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Figure 14: In the uniform-price auction used in U.S. RTO markets, all dispatched generation is

paid based on the bid of the marginal generator (in this case, the peaking unit). The total
generation cost of serving the load is equal to the amount of load served times the market-clearing
price (the shaded box). Source: L. Lave, J. Apt, & S. Blumsack, Rethinking Elec. Deregulation, 17
ELECTRICITY JOURNAL 11 (2004).

A distributional effect of this auction structure is that during peak periods,
generation in a high-cost area can set the price in a low-cost area. For example,
less than two percent of the generation in Pennsylvania is from natural gas, and
ninety percent of the power produced is from coal and nuclear power. However,
natural gas sets the price in PJM during sixty percent of the peak hours.’’

The uniform-price auction has been criticized for effectively overpaying
baseload generation and underpaying peak generation.” Baseload generators,
which are usually coal and nuclear units, can get paid based on the marginal cost
of the marginal generator; particularly during peak periods the marginal system
cost can be much larger than the marginal cost of baseload generation. The
problem with compensating peaking generation is particularly acute. If the
market is competitive, either by design or through the actions of the RTO market
monitors, then the ‘peakers’ will only recoup their marginal costs, and not their
capital costs. Since peaking units depend on high prices in a small number of
hours to recover their capital costs, the pricing structure used in RTO markets
discourages the construction of peaking generation. The problem faced by
peaking units is partially economic and partially political. In the absence of

77. See 2005 STATE OF THE MARKET REPORT, PJM INTERCONNECTION (2006), available at
http://www.pjm.com/markets/market-monitor/som.html.
78.  Rethinking Deregulation, supra note 27.
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active market monitors, prices during peak hours would rise to very high levels,
reflecting scarcity-related market power. Particularly after California’s power
crisis, RTOs have been hesitant to allow market prices to get too high, and have
replaced high energy prices with secondary capacity payments or other out-of-
market mechanisms to ensure that peaking units are made whole through
participation in the market.”

Alternatives to the uniform-price auction have been proposed. One
suggestion is to keep the basic RTO auction format, but simply pay each
dispatched generator their bid instead of the bid of the marginal generator. This
pay-as-bid auction structure is currently used in the United Kingdom. However,
theory and experimental evidence suggest that the result from a pay-as-bid
auction should not be significantly different from a uniform-price auction.
Generators have a good deal of information going into the auction; in particular
they know the demand forecasts of the RTO. Thus, a baseload generator who
has a reasonable expectation that demand will be high enough to make a
shoulder or peaking plant the marginal unit will simply raise their bid. As long
as they bid lower than the marginal unit, they will be dispatched by the RTO.
Giuliano Federico and David Rahman have demonstrated this in theory,
confirmed by experiments with human subjects.® A Blue-Ribbon Panel
convened by the California Power Exchange in 2000 found that there would be
no sigrgificant differences in market prices from switching to the pay-as-bid
model.

Another suggestion has been to harness the power of price-responsive load
by allowing load to actively bid into the market. The original RTO auction
model was focused entirely on the supply side; the RTO assumed that consumers
were completely price-inelastic and used a vertical demand curve (as in Figures
13 and 14) to determine the market-clearing price and generation dispatch.
Experimental evidence using both computerized bidding agents and human
subjects has demonstrated that active demand bidding can lead to lower prices
and a less costly way to mitigate market power.% Figure 15, from Talukdar et.

79. The structure and justification for capacity markets has been a contentious and highly debated topic.
Often times, they have not been very competitive. See 2005 STATE OF THE MARKET REPORT, PJM
INTERCONNECTION (2006), available at http://www.pjm.com/markets/market-monitor/som.html. Paul Joskow
& Jean Tirole, Reliability and Competitive Electricity Markets, RAND JOURNAL OF ECONomICS (forthcoming),
defend capacity markets on economic grounds as a “second-best” solution in the face of political constraints on
scarcity pricing. William Hogan and Shmuel Oren have each proposed an alternative market structure that
would do away with capacity markets while still maintaining the economic viability of peaking generation. See
WILLIAM HOGAN, CENTER FOR BUSINESS AND GOV’T, HARVARD UNIV., AN ENERGY-ONLY MARKET DESIGN
(2005), available at www.whogan.com; and Shmuel Oren, Ensuring Generation Adequacy Through Centrally
Procured Call Options Obligations, Proceeding of the IEEE PES Annual Meeting (2005).

