholding supplier must trade-off the one-year higher price vs. the introduction



of new capacity that will promote competition in many future years. This is one reason competition in
capacity markets typically has been strong.

The exercise of buyer market power by those with a net-short position was considered; however, no
participants were identified with enough net-short positions to benefit from significant exercise of market
power.

Supply obligations and performance incentives

Supplier obligations and performance incentives play a critical role in the market. Indeed, poorly specified
obligations and too-weak performance incentives were a source of failure of early capacity markets.

Supplier obligations begin with meeting development milestones. If progress toward development
milestones is significantly delayed, the supplier will need to purchase replacement capacity in a
rebalancing auction. Existing capacity with obligations greater than its UCAP also must purchase
replacement capacity in the second rebalancing auction.

Capacity assets are evaluated during the obligation period based on availability during tight conditions
and delivery during shortage conditions. Payment adjustments then are made for over or under
performance. These payment adjustments provide the performance incentive. The incentive is split with
40% coming from availability and 60% coming from delivery. The delivery assessment is given higher
weight, since these are the hours when the system is at greatest risk. The payment adjustment is tied to
the asset’s full capacity revenues. The approach is technology neutral.

Availability is assessed in the 250 tightest hours of the obligation year. Focusing on the 250 tightest hours
motivates availability when the system is at risk, yet it is not so focused to exclude a specific season.

The unavailability payment rate is a $/MWh value equal to 40% of 1.3 times the weighted average asset-
specific capacity revenue per MW across all auctions in the obligation year divided by 250. 40% is the
weight put on availability. 1.3 scales up adjustments from 1 so that resources would lose by taking on the
obligation and then not being available.

Over-availability is rewarded with positive adjustments. These are funded 100% from the unavailability
payments. In this way, the payment adjustment is a symmetric price incentive, positive for over-
performance and negative for under-performance.

Delivery is assessed during EEA events. These are shortage events in which all available capacity is required
to meet load plus reserves. Delivery performance is actual performance minus obligation volume,
measured in MWh. The obligation volume is capacity times the balancing ratio—the energy and reserves
produced by capacity resources during the event divided by total committed capacity. Multiplying by the
balancing ratio makes the obligation follow load. During low-load periods the obligation is proportionally
lower.

The non-delivery payment rate is a $/MWh value equal to 60% of 1.3 times the weighted average asset-
specific capacity revenue per MW across all auctions in the obligation year divided by the maximum of 20
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and the expected EEA hours. Given that we are dividing by a small number of hours, the non-delivery
payment rate is a large number.

Over-delivery, like over-availability, is rewarded with positive adjustments. Over-delivery payments are
made at the non-delivery payment rate. Any residual funds are applied to reduce total capacity charges
to consumers.

Tying performance incentives to capacity revenues has one drawback. In years with a low capacity price,
performance incentives may be too low—well below the value of lost load even during shortage.
However, the risk of shortage should be reduced, since the low capacity price indicates surplus and
dictates via the downward-sloping demand curve that additional capacity is procured.

To reduce risk, payment adjustments are capped. Over-availability and over-delivery payment
adjustments are capped at 100% of the of the asset’s annual obligation revenue. Monthly non-delivery
payment adjustments are capped at 300% of the monthly obligation revenue. Annual non-delivery and
unavailability adjustments are capped at 130% of the annual obligation revenue. Suppliers also have the
option of ex ante substitution of assets or ex post volume reallocation to reduce non-delivery adjustments.

Together, these payment adjustments provide a strong performance incentive to be available in tight
hours and to deliver energy or reserves during shortage events. The only excuse for non-performance is
being constrained down due to transmission constraints. This exception is consistent with the market
philosophy that transmission constraints rarely bind and therefore providing locational incentives is not
important. The caps on payment adjustments also damage incentives when the caps are reached.
However, | suspect it would be unusual for a participant to bump into these caps.

Responses to questions raised by the Alberta Utilities Commission

| now address specific questions asked of me by the Commission in a letter filed in Proceeding 23757 on
28 September 2018.

1. Pleaseinclude in your critique of the ISO Comprehensive Market Design proposal, consideration
of the “Roadmap for Changes in the Energy and Ancillary Services Markets” and more
particularly, Section 10.7 of the CMD Rationale document “Monitoring and mitigation of market
power in the energy market.”

