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Purpose of Review This paper explores the transition underway in competitive power markets in the USA and provides options
for market operators to reliably manage through the current period of oversupply into a lower-cost, lower-carbon power system.
Recent Findings There are several structural factors, as well as some more recent and short-term dynamic factors, contributing to

oversupply in the power system.

Summary Power market operators have options for thoughtfully managing the transition, which include updating resource
adequacy frameworks and ensuring market product definitions remain technology neutral given emerging technologies. Load
serving entities can also hedge on behalf of their customers by contracting for low-carbon, low-cost sources of grid flexibility.
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Introduction

There is an urgent imperative to reduce greenhouse gas emis-
sions to avoid catastrophic climate change [1]. Electricity is
responsible for more than a quarter of all greenhouse gases
produced in the USA [2, 3] and can be used to displace direct
burning of fossil fuels in transportation and buildings. Luckily,
the costs of zero carbon electricity have fallen precipitously in
recent years, and it is currently less expensive to build new
zero carbon electricity sources than the continuing operating
costs of existing coal power plants in many parts of the coun-
try [4]. And in some places, it is cheaper to aggregate price-
responsive or dispatchable demand—or even to build grid
storage—than to pay to keep natural gas peaker plants around
[5, 6]. Meanwhile, total electricity demand in the USA has
stopped growing and remains flat, due in large part to the
success of energy efficiency programs, which save money
and avoid pollution [7]. In analyses of future scenarios where
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electricity replaces direct burning of fossil fuels in transporta-
tion and buildings, these services can be met at a lower cost for
customers by using new clean energy supply and taking ad-
vantage of flexible demand [8]. The availability of clean alter-
natives to fossil fuels is blossoming.

In about two-thirds of the USA, electricity is traded in
competitive wholesale power markets [9]. These markets were
designed to select the least cost portfolio of power generation
resources during a time when total electricity demand was still
expected to continue its historical growth trajectory, and when
fossil-fueled power plants were the dominant source of elec-
tricity. But this country has entered a new period of flat de-
mand and a plethora of cheap, clean electricity resources.

This period of transition has exacerbated a natural tendency
toward oversupply in competitive power markets. This paper
examines why the US power system is in an overcapacity
situation, implications of current dynamics for the future of
competitive power markets, and what can be done to support a
low-cost, reliable transition to a low-carbon electricity system.

This paper is focused on system-level (or societal) impacts
of overcapacity in power markets, rather than individual or
firm-level impacts. Of course, there will also be serious
firm-level impacts. Nevertheless, the economically efficient
outcome of an oversupply situation is for some uncompetitive
power plants to retire, thus bringing supply and demand back
toward equilibrium.
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Structural Tendencies Toward Oversupply
in Competitive Power Markets

Power markets have a structural tendency toward oversupply.
There are five main structural drivers:

(1) Reliability is a top-level goal for the electricity system.
Power outages can cause serious economic damages and
can even cost lives. In theory, markets compare the in-
cremental benefits of added reliability to the incremental
costs of power generation capacity [10], but understand-
able conservatism causes policymakers, regulators, and
utilities to err on the side of more electricity supply rather
than less.

(2) Many policymakers desire to shape the electricity mix in
their region, and subsidies for specific resources are a
commonly used tool to accomplish this. The result is that
all electricity generation resources are subsidized in
many different ways, from some combination of federal,
state, and local governments [11]. However, power mar-
kets and power system planners do not systematically
take these subsidies into account, and often plan as if
they were not there. This tends to support more resources
in total than would be necessary to maintain reliability.

(3) Power system planners tend to overestimate future
growth in electricity demand [12, 13]. Electricity de-
mand growth has decoupled from economic growth in
the USA, in part due to the success of energy efficiency
policies in increasing energy productivity and in part due
to a structural economic shift from manufacturing to ser-
vices [2, 14]. These effects have not been adequately
built into electricity planning, and the corresponding
target reserve margins, in competitive power markets.

(4) Some of the competitive power markets in the USA trade
capacity alongside energy and ancillary services (e.g.,
PJM Interconnection and ISO New England), with the
theory being that if competitive markets employ price
caps (as most do), there is some “missing money” that
generators need to earn to remain viable [15]. Some mar-
ket operators use a capacity mechanism to help achieve
desired reserve margins and maintain resource adequacy,
and market operators continually adjust capacity market
mechanisms to increase clearing prices for capacity [16],
even when real reserve margins are above target reserve
margins [17].

(5) Many states, even in regions with competitive power
markets, still allow regulated utilities to own power
plants (e.g., the Midcontinent Independent System
Operator and the Southwest Power Pool). In these re-
gions, utilities earn a rate of return above their cost of
capital for investments in power plants [18]. Since it is
profitable for utilities to build power plants, there is a
tendency to overbuild—this is a well-known
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phenomenon in the utility world, known as the Averch-
Johnson effect. These plants are often “self-scheduled”
and run many more hours than they would if they follow-
ed market-based economic dispatch signals, in part to
justify to state commissions that they be allowed to re-
main open and continue to collect revenue [19].