80. Giulio Federico & David Rahman, Bidding in an Elec. Pay-as-Bid Auction, 24 JOURNAL OF
REGULATORY ECoNoOMICS 175 (2003); Stephen Rassenti, Vernon Smith, & Bart Wilson, Discriminatory Price
Auctions in Elec. Mkts.: Low Volatility at the Expense of High Price Levels, 23 JOURNAL OF REGULATORY
Economics 109 (2003).

81. ALFRED E. KAHN, PETER C. CRAMPTON, & ROBERT H. PORTER, POWER SYS. ENG’G RESEARCH
CENTER, PRICING IN THE CAL. POWER EXCHANGE ELEC. MKT.: SHOULD CAL. SWITCH FROM UNIFORM
PRICING TO PAY-AS-BID PRICING (2001).

82. Talukdar, supra note 42. The authors point out that since the auction is repeated so often, with
essentially the same group of participants each time, market players can learn each others’s strategies and make
adjustments to maximize joint profits without any communication whatsoever.
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al.®* demonstrates the result using computer simulations. The top line shows the
market price in an auction where only the generators are active bidders. Even
though the generators have a simple bidding strategy and are nowhere near as
sophisticated as actual power traders, they are able to raise the price in a very
short amount of time. The bottom line shows the market price in an auction
where both generators and consumers bid into the auction.
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Figure 15: Active demand-side bidding can effectively mitigate market power. The top line
represents the prices from electricity market simulations where only generators are allowed to bid
into the auction. The bottom line represents prices when both generators and consumers are
allowed to bid into the auction. Source: S. TALUKDAR, T. MOUNT, S. OREN, & R. THOMAS, POWER
SYs. ENG’G RESEARCH CENTER, SOFTWARE AGENTS FOR MKT. DESIGN AND ANALYSIS (2005).

RTOs have not completely ignored the demand side, although they are not
nearly as integrated into the spot market as is the supply side. Demand response
is largely viewed by the RTOs as one in a suite of ancillary services that can be
provided to the grid. Individual customers can bid demand response into PJM,
for example, but the costs of doing so are prohibitive for all but large and
sophisticated loads. Another barrier to entry on the demand side is that load-
reduction resources cannot be bid into the market if they are below a certain
size.®*  Thus, demand-response activity at the level of individual customers
(particularly small customers) has been low, although a number of load
aggregators participate in demand-side markets within RTO footprints.®

83. Id.

84. Inthe NYISO, for example, there is a one megawatt limit, as reported in R. Walawalkar, J. Apt, &
R. Mancini, Economics of Elec. Energy Storage for Energy Arbitrage and Regulation in New York, ENERGY
PoLicy (forthcoming). These limits are currently being re-evaluated by many of the RTOs.

85. There is a natural question as to the possibilities for demand response. System marginal cost curves
are typically fairly flat over a large range of demands, and then increase rapidly as the capacity constraint is
approached. Thus, most of the gains in demand response would come in the highest-demand hours. It is
therefore a reasonable question as to what the gains would be from providing demand-response incentives to all
customers, as opposed to policies focused on the largest users in the system. See Kathleen Spees and Lester B.
Lave, Impacts of Responsive Load in PJM: Load Shifting and Real-Time Pricing, Carnegie Mellon Electricity
Industry Center working paper CEIC-07-02 (2007).
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Along with the auction structure, the move towards regional grid integration
has been accompanied by seemingly unrelated policy decisions aimed at
disrupting the vertically-integrated utility structure. Several states, including the
PJM states and California, forced their formerly integrated utilities to divest
most or all of their generation in exchange for generous stranded cost retirement
allowances. Utility plants were generally sold off to non-utility generating
companies as happened in California; utilities in other areas simply created an
unregulated generation subsidiary with limited ability to fall back financially on
the parent company. At first, this new merchant generation sector was quite
active, with approximately 55 GW of new (mostly gas-fired) generation built
between the mid 1990s and the early 2000s when gas prices started to rise.®

The move to encourage the merchant generation sector may have increased
competition in nascent centralized electric energy spot markets, but it has had the
side effect of increasing risk in a highly capital-intensive industry. Prior to
restructuring, utility debt was considered virtually risk-free since the rate of
return was guaranteed by the public utility commission, and the costs of new
construction could be passed on to ratepayers. Under restructuring, new
merchant generation is entirely dependent on the market for its returns. In the
parlance of venture capital, electric generation investment has moved from being
a “system” investment under regulation to being a “project” investment under
restructuring. The necessity of project financing for new generation, combined
with market and regulatory uncertainty (particularly following the Enron
scandal), has increased the hurdle rate from ten percent to fifteen percent or
twenty percent.®” For a large coal plant roughly two-thirds of the variable costs
represent capital costs. A doubling of the cost of capital could increase the
variagge cost of coal-fired generation by between one and five cents per kilowatt-
hour.

In the regulated era, bad investments or poor management on the part of the
utility represented risks that were often borne by the ratepayers. Probably the
best example is nuclear power; utilities did not realize that constructing and
operating a large nuclear unit would be far more complex and difficult than
operating a similarly-sized coal unit. Cost overruns and poor operation were
commonplace, ® and public utility commissions generally allowed the costs to
be passed on to ratepayers. Divestiture policies under restructuring have been
aimed at a reallocation of the capital investment risks. The emergence of non-
utility or merchant generation has shifted the risk-reward calculus to
shareholders in merchant companies, as opposed to ratepayers or taxpayers.
When natural gas prices began rising dramatically in the years following the
California power crisis, the merchant plants (which mostly ran on gas) couldn’t
compete with lower-cost coal and nuclear. The result has been a slate of

86. Joskow, supra note 28; A Cautionary Tale, supra note 28.

87. G.KRELLENSTEIN, CARNEGIE-MELLON, TRANSMISSION FINANCING (2005), available at http://www.
ece.cmu.edu/~electriconf/old2004/. An additional factor increasing risk may be the use of debt by merchant
companies.

88.  Lessons, supra note 27.

89. The most striking example involves the Washington Public Power Supply System (with the apt
acronym of WPPSS). The cost overruns on the WPPSS nuclear units were so high that the state was forced to
default on its bond obligations. At the time it was the largest municipal default in history.
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underperforming assets, and merchant debt has essentially been downgraded to
junk status. Thus, shareholders in merchant companies have suffered the most,
but there have been some spillover effects. Even privately-owned utility debt
has fallen below its historic levels.”

D. Environmental Effects

One benefit of the introduction of regional power markets has been to
increase the utilization of inexpensive generation sources, as shown in Figure 7.
While this has lowered the generation cost (but not necessarily the price, as
discussed above), to the extent that these low-cost resources are fossil units,
there will be an associated cost in the form of increased emissions of SO,, NO,,
and CO,. Steven Holland and Erin Mansur have demonstrated that if consumers
begin responding to the short-run pricing signals from regional power markets,
the result will be to increase emissions of these pollutants as consumers switch
from cleaner peaking power (natural gas) to dirtier base load power (coal).**

The Holland and Mansur analysis is insightful and counterintuitive, but the
issue of environmental impacts is not limited to the extent of real-time electricity
pricing. Integrating coal-fired generation into a system with a significant
amount of high-cost baseload generation will favor coal in the dispatch order.
The increased capacity factor of coal will be associated with higher emissions.
Specifically, data from the EPA’s E-Grid database of power plants suggests that
the increased capacity factor of coal, from an average of sixty-three percent to
sixty-six percent since 1998, has been associated with approximately a five
percent increase in major pollutants such as SO,, NO,, CO,, and mercury.* This
has been a particularly important issue in the Mid-Atlantic RTOs, which are
downwind from the major coal generation centers in the Midwest. Pittsburgh
currently has the worst fine-particulate pollution of any major United States city,
due in large part to the output of coal-fired power plants in Western
Pennsylvania and Ohio.*

E. Seams Issues and Externalities

The borders between electricity control areas are known as seams. In AC
power networks, where the physical flow of energy is determined by Kirchoff’s
and Ohm’s Laws, rather than by economic deals and contracts, the seams are
largely artificial administrative boundaries, and do not always correspond to
natural breaks in the electric grid. The electric network is essentially a single

90. Joskow, supra note 28; A Cautionary Tale, supra note 28. The Brattle Group reports that the
number of electric-sector companies with BBB+ or better credit ratings has been cut nearly in half (from
seventy-five to forty) since the 1990’s. See G. BASHEDA, M. CHUPKA, P. FOX-PENNER, J. PFEIFENBERGER, &
A. SCHUMACHER, THE EDISON FOUNDATION, WHY ARE ELEC. PRICES INCREASING? AN INDUSTRY-WIDE
PERSPECTIVE 79-82 (2006). Public power (municipal and federal systems) has not fared nearly as poorly.

91. Stephen Holland and Erin Mansur, The Short-Run Effects of Time-Varying Prices in Competitive
Electricity Markets, 27 ENERGY JOURNAL 127 (2006).

92. Emissions rates from the 2000 EPA E-Grid database were applied to output from coal plants for the
year 2000 onwards. Thus, the data for 2001 to 2005 are estimates. New Source Performance Standards and
the Clean Interstate Air Act dictate that new and existing coal plants will eventually have to install equipment
to control a number of different pollutants.

93.  Penn Environment, Plagued by Pollution (2006), available at http://www.pennenvironment.org.
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system of coupled components, so what happens in one part of the grid will
likely have effects in the rest of the grid. Depending on the geographic extent of
electric grid integration, and the institutions established, changes in flow patterns
or market rules can have physical and economic effects on other systems. Two of
these seams issues are discussed here. The first is that regional grid integration
may have loop-flow effects that increase congestion on neighboring systems.
The second is that administrative seams in the form of different market rules
may restrict beneficial cross-border trading activity.
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Figure 16: Number of transmission load relief events (level 2 or higher). Source: NERC.

According to Ohm’s Law, electric power travels along all parallel paths,
apportioned according to the electrical resistance of each path. Sometimes these
parallel paths can form loops, where power injected at one point in the grid is
essentially transferred throughout the grid, only to be consumed at the point of
injection. These are referred to as loop flows. Figures 5, 6, and 12 suggest that
the establishment of centralized regional spot markets has encouraged more
transactions over longer geographic and electrical distances, representing another
use of the transmission grid other than its intended purpose of serving the native
load of vertically-integrated utilities. The increased number of wheeling
transactions, as indicated in Figure 6, plus the associated parallel and loop flows,
have increased congestion throughout the Eastern Interconnect. Figure 12 shows
these costs for PJM; in an RTO setting, congestion is normally handled with a
market mechanism. In traditionally-organized systems, congestion is managed
through a set of protocols known as Transmission Loading Relief (TLR).** The
TLR protocol allows transmission owners to physically restrict access to the grid
in the case of congestion or reliability concerns. The exact rationing order
depends on the different types of transmission service purchased from the
transmission owner. The incidence of TLRs of at least level two (when non-firm
transactions are curtailed) has increased dramatically since the onset of
restructuring and the establishment of regional power markets, as shown in
Figure 16. While it is difficult to place an exact monetary value on these TLRs
(similar to how congestion is valued in PJM), they do represent a cost associated
with regional grid and market integration.

94.  The exact specification of TLRs is determined by NERC in its Reliability Standard IRO-006-1.
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The markets run in RTO systems and the markets run in traditionally-
organized systems are not considered to be compatible.® In traditionally-
organized markets, bilateral transactions are tagged with a source, a sink, and a
contract path (which may or may not bear any resemblance to the physical path
taken by the power under the bilateral transaction). Firmness of the contract is
determined by the level of physical transmission service purchased. In RTO
markets, generation is dispatched centrally; physical transmission access does
not have to be purchased, but market participants are responsible for financial
congestion charges. Bilateral transactions are submitted as bulk injections and
withdrawals to the RTO and are effectively settled against LMPs. Thus, it can
be difficult for RTO grid operators to associate incidences of congestion with
specific transactions. This is most problematic at the interface between the RTO
territory and a traditionally-organized control area. In the event of congestion at
the interface, the responsibility for curtailment is not clear.  Market
incompatibilities such as these have also been observed between RTOs. One
analysis of the seams between PJM and NYISO estimated that less than half of
mutually-beneficial cross-border transactions were taking place.*®

Seams issues in the Eastern Interconnect have been handled through a series
of multilateral agreements between RTOs and traditionally-organized utility
control areas. MISO, for example, has a number of seams agreements with PJM,
TVA, MAPP, and SPP that provide detailed data-sharing arrangements and
procedures for handling congestion and reliability issues at the interface. These
agreements were either in place or nearly in place by the time MISO’s market
opened in 2005.” When PJM’s market opened, it had a number of generic
protocols in place to handle technical seams issues, such as interchange
capability.®® Other seams issues have been handled as they arose.” The
redesign of the California ISO market following the power crisis has caused a
great deal of controversy with its apparent inattention to seams issues affecting
the remainder of the Western Interconnect.*®

VI. SUMMARY AND DISCUSSION

The metrics currently used to evaluate the effects of regional grid
integration are incomplete and not objective. Analyses using identical data have

95. MISO-SPP Congestion Management Process, http://www.midwestmarket.org/publish/Document/
7be606_10b7aacd66e_-7cef0a48324a?rev=1, at section 1.1.1.

96. Norman Mah, Observed Impediments to Trade in PJM and S.E. New York (May 5, 2006),
http://www.nyiso.com/public/webdocs/committees/bic_spwg/meeting_materials/2006-0505/ce_pjm_nyc_
proxy_bus_spwg.pdf.

97. See JOINT RELIABILITY COORDINATION AGREEMENT AMONG AND BETWEEN MIDWEST
INDEPENDENT TRANSMISSION SYSTEM OPERATOR, PJM INTERCONNECTION, AND TENNESSEE VALLEY
AUTHORITY (April 22, 2005); see also JAMES TORGERSON & NICHOLAS BROWN, MISO-SPP CONGESTION
MGMT. PROCESS (Jan. 11, 2006).

98. See PJM TRANSMISSION SERVICES BUSINESS PRACTICE MANUAL (Oct. 25, 2006); see also PJM
OPEN ACCESS TRANSMISSION TARIFF (Jan. 1, 2007).

99. These have generally been handled through the Northeast Seams Resolution between PJM, NYISO,
and ISO-NE. A history of seams resolution activities is available at http://www.pjm.com/documents/
seams.html.

100. The CAISO’s Market Redesign and Technology Upgrade (MRTU) apparently makes no mention of
seams issues. See California Ind. Sys. Operator Corp., Docket No. ER06-615-000 (FERC Dec. 20, 2006).
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reached different conclusions; an example is the retail price papers by Joskow,
Apt, and Taber, et. al. A broad assessment of restructuring would focus on the
following metrics:
e Wholesale markets: Regional grid integration has created wholesale
markets that are highly liquid. The energy markets generally behave
competitively, but without the intervention of market monitors would likely
behave rather uncompetitively;
o Generation efficiency: Joint regional dispatch has increased the
efficiencies of low-cost baseload units such as nuclear power and coal. The
uniform-price auction used in RTO markets has encouraged these
generation resources to operate more efficiently.
o Retail prices: Great disagreement exists as to whether restructuring has
been associated with decreases in retail prices. Sources of conflict include
the modeling of regulatory interventions (rate caps and freezes) and the
restructuring process itself. There is not a single agreed-upon framework
for evaluating the effects on retail prices. Nearly everyone agrees that some
kind of counterfactual analysis is required, but not on what it should look
like. The existing evidence suggests that for better or worse, the effects on
retail prices have thus far been reasonably small. As more states complete
the transition into full retail competition, larger price increases are
becoming more common.
This paper has suggested that the following issues are also significant:
e The direct costs of RTO operation: These should certainly be
incorporated into any cost-benefit analysis of regional grid integration,
although with the possible exception of start-up costs, the data suggest that
these are reasonably small;
e Regional complementarities: Systems with highly coincident demands
will require a much more robust transmission infrastructure to support
competition and the benefits of regional dispatch. Non-coincident demand
(such as the seasonal complementarities in the West) can provide benefits
to regional integration without massive investments in transmission
upgrades;
o Market structures: Even when highly competitive, the auction structure
favored by RTOs inherently increases costs by paying all dispatched
generation based on the cost or bid of the generator on the margin. A
related issue is that merchant generation in a market environment has
increased risk for investment in generation and transmission;
o Demand response: High market prices can act as a powerful conservation
and demand-response tool, particularly for the largest users;
e Environmental effects: Regional dispatch inevitably uses lower-cost
resources more intensively. This has the positive effect of lowering prices
in high-cost areas, but to the extent that baseload resources are fossil-fuel
units (not hydro or nuclear), there will be increased environmental costs;
e Seams issues: Control area boundaries are artificial, in that they are
administratively and historically determined, whereas power flows
throughout an interconnected network are determined by the laws of
physics. Regional grid integration fundamentally alters the pattern of flows
through the integrated network and surrounding systems. This does not
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necessarily have to bring harm to the integrated system or neighboring

systems, but the increase in congestion and TLRs suggests that there have

been significant costs associated with the move towards regional power
markets.

This paper does not attempt to present a thorough cost-benefit analysis of
all RTOs based on the above metrics. Some of the relevant variables
(particularly the effects associated with TLRs) are difficult to monetize and thus
directly aggregate with more easily-valued benefits and costs such as effects on
retail prices. The metrics in this paper suggest that the value of regional
integration in the Eastern RTOs such as PJM has probably been hampered by the
persistence of transmission constraints that prevent joint dispatch from
exploiting regional complementarities. In the specific case of PIM, this has been
made more acute by the expansion of the PJIM footprint, which has incorporated
a large amount of inexpensive coal generation into the dispatch order, but
without sufficient supporting transmission. The ESAI report, for example,
shows that prices in moderately congested areas of PJIM have gone down since
PJM’s expansion, while prices in formerly un-congested areas have gone up.
Prices in highly congested areas (the area surrounding PhiladeIPhia, New Jersey,
and the Delmarva Peninsula) appear not to have declined.’®™ Until the right
investments can be made, PIJM as it currently exists may be too large. California
and the Pacific Northwest enjoy a different kind of complementarity, in that their
seasonal demands are anti-correlated. Even without large amounts of new
transmission, there should be large gains from Western regional dispatch; this
dispatch would probably mirror the historic seasonal energy exchanges between
California and Northwest utilities. However, the market structure of the CAISO
is radically different from the rest of the West and has ultimately balkanized the
Interconnection. Unless the interconnection issues between CAISO and the rest
of the West can be resolved, California’s RTO will probably be too small to
yield significant benefits to consumers or the system.

VII. CONCLUSIONS

Ten years have passed since the process of electricity restructuring got
underway in the United States. Whether the experiment has been successful is a
highly controversial and hotly-debated subject, as are the next steps that
policymakers should take. If restructuring and RTOs have been successful, then
perhaps other regions should take the lead of PJM and the Northeastern United
States. If restructuring has not been a success, then policymakers face a series of
painful choices about whether further reforms should be enacted, or whether the
entire system should be dismantled.

Successful design artifacts can only arise out of a good problem
formulation. That is, the goals of the artifact must be precisely enumerated, a set
of performance metrics must be defined, and most importantly, there must be a
good verification process for ensuring that the artifact meets the specified goals.
If electricity restructuring in the United States fails, it is not because of Enron or
any other group of stakeholders, but rather because the markets and institutions

101. ESAI, supra note 34, at 56-57.
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emerged from a poor formulation of the problem that restructuring was supposed
to solve. California’s doomed market was designed without sufficient input
from experienced engineers; by default this yielded an incomplete set of
performance metrics and a verification process somewhere between terrible and
nonexistent. The current controversy over regional integration in markets and
electric grids stems from a lack of clarity regarding the policy goals underlying
restructuring. Whether lower prices for consumers, open access to transmission,
or the promotion of markets itself is the ultimate goal is far from clear. Just as
problematic as the lack of well-defined policy goals is the lack of well-defined
metrics for verifying whether the policy goals have been met. Good metrics are
objective, thorough, consensual, and are reflected in policy decisions.