The Alberta capacity market is one of many interrelated components of the Alberta electricity market.
The components must work well together. Indeed, bidding in the capacity market depends critically on
expectations of market outcomes, both in the energy market and capacity market, in future years. These
forward-looking assessments are essential in evaluating the revenue requirement of a resource in the
capacity auction.

In a simple world, the market would be stable and in long-run equilibrium. Then it would be possible to
precisely estimate a resource’s revenue requirement in the capacity market. However, real markets are
not so simple. There is uncertainty in both future market rules and future market outcomes. Electricity
market rules must evolve to address challenges, such as the expansion of intermittent resources, storage,
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distributed energy, and demand response. For this reason, the Alberta proposal includes a roadmap for
changes in the energy and ancillary service markets.

Although significant changes are discussed, it appears that the main market rules will remain the same for
many years. The market will continue to be a single-price market (no locational pricing) with self-
commitment and sequential determination of reserves and energy. Key market rules appear to be stable.
This should help participants form expectations about future rules and outcomes.

One proposed change in market rules, discussed in section 10.7 of the roadmap, presents an approach to
market power mitigation in the energy market. The key element of the rule is a three-part ex ante test of
offers assessed two hours ahead of delivery. 1) A screen identifies firms with a net sell position who are
pivotal. These firms have market power and may have offers mitigated. 2) If the supply cushion is less
than 250 MW in the delivery hour, then the market is very tight and no mitigation of offers occurs. 3)
Otherwise, offers of pivotal firms are mitigated to 3 times an asset-specific reference price if the supply
cushion is over 1000 MW or 6 times the asset-specific reference price if the supply cushion is between
250 and 1000 MW.

This rule is narrowly tailored. It only applies to pivotal firms and only when the market is not too tight. It
offers greater offer flexibility as the market tightens.

Pivotal status is based on the firm’s position net of any forward obligations. This is desirable, since the
incentive to exercise market power depends on the net sell position of the firm. Further, the rule
encourages forward trade, which is desirable to improve the performance of the spot market.

During periods of shortage the energy price would equal the highest offer. By itself, this would be too-
weak of an incentive for delivery, since this will be below $1000, which is less than the value of lost load.
However, capacity resources will face the additional price incentive coming from the delivery performance
incentive. This extra incentive to deliver during shortage is extremely important for reliability.

2. The Commission is interested in furthering its knowledge of the role of high energy prices during
periods in which the supply cushion is tight but no energy or reserve shortfall exists (“scarcity
prices”). It is our understanding that these are proposed to result from supplier offer behaviour
coupled with progressively relaxed supplier market power mitigation constraints as the supply
cushion tightens below 1000 MW.

a. Please clarify whether you intentionally differentiate between shortage periods and
scarcity periods in your report and, if so, how you define each of them.

| define shortage to mean a condition where supply is less than demand, including both energy and
reserves. That is, even after accepting all energy offers the system operator must draw on reserves and in
extreme cases shed load. In Alberta, shortage is defined as the EEA events. In the proposed design, the
shortage price—the marginal incentive to provide energy—consists of two components, the energy price
plus the delivery performance incentive. Together this provides a very strong incentive to deliver energy
in shortages. The purpose of the high price is to motivate supply to take the necessary steps to reliably
supply during shortages. These steps would include conducting maintenance in advance of peak demand
and having firm fuel contracts.
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| define scarcity to mean a condition where the supply cushion is so small that the probability of lost load
becomes significant. As the market tightens, scarcity is reached before shortage. Shortage is an extreme
scarcity event. In Alberta, scarcity may correspond to a supply cushion of 1000 MW or less.

b. Please discuss the economic definition of a scarcity price, and if possible, cite a
discussion of scarcity pricing in an economic text or in the economics literature. Also
please give a definition of scarcity pricing in electricity markets as you understand the
term to be used.

In general, a scarcity price is the price of a commaodity under tight supply conditions. In electricity, scarcity
price is the marginal incentive to provide energy or reserves during periods of scarcity. Pricing during
scarcity is especially important in electricity markets, where shortage is possible due to limited demand
response. Cramton (2017) provides a discussion of scarcity pricing.

In an energy-only market like ERCOT, scarcity pricing comes primarily from an administrative operating
reserve demand curve that rewards suppliers of energy or reserves at a price that ranges from zero to the
value of lost load, depending on the level of scarcity. The operating reserve demand curve is the way the
regulator represents consumers’ preference for reliability in the real-time market.