Though not the focus of this paper, it is worth noting that all
of'these structural drivers also support oversupply in vertically
integrated regions under cost of service regulation aside from
number 4.

Recent Dynamics Exacerbating Oversupply
in Competitive Power Markets

In addition to the structural drivers of oversupply, there are
two more recent developments that are contributing to over-
supply during this period of transition in the energy system.

First, new options have become available to manage peak
demand in the power system. Demand response is a relatively
new tool to actively adjust electricity consumption patterns to
better match the availability of electricity supply. Previously,
electricity demand was treated as an unalterable target to be
met with dispatchable power plants. But now, electricity de-
mand can be aggregated and shifted via time of use rates
actively pre-cooling buildings, pre-heating water, or other
methods. Demand response can reduce peak electricity de-
mand at scale, very inexpensively [20]. Very few regions
around the USA are yet adjusting peak demand and associated
planning reserve margins to reflect newly emerging demand
response.

Second, all-in costs of new wind power plants—and
increasingly new solar power plants—are now lower than
the continuing operating costs of many old coal plants [4].
To be clear, this is not just marginal cost compared with mar-
ginal cost—it is all-in cost to build and operate new plants in
certain areas compared with ongoing operating costs of
existing plants in those areas. This cost crossover has pro-
found implications for the US power sector. For example, this
cost dynamic means that it is economically rational for more
clean power capacity to enter the market, and economically
efficient for uncompetitive coal plants to exit the market. This
is because total system reliability requirements can now be
met with a cheaper set of resources; thus, a well-functioning,
efficient competitive market would see these cheaper re-
sources enter the mix, lower wholesale market clearing prices,
cause more expensive resources to fail to recover sufficient
revenue to cover their costs, and consequently see those more
expensive resources exit the market. However, the structural
factors described above can serve to delay power plant retire-
ments, even when they are economically efficient.
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These two dynamics are exacerbating the structural over-
supply situation in competitive US power markets.

Dangerous Consequences of Oversupply
in Competitive Power Markets

These five structural and two dynamic factors have led to an
oversupply situation in most competitive markets across the
USA. Table 1 shows each market’s target reserve margin,
followed by the real reserve margin (as anticipated by the
North American Electric Reliability Corporation) and then re-
ports the difference between targets and realized margins [17].

For 2018, the Electric Reliability Council of Texas
(ERCOT) is the only competitive market that does not have
areserve margin greater than its target. This may be due in part
to the fact that Texas does not allow regulated utilities to own
power plants and earn a rate of return on them (as MISO, SPP,
and parts of PJM and CAISO do; see structural factor 5), as
well as the fact that Texas does not have a parallel market for
capacity (as PJM, ISO-NE, MISO, and NYISO do; see struc-
tural factor 4). Of course, another complicating factor that
makes it difficult to compare competitive power markets
across the USA is the existence of underlying federal, state,
and local subsidies for all of the different resources participat-
ing in the markets. Many of these subsidies come in the form
of tax breaks, which can make them harder to track and com-
pare. Coal receives multiple federal tax breaks including an
energy production tax credit for refined coal and Indian coal,
for example [21], natural gas is eligible for multiple severance
tax exemptions and other certified tax exemptions in Texas
and similar subsidies in other states [22], and wind receives
a federal production tax credit (though that federal subsidy is
on a predetermined decline schedule and will drop to zero in
2020) [23]. Because the size and structure of these subsidies
vary widely across regions and across resources, their exis-
tence makes it difficult to compare markets based solely on the
markets’ overall structures (such as whether they exist in
states that allow utilities to own generation or not).

All competitive power markets in the USA, aside from
ERCOT, are currently oversupplied. Economically efficient
power markets should naturally correct for this oversupply
via low clearing prices, which should put pressure on relative-
ly expensive power plants to exit the market and bring supply
and demand back into equilibrium. However, due to a mix of
the structural and dynamic factors described above, oversup-
ply is common in competitive power markets.

Prolonged oversupply slows decarbonization of the power
sector, since coal plants stick around longer than is economi-
cally efficient, crowding out cheaper clean energy resources
and delaying clean energy build-out [24].

From the perspective of responsible grid planning and
management, another dangerous consequence of overcapacity
is that a market awash in generation mutes the price signal for
grid flexibility. Power systems have always operated
flexibly—with demand moving up and down based on any-
thing from factory schedules to sporting events, and with tra-
ditional power plants scheduling planned outages or dealing
with unplanned outages [25]. But if wind and solar continue to
undercut coal and nuclear on cost, and more of the remaining
large power plants begin to retire, the value of grid flexibility
may quickly become much higher without much transition
time.

