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olitical pressure to deliver comprehensive national greenhouse-gas (GHG) reductions is intensifying

under the Obama Administration. These reductions will result from legislation, accelerated action

by the Environmental Protection Agency

(EPA) or both. While 2008 saw considerable debate on

the structure and seringency of national GHG legislation, either Congress or the EPA (through the
authority granted to it by the 2007 Supreme Court ruling in Massachusetts v. EPA") likely will enact

comprehensive GHG regulation in 2009 or 2010. The likely legislative outcome will be a market-

based approach, with the cornerstone being a cap-and-trade system for CO2 emissions.

President Obama proposes to reduce GHG emissions to roughly 14-percent below 2005 levels by 2020, and

to approximately 83-percent below 2005 levels by 2050. The Waxman-Markey American Clean Energy and Secu-

rity Act of 2009 proposes a similar decarbonization of the U.S. economy by 2050. Together, these proposals pro-

vide a clear indication of likely future emission-reduction targets. Both proposals advocate a cap-and-trade

structure as the principal policy mechanism—as do most other proposed GHG-reduction measures with similar

targets for emission reductions.

Regulatory action isn't limited to the federal government.
As of April, 2009 almost half of U.S. states are in the process of
creating and implementing GHG regulations that feature cap-
and-trade mechanisms. For example, the final scoping plan for
California’s Global Warming Solution Act (AB32), published
in October 2008, includes a cap-and-trade system as the cen-
tral mechanism to achieve the state’s GHG-reduction goals.
The Western Climate Inidiative (WCI), an organization com-
prised of seven states (including California) and three Cana-
dian provinces, is designing a regional carbon market scheduled
to begin operations in 2012. Northeastern states have com-
menced a cap-and-trade program under the Regional Green-
house Gas Initiative (RGGI). Midwestern states, through the
Midwestern Greenhouse Gas Reduction Accord (MGGA), are
designing a carbon-trading system thac likely will come online
in the next few years, as is the state of Florida.

How such limits will be administered is in large part a func-
tion of the current structure of the power generation market.
At one time the electricity industry was a network of vertically
integrated operations managing all aspects of energy produc-
tion and delivery, from generation to transmission to distribu-
tion. However, the structure of the electric industry has chan ged
dramatically in the last 10 to 15 years. The Federal Encrgy Reg-
ulatory Commission (FERC) has issued 2 number of orders
designed to open wholesale generation markets to competition,
and has promoted institutional structures to facilitate such com-
petition.? In addition, nearly half of all states have restructured

electricity markets at the retail level in order to promote
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competition.

Price signals for
electricity and CO2
emiSSionS can aCt resulted in competitive
in concert, aChiBVing suppliers owning approx-
cleaner generation
through the dispatch
of lower-carbon,

sources.
I

While the restructur-

ing still is evolving, it has

imately 40 percent of
today’s installed generat-
ing capacity.’ More dra-

suppliers have builcapprox-
imately 80 percent of the
new electric generation
capacity that has come into service since the mid-1990s."
Hence, competitive electricity markets will play a vital role in
the successful implementation of regional and national CO2
emission programs. Therefore, it’s important to understand the
interaction and synergies between competitive electricity mar-
kets and market-based GHG policies. In a competitive envi-
ronment, market-based environmental policies allow emission
reductions to be realized at the lowest possible overall cost to
sociery. Markets provide incentives that encourage reductions
by the producers and consumers that can achieve the desired
reductions most efficiently. The emission reductions and eco-
nomic efficiencies achieved by the nation’s acid rain cap-and-
trade program are well documented.’

Under the proposed cap-and-trade program, incentives to
change the way electricity is produced and consumed will be
fundamentally tied to how carbon costs are reflected in electric-
ity prices. The question will be whether or not carbon costs
appropriately are aligned and transparent enough to induce
electricity producers and consumers to alter their short- and
long-term production and consumption decisions. Below are
two characterizations—one for electricity production, one for
consumption—of a successful regulatory regime for reducing

carbon emissions in today’s competitive power market.
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M Electricity Production: In competitive wholesale mar-
kets, power producers will be rewarded financially for lower
CO» emissions stemming from more efficient production or
the use of lower carbon fuels. In the long term, new power plants
will be built based on the level of investor confidence that the
appropriate return on investment will be achieved, given the
level of risk associated with building and operating a respective
power plant. Investment will flow more towards renewable and
low-carbon generation options as carbon costs reduce the finan-
cial attractiveness of higher carbon options.

B Electricity Consumption: When wholesale and retail
prices of electricity accuracely reflect the marginal costs of CO2
emissions, they will provide the appropriate incentives to con-
sumers. Wich fuels and electricity priced to reflect their CO2
emissions, consumers will make the informed economic trade-
off decisions envisioned for GHG policies to reduce carbon.
For example, accurate fuel and electricity prices ensure that con-
sumer choices among electric, natural gas and oil-fired heating
systems appropriately reflect the significant differences in CO2
emissions associated with each option (see Figure 1).

This article was adapted from a white paper produced for
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the true cost of production. consumption, for example energy efficient
applicances or electric vehicles.
Electricity Wholesale power producers that are  Investors are more likely to integrate
Production financially rewarded for more efficient ~ carbon abatement costs in investment
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over the long term by altering purchasing

decisions regarding new power plants if
there are accurate and transparent

Fie. 2 Current U.S. RTO/ISO NMARKETS

the COMPETE Coalition by Navigant Consulting, which illus-
trates the potential effectiveness of market-based incentives for
CO3 reduction by drawing on the historical responses of power
plant owners and operators to price signals in competitive
regional transmission organization (RTO) and independent sys-
tem operacor (ISO) electricity markets. These responses are evi-
denced by improved thermal conversion efficiency and increased
availability of conventional power plants. In addicion, the inter-
action and potential synergies between a compertitive market
structure and a market-based approach to reducing CO2 emis-
sions are exemplified by instances in which complementary price
signals for electricity and CO2 emissions can act in concert,
achieving cleaner generation through che dispatch of lower-car-

bon sources and investment in renewable energy capacity.

Price Signals and Restructured Markets

Competition aligns prices with marginal costs to provide effi-
cient price signals to consumers and producers. On the supply
side, this alignment stimulates reduction in operating and capi-
tal costs and spurs innovation in processes and products. On
the demand side, it provides incentives for demand-side man-
agement and energy-efticiency invest-
ments. In addition, competitive markets
provide buyers and sellers with the prod-

ucts HPCCSSZ{I’Y to manage pl’iCC and

quantify risk.® By contrast, in a vertically
integrated market, buyers, sellers, and
regulacors all have different objectives
that can woik at cross purposes to
achieving GHG reductions.

The analysis focuses on the evolution
of heat rates in coal plants and capacity
utilization factors in nuclear plants in
RTO/SO markets.”* Since coal and

nuclear plants account for approximate-

ly 70 percent of total electricity genera-
tion in the United States,” the perform-
ance of these units is an important indi-
cator of how electricity markets have
evolved over the last 10 o 15 years. Data
shows increased participation in
= ' demand-response programs in restruc-
tured markets and highlights how elec-
tricity markets can accurately inform
clectricity consumers about the cost of
carbon.

RTO/ISO wholesale markets were
examined because participants in these
markets face transparent prices irrespec-

| tive of state regulatory regimes. These

www.fortnightly.com




markets include the Northeast (New
England RTO, New York ISO), the
Mid Adantic {(PJM Interconnect) Cali-
fornia (California 1SO), parts of the
Midwest (MISQ), and Texas (ERCOT)
(see Figure 2). The Southwest Power
Pool (SPP) was excluded because it

Fig. 3

doesn't operate a fully integrated real-
time energy market. Rather, SPP only
provides an “imbalance service” allow-
ing scheduling entities to balance their
generation and load with real-time pur-
chases or sales. Only 6 percent of SPP
generation is sold through this marlker.
The performance in restructured
competitive markets to date demon-
strates how generator owners and oper-
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arors [CSpOﬂd to the economic

incentives provided by that marker

structure. This can be shown most read- 0.0

Heat Rate Rate Btu/kWh)

ily by the improvements in thermal con-
version efficiency for coal generating

units and by the increased annual capac- 9.

3]

ity factors (availability) of nuclear units.

In restructured competitive markets,
these improvements directly translace W
into economic benefits for both produc-
ers and consumers. Generators in
restructured wholesale markets sell power under bilateral con-
tract arrangements as well as in the spot market, and therefore
are rewarded financially for achieving efficiencies—Ilower heat
rates for coal, increased capacity factors for nuclear—which
translates into lower production costs and, in the case of coal,

reduced emissions.

Efficiency and Availability Improvements

Coal-fired units in each of the restructured markets show a
decided improvement in their average heat rates in the years
following restructuring (see Figure 3). Overall, heat rates
improved (declined) from approximately 10,800 Bru/kWh to
approximately 9,850 Bru/ leWh—an efficiency gain of 9.4 per-
cent over the 10-year period. These improvements were driven,
in part, by competitive electricity pricing that provided finan-
cial incentives for plant owners/operators to improve plant per-
formance.

Earnings in restructured competitive electricity markets are
tied directly to a generating unit’s total output. Therefore, there’s
asignificant incentive for the owners of power plants to shorten
maintenance and refueling outages, which increases plant avail-
abilicy (that is, operational up-time, the percentage of time that
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10-year trend of weighted average heat rates for large toal fired generating assets in all RT0/ISO
markets, with average heat rates for the three restructured competitive markets that have the largest
quantity of operating large coal-fired units. The aggregate sample includes 145 coal-fired generating
units. The three 1S0 markets with the greatest number of large coal-fired generating units (i.e., >400MW
per unit) are Midwest 1S0 (61 units), PJM IS0 (57 units) and ERCOT ISO (22 units}).

This data was developed using Ventyx's Energy Velocity Unit Generation and Emissions database
[for which information is taken from the EPA's Gontinuous Emissions Monitoring System (CEMS) data-
base]. From that dataset, coal-fired units rated at 400 MW and larger were selected. Power stations in
Canada were removed, along with those operating in regulated markets. Data was then assigned to the
appropriate 1S0 regions, and the heat rates for each unit were weighted by their annual net generation
(MWHh) to calculate a weighted average heat rate for each IS0,

The generating stations in each RT0/ISO were operated within traditional regulatory structures prior
10 1998 when the restructuring that formed the RT0/ISOs began. All RT0/ISOs were formed by 2004.
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the plant is available to operate). This is particularly true of
nuclear units, since the variable costs of operating a nuclear unit
are extremely low, and increased availability results directly in
increased capacity utilization and higher returns (see Figure 4).

On average, the capacity utilization of nuclear power plants
in the RTO/ISO markets increased from 81 percent to 93 per-
cent between 1996 and 2007. Capacity utilization is a direct
function of two variables: the measure of how closely the plant
is operated to its rated capacity when it is running, and the
down time the plant experiences each year. Since nuclear plants
typically operate at their maximum rating when chey are avail-
able, plant down time is the main factor impacting capacity
utilization, A 93-percent utilization factor represents an average
of approximately three weeks of down time per year, or about
five weeks over an 18-month refueling cycle. This level is close
to the physical limit for refueling and maintenance cycles of
typical nuclear plants.

This data indicates that competitive forces and price signals
have led nuclear plant operators to seck out and take advantage
of opportunities to maximize their output and minimize cheir
down time.""

Consolidation of nuclear plant ownership under merchant
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fleet operators also has led to substantial performance improve-

ment. Daa on the performance of 13 nuclear units sold by tra-
ditionally regulated utilities to merchant operators between 1999
and 2003 indicates that, for the five-year period prior to the sale,
the average capacity factors for these plants was below the five-
year industry average, while the average capacity factor for the

five-year period after the sale was above the industry average.

Price Signals in Retail Markets

While the elasticity of electricity consumption is difficult to
generalize, and the degree to which carbon costs are passed
through to retail power prices will differ by state, the addition

of carbon costs to electricity prices likely will spur interest and

Competitive forces have led nuclear
operators to maximize their output
and minimize their down time.

[ st g L TN L]

participation in a variety of energy-efficiency and demand-
response programs. For example, PJM stated in a recent report,
“Regardless of the higher electricity prices that could resule from
CO3 prices, the increased market penecration of energy effi-

ciency and some types of demand

ery. Demand-response programs provide the means for end-use
consumers efficiently to evaluate conservation and peak-load
reduction options while considering the full costs (including
CO3 emission costs) of available alternarives.

Demand-response programs decrease peak electricity con-
sumption. These programs are based on the economic princi-
ple that markets perform well if demand is an active participant
in the market in addition to supply. Active participation helps
prices reflect the true value of consumption and the marginal
cost of supply. Restructured markets accomplish this by provid-
ing clear, timely, and transparent price signals that serve as a
valuable benchmark for consumers deciding when and how to
consume electricity. Also, restructured markets enable cus-
tomers and demand-response aggregators to participate directly
in the market and more fully realize the broad regional value
associated with improved efficiencies and reducrions in peak
demand.

Developments in the ISO-NE market illustrate the signifi-
cant response to the incentives created in that market; the capac-
ity enrolled in [SO-NE demand-response programs increased
nearly fivefold berween 2005 and 2008 (see Figure 5).

Even more demand-response capacity will come on line over
the next two years in response o ISO-NE’s incorporation of
demand-response capacity into its Forward Capacity Market."

response can reduce total consumption
and customer costs for electricity, and
in turn mitigate the wholesale price
impacts, and result in additional, CO2
emission reductions.”"
Demand-response programs within
competitive markets illustrate the link-
age between price signals and consumer
response, and the ability of markers to
provide the innovative products and
services necessary for tapping energy
efficiency as a resource. RTOs/ISOs are
moving rapidly to implement programs
that enhance the ability of end-use con-
sumers (and their agents, the demand-
response aggregarors) to trade off
investments in improved end-use effi-
ciency against electricity purchases. By
relying on individual companies
engaged in the demand-response busi-
ness to enroll individual end-use con-
sumers, these markets have created
opportunities for innovative solutions,
while providing the structured over-

sight necessary to ensure resource deliv-
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The average change in the capacity ufilization of nuclear power plants operating in all RT0/IS0s
hetween 1996 and 2007, plus the average capacity utilization within each of the three 1SOs contain-
ing the largest number of nuclear power plants—PJM, MISO,.and New York.

These data were developed from the Nuclear Regulatory Commission (NRC) 2002 Information
Digest and the NRC 2008-2009 Information Digest. The 2002 digest provides capacity utilization for
1996 through 2001. The 2008-2009 digest provides data for 2002 through 2007. The analysis removed
power plants that were decommissioned during that time period, including Big Rock Point, Haddam
Meck, Maine Yankee, Zion 1 and Zion 2. Also, to avoid hiasing the average, any reactors that were
shut down for one full year within the analysis period were removed. The following reactors had zero
capacity utilization for at least one year between 1996 and 2007: Clinton Power Station, Donald C.
Cook 1 & 2; Davis Besse, La Salle County 1 & 2, Millstone 2 & 3, and PSEG Salem 1 & 2.
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The 3,424 MW of new and
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sumption of electricity. Like-
wise, a cap-and-trade system
will harness market reactions to a price ascribed to CO2 emis-
sions in order to induce a change in how the United States pro-
duces and consumes electricity.

Carbon cap-and-trade policies are based on the assumption
that the dispatch of electricity generators will reflect the mar-
ginal costs of CO2 emissions and therefore cause a market
response. In other words, carbon cap-and-trade policies are based
on the premise that market-derived price signals accurately reflect
the underlying cost of production.

In competitive electricity markets, prices reflect supply-and-
demand conditions at the time electricity is generated and con-
sumed. Thus, competitive markets facilitare the trade-off of all
scarce resources, including tradable CO2 emission allowances,
on an equal footing. Comperitive electricity markets operating
in conjunction with market-priced carbon emissions support
the relationship between electricity value and carbon prices.
This likely will lead to more accurate price signals in the mar-
ketplace, resulting in a preference of both generators and con-
sumers to avoid higher costs, which will achieve the intent of
climate-change policy—to reduce CO2 emissions.

However, evaluating the eventual impact of CO reduction
policies requires a detailed examination of how carbon markets
interact with the electricity market structure and how this
dynamic impacts investment decisions about low carbon energy
resources and load-management technologies. In competitive
markets, investors and developers bear the risk of investment
decisions concerning new generating capacity in order to maxi-
mize returns. In regulated markets, investment returns are set
by regulators and the risk of investment is borne by ratepayers.
Ultimately, if a cap-and-trade system is to shift electricity gen-
cration to low-carbon sources, investors will need ro be ade-

quately compensated for the visk they incur as a function of

www. fortnightly.com

their investment decisions. Analyzing a project’s potential risk
and return is made easier, and can be done more accurately,

when prices in the market are transparent.

Marginal Pricing and Carbon Reductions

Ifs widely recognized that economic efficiency (social optimal-
ity) involves the marker price of a good being equal to the mar-
ginal cost of producing that good. This often is referred to as
the marginal-cost pricing principle. A situation in which the
market price is greater than marