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Abstract
This paper identifies the major political and economic constraints that impact the
demand side of electricity industry restructuring processes. Demand-side
constraints have been a major barrier to implementing effective restructuring
processes in many countries, particularly those in developing world. I describe
how these constraints have been addressed and how this has harmed market
efficiency and system reliability using examples from restructuring processes
throughout world. I propose demand-side regulatory interventions to manage
these constraints in a manner that limits the harm to wholesale market efficiency.
Finally, specific regulatory inventions for developing countries such as India are
proposed.

Introduction
Economic and political factors constrain electricity industry restructuring processes.
Politically powerful entities that existed before restructuring continue to exercise this
clout in the new regime. Remnants of the former state-owned or privately-owned
vertically-integrated geographic monopolies maintain their dominant position in the new
regime. Existing regulatory agencies continue to exercise control over market participant
behavior even if these actions adversely impact wholesale market efficiency. New market
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participants find their demands ignored in favor of those by the more politically powerful
incumbent firms. Conflicts between regulatory agencies arise because of the uncertain
boundaries of the authority between these agencies brought about by the restructuring
process.
The primary factor constraining the success of most restructuring processes is a
physical infrastructure poorly suited to the wholesale market regime. A transmission
network with insufficient transfer capacity between generation unit owner locations and
major load centers makes it extremely difficult for competition between suppliers to
discipline wholesale electricity prices at all locations in the transmission network. The
lack of hourly meters on the premises of final electricity consumers prevents retailers
from setting retail prices that meaningfully reflect hourly wholesale prices. These
constraints on restructuring processes are the greatest hindrance to active demand-side
participation in the wholesale market. For example, the motivation often offered for bid
caps and other market power mitigation mechanisms is to protect final consumers from
an inadequate physical infrastructure to support competitive market outcomes. However,
particularly in industrialized countries, the lack of adequate infrastructure to support
active demand-side participation is the result of an explicit regulatory policy.
This paper identifies the major political and economic constraints on the demand
side of electricity industry restructuring processes and attempts to understand why they
are the result of what is claimed to be a pro-consumer regulatory policies. It then
describes how these constraints have been addressed in previous restructuring processes
and how this has harmed market efficiency and system reliability. Finally, the paper
proposes demand-side regulatory interventions to manage these constraints in a manner
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that limits the harm to wholesale market efficiency. The paper then described demandside constraints specific to developing countries and suggests possible ways to address
them. The paper concludes with a brief discussion of why overcoming these barriers is
crucial for consumers to realize tangible benefits from electricity industry restructuring.

Major Political and Economic Demand-Side Constraints
Because electricity is a necessary input to so many economic activities, there are
significant political obstacles to charging business and residential customers retail prices
that reflect the hourly wholesale price of electricity. A long history of retail electricity
prices that do not vary with real-time system conditions makes this task even more
difficult. Finally, the lack of hourly meters on the customer’s premises makes it
impossible to determine precisely how much energy each customer withdraws in a given
hour. These factors combine to make it virtually impossible to allow retail prices to
allocate the hourly available supply to final consumers willing to pay the hourly marketclearing price as is the case for other energy sources such as oil and natural gas.

The Political Economy of Electricity Prices
Under the vertically integrated geographic monopoly regime in the United States (U.S.),
retail electricity prices are set by state public utilities commissions (PUCs). Although
these geographic monopolies are usually privately-owned firms, they are also among the
largest employers in the state, so the PUC must balance the interests of ratepayers and
employees of the company in the price-setting process. The usual regulatory bargain in
the United States is that the vertically-integrated geographic monopoly must serve all
demand at the prices set by the PUC, and the PUC must set retail prices that allow the
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utility an opportunity to recover all prudently incurred costs incurred to serve that
demand.
This regulatory history has established a public precedent for retail electricity
prices that only recover total production costs, or prices equal to the long-run average
cost of supplying electricity. The regulated utility effectively served the role of a
kilowatt-hour (KWh) insurance provider. The customer agreed to pay the long-run
average cost for each KWh consumed and the utility made the necessary investments and
hired the required employees to ensure that all of the KWhs that demanded at that price
would be supplied. This model is very difficult from the restructured regime where
hourly wholesale prices are set to balance the hourly demand and supply for electricity.
Moreover, prices set through market mechanisms can often be vastly in excess of
or substantially below the average total cost of supplying the product. This is particularly
true for wholesale electricity because of a number of features of the technology of
electricity supply discussed in Wolak (2004) that make these markets extremely
susceptible to the exercise of unilateral market power by generation unit owners.
Setting retail prices that pass through hourly wholesale prices, what is typically
referred to as dynamic pricing, is even more difficult in the United States because there
are explicit regulatory prohibitions against consumers paying wholesale prices that reflect
the exercise of unilateral market power. As discussed in Wolak (2003b), the Federal
Power Act of 1935 requires that the Federal Energy Regulatory Commission (FERC), the
U.S. wholesale market regulator, to ensure that consumers do not pay unjust and
unreasonable wholesale prices. FERC has determined that market prices that reflect the
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exercise of unilateral market power by suppliers are one example of unjust and
unreasonable prices.
This problem is further compounded by the fact that most state PUCs have
prohibitions against passing on unjust and unreasonable wholesale prices in the retail
prices they set. For example, if the FERC determines that certain wholesale prices are
unjust and unreasonable because they reflect the exercise of unilateral market power, then
it is illegal for the state PUC to set retail prices that recover these costs. Unjust and
unreasonable wholesale prices are imprudently incurred costs and therefore the PUC has
no obligation to set a retail price that recovers these costs.
This regulatory structure creates an almost impossible situation for introducing an
active demand side into the wholesale market. Requiring consumers to manage hourly
wholesale price risk will create the necessary price-responsive final demand that limits
the opportunities for suppliers to exercise unilateral market power in the short-term
market. However, even under dynamic pricing, there are still likely to be hours when
wholesale prices are vastly in excess of the average cost of supplying electricity, which
could mean that consumers are being charged wholesale prices that the Federal Power
Act would deem illegal.
Although this explicit regulatory conflict between retail prices that pass through
hourly wholesale prices and the potential legality of charging these prices to final
consumers does not exist in other countries, most industrialized countries have a long
history of setting retail electricity prices equal to the long-run average cost of supply and
slowly adjusting these prices to reflect changes in production costs. In the former stateowned monopoly regime common to most industrialized countries, a government agency
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or regulatory body was charged with setting retail electricity prices to allow the firm an
opportunity to recover its production costs and input cost increases were slowly
incorporated into retail electricity prices.
In developing countries, there is even greater pressure to keep nominal electricity
prices as low as possible because of the crucial role that low electricity prices are thought
to play in spurring development process. These concerns have often led to retail prices
that only recover the variable costs of supplying electricity. In some of these countries,
electricity prices are also used to pursue political goals. For example, since 1977,
politicians in various regions of India have run on a platform of subsidized or even free
electricity for farmers (Mukherjee, 2007).
These constraints emphasize why it is so difficult for the political process to
require final consumers to purchase wholesale electricity at prices that reflect hourly
wholesale prices. The fact that few consumers have meters on their premises that measure
their consumption on an hourly basis ensures that this situation will not change without
significant regulatory intervention.

The Economics of Hourly Metering
Virtually all electricity meters that currently exist in the United States and other
industrialized countries record the amount of electricity consumed on a continuous basis.
A customer’s electricity consumption over any time interval is the difference between the
value on the meter at the end of the time period and value at the beginning of the time
period. In the United States, meters are typically read manually on a monthly or bimonthly basis. A meter reader must show up at the customer’s premises and record the
value on the meter. If a meter reader is unable to make it to the customer’s premises,
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there are rules for determining the customer’s consumption during that billing period. As
I discuss below, the current state of metering technology is not a barrier to measuring a
customer’s consumption on an hourly basis. It is the willingness of regulators and
government agencies to mandate the installation of the necessary meters.
Another feature of electricity retailing in the United States is that customers
receive their bill for last month’s consumption during the current month. With bimonthly
metering and billing, the delay between consumption and invoicing can be more than one
month. If the only information a customer receives about the cost of his or her
consumption during the previous billing cycle is provided at the end of this billing cycle
plus a processing delay, it is unclear how dynamic retail pricing can be used to cause
final consumers to alter their hourly demand. Some signal about the magnitude of the
hourly wholesale price must be provided to final consumers to cause them to alter their
real-time demand.
Hourly metering technology can both record consumption each hour of the month
and provide information to the customer on the value of hourly retail prices. There are a
variety of technologies available to accomplish this, but all of them share similar cost
structures. There are significant upfront costs in terms of infrastructure to install the
meters and the technology necessary to read and record the output from the meters. In
addition, the average cost of installing meters is much less if they are installed in volume
in over a small geographic area. Once installed in volume, the monthly average cost of
operating the system is very low, often less than $0.50 per meter-month.
Consequently, the tradeoff for an investment in interval metering is whether the
cost saving in terms of the reduced labor costs associated with monthly manual meter
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reading and wholesale energy purchase costs to serve final consumers are sufficient to
recover the up-front costs of installing the meters plus the monthly cost of operating the
automated meter reading network.
Figure 1 provides a graphical illustration of an automated meter reading network.
The meter must automatically communicate either by wire or by wireless technology to
the data center each hour of the day to send consumption information back to the data
center. From this data center the information is sent to the retailer, who can also share it
with the final consumer. For example, virtually all automated meter reading networks
have the capability for consumers to download information on their consumption of
electricity as soon as it is recorded at the data center.
Figure 1: here
The major drivers of the economics of installing of an automated meter reading
network are labor costs and the level and volatility in wholesale electricity prices. In
regions where labor costs are higher, the cost savings from eliminating manual meter
reading are larger. In areas with higher and more volatile electricity prices, the cost
savings in wholesale electricity purchase costs from being able to use price signals to
shift demand throughout the day, week, or month are much greater than in a region with
low and/or stable wholesale electricity prices. Consequently, a fossil fuel-based system
that has substantial price fluctuations within the day has a much greater potential to
realize significant cost savings from an automated meter reading network than a hydrobased system that typically has fairly constant wholesale prices throughout the day.
Wolak (1999) compares the time series behavior of prices in restructured
electricity markets in Australia, New Zealand, England and Wales, and Norway and
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Sweden. Australia and England and Wales are fossil-fuel dominated systems with
substantial amounts of price variation within the day, whereas New Zealand and Norway
and Sweden are hydro-based with small price fluctuations within the day-ahead, although
there can be substantial price differences across seasons of the year, depending on
hydrological conditions. By the above logic, the wholesale electricity procurement cost
savings from an automated meter reading network in Australia and England and Wales
should be significantly higher than those in New Zealand and Norway and Sweden.
It is important to emphasize that this statement does not imply that New Zealand
and Norway and Sweden would not benefit from retail prices that pass through wholesale
prices. Only that virtually all of the savings from passing through wholesale prices in
retail prices could be accomplished with monthly meter reading, because the major
source of price variation in these markets is across seasons of the year or across years.
Customers with larger annual electricity bills can expect to realize greater total
benefits from hourly meters than smaller customers. Any percentage saving in wholesale
electricity purchase costs from having an hourly meter will translate into a larger total
absolute dollar savings, which increases the likelihood that the annual total benefits of an
hourly meter for that customer will exceed the annual cost. For example, a 5 percent
savings in wholesale electricity purchase costs applied to an annual electricity bill of
$1000 only yields $50 in savings. Applying this same percentage to an annual electricity
bill of $10,000 yields $500 in saving, which more than covers the annual cost (including
fixed costs) of installing and operating an hourly meter.
Another factor determining the benefits a customer might realize from hourly
metering is the amount that customer can reduce its demand in response to price signals.
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The magnitude of a customer’s demand responsiveness depends on the mechanism used
by the retailer to deliver the price signal. There has been a substantial amount of recent
research on ways to deliver wholesale price signals to final consumers to maximize the
cost savings realized from providing these price signals. Wolak (2006) describes the
results for a dynamic experiment in Anaheim, California and Wolak (2010) compares the
performance of a number of dynamic pricing plans for customers in the Washington, DC
area.
Simply passing through the hourly wholesale price in an hourly retail price may
not provide the greatest aggregate reduction in wholesale purchase cost savings by
customers with hourly meters. By coordinating the demand reduction efforts of all
consumers with hourly meters, it may possible for the retailer to capture an additional
source of benefits from price-responsive final consumers. Coordinated actions in the
same time interval to reduce demand by all consumers with hourly meters can reduce
total system demand, which can then lead to lower wholesale prices. These coordinated
actions increase the total benefits realized from hourly meters because customers without
hourly meters benefit from lower wholesale electricity purchase costs enabled by a lower
wholesale electricity price. Section 3 discusses alternate hourly pricing mechanisms that
attempt to capture both the load shifting benefits and the wholesale price-reducing
benefits of hourly metering.
The costs of hourly metering and the magnitude of the typical annual household
electricity bill in most industrialized countries makes it likely the expected benefits from
universal hourly metering exceeds the costs, particularly given the significant economies
to scale and geographic economies to scope in the installation and operation of hourly
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meters. This economic logic is consistent with recent regulatory decisions made in a
number of jurisdictions. The state of Victoria in Australia, the province of Ontario in
Canada, and the states of California and Texas in the United States have all decided to
implement universal hourly metering for all consumers. In Victoria, the plan is to install
approximately 2.5 million hourly meters by 2013. In Ontario, 5 million meters are to be
installed by 2010. In California, the plan is to install hourly meters for all customers of
the three large investor-owned utilities by the end of 2012. Texas plans to deploy 6
million interval meters by the end of 2013. In all of these jurisdictions, the total cost
(installation, back office and operating costs) of the hourly metering technology will be
included in the regulated cost of local distribution services.
For developing countries, the economic case for universal hourly metering is
much less favorable because the labor costs associated with manual meter reading are
much lower and annual residential and business electricity bills tend to be much lower.
However, in the areas where affluent households live, there are residential customers with
sufficiently large annual electricity bills to pass the cost/benefit test for hourly metering.
There are also likely to be many industrial and commercial customers that are viable
candidates for hourly meters. Consequently, determining precisely where to draw the line
between customers that pass the net benefit test for hourly meters and those that do not is
much more difficult in developing countries. This logic also suggests an alternative
approach to organizing the retailing segment of the industry in developing versus
industrialized countries discussed in Section 4.
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The Political Economy Case against Real-Time Pricing
The need for explicit regulatory mandate to install and fund the metering infrastructure
necessary for the widespread implementation of dynamic pricing plans has significantly
slowed the pace of their adoption. Particularly in the United States, the regulatory
framework governing the electricity industry restructuring process has further conspired
against the adoption of interval meters and real-time pricing plans. Because the cost of
conventional manual meter reading is sufficiently high that in places like California and
Texas, the case for the adoption of automated meter reading technology can be largely
made using the costs savings associated with the elimination of manual meter reading.
Despite the adoption of automated meter-reading technology, most state PUCs
have been extremely reluctant to implement retail pricing plans that reflect hourly
wholesale market conditions because of the apparent contradiction with their regulatory
goals. Mandating that all customers face an hourly retail price that passes through the
hourly wholesale price would create strong incentives for final consumers to respond to
hourly wholesale prices. A real-time demand for electricity that responds to hourly
wholesale electricity prices is crucial to limiting the opportunities for suppliers to
exercise unilateral market power in the wholesale market and ensuring competitive
wholesale market outcomes. However, such a requirement would also expose final
customers to prices that reflect the exercise of significant unilateral market power during
a number of hours of the year. For this reason, a state PUC might argue that setting a pass
through of the hourly wholesale price as the default retail price is inconsistent with its
regulatory mandate to protect consumers from unjust and unreasonable retail prices.
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The fact that this very straightforward solution to the lack of a price-elastic
wholesale electricity demand has been rejected by all U.S. state PUCs suggests these
entities view a default retail price that passes through hourly wholesale prices in hourly
retail prices as explicitly or implicitly inconsistent with their regulatory mandate. As we
discuss in the next section, the response of state and federal regulators in the United
States to the risk of very high hourly wholesale prices has been to implement regulatory
interventions that limit wholesale price volatility but very likely increase average
wholesale prices and reduce system reliability.
The situation in wholesale markets in other industrialized countries is not much
better. There is very little penetration of hourly metering technology in most of these
markets because of the reluctance of the regulators to mandate its adoption. As noted
above, recently this trend has begun to reverse, but it remains to be seen if once these
meters are in place default prices that pass through hourly wholesale prices will be
adopted.

Mechanisms Adopted to Deal with Constraints on Demand-Side
Participation
The desire of policymakers to shield final consumers from wholesale price volatility has
led to a number of regulatory interventions that significantly reduce the likelihood the
consumers will benefit from electricity industry restructuring. The first is the
implementation of the bid caps and other market power mitigation mechanisms in the
short-term market. This has created incentives for retailers and final consumers to engage
in an inadequate amount of hedging of short-term price risk and claims by generation unit
owners that the existence of bid caps and other market power mitigation mechanisms
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prevent them from full revenue recovery. These claims have led to a number of
regulatory interventions that provide additional revenue to generation unit owners that
also raise total wholesale energy costs to consumers and decrease the likelihood they will
receive any benefits from electricity industry restructuring.

Offer Caps and Market Power Mitigation Mechanisms
Virtually all short-term wholesale markets operating in the world have offer caps that
limit highest price offer a supplier can submit or a price cap that limits the value the
market clearing price can take on. In the United States, FERC has set the maximum offer
cap in all U.S. markets it oversees at $1,000 per megawatt-hour (MWh). All U.S markets
also have local market power mitigation mechanisms that limit the maximum bid a
generation unit owner can submit when it is determined to possess the ability to exercise
local market power.
Wholesale markets in other parts of the world also have offer caps. For example,
the Australian market currently has an offer cap of 10,000 Australian dollars per MWh.
The Alberta electricity market currently has a price cap equal to 1,000 Canadian dollars
per MWh. In the Nord Pool, the market operator sets a maximum and minimum offer
price each day as part of the operation of the day-ahead energy market.
These bid caps and price caps and local market power mitigation mechanisms are
proposed to address the fact that the wholesale demand for electricity is completely price
inelastic because of the lack of hourly meters and default retail prices that pass through
hourly wholesale prices. One of the standard tests to determine whether a supplier
possesses local market power worthy of mitigation in U.S. wholesale markets is whether
that supplier or a small number of suppliers is pivotal to meet demand in a congested
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portion of the transmission network. A supplier or group of suppliers is pivotal if
removing all of its supply implies that demand could not be met by the remaining firms.
For example, with five firms each owning 100 MW of capacity, if the demand for
electricity is above 400 MW, then each of the five suppliers is pivotal. If the real-time
for electricity demand was not completely price inelastic, then no supplier could be
pivotal, because there would always be a price at which the demand would equal the
available supply.
There would be significantly less need for bid caps and local market power
mitigation mechanisms if final consumers were required to manage short-term wholesale
price risk. If all final consumers had hourly meters and were required to pay the hourly
wholesale price as the energy part of their default hourly retail price, consumers would
likely sign fixed-price forward contracts for their essential demand so that they could
consume this quantity of electricity each hour regardless of the hourly price. These
consumers could then to alter their hourly demand around this contracted essential
demand in response to hourly price signals. In this way, the need for bid caps and other
market power mitigation mechanisms would be significantly reduced.

Inadequate Hedging of Short-Term Prices and the Reliability
Externality
These offer caps and market power mitigation mechanisms create incentives for market
participant behavior that can significantly degrade market efficiency and system
reliability. Offer caps limit the potential downside to electricity retailers and large
consumers delaying their purchases of electricity until the short-term market. They also
create the possibility that real-time system conditions can occur where the amount of
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demanded at or below the offer cap is less than the amount suppliers are willing to offer
at or below the offer cap. This outcome implies that the system operator must be forced
to either abandon the market mechanism or curtail load until the available supply offered
at or below the offer cap equals the reduced level of demand. Because random
curtailments are used to make demand equal to the available supply at or below the bid
cap, this mechanism creates a reliability externality that further increases the incentive of
retailers to rely on short-term market purchases.
By reliability externality, I mean that no retailer bears the full cost of the event
that there is insufficient supply offered into the market at or below the offer cap, because
all retailers know that random curtailment of demand throughout the transmission
network will be used to balance supply and demand when this outcome occurs. In
contrast, if the wholesale price were allowed to rise to the level necessary to cause
demand to reduce to equal the available supply, those retailers that failed to purchase
sufficient energy in advance through a fixed-price forward contract would have to
purchase any shortfall at the price that clear the short-term market.
Particularly for markets with very low offer caps, retailers have little incentive to
purchase sufficient fixed-price forward contracts with generation unit owners to ensure a
reliable supply of electricity for all possible realizations of demand. For example, a 200
megawatt (MW) generation unit owner that expects to run 100 hours during the year with
a variable cost of $80/MWh would be willing to sign a fixed-price forward contract to
provide up to 200 MWh of energy for up to 100 hours of the year to a retailer. Because
this generation unit owner is essentially selling its expected annual output to the retailer,
it would want a $/MWh price that at least exceeds its average total cost of supplying
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energy during that year. This price can be significantly above the average price in the
short-term wholesale market during the hours that this generation unit operates because
of the offer cap on the short-term market and other market power mitigation mechanisms.
This fact implies that the retailer would find it expected profit-maximizing not to sign the
forward contract that allows the generation unit owner full cost recovery but instead wait
until the short-term market to purchase the necessary energy at prices that are the result
of offer caps and the market power mitigation mechanism.
Although this incentive for retailers to rely on a mitigated the short-term market is
most likely to impact generation units that run infrequently, if the level of demand
relative to the amount of available supply is sufficiently large, it can even impact
intermediate and base load units. Because of the expectation of very low prices in the
short-term market and the limited prospect of very high prices because of offer caps or
market power mitigation mechanisms, retailers may decide not to sign fixed-price
forward contracts with these generation unit owners and purchase their energy in the
short-term market. By this logic, a mitigated short-term energy market always creates an
incentive for retailers to delay purchasing some of their energy needs until real-time,
when the market power mitigation mechanisms on the short-term market can be used to
obtain this energy at a lower price than the supplier would willingly sell it in the forward
market.
The lower the offer cap and the more stringent the market power mitigation
mechanisms are, the greater is the likelihood that the retailer will delay its electricity
purchases to the short-term market. Delaying more purchases to the short-term market
increases the likelihood of the event that insufficient supply will offer into the short-term
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market at or below the offer cap. Because of the lack of hourly metering, there is no way
to determine precisely how much electricity each customer is consuming during these
time periods. For this reason, system operators manage these shortfalls by curtailing
sufficient load to allow the available supply meet the remaining demand. If retailers know
this is how supply shortfalls in the short-term market will be met, this creates an
additional incentive for them to rely on the short-term market.
If a retailer knows that part of the cost of its failure to purchase sufficient fixedprice forward contracts will be borne by other retailers and large consumers, then it has
an incentive to engage in less fixed-price forward contracts than it would in a world
where all customers had hourly meters and all customers could be charged hourly prices
high enough to cause them to reduce their demand to equal the amount of supply
available at that price. As discussed in Wolak (2003a), all of the wholesale markets in
Latin American recognize this incentive of retailers and final consumers to delay their
wholesale energy purchases to the short-term wholesale market when it is subject to offer
caps or other market power mitigation mechanisms. These countries address this
incentive to under-contract by mandating forward contract coverage ratios for retailers
and large consumers that have the option to purchase from the short-term market. For
example, in the Brazilian market all retailers and large consumers are required to have
100 percent of their final demand covered in fixed-price forward contracts.
Without these forward contracting requirements on retailers and large consumers,
a wholesale market with offer caps, stringent market power mitigation mechanisms, and
final consumers without hourly meters faces significant reliability challenges. In the
short-term market, the lower the bid caps and more stringent the market power mitigation
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mechanism, the greater the likelihood of that there will be insufficient supply offered into
the short-term market at or below the offer cap to meet demand. Because of the mitigated
short-term market and inadequate fixed-price forward contracting by retailers, it is likely
that new generation entrants will be unable to earn sufficient revenues from the selling in
the short-term market and therefore will be unwilling to construct new generation units to
serve load growth, which increases the likelihood of future supply shortfalls.

Capacity Markets and Other “Cures”
A number of “remedies” have been proposed for bid caps and market power mitigation
mechanisms necessitated by the lack of hourly metering and pass-through of hourly
wholesale prices in the default retail prices. Capacity payment mechanisms are the most
common. Capacity markets in the United States appear to be a holdover from the
vertically-integrated regulated regime with regional power pools where capacity
payments compensated generation units for their capital costs, because the regulated
power pool typically reimbursed unit owners for their variable operating costs.
It is important to emphasize that in a wholesale market regime all generation unit
owners have the opportunity to earn the market-clearing price for the energy and
operating reserves they sell. These prices are typically above the generation unit’s
average variable cost of providing the service when the unit is providing that service.
This margin above the unit’s variable costs provides the generation unit owner with a
return to capital during each hour it produces electricity or providing operating reserves.
This paradigm for earning a return on capital from the difference between the market
price and the firm’s average variable cost of production has managed to provide the
appropriate incentives for investment in new productive capacity all workably
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competitive industries. There is little reason to expect that it could not work in the
wholesale electricity industry with an active demand side.
Capacity payments typically involve a dollar per kilowatt year ($/kW-year)
payment to individual generation units based on some measure of the average amount of
their capacity available to produce electricity within the year. For example, a base load
coal-fired unit would have a capacity value very close to its nameplate capacity, whereas
wind generation facility would have a capacity value significantly below its nameplate
capacity.
Capacity payment mechanisms differ along a number of dimensions. In some
regions, the payment is made to all generation unit owners regardless of how much total
generation capacity is needed to operate the system. In other regions, the independent
system operator (ISO) specifies a system-wide demand for capacity equal to peak system
demand plus some planning reserve, typically between 15 to 20 percent, and only makes
capacity payments to enough generation units to meet this demand.
There have been attempts to use market mechanisms to set the value of the $/kWyear payment to the generation units needed to meet the total demand for capacity.
However, these capacity markets have been unsuccessful and subject to almost
continuous revision by the eastern US ISOs because they are extremely susceptible to the
exercise of unilateral market power. The nature of product sold—installed generation
capacity—and a publicly disclosed inelastic demand for this product has created an
extreme form of the pivotal supplier problem. In the eastern U.S. markets, there have
been numerous instances of the exercise of the enormous market power in these capacity
markets. During the off-peak months of the year when no single supplier is pivotal in the
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capacity market, the price of paid for capacity is very close to zero, which is the marginal
cost of a supplier providing an additional MW of available capacity from existing
generation capacity. During the peak and shoulder months when one or more suppliers
are pivotal in the capacity market, there is no limit on the price a supplier can charge. For
example, suppose a market has 10 suppliers, each of which owns 1,200 MW, and the
peak demand for the system during the peak month is 10,000 MW. Under these
circumstances all suppliers know that the aggregate available capacity requirement of say
11,500 MW (=1.15 × 10,000 MW) cannot be met without some of their capacity. As
consequence in all of the eastern U.S. markets, very stringent market power mitigation
measures have had to be put in place. Consequently, capacity prices typically fluctuated
from very close to zero to the regulatory price cap. It is difficult to argue that these very
volatile prices provided a signal about the need for new investment in generation
capacity, which has led to revisions in the design of the capacity markets in all eastern
U.S. ISOs.
This market power problem leaves open the question of how to determine the
value of the $/kW-year price cap on the capacity payment. In most regions, the value of
the maximum capacity payment is based on the regulator’s estimate of annual $/kW fixed
cost of a peaking generation unit. This is backed by the logic that because of the offer cap
on the short-term market and other market power mitigation mechanisms this peaking
unit could only set an energy price slightly higher than its variable operating costs.
Because this generation unit and all other generation units are missing the hours when the
market price would rise above its variable operating costs because a price-responsive
final demand would set the market price, the annual $/kW cost of the peaking unit is
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needed to compensate all generation units for the revenues they do not receive because of
the offer cap and market power mitigation mechanisms. This logic for the value of $/kWyr capacity payment explicitly assumes that the real-time demand for electricity is
completely price inelastic and that suppliers are unable to exercise significant amounts of
unilateral market power in the short-term market. Both of these assumptions are clearly
false unless the state-level regulatory process does not allow interval metering and
dynamic pricing and the local market power mitigation mechanism prevents all exercise
of local market power.
It is unclear why electricity is so fundamentally different from other products that
it requires paying suppliers for their generation units to exist. Consumers want cars, not
automobile assembly plants; point-to-point air travel, not airplanes; and a loaf of bread,
not a bakery. In these markets producers do not receive capacity payments for owning the
facilities needed to provide these products. All of these industries are also high fixed cost
and low marginal cost production processes, yet all of these firms earn their return on
capital invested by selling the good that consumers want at a price above the variable cost
of producing it. Cars, air travel, and bread are in many way essential commodities, yet
capacity payments are not needed to ensure that there is sufficient productive capacity for
these products to meet society’s needs. Instead, temporary supply and demand
imbalances are managed by dynamic pricing of the product.
Capacity payment mechanisms virtually guarantee that consumers will pay more
for their annual electricity consumption than they would in a world with active demandside participation in the wholesale market. Recall that the capacity payment is made to
either all generation units in the system or all generation units needed to meet the ISO’s
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demand for capacity. On top of this, all suppliers receive typically a market-clearing price
set by the highest generation offer needed to meet system demand for capacity. Thus, to
the extent that suppliers are able to exercise unilateral market power in the short-term
energy market, they can raise energy prices significantly above the variable cost of the
highest cost unit operating within the hour for all hours of the year, on top of receiving a
capacity payment set by the highest offer price needed to meet the system demand for
capacity.
For a number of reasons, a wholesale market with a capacity payment mechanism
makes it more likely that suppliers will be able to exercise unilateral market power in the
short-term wholesale market relative to a market with active demand-side participation
and no capacity payment mechanism. Capacity payment mechanisms are typically
accompanied by offer caps and market power mitigation mechanisms that significantly
limit the incentive for final consumers to become active participants in the short-term
wholesale market. For example, if the maximum wholesale price in an hour is
$400/MWh because of an offer cap at this level, then a 1 KWh reduction in demand for a
residential customer (a very large demand reduction) during an hour only saves the
customer 40 cents, which seems unlikely to be sufficiently attractive to cause that
consumer to reduce its demand. This lack of an active demand-side of the wholesale
market impacts how generation unit owners offer their generation units into the wholesale
market, because all suppliers knows that system demand will be the same regardless of
the hourly wholesale price.
Active participation by final demand substantially increases the competitiveness
of the short-term wholesale market because all suppliers know that higher offer prices
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will result in less of their generation capacity being called upon to produce because the
offers of final consumers to reduce their demand are accepted instead. Without an active
demand-side of the wholesale market suppliers know that they can submit offers that are
farther above their variable cost of supplying electricity and not have these offers
rejected. A market with a capacity payment mechanism charges consumers for the $/kWyear fixed cost of a peaker unit for their entire capacity needs and then give suppliers
greater opportunities to exercise unilateral market power in the short-term market.
Another argument given for capacity payments is that they reduce the likelihood
of long-term capacity inadequacy problems because of the promise of a capacity payment
provides incentives for new generation units to enter the market. However, until very
recently capacity payments in most markets around the world were only promised for at
most a single year and only paid to existing generation units. Both these features
substantially dulled the incentive for new generation units to enter the market, because
the unit that entered often had no guarantee of receiving the capacity payment for one
year and no guarantee that if it received it the first year it would continue to receive it.
This has led the eastern U.S. ISOs to focus on the development of a long-term capacity
product that is sold two to three years in advance of delivery to provide the lead time for
new generation units to participate. As we discuss in Section 4, this solution is unlikely to
lead to a lower cost solution for consumers than the long-term contract adequacy
approach described in that section.