In markets with a capacity market, consumers’ preference for reliability is represented by the capacity
market demand curve. The capacity market performance incentives then provide the marginal incentive
for availability and delivery in real time during scarcity events. In Alberta’s proposal, the delivery
performance incentive only occurs during shortage; whereas, the availability incentive occurs in the 250
tightest hours of the year. Nonetheless, these incentives provide incentives for performance in every hour
when the market is tight, since tight markets can transition to very tight or shortage from one or more
adverse events.

Eventually, electricity markets will evolve to a state where demand response is sufficiently robust that
shortage cannot occur. At that point it will no longer be necessary to have administrative scarcity pricing.
The market will always clear and the scarcity price can be defined from the marginal value of demand as
in other commodity markets. This transition to robust demand response will take many years, perhaps
twenty or more.

c. Please comment on the proposed market power mitigation approach, which
“...proposes a graduated scarcity approach, whereby mitigation is lifted when the
supply cushion is lower than 250MW, (and) the asset-specific price multiplier is 6...when
the supply cushion is between 250 and 1000 MW.”

The proposed Alberta capacity market relies on capacity market revenues and performance incentives for
availability and delivery to attain the desired level of reliability. The energy price during periods of scarcity
further strengthens this incentive. However, since much of the real-time performance incentive comes
from the capacity market, the system operator can mitigate market power in the energy market and still
have a strong incentive for real-time energy delivery.
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The proposed mitigation approach is reasonable, as | describe above. It is narrowly tailored—only limiting
the offers of pivotal resources. And it gives suppliers greater flexibility as the market tightens. The price
cap of $1000 prevents extreme market power, even with very tight conditions. This works because the
stronger incentives for real-time availability and delivery come from the capacity market performance
incentives.

d. Please comment on the potential role of scarcity prices, including:

i. The advantages or disadvantages of motivating capacity-supplier performance
through capacity-market incentive mechanisms (for example, performance
incentives, including those tied to unit availability during the 250 tightest hours,
and UCAP adjustment) relative to scarcity pricing.

Both a capacity market and an energy-only market rely on scarcity pricing to motivate real-time
performance during scarcity. With a capacity market, the scarcity pricing comes from performance
incentives. In an energy-only market, the scarcity pricing appears as an administrative real-time demand
curve.

The chief advantage of the energy-only approach is its simplicity. The chief disadvantage is that it provides
a weaker guarantee of resource adequacy. Also, it is more vulnerable to boom-bust cycles as investment
is largely uncoordinated.

A second advantage of the energy-only approach is that the performance incentive—the high scarcity
price—involves no exceptions. Suppliers are paid the high price for delivery. No exceptions. With a
capacity market, exceptions do creep in. In the Alberta proposal, the main source of exceptions comes
from loss limits. Once a loss limit is reached, the marginal incentive to perform turns off. The purpose of
the loss limits is to reduce supplier risk. This leads to lower capacity prices, which may benefit consumers,
but the loss limits may undermine reliability if taken too far. My recommendation is that loss limits should
only bind in extreme circumstances, not routinely.

The Alberta proposal has an interesting mix of performance incentives for both availability and delivery.
Other capacity markets focus more on delivery, since delivery during shortage is the essential element of
reliability. Still there is an advantage of including availability. It broadens the performance incentive across
a much larger set of hours—250 rather than closer to 20.

One potential weakness of the proposed performance incentives is that the strength of the incentives is
tied to capacity revenues. This means that when the capacity price is low, because of a surplus of
resources, the performance incentives will be weak. Given the $1000 price cap, this would mean that the
marginal incentive to provide energy and reserves during shortage may be much less than the value of
lost load. While it makes sense to tie the loss limits to capacity revenues, the case for tying performance
incentives to capacity revenues is questionable. In principle, the shortage price should be tied to the value
of lost load. At least when the capacity price is low, the quantity of resources is larger because of the
downward-sloping demand curve. This should make shortage less likely when the capacity price is low.

ii. The potential impact to the capacity market’s ability to achieve coordinated
efficient investment and to reduce investment risk if scarcity pricing has the
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potential to significantly affect energy market revenues and is thus “...a critical
element for investment, retirement, and decisions related to consumption and
productions in the energy market.” (CMD Rationale Section 10.7.17(b)).

A key benefit of the capacity market approach is coordinated investment. This is apt to be especially
valuable in a smaller market like Alberta, where supply and demand imbalances from lumpy
uncoordinated investment may be more severe than in larger markets.

The capacity auction is the coordination device. Winning bidders can move forward with the investments
needed to supply in the obligation period. Losing bidders can postpone entry or decide to retire. This
coordination benefit is largely missing in the energy-only market. Yes, there is some transparency on plans
for new capacity or retirements, but these plans may change. They are not backed up with binding
obligations as in a capacity auction.

ili. The role of scarcity pricing in efficiently guiding consumption and production
decisions in the energy market.

Here | believe the question is about the energy price during scarcity rather than the full scarcity price that
includes the capacity market performance incentives. In the Alberta proposal, we can expect the energy
price to increase from normal levels to substantially higher levels as the market tightens. The proposed
market power mitigation plan does allow energy prices to approach $1000 when the market gets very
tight. This provides a strong enough incentive for efficient consumption and production.

Capacity resources, including demand response, will face much stronger incentives to perform in a tight
market. These stronger incentives are desirable as they motivate all the costly, yet valuable, activities
firms take to make sure their resources will be ready to perform during tight conditions.

e. Tothe extent that expected revenues associated with scarcity pricing rely on forecasted
energy market conditions and competitor behaviour, please comment on the degree to
which capacity market suppliers are likely to incorporate these revenues into their
capacity market offers.

Energy rents are uncertain and difficult to forecast. However, energy companies are good at managing
these uncertainties. The companies certainly will take these energy rents into account when bidding in
the capacity market, just as they would in an energy-only market. An advantage of the capacity market is
that energy rents will be less important, since the capacity market largely transforms energy rents during
scarcity into capacity revenues.

3. With respect to mitigation of the exercise of market power in the capacity auction;
a. Please clarify the term “over-mitigation” and the potential consequences of over-
mitigation.

Over-mitigation is requiring an offer that is below the supplier’s true cost. In the context of the capacity
market, over-mitigation would occur for an existing supplier with net going forward costs above .8 net-
CONE. However, since offering is mandatory for existing resources, the rule allows the supplier to make a
higher offer after justifying the supplier’s higher net going forward costs. Thus, the main cost is the
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administrative cost to justify and verify the supplier’s cost. | doubt this is a problem with the .8 net-CONE
cap.

b. Please comment on the proposed market power screen discussed in Section 7.1.3-7.1.5
of the CMD Rationale document, including consideration of the potential advantages or
disadvantages of the proposal relative to applying a default offer cap to all capacity
assets that do not demonstrate higher net going forward costs. Please consider the
Alberta market composition as outlined in Section 7.1 of the CMD Rationale document.

A mitigation screen is used to identify firms subject to the .8 net-CONE offer cap. The screen is based on
having enough UCAP to profitably increase the capacity price by 10% or more through economic
withholding, assuming market clearing occurs near the inflection point of the demand curve. Firms with
UCAP above about 1070 MW would be subject to the cap; firms with less capacity would be unmitigated.

It is good practice to narrowly tailor the mitigation to those firms that have the ability and incentive to
exercise market power. The proposed screen does a good job on that score. The four largest firms would
be subject to the cap, but none of the smaller firms. The top-4 firms hold 76% of the UCAP. The fifth-
largest firm holds only 3.2% of total UCAP, and thus is well-below the screen cutoff, given Alberta’s 11.5
GW peak load.

There is no point in imposing a cap on firms that do not have an incentive to increase the price. Hence, |
prefer application of the screen rather than a blanket cap for all. The blanket cap would potentially burden
smaller participants with having to justify bids above .8 net-CONE.

| find the screen conservative in that the approach likely overstates the incentive of the large firms to
exercise market power. The reason is that withholding in the capacity market has a long-term cost for the
large firms. It leads to entry from competitors and this entry likely lasts multiple decades. Thus, the large
firm when deciding to withhold is trading off the one-year gain with the many-year cost from greater
competition post-entry. The screen ignores this cost.

c. Please comment on how joint ownership of plants might best be addressed when
addressing market power.

Joint ownership can dramatically increase incentives to exercise market power. The reason is the joint
ownership enables the owners to share the burden of withholding, while all enjoy the higher price. For
this reason, it makes sense to err on the side of caution with respect to resources jointly owned. A simple
approach would attribute 100% of the resource’s UCAP to each firm with a significant interest in the
resource, say more than 10%. The resource would be subject to the cap if any of the significant owners
does not pass the screen.

4. In your report, you note that “[s]pot capacity markets are unable to determine a reliable
capacity price that properly motivates long-term investments.” Please discuss in more detail
how close a 1-year capacity obligation is to a spot capacity market, and weigh the advantages
and disadvantages of moving towards a longer obligation period for new capacity.
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A spot capacity market is one in which the time of the auction is close to the obligation. The original
capacity markets were spot markets. For example, an auction at the end of each month was held for a
capacity obligation in the next month. This approach failed because of poor price formation (Cramton
2003).

A forward capacity market has the auction well in advance of the obligation period. The auction is held,
say, three years before the obligation begins. This allows enough time for new entry to participate before
costs are sunk. The result is much improved price formation and a more competitive auction.

The length of the obligation is much less critical. Some markets like PJM successfully use a one-year
obligation period. This has the advantage that all resources have the same obligation period. The capacity
price moves year-by-year for all resources according to market fundamentals. Other markets allow a
longer obligation period for new resources. This lets new resources lock-in the capacity price for multiple
years, which may reduce investment risk. However, expectations about future market outcomes still are
critical in assessing the investment opportunity. Uncertainty remains in either case.

| believe either approach, a one-year obligation for all resources or a longer obligation for new resources,
can work well. One advantage of the one-year obligation is that the product is the same for both new and
existing resources.

5. In your report, you mention that “[p]erformance incentives are addressed in an interesting
hybrid way. Suppliers are motivated to be available during the 250 tightest hours.” Please
discuss the advantages or disadvantages of using this same hybrid approach for measuring
UCAP, compared to using the definition of UCAP that you suggest: “capacity is the ability to
supply energy and reserves during a reserve shortage.”

The reason | prefer to define capacity as the ability to supply energy and reserves during a reserve
shortage is that these extreme stress events are when capacity can demonstrate its value. Performance
incentives should be predominantly tied to performance in these extreme stress events, as is proposed in
Alberta.

However, these extreme stress events are much too rare to be a basis for the rating of capacity. There are
years with no shortage hours and many with only a handful of shortage hours. The rating of capacity
should be based on performance in a much larger set of tight hours. The Alberta proposal is to use the
250 tightest hours each year over the last five years. This would yield a capacity rating, UCAP, that is a
good indicator of expected performance when the market is tight.

| believe this strikes a good balance. Focusing on a much smaller number of hours would lead to greater
variability in UCAP; whereas, including a much larger number of hours would include many hours where
reliability risk is quite low. The 250 tightest hours is consistent with hours of significant reliability risk.
Further, the 250 tightest hours are exactly those used to assess availability. Thus, firms would have
multiple incentives to be available in these hours of greatest reliability risk: a higher capacity rating, a
performance incentive payment, and the likelihood of a high energy price. This is a good thing.
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6. In your report, you consider the merits of the proposed sealed-bid, uniform-price auction
relative to the alternate descending-clock auction format discussed in Section 5.7 of the CMD
Rationale document. Please comment on any other auction designs that could be used in
Alberta and the advantages and disadvantages of each.

| address this question earlier in this report. The bottom line is that either the sealed-bid uniform-price or
descending clock auctions are consistent with best practice. Other formats such as pay-as-bid are inferior
choices.

Robustness of the proposed design to future market developments

A good capacity market design is durable. It can withstand anticipated changes to the market in the years
ahead. Some of these changes arise from technology and economic changes, such as the shift in the
resource mix toward more intermittent resources and more demand response. Others arise from changes
to market rules. Alberta currently has a relatively simple electricity market design. This simple structure
appears to work well now, but changes to the market rules are inevitable as the market evolves.

My judgment is that the proposed design is robust to most future changes. The technology neutral design
handles renewables and demand response well. The design is built on sound principles of capacity market
design.

One area of potential concern are transmission constraints. If the grid becomes congested on a routine
basis, then the single-price market may no longer work. Locational price signals would first be required in
the energy market. Ultimately, they may be required in the capacity market too. However, introducing
locational pricing would greatly complicate both the energy market and the capacity market. Perhaps a
better solution for Alberta is to continue to invest in ample transmission capacity so that constraints rarely
bind.

Conclusion

The proposed design of the Alberta Capacity Market is sound. | have reviewed each of the key features of
the market. The proposal is comprehensive. Many judgments are needed in selecting features and setting
parameters of the market. | have been unable to discover any serious flaws. The judgments appear to be
well-motivated and consistent with the long-term objective of reliable electricity at least cost. | am
optimistic that the proposed design will work well in Alberta.
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