In other words, when markets are oversupplied and gener-
ation capacity is sitting idle, there is (rightly) low or zero value
for flexibility in the market. But many of the large generators
(which are each individually many hundreds of megawatts)
can no longer compete with low-cost, low-carbon alternatives,
so large, lumpy retirements might produce transition periods
lacking needed flexibility unless the transition is proactively
managed.

Options for Managing Competitive Power
Markets in Transition

There are at least three concrete options for power market
operators and one option for load serving entities (those who

Table 1 2018 reserve margins in America’s competitive power markets

Market 2018 target reserve 2018 real reserve 2018 capacity above 2018 capacity
margin (%) margin (%) reserve margin above reserve

(% of total capacity) margin (MW)

MISO 17.10 19.10 2.00 2400

ISO-NE 16.80 26.10 9.30 2400

NYISO 15.00 29.20 14.20 4500

PIM 16.10 32.80 16.70 23,900

SPP 12.00 32.40 20.40 10,500

ERCOT 13.80 10.90 =290 —2000

CAISO 22.50 15.00 7.50 4000
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buy energy resources on behalf of customers) to smooth the
transition from the current oversupply situation to a new low-
er-carbon, lower-cost market equilibrium. These options aim
to better expose the value of grid flexibility, if and as the
market corrects for oversupply and more flexibility becomes
needed.

First, the competitive markets that trade capacity could
update their procurement mechanisms. Today, capacity is
procured for future years in 12-month increments, and
enough capacity (i.e., megawatts) clears the market to
meet the highest peak anticipated for any time of the year.
But electricity demand and supply vary considerably
throughout the year. For example, any electricity demand
that provides a thermal service—such as air conditioning
or refrigeration—is well-suited to be controlled in aggre-
gate, and actively shifting the time that these units cycle
on and off can provide the same level of service to cus-
tomers while offering grid operators a new option to man-
age system peaks. On the supply side, solar supply can be
greater in summer months while wind supply can be
greater in the winter, and natural gas combustion turbines
have seasonal ratings due to significant performance var-
iations based on ambient temperature. Procuring capacity
to meet a single annual peak obscures these seasonal var-
iations and can result in paying for more overall capacity
than is economically efficient [26]. Clearing the forward
capacity market on time increments shorter than 1 year
would enable seasonal resources to compete to provide
needed capacity, resulting in lower overall costs and less
annual overcapacity. Clearing the market on a seasonal or
monthly basis could better reflect system conditions,
meeting demand reliably and more affordably as the pow-
er system becomes less dominated by baseload and peaker
plants, and shifts more toward variable wind and solar
supply and more dispatchable demand.

Second, grid operators could review definitions of ancillary
services to ensure they remain technology neutral as new tech-
nologies emerge that can provide flexibility to the grid. For
example, the California Independent System Operator has cre-
ated a “non-generator resource” category to provide a way for
new technologies to participate in the existing market for an-
cillary services [27]. It may seem like these ancillary service
markets have very little value during the time of oversupply,
but economic theory suggests it will serve markets well to
have these appropriate technology-neutral structures in place
when large power plant retirements start to come, and the
value of flexibility increases.

Third, if after the procurement mechanisms are updated
and the ancillary services reviewed, grid operators and
policymakers remain uneasy about resource adequacy, they
could consider a strategic reserve [28]. Power plants in the
strategic reserve would not participate in the normal energy,
ancillary service, or capacity markets, but would be
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remunerated separately [29]. Paying a limited number of pow-
er plants outside the market could provide a kind of backstop
insurance for the grid in case of extreme events. It is critical,
though, to remove power plants in the strategic reserve from
the normal functioning of the primary markets, so that their
presence does not dampen the important market signal for
flexibility needed as the energy mix transitions. And if a stra-
tegic reserve is adopted to provide this kind of additional
security through the grid’s transition, it would be important
to build in periodic review of the program, to examine how
often the power plants are being called on, and whether it
remains in the public interest to continue to pay them to re-
main available.

Finally, load serving entities could hedge against forthcom-
ing lumpy retirements by proactively procuring low-carbon
sources of flexibility, such as aggregated demand response,
energy storage, or imported clean energy with a generation
profile complementary to their local resources. This is not
out of the normal course of business for buyers, who already
have bilateral contracts with all different kinds of grid re-
sources [30]. The impact of this kind of hedging would be
greater if power market operators allow these new technolo-
gies to qualify for resource adequacy, perhaps using new met-
rics for resource adequacy.

These four options can support thoughtful management of
power systems in transition.

Conclusion

US power markets have a structural tendency toward oversup-
ply, which is being exacerbated by a set of newly emerging
resources that can now be built and operated for less money
than the ongoing operating costs of existing resources. But old
power plants that can no longer compete should—and will
eventually—retire. When this happens, economic theory sug-
gests the value of grid flexibility will increase. Market opera-
tors and load serving entities can get in front of this by im-
proving capacity procurement mechanisms, ensuring power
market product definitions are technology neutral, considering
a strategic reserve outside of the main markets, and adding
flexibility to load serving entities’ contract portfolios.
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