Politically Palatable Real-Time Pricing
One benefit of the political and economic constraints associated with implementing an
active demand-side in wholesale markets in the United States is that there have been a
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number of experiments to determine the real-time price-responsiveness of retail
electricity consumers. These experiments typically install hourly metering on a sample of
customers and require a fraction of these customers to pay retail prices that vary with
hourly system conditions and the remainder to pay according the standard retail price
schedule.
These experiments have been run in a number of jurisdictions and found
statistically significant evidence that retail customers are able to substantially alter their
consumption of electricity in response to hourly retail prices. Although the result that
customers reduce their demand in response to higher hourly retail prices is not surprising,
the surprising conclusion from this research is that how real-time wholesale price signals
are provided to final consumers can impact the magnitude of the price response.
Regulators and many final consumers often argue that responding to hourly price
signals would be too complex and time-consuming for most retail customers. Customers
would have to continually monitor the price of electricity each hour of the day to
determine whether it makes economic sense to alter their consumption. In addition,
hourly real-time electricity prices can be extremely volatile and customers are likely to
find it difficult to determine how long price spikes are likely to last and whether it is
worth taking actions to reduce their consumption in response to a very high price during a
single hour. Wolak (2011) finds that because of the pattern of hourly wholesale prices
throughout the day—high-priced hours tend to cluster within the day—the problem of
determining the duration and magnitude of price spike does not appear to limit the
magnitude of the demand reduction achieved for customers in the Washington, DC area.
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Patrick and Wolak (1997) study the price-responsiveness of large industrial and
commercial customers in England and Wales to retail prices that pass-through half-hourly
wholesale prices and find significant diversity in the magnitude and pattern of the
demand responses with the day. All of these customers have extremely large monthly
wholesale electricity bills, in the thousands of dollars, so they have a strong financial
incentive to invest in the expertise needed to respond to half-hourly wholesale prices.
If there are offer caps and other market power mitigation mechanisms that limit
the level of wholesale electricity prices, other mechanisms for passing through real-time
price signals must be devised to reduce the cost of customers responding to real-time
prices or increase the benefits they receive from responding. This logic has led to the
design of critical peak pricing (CPP) programs that attempt to reduce the customer’s cost
of responding and the benefits it expects to receive from responding.
Under this sort of real-time pricing program, customers pay according to a single
fixed price or an increasing block tariff during the month with a fixed price for each
block of the household’s monthly consumption. The retailer is then allowed to call a
certain number of critical peak days within a given time interval. Typically, this is done
the day before by a telephone or email, but the program could be modified to notify the
customer closer to the time of CPP event. During an agreed-upon peak period of a CPP
day the customer must pay a substantially higher retail price. For example, if the
customer normally pays 8 cents/KWh for energy, during the peak period of a CPP day it
might pay 35 cents/KWh. This mechanism does not require the final consumer to follow
the hourly wholesale price or know anything about wholesale market conditions. The
retailer declares CPP events on the days that it would like customers to reduce their
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consumption. Another benefit of the CPP program is that the peak period of the day
during which a CPP customer pays the higher retail price is typically between four to six
hours long. This implies a longer period over which a CPP customer has to accrue
benefits by reducing its consumption.
If the retailer has enough customers on the CPP pricing program, then the
structure of the program causes all CPP customers to focus their demand-reduction
efforts during the same time period, which increases the likelihood that declaring a CPP
event will result in lower wholesale prices during the CPP period because of the reduced
system-wide demand for electricity. This increases the consumer benefits realized from
implementing dynamic pricing because it reduces the cost to the retailer of serving its
remaining customers.
One variation on the standard critical peak-pricing program that is very popular
with customers involves a rebate for consumption reductions relative to a reference level
on critical peak days. Under this scheme the customer is paid a $/KWh rebate for every
KWh of consumption less than some reference level during critical peak periods instead
paying for all consumption at the higher price. For example, if a customer’s peak period
reference level is 8 KWh and the customer consumes 6 KWh, then it is paid the $/KWh
rebate for 2 KWh. If the customer does not reduce its consumption below this reference
level, then it does not receive any rebate and its does not have to make any payment.
Mathematically, the payment received by the customer during CPP days is prebate*max(0,
qref ‒ qactual), where prebate is the $/KWh rebate, qref is the reference level for rebates, and
qactual is the customer’s actual consumption during the peak period.
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This mechanism implies greater risk for the retailer because it could pay out more
in rebates than it saves in wholesale energy purchase costs. This dynamic pricing
program is more attractive to customers than the conventional CPP program because the
customer cannot lose from participating in the program. At worst, the customer does not
receive any rebate payments. However, Wolak (2010) finds that CPP plans that pay
rebates to customers for reducing their consumption relative to a reference level are less
effective at reducing hourly demand than CPP plans that charge customers high prices for
all of their consumption during the CPP period, in spite of the fact the both dynamic
pricing plans set the same marginal price.
Wolak (2006a) analyzes household-level price responsiveness under a CPP
program with a rebate for the City of Anaheim in southern California. This program paid
customers a $0.35/KWh rebate for reductions in consumption relative to their reference
level during peak period of CPP days. During all other hours, the customer pays a price
of 6.75 cents/KWh for monthly consumption less than 240 KWh and 11.02 cents/KWh
for monthly consumption above 240 KWh. The peak period of the day for the purposes of
the Anaheim CPP mechanism with a rebate is noon to 6 pm. Wolak (2006a) found that
during CPP days the mean difference in the difference in consumption between the CPP
customers and the control group of customers is a reduction of approximately 13 percent.
If this mean consumption reduction associated with a CPP event could be scaled to all
residential consumers in California, approximately one-third of the consumption in
California, this would imply slightly more than a 4 percent reduction in system demand
as a result of a CPP event. Applying this to a peak demand in California of 50,000 MWh
implies a 2,000 MWh reduction in demand, which means that California may be able to
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avoid building and paying for almost 2,000 MW of new generation capacity as a result of
this demand response capability. Wolak (2010) found even larger percentage reductions
during CPP periods for customers in the Washington, DC area.
The sizes of the demand reduction to a critical peak day estimated in Wolak
(2006a) and Wolak (2010) are likely to underestimate the potential demand reductions
possible, because of the large number of new technologies to monitor and control
electricity consumption automatically. There are a number of standards for allowing
advanced meters to communicate with appliances throughout a geographic area using
both wireless and wire line technologies. For example, a household could program a
personal computer to alter electricity use based on wholesale prices or other signals
provided by the retailer. The ZigBee Alliance (www.zigbee.org) is perhaps the most
popular of these standards. It is a wireless network designed to monitor and control
appliances and was organized as a nonprofit corporation in 2002. A number of companies
are offering appliance control networks that are compliant with the ZigBee standard.
Homeplug Powerline Alliance is power line-based open standard for communications
(www.homeplug.org) aimed at providing, among other services, monitoring and control
of appliances. These technologies are likely to reduce overall electricity consumption as
well as reduce the cost of responding to real-time price signals and the magnitude of the
demand response.
The development of politically attractive dynamic pricing plans and technologies
that reduce the cost and increase the magnitude of demand response strongly argues in
favor of introducing mechanisms that require final consumers to manage real-time price
risk. The non-trivial cost of hourly meters and the technologies to reduce the cost of
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demand response favor a phased-in approach that focuses on customers realizing the
greatest net benefits from these technologies and respects the political constraints facing
regulators and policymakers in allowing active demand-side participation in wholesale
electricity markets.

Managing Demand-Side Economic and Political Constraints
This section proposes a retail market regulatory structure that addresses the economic and
political constraints described in Section 2 with minimal harm to wholesale market
efficiency and system reliability. This retail market structure emphasizes the necessity of
hedging short-term wholesale price risk either through fixed-price forward contracts or
active demand-side participation to ensure a reliable supply of electricity and the longterm financial viability of the industry. Another guiding principle is symmetric treatment
of generation unit owners and final consumers in the sense that both sets of market
participants face a default price that reflects all real-time price risk. Finally, this
regulatory structure recognizes that hourly meters may not make economic sense for all
retail customers at the present time, but these circumstances may change in the future as
the price of electricity rises and the cost of hourly meters falls.

Hedging Short-Term Wholesale Price Risk
There are two types of wholesale price risk that can harm electricity consumers. The first
is prices persistently above competitive levels. This pattern of wholesale prices is
typically the result of suppliers exercising unilateral market power in the short-term
market by withholding output. The second is a short bout of very high prices usually
accompanied by stressed system conditions because of a generation unit or transmission
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line outage or an extreme unexpected weather event. Each form of wholesale price risk is
best dealt with using a different set of actions by final consumers.
The risk of short-term prices persistently above competitive levels is best
managed with fixed-price forward contracts between generation unit owners and retailers
or large consumers able to purchase directly from the wholesale short-term market. As
discussed in detail in Wolak (2000), fixed-price forward contract commitments sold by
generation unit owners reduce their incentive to exercise unilateral market power in the
short-term energy market because the supplier only earns the short-term price on any
energy it sells in excess of its forward contract commitment and pays the short-term price
for any production shortfall relative to these forward contract commitments.
To understand this logic, let pc equal the forward contract price at which the
supplier agrees to sell energy to an electricity retailer and qc equal to the quantity of
energy sold. This contract is negotiated in advance of the date that the generation unit
owner will supply the energy, so that the value of pc and qc are predetermined from the
perspective of the supplier’s behavior in a short-term wholesale market. As shown in
Wolak (2000), the quantity of fixed-price forward contract obligations held by the
supplier impacts what short-term market price the firm finds ex post profit-maximizing
given its marginal cost of producing energy, the supply offers of its competitors, and the
level of aggregate demand. Incorporating the payment stream a generation unit owner
receives from its forward contract obligations, its variable profit function for a given hour
of the day is:
π(ps) = (pc – c)qc + (qs – qc)(ps – c)
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(1)

where qs is the quantity of energy produced by the generation unit owner, ps is the price
of energy sold in the short-term market and c is the supplier’s marginal cost of producing
electricity, which for simplicity I have assumed is a constant. The first term in (1) is the
variable profit from the forward contract sales and the second term is the additional profit
or loss from selling more or less energy in the short-term market than the supplier’s
forward contract quantity. Because the forward contract price and quantity are negotiated
in advance of the delivery date, the first term is a fixed profit stream to the supplier from
the perspective of its participation in the day-ahead market. The second term depends on
the price in the short-term market, but in a way that can significantly limit the incentive
for the supplier to raise prices in the short-term market.
For example, if the supplier is too aggressive in its attempts to raise prices by
withholding output, it could end up selling less in the short-term market than its forward
contract quantity, and if the resulting market-clearing price is greater than the firm’s
marginal cost, c, the second term in the firm’s variable profit function will be negative.
Consequently, only in the case that the supplier is confident it will produce more than its
forward contract quantity in the short-term market does it have an incentive to withhold
output in order to raise short-term prices.
The quantity of forward contract obligations held by a firm’s competitors also
limits incentive of that supplier to exercise unilateral market power in the short-term
market. If a supplier knows that all of its competitors have substantial fixed-price
forward contract obligations, then this supplier knows these firms will be bidding very
aggressively (submitting offer curves close to their marginal cost curve) to sell their
output in the short-term wholesale market. Therefore, attempts by this supplier to raise
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prices in the short-term market by withholding output are likely to be unsuccessful
because of the aggressiveness of the offers into the short-term market by its competitors
with substantial fixed-price forward contract obligations.
Short periods of extremely high prices are best managed through active demandside participation in the wholesale market, because many of these price spikes are driven
by unexpected events that occur too quickly for the supply side of the market to respond.
The outage of a large generation unit can often be managed by the generation units
providing operating reserves increasing their output. However, the outages are sometimes
severe enough that the only way to manage them is to reduce the demand electricity.
Although it is possible to manage the risk of the exercise of unilateral market
power in the short-term market with demand response alone, this could impose
significant hardship on consumers. For example, in a hydro-dominated system where
water comes primarily in the form of winter snow-pack, if the amount of water available
to produce electricity is much less than normal, then the fossil-fuel suppliers will have a
greater opportunity to exercise unilateral market power until the following year. As
discussed in Wolak (2003b), this describes the initial conditions in the western United
States immediately before the start of the summer of 2000. To limit the ability of
suppliers to exercise unilateral market power under these system conditions, consumers
would likely have to reduce their demands for long periods of time period until the next
year’s snowfall melted, which could impose significant hardship on electricity
consumers. Consequently, a strategy that involves a lower downside to consumers would
be to hedge their expected demand for electricity each period in fixed-price long-term
contracts. That way if low hydro conditions occur, the fossil-fuel suppliers will have less
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of an incentive to exercise unilateral market power in the short-term wholesale market
because of their substantial fixed-price forward contract obligations.
Fixed-price long-term contracts can be used to protect consumers against shortterm price spikes, but this is likely to be more expensive for consumers than managing
this risk with active demand-side participation in the wholesale market. To hedge against
the risk of price spikes, consumers or their retailers would have to purchase fixed-price
forward contract coverage for 100 percent of their demand requirements. Because the
realized demand for electricity is unknown at the time a retailer signs the fixed-price
forward contracts, to insure against having to pay a high price for any energy the retailer
would have to purchase forward contracts for more than 100 percent of its expected
demand. This implies that during many hours, the retailer would be selling back energy
purchased in the forward contract at a low spot market price because its actual demand is
less than the amount it purchased in the forward contract. This increases the effective
price consumers pay for the electricity. A numerical example helps to illustrate this point.
Suppose the distribution of the retailer’s demand has a mean of 100 MWh and a standard
deviation of 20 MWh. For this reason, the customer purchases 130 MWh in a fixed price
forward contract at a price of $50/MWh, to guard against the risk of paying very high
spot prices if its demand is unexpectedly high. If a retailer’s realized demand is 100
MWh and the real-time price is $20/MWh, then the retailer makes a loss of $900 by
selling the 30 MWh it bought for $50/MWh at a price of $20/MWh. This implies an
effective price for the 100 MWh consumed of $59/MWh = ($50/MWh*100 MWh +
$900)/100 MWh, almost a 20 percent price increase. A lower cost strategy for the retailer
is simply to purchase the expected demand of 100 MWh in the forward market and
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manage the remaining short-term price risk by altering the demand of its customers in
response to real-time prices. This trade-off between the customer’s monthly average
price of electricity and the variance in the monthly average price of electricity

Contract Adequacy in Wholesale Electricity Markets
Adequate fixed-price forward contracting by electricity retailers and large customers able
to purchase from the short-term wholesale market is a necessary condition for both
competitive short-term market outcomes and adequate generation capacity to meet future
demand. These fixed-price forward contracts must be negotiated far enough in advance of
delivery for all possible sources of supply to compete. Signing a fixed-price forward
contract a day, month, or even a year ahead of delivery can limit the number of suppliers
and modes of supply that are able to provide this energy. For example, a contract
negotiated one day in advance limits the sources of supply to existing generation unit
owners able to produce energy the next day. Even a year in advance limits the sources
that can compete with existing generation unit owners, because it takes longer than
eighteen months to site and build a substantial new generation unit. To obtain the most
competitive prices, at a minimum, the vast majority of the fixed-price forward contracts
should be negotiated far enough in advance of delivery to allow new entrants to compete
with existing suppliers.
Regulators should focus on ensuring contract adequacy, not on generation
adequacy. Specifically, retailers and large consumers should have adequate fixed-price
forward contract coverage for their expected future demand signed far enough in advance
of delivery to obtain the most competitive prices. By purchasing a hedge against the spot
price risk at the locations in the network where the retailer or large consumer withdraws

35

energy, the buyer can rely on the financial incentives that the seller faces to provide the
contracted for energy at least cost.
A major mistake made by the California Department of Water Resources
(CDWR) in negotiating the forward contracts signed by the state of California during the
winter and spring of 2001 is that it focused on purchasing power plants instead of hedges
against the spot price of energy at the locations where the three large electricity retailers
withdrew energy from the transmission network. This procurement strategy created a
number of market inefficiencies that significantly increased the cost of these forward
contracts and prices in the wholesale market, because they often called for more
expensive generation units to operate (than those required for a least-cost dispatch of
California’s generation resources) in order for the seller’s contractual obligations to met.
By focusing on contract adequacy rather than building generation facilities,
California would have had a portfolio of forward contracts that provided incentives for
least cost production of electricity in the short and long term. Firms that sold these
forward financial contracts would have strong incentives to ensure that the spot prices at
the locations in the California ISO control area that these contracts clear against are as
low as possible. That is because as equation (1) demonstrates, once a supplier has signed
a fixed-price a forward contract that clears against the spot price at a given location in the
network, the supplier’s revenue stream is fixed for this quantity of energy, so it has the
strongest possible incentive to ensure that the cost of meeting this forward contract
obligation in real-time is as low as possible.
Most of the contracts signed by the state of California during the winter and
spring or 2001 had durations of eight years and longer. If these contracts were financial
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hedges against short-term wholesale prices at locations where the major California
retailers withdraw electricity, the sellers of these forward contracts would want to
construct any new generation units needed to meet these obligations to limit the
magnitude of transmission congestion the new generation units face.
An active forward market has other hedging instruments besides swap contracts
where a supplier and a retailer agree to a fixed price at a location in the transmission
network for a fixed quantity of energy. Cap contracts are also very effective instruments
for guarding against price spikes in the short-term market and for funding the appropriate
amount of peak generation capacity. For example, a supplier might sell a retailer a cap
contract that says that if the short-term price at a specific location exceeds the cap’s
exercise price, the seller of the contract pays the buyer of the contract the difference
between the spot price and the cap exercise price times the number of MWh of the cap
contract sold. For example, suppose the cap exercise price is $300/MWh and market
price is $400/MWh, then the payoff from the cap contract is $100/MWh = $400/MWh ‒
$300/MWh times the number of MWh sold. If the spot price is less than $300/MWh, then
the buyer of the cap contract does not receive a payment.
Because the seller of a cap contract is providing insurance against price spikes, it
must make payments when the price exceeds the cap exercise price. This price spike
insurance obligation implies that the buyer must make a fixed up-front payment to the
seller in order for the seller to be willing to take on this obligation. This up-front payment
can then be used by the seller of the cap contract to fund a generation unit that provides a
physical hedge against price spikes at this location, such as a peaking generation unit.
The Australian electricity market has an active financial forward market where these
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types of cap contracts are traded. These contracts have been used to fund peaking
generation capacity to provide the seller of the cap contract with a physical hedge against
this insurance obligation.
One question often asked about the contract adequacy approach is whether
sufficient generation resources will be built to meet demand if consumers only buy
forward financial hedges against spot price risks at their location in the network. In this
regard it is important to bear in mind the incentives faced by a seller of the forward
financial contract once this contract has been sold. The supplier has an obligation to
ensure that the forward contract quantity of energy can be purchased at the agreed-upon
location in the spot market (or whatever market the forward contract clears against) at the
agreed-upon forward price or less. The seller bears all of the risk associated with higher
spot prices at that location. In order to prudently hedge this risk, the seller has a very
strong incentive to ensure that sufficient generation capacity is available to set the lowest
possible price in the short-term market at that location in the network for the quantity of
energy sold in the fixed-price forward contract.
This logic implies that if a supplier signs a forward contract guaranteeing the
price for 500 MWh of energy for 24 hours a day and 7 days per week at a specific
location in the network, it will construct or contract for more than 500 MWh of
generation capacity to hedge this short-term price risk. Building only a 500 MW facility
to hedge this risk would be extremely imprudent and expose the supplier to significant
risk, because if this 500 MW facility is unavailable to provide electricity, the supplier
must purchase the energy from the short-term market at the price that prevails at the time.
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Moreover, if this generation unit is unavailable, then the short-term price will be
extremely high.
Different from the case of a capacity market, the contract adequacy approach does
not require the regulator to specify the total amount of generation capacity needed to
meet demand. Instead the regulator ensures that retailers and large customers have
adequate fixed-price forward contract coverage of final demand and then relies on the
incentives that the suppliers of these contracts face to provide sufficient generation
capacity to meet these forward contract obligations for energy.
Implementing the contract adequacy approach in a world with offer caps and
market power mitigation mechanisms is complicated by the fact that retailers and large
consumers have an incentive to rely on the short-term market as discussed in Section 3.
To address the incentives caused by these distortions, the regulator must mandate prespecified levels of fixed-price forward contract coverage of a retailer’s demand at various
horizons to delivery.
For example, the regulator could require that a large fraction of the retailer’s year
ahead and two-year ahead demand forecasts be covered by fixed-price forward contract
obligations. How large this fraction needs to be depends on a number of factors. First, the
larger the fraction of final demand paying a retail price that passes through the hourly
wholesale price, the smaller the fraction of final demand purchased under a fixed-price
forward contract needs to be. Second, the greater the share of electricity coming from
hydroelectric sources, the greater this fraction needs to be because hydroelectric energy
has an additional supply shortfall risk not relevant for fossil fuel-based sources:
insufficient water behind the turbine to meet the unit owner’s fixed-price forward
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contract obligations. Higher electricity prices will not cause more water to show up
behind the turbine, but it is very likely to increase the amount of fuel that can be
profitably sold to a fossil fuel-fired generation unit owner. As Wolak (2003a)
emphasizes, the vast majority of Latin American markets mandate minimum fractions of
fixed-price forward contract coverage of the retailer’s or large consumer’s demand at
various horizons to delivery as way to deal with the incentive of retailers to rely on the
short-term wholesale market.
It is important to emphasize that mandating these contracting levels should not
impose a financial hardship on retailers that lose customers to competing retailers. If a
retailer purchased more fixed-price forward contract coverage than it ultimately needs
because it lost customers to a competitor, it can trade this obligation in the secondary
market. Unless the market demand in the future is unexpectedly low, this retailer is just
as likely to make a profit on this sale as it is to make a loss, because one of the retailers
that gained customers is going to need a forward contract to meet its regulatory
requirements for coverage of its final demand. Only in the very unlikely case that the
aggregate amount of forward contracts purchased is greater than the realized final
demand for the system, will there be a potential for stranded forward contracts held by
retailers that lose customers.

Symmetric Treatment of Load and Generation
As noted in Section 2, the economic and political constraints on demand-side
participation in wholesale electricity markets in the United States have led state PUCs to
set fixed default retail prices that have a significant risk of failing to cover the retailer’s
wholesale energy purchase costs. In addition, many states allow customers taking service
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from a competing retailer to switch back to the regulated retail price whenever they
would like. This further increases the regulated supplier’s wholesale energy price risk,
because customers are most likely to switch back to the regulated retail price when it
benefits them to do so, and these benefits are greatest when the wholesale price of
electricity is extremely high. This ability to switch back leaves the regulated retailer with
an enormous unhedged risk against movements in the short-term price of wholesale
electricity.
The best way to solve this problem is to make the default retail price a passthrough of the hourly real-time price of electricity. Any attempt to set a fixed retail price
that consumers can switch to at their own discretion is an invitation to create a
“California Problem,” in the sense that there is a risk that the implicit fixed wholesale
price in the regulated retail price is less that the average wholesale price of electricity.
Treating all final consumers like generation unit owners in the sense that their default
price is equal to the hourly real-time price of electricity solves this problem. This is the
same default rate faced by all electricity generation unit owners.
Unless owners of generation units enter into forward market agreements, they will
receive the hourly real-time price for all electricity they deliver. Similarly, all final
customers, including residential and small business customers should have to purchase all
of their consumption a retail price that reflects the hourly real-time wholesale price plus
the relevant transmission and distribution charges. However, all customers should also be
able to enter into forward contracts and other forward market hedging agreements with
competitive retailers, if they desire, just as generators are permitted to do. No final
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consumer must purchase any of its energy at the real-time price if it is willing to pay for
short-term price risk management services.
It is important to emphasize that this mechanism would not require any customer
to purchase even a fraction of its consumption at the hourly real-time price, only that this
is the default price that the customer pays for wholesale electricity if he or she does not
enter into a hedging arrangement. This requirement is no different from what occurs in
other markets, such as air travel where customers always have the option to purchase the
ticket at the airport at the time they would like to fly. Customers rarely do this because of
a desire to hedge the short-term price.
An important necessary condition for providing valid economic signals for
customers to manage real-time price risk is to set a default rate that requires customers to
manage this risk and sets the price of insurance against short-term wholesale price
volatility appropriately. Figure 2 assumes that final customers have a expected utility
functions, U(E(Pr),σ(Pr)), that are decreasing functions of the expected hourly retail price,
E(Pr), and standard deviation of the hourly retail price, σ(Pr) for the retail pricing plans
offered. Indifference curves for consumer 0 and consumer 1 are plotted in the figure.
Consumer 0 is less risk-averse than consumer 1. This figure also plots the set of feasible
pairs (E(Pr),σ(Pr)) that the retailer can offer in its retail pricing plans without facing a
significant risk of going bankrupt. The “Feasible Expected Price and Price Risk Frontier”
implies that the retailer must increase the value σ(Pr) in order to offer a pricing plan with
a lower value of E(Pr).
The point of tangency between each customer’s indifference curve and the
“Feasible Expected Price and Price Risk Frontier” yields that customer’s utility-

42

maximizing pricing plan choice. For customer 0 this process yields the point
((E(Pr)0,σ(Pr)0) and for customer 1 the point ((E(Pr)1,σ(Pr)1). It is important to emphasize
that the reason each customer chose a plan that required it to take on some hourly price
risk is because it faces the default retail rate that is a pass through of the hourly wholesale
price.
Figure 2: here
Figure 3 illustrates the choices of consumer 0 and 1 if a low regulated retail price
is set that completely eliminates all retail price risk, as is currently the case in all U.S.
wholesale markets. The original indifference curve for consumers 0 and consumer 1 are
drawn as U01 and U11. Two indifference curves with a higher level of utility for each
consumer are drawn as U02 and U12. These represent the utility levels that consumers 0
and 1 would achieve if a default fixed retail price, E(Pr)d, was set that eliminated all price
risk faced by these two consumers. Because U01 < U02 and U11 < U12, both consumers
would achieve a higher level of expected utility by choosing E(Pr)d instead of any point
along the Expected Price and Price Risk Frontier. This diagram illustrates the necessity of
setting a default retail price that is a pass through of the hourly wholesale price or setting
a fixed default price that contains a substantial risk premium so that it does not interfere
with the choices the customers make along the Expected Price and Price Risk Frontier.
This suggested fixed default price is given by the vertical line on the far right of the
graph. It is equal to E(Pr)d plus a substantial positive risk premium to reflect the cost of
providing complete insurance against short-term wholesale price risk for the customer’s
entire annual consumption.
Figure 3: here
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It is important to emphasize that requiring the default retail price to at least pass
through the hourly real-time wholesale price is only making explicit something that must
be true on a long-term basis: All wholesale electricity costs paid by the retailer must be
recovered from retail rates. If this is not the case, then the retailer cannot remain in
business over the long term because it will be charging a price that is less than the
amount it pays for wholesale electricity.
Therefore, a prohibition on hourly meters and real-time pricing in the name of
protecting consumers from real-time wholesale price volatility does not mean that
consumers do not have to pay these volatile wholesale prices. On an annual basis they
must or the retailer supplying them will go bankrupt. The regulatory prohibition on
hourly meters and a default retail price that passes through the real-time wholesale price
only prevents consumers from obtaining a lower annual electricity bill by altering their
consumption in response to hourly wholesale prices—consuming less during higher than
average price hours and more during lower than average price hours. A fixed retail price
requires the consumers to pay the same wholesale price for electricity every hour of the
year regardless of the wholesale price and therefore the customer is virtually guaranteed
to have a higher annual bill.
A final point to emphasize with respect to the question of symmetric treatment of
load and generation is that all retail customers must face the real-time hourly price as
their default price unless they find an entity willing to provide a hedge against this risk.
The same logic applies to electricity generation unit owners. Unless they are able to find
an entity willing to provide a hedge against short-term wholesale price risk, they will sell
all output they produce at the hourly real-time price.
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Symmetric treatment of load and generation creates the following sequence of
market efficiency-enhancing incentives. First, final consumers must sign long-term
contracts to obtain a fixed-price hedge against their wholesale market spot price risk.
Retailers then would attempt to hedge their short-term wholesale price risk associated
with selling this fixed-price retail contract to the final consumer. This creates a demand
for fixed-price forward contracts sold by generation unit owners. Therefore, by requiring
both generation unit owners to receive and final consumer to pay the hourly real-time
price by default, each has a strong incentive to do their part to manage this real-time price
risk.
Paying the hourly real-time price as the default price need not lead to much
monthly bill volatility. Consider the following monthly pricing plan for electricity that
achieves goal of exposing the customer to real-time hourly prices that is very similar to
how most U.S. consumers purchase a monthly cell phone service. A customer would
purchase in advance various load shapes at potentially different prices, analogous to how
cell phone customers currently purchase minutes of service each month. For example, a
household might purchase 1 KWh of energy for 24 hours per day and 7 days per week for
10 cents/KWh, 1 KWh of energy for 6 days per week for 16 higher demand hours of the
day at 12 cents/KWh, and finally 0.5 KWh of energy for 5 days per week for the four
peak hours of the day. This bundle of purchases would give the “Scheduled
Consumption” load shape in Figure 4. The jagged line in Figure 4 is the customer’s
“Actual Consumption”. Different from a cell phone plan if the customer’s actual
consumption during an hour is less than its scheduled consumption, then the customer
could sell the difference in the wholesale market at the real-time price. Conversely, if the
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customer’s actual consumption is above its scheduled consumption, then the customer
would purchase the difference at the real-time price. However, the vast majority of the
customer’s actual consumption is purchased at the fixed prices given above and only the
deviations are bought or sold at the real-time price. In addition, if a customer was
concerned about having to purchase at a high real-time price, that customer could
purchase more energy in advance at a fixed price and therefore increase the likelihood
that its actual consumption would be less than or equal to its scheduled consumption and
it would sell be the excess purchase at the real-time price and thereby reduce its monthly
bill.
Figure 4: here
Several parts of Figure 4 contain a horizontal line labeled “Re-Scheduled
Consumption.” Under some circumstances the customer might want to sell back some
of its scheduled consumption in advance of the real-time market on days that it expects to
consume less electricity if the price it receives is higher than its expects the real-time
price to be.
This example illustrates that it is possible to expose customers to the real-time
price for any increase or decrease in consumption without exposing the customer to
significant monthly bill risk. This pricing plan functions very much like a monthly cell
phone plan were the customer purchases a fixed amount of minutes and must pay a
higher price for additional minutes beyond its scheduled minutes for that month.
Different from a cell phone plan, this approach to selling retail electricity allow the price
for deviations from schedule to be higher or lower than the price the customer paid for its
scheduled consumption and any unused scheduled consumption can be sold at the real-
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time price rather than lost or rolled over to the following month as is the case for cell
phone plans.

A Core/Non-Core Approach to Retail Market Operation
This section proposes a core/non-core customer approach to organizing the retail segment
of the industry that recognizes the economic and political constraints on active demandside participation in wholesale electricity markets described in Section 2. This approach
recognizes the need for adequate fixed-price forward contracting by electricity retailers
and large customers and the fact that with offer caps and market power mitigation
mechanisms there is less of an incentive for these agents to sign the necessary quantity of
fixed-price forward contracts. It also recognizes that there are very few regions with
hourly meters in place at the start of restructuring so it is necessary to determine which
customers will receive these meters and what prices these customers will face once they
have hourly meters.
The core/non-core distinction refers to the fact that core customers remain with
the regulated retailer and are not required to have hourly meters and the non-core
customers are required to have hourly meters and purchase directly from the wholesale
market or from a competitive retailer. All non-core customers face a default retail price
that passes through the hourly wholesale price. The regulated retailer is required to take a
non-core customer back at this retail price if the competitive retailer serving that
customer goes bankrupt or terminates service with that customer. The regulated retailer
does not have an obligation to offer this customer any other retail price that provides
some short-term risk management services.
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In order to switch from the core segment to the non-core segment, a customer
must have an hourly meter installed on their premises. As discussed in Section 2, it seems
likely that hourly metering will soon replace conventional meters for most jurisdictions in
the industrialized world and that metering services will be provided as a regulated
distribution service. However, the process of installing these meters will take time, so it is
important to emphasize that a customer cannot switch to the non-core segment without an
hourly meter. This is necessary because of the requirement that the default retail rate for
all non-core customers is a pass-through of the hourly wholesale price and without an
hourly meter it is impossible to measure the customer’s consumption during each hour of
the day.
Customers in the core segment would not be required to have hourly meters, but
those with hourly meters could remain in the core segment. A major challenge faced by
the regulatory process is to set tariffs that define the Feasible Expected Price and Price
Risk Frontier presented in Figures 2 and 3. The regulator must guard against setting a
fixed retail price at an unrealistically low level to drive out any incentive by core
customers to manage wholesale price risk as described in the previous section. This is the
most important factor to consider in setting the default price for core customers, because
if this price is set too low, the sequence of events outlined in Figure 3 will occur and the
risk of bankruptcy for the regulated retailer will be significantly higher.
The regulator must set a fixed retail price for a year that guarantees that the
retailer will have sufficient revenue to meet its core customer wholesale energy costs for
the following year. The regulator must be confident that even if it is fixed for a year, this
retail price will provide the retailer with sufficient revenue to cover its wholesale energy
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costs. The expectation is that this retail price will be adjusted only once a year. The
regulator should also mandate 100 percent forward contract coverage of the expected
hourly demand of its core customers signed one year in advance of delivery. Following
the process of validating adequate forward contract coverage, the regulator can set the
fixed retail price for the year taking the total forward contracting costs divided by the
retailer’s annual load forecast as the average wholesale price in the retail rate.
Under this scheme, the regulated retailer then faces only the quantity risk
associated with serving an uncertain retail load. It is free to manage the remaining
revenue risk through real-time pricing programs offered to its non-core customers. For
example, the retailer can offer its non-core customers a CPP rate or CCP rate with a
rebate to ensure that its total demand during certain hours of the year is consistent with its
forward contracting purchases made one year in advance.
This core customer retail pricing scheme encourages active demand-side
participation in the wholesale market because it sets the fixed retail price sufficiently high
to leave room for customers to choose expected price and standard deviation of price
combinations that provide higher levels of expected utility for final consumers either
from the regulated retailer or its competitors. Consistent with the economic and political
constraints on active demand side participation in the wholesale market, all market
participants will take on this wholesale price risk voluntarily. The retailer serving noncore customers must offer programs that customers find beneficial relative to the fixedprice retail rate and therefore willing to become a non-core consumer and to manage realtime price and quantity risk.
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As discussed in Section 3, offer caps and market power mitigation mechanisms
create the possibility that the wholesale market price cannot rise to a level where amount
supplied at this price equals the amount demanded. For this reason, it is important to
specify what will happen when there are supply shortfalls in the short-term market. As
noted earlier, the usual approach to solving this problem involves random curtailment.
This outcome is unavoidable because the technology to switch off certain customers is
not universally available. However, to limit the risk of this outcome, all customers are
required to pay a penalty rate for their consumption during hours of system emergency.
This penalty rate is designed to provide both core and non-core customers with the
strongest possible incentive to reduce their demand during these periods and to take
preventive actions to ensure that supply shortfalls do not occur. For example, if the offer
cap on the ISO’s real-time market is $1,000/MWh, the penalty rate for consumption
during these periods should be sufficient to ensure that non-core consumers will make the
greatest possible efforts to reduce their consumption. For example, a penalty price of
$5,000/MWh would provide strong incentives for non-core customers to reduce their
demand during system emergency periods so that random curtailment of load is not
necessary to manage a temporary supply shortfall.
It is important to emphasize that this penalty rate need never actually be paid. It
is only imposed to ensure the credibility of the offer cap in the wholesale market.
Specifically, in order to avoid paying the penalty rate, both non-core customers and
retailers serving core customers could be expected to bid demand response into the ISO’s
real-time market at or below the offer cap to ensure that economic curtailment (less
demand clears the day-ahead and real-time markets) takes places before it is necessary to
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invoke random curtailment. If insufficient demand is offered into the day-ahead and realtime markets at or below the offer cap to prevent system emergencies, this should be
taken as strong evidence that the offer cap is set too low or the penalty price is too low.
Large retailers can use their customers with hourly meters to reduce the wholesale
prices they pay to serve all of their customers. This can imply that retailers charge realtime pricing customers a different wholesale price in a given hour than the retailer is
actually paying for power in that hour. Both the CPP and CPP with a rebate pricing
mechanisms are simple examples of this sort of program. Because all real-time pricing
programs offered in this core/non-core scheme are voluntary, the regulator does not need
to set these real-time pricing rates. For core customers, the retailer must offer the fixed
retail rate set by the regulator. For the non-core segment, retailers are free to offer
whatever plan customers would like, the only requirement is that the non-core customer’s
default rate on return to the regulated retailer is an hourly pass through of the wholesale
price.
Retailers can reduce their total wholesale purchase costs for a given number of
total MWh by reducing their total demand during hours when the aggregate bid supply
curve is very steep and increases its demand in hours when the aggregate bid supply
curve is flat. Consider the following two-period example of a single retailer exercising its
unilateral market power as a buyer. Suppose this is a core retailer is serving customers on
a fixed price retail rate and paying a real-time pricing rate.
Let PWi equal the wholesale price in period i (i=1,2) and PRi the price charged to
retail customers on the real-time pricing program in period i (i=1,2). Let Di(p) equal the
demand of real-time pricing customers at price p in period i (i=1,2). Suppose that the
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retailer commits to guaranteeing that demand served on the dynamic pricing contract will
provide no marginal contribution to retailer’s profits. This imposes the following
constraint on the expected profit-maximizing values of PRi for i = 1,2:

PR 1(D1 (PR 1)  PR 2(D 2 (PR 2)  PW1(D1 (PR 1)  PW 2(D 2 (PR 2)

(2)

The total payments by customers facing real-time prices, PRi (i=1,2) equals the total
payments the retailer makes to the wholesale market to purchase this energy, because
PWi (i=1,2) is the wholesale price in that hour that the retailer pays for all its wholesale
market purchases.
Suppose the retailer maximizes the profits associated with serving customers on
fixed retail rates. Let PF equal the fixed retail rate and QFi (i=1,2) the demand for
customers facing price the PFi in period i. Let Si(P) equal the aggregative bid supply
curve in period i. The profit function for the firm assuming the constraint (2) is:

 (PR 1 PR 2)  PF(QF1  QF2)  PW1QF1  PW 2QF2
The wholesale price for each period, PWi is the solution to Si(PWi) = Di(PRi) + QFi. This
equation implies that PWi can be expressed as:
1
PW i  Si (Di (PR i )  QFi)

which implies that PWi is a function of PRi.
The simple two-period model of choosing PRi to maximize the retailers expected
profits can be illustrated graphically. Figure 5 makes the simplifying assumption that
Di(p) and Si(p) are the same for periods 1 and 2. The only difference is the amount of
fixed-price load the retailer must serve in each period. I assume that Q1 < Q2. I define Pi
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as the value of the wholesale price in period i if the retailer passively bids the real-time
demand function Di(p) in each period. In this figure, PWi is the wholesale price in period
i assuming that the retailer chooses PRi, the price charged to real-time pricing customers,
to maximize daily profits. The large difference in PR2 and PW2 shows the tremendous
benefit in high-demand periods from the retailer exercising its market power enabled by
serving non-core customers on dynamic pricing plans. In order to satisfy the constraint
that the retailer makes less than or equal to a zero profit from serving dynamic pricing
customers, the retailer must set PR1 below PW1. The two lighter shaded areas in the
Period 1 and 2 diagrams are equal, illustrating that the constraint (2) given above is
satisfied. The large difference between P2 and PW2 versus the relatively small difference
PW1 and P1 illustrates the large reduction in daily average wholesale prices from the
retailer using its real-time pricing customers to exercise market power versus simply
using their demand curves non-strategically. The darker shaded rectangles in the Period 1
and Period 2 figures show the profit increase achieved by the retailer as a result of
exercising its buying power. Some of the difference between the large dark rectangle in
Period 2 and the small dark rectangle in period 1 can be given to the real-time consumers
as payment for their price responsiveness efforts.
Figure 5: here
This strategy for retailers to exercise market power on the demand side of the
market extends in a straightforward manner to multiple time periods within the day,
week, or month. It represents a major source of potential benefits from a price responsive
final demand in the retail segment.
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A final aspect of this core/non-core model for electricity retailing is a change in
the mission of the industry regulator. Although the regulator’s primary role in the former
vertically integrated regime was setting retail prices, there is less need for this role in the
core/non-core model, particularly if there is universal interval metering. In fact, if the
regulator sets the fixed-retail price too high this will only encourage more customers to
manage real-time wholesale price risk with a competing retailer or the core retailer. For
this reason, the regulator should focus its attention on providing information to retail
customers to help them better manage their real-time price risk. For example, the
regulator might manage a website that has all of the plans offered and illustrates the mean
price and standard deviation of price tradeoff inherent in each retail pricing plan.
If there are a significant number of core customers without hourly meters, the
regulator’s job becomes more difficult because a moral hazard problem in electricity
retailing arises that is similar to the one that exists in retail banking. The fear in retail
banking is that the bank will take customer deposits and invest them in extremely risky
assets in an effort to deliver a very favorable return to the investor and the bank’s
shareholders. However, engaging in this risk-taking behavior may lead to outcomes that
render the bank unable to meet certain future obligations to its depositors. An analogous
chain of events can happen in the electricity retailing industry. The retailer has a strong
incentive to under-invest in forward contracts to cover its future load obligations when it
sells a fixed-price commitment to a customer for one or two-year period. It may be able
to earn a higher expected return by taking risks that increase the probability of
bankruptcy but also have the prospect of very high positive profit levels due to low
wholesale prices.
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Consequently, similar to the retail banking sector regulation, state PUCs must
change their focus from retail rate setting to monitoring the forward contract procurement
process and ensuring forward contract coverage requirements of all retailers relative to
their forecasted retail market commitments. Clearly, if firms are always required to hold
close to 100 percent of their forecast demand in fixed-price forward contracts one year in
advance, then these firms will find it profit-maximizing to honor their retail market
commitments.
This market monitoring process should require all retailers to submit to their state
PUC on a monthly basis a list their retail market commitments by duration and price and
their wholesale market coverage by quantity and price. The role of the PUC would be to
verify that the retailer met these risk management prudency standards and assess
penalties and sanctions for violations.
Consider the following example of how this might work. The second and third
column of Table 1 contains a list of the quantity-weighted average wholesale price
implicit in the fixed retail price retail and quantity obligations that the retailer has agreed
to supply for various delivery months in the future. The fourth and fifth columns of Table
1 contain the quantity-weighted average fixed wholesale price and quantity commitments
the retailer has signed with wholesale energy suppliers. The sixth columns contain the
desired percentage of the total monthly quantity of fixed-price wholesale quantity
commitments that the state PUC deems that it is prudent for the retailer to hold as a hedge
against its fixed price retail commitments for each future delivery date. The last column
contains the product of the percentage in the sixth column and the fixed price retail
obligation quantity given in the second column.
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Table 1: here <<see p. 734>>
In this example there are several delivery horizons where the desired hedge
quantity is greater than the amount given in the fourth column. In these instances there
are several actions that the state could take. First, it could assess a substantial penalty per
MWh on the positive part of difference between desired quantity in the seventh column
and the actual quantity in the fourth column. The PUC could also prohibit this retailer
from selling more fixed-price retail obligations to core customers at this time horizon or
shorter until the retailer submits a monthly report that is not out of violation for all
months longer than this delivery horizon.
For the case given in Table 1, the first month the retailer is out of compliance is
month 4. This means that retailer is prohibited from signing fixed price commitments to
core customers for deliveries longer than three months in the future during the next
month unless it submits proof of compliance in the next month for all delivery horizons
up to three months. There are other prudency standards that state PUCs could impose on
hedging behavior of retailers that use risk measures based on the prices of retail
obligation versus the price of wholesale commitments that cover them. Fortunately, these
hedging standards do not need to be set using very sophisticated methods in order provide
a reasonable level of assurance that all retailers will be able to meet their fixed-price
retail obligations with a high degree of certainty.
The other role of the state PUC in a competitive retail market is to ensure that all
retailers have equal access to the billing and metering services provided by the regulated
monopoly local distribution company. The PUC must establish rules that prevent the
local distribution company from favoring its competitive retailing affiliate.
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Developing Country Issues
Developing countries complicate several features of this core/non-core model. First, in
many developing countries a significant fraction of customers lack of any sort of meter
on their premises. Second, substantial fractions of customers in a number of countries do
not pay their bills. Third, a significant fraction of the population does not have access to
electricity. Although crafting a satisfactory solution to all of these problems is beyond
the scope of this paper, a few promising directions to consider are suggested.
Electricity networks are well-suited to implementing group payment programs for
electricity bills because all customers in a given geographic area typically take their
energy from the same location in the high voltage transmission network. The lower
voltage distribution network that serves a given geographic area typically interconnect at
this location and the system operator is able to meter total withdrawals from these
locations in real-time. This fact suggests allocating the liability for the cost of all
wholesale energy withdrawn at the lowest voltage location in the transmission network
that the system operator is able to meter to all customers taking service from this location
in the transmission network.
The wholesale market operator could be made responsible for terminating service
for all customers at this location after a certain period of nonpayment. Because it is
impossible to determine how much electricity was consumed by each customer in a given
time period because of the lack of meters or the lack of hourly meters, assigning payment
liability to each customer in the geographic region and collecting payment from them is
an extremely complex task. This problem should be easier to solve by asking other
customers in the same area to ensure that all other customers in the area pay their bills
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and do not steal electricity. Allowing the wholesale market operator to curtail power at
lowest level in the network at that it has this capability provides makes the threat credible
that nonpayment will result in curtailment. Credible demonstration of this threat by the
system operator will make it easier for electricity retailers to address the problem of
nonpayment, because a substantial fraction of non-payment in many countries is due to
theft.
The use of social pressure to ensure prompt payment has been successfully used
most notably in the area of providing microfinance. Johnson and Rogaly (1997) describe
the successful use of group liability in the provision of microfinance. Borrowers are
formed into groups by the microfinance banks and these groups assume joint liability for
repayment of each member’s loan. By the same logic, the set of electricity consumers
connected to the transmission network at a given location must assume joint liability for
payment for the total amount of electricity withdrawn at that location, or jointly face the
risk of no electricity for all consumers in the geographic area until the liability is paid.
Although this may seem like a drastic measure to ensure payment, as Wolak
(2008) emphasizes for the case of India, without a change in the attitude of consumers
toward paying for electricity, it is unlikely that India will ever be able to attract private
investment in the electricity sector. Even spending government money on this sector
seems misguided if final consumers do not pay for the electricity that is produced.
Determining the magnitude of the total amount of KWh consumed and assigning it to all
customers in that geographic area and alerting these customers to the joint liability nature
of their electricity supply costs should help to improve payment rates.

58

The second issue concerns the need to build out the transmission and distribution
network to serve more customers in many developing countries. These customers should
be treated as core customers and their retail prices determined as described above for
non-core customers. Based on a model of the demand for electricity conditional on the
household’s appliance holding estimating using household data from Colombia, McRae
(2009) suggests several mechanisms for increasing the willingness of low-income
consumers to pay for needed infrastructure enhancements to improve the quality of their
electricity service. He identifies an important mechanism for increasing the willingness
of low-income consumers to pay a higher price for a higher quality electricity service.
Because higher quality appliances such as televisions, air conditioners, and refrigerators
can be damaged by low quality electricity, by subsidizing the purchase of these
appliances the Colombia government can increase a household’s willingness-to-pay for
higher quality electricity service and thereby get needed infrastructure built and paid for
by electricity consumers.

Concluding Comments
All existing electricity markets in the United States and virtually all markets that exist in
other jurisdictions have failed to introduce the necessary demand-side incentives for
setting the lowest possible prices for wholesale electricity consistent with the long-term
financial viability of the industry. In the name of protecting final consumers, U.S. PUCs
have denied consumers the ability to benefit from being active participants in the shortterm wholesale market. This paper demonstrated that by handicapping the demand side of
the market, PUCs are only increasing the likelihood that wholesale suppliers will be able
to raise prices through their own unilateral bidding and scheduling behavior.
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Final consumers must bear the full cost of high wholesale prices and have the
ability to realize the full benefits from taking actions in the forward and short-term
markets to respond to both high and low real-time prices. Investments in hedging
instruments and demand-responsiveness technology will then lead to a more competitive
wholesale market that will, in turn, lead to lower average prices than the former
vertically-integrated regulated monopoly regime when final demand was a passive
participant in the wholesale market.
The well-known dictum of “there’s no such thing as a free lunch” applies to the
case of introducing competition into a formerly regulated industry. Unless competition
changes the behavior of some market participants, it cannot benefit consumers relative to
the former monopoly regime. For example, if generation unit owners continue to produce
the same amount of electricity in the same manner as they did under the former
monopoly regime and all input costs for all companies remain the same, then total
production costs will not change. Similarly, if consumers continue to demand the same
amount of electricity in each hour of the year their annual electricity bills cannot
decrease.
Only by providing incentives for more efficient operation of generating facilities
and more efficient hourly price signals to final consumers can a market result in lower
annual average prices than under the former regulated monopoly regime. The retail
market infrastructure presented in this paper provides the strongest possible incentives for
consumers to alter their behavior to reduce the cost of producing wholesale electricity
and making most efficient use of the generating capacity that currently exists.
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<<insert p. 728>>Table 1: Sample Monthly Forward Contract Filing
Retail

Forecast Wholesale Purchases

Compliance Levels

Obligations
Future

Total

Average Implicit

Total

Average

Hedge Factor

Desired Hedge

Delivery

Quantity

Wholesale Price

Quantity

Purchase Price

(%)

Quantity

Date for

(MWH)

($/MWH)

(MWH)

($/MWH)

(MWH)

Energy
(months)
1

10000

44.56

10000

40.12

100

10000

2

10000

45.60

10000

45.00

100

10000

3

10000

42.00

11000

40.21

100

10000

4

12000

50.00

11000

49.00

100

12000

5

13000

54.00

12000

52.00

100

13000

6

11000

51.00

9000

50.12

100

11000

12

10000

48.00

10000

45.29

100

10000

18

10000

44.23

9000

39.56

85

8500

24

12000

44.00

10000

42.03

80

9600
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Figure 1: Advanced Metering Communications Networks
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Figure 2: Expected Retail Price (E(Pr )) and Standard Deviation
of Retail Price (σ(Pr)) Frontier

65

Figure 3: Consumer Choices with Default Rate Set at Average Wholesale Price and
Suggested Default Fixed Price
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Figure 4: Cell Phone Plan Approach to Dynamic Retail Electricity Pricing
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Figure 5: Using Dynamic Pricing Customers to Benefit Fixed Price Customers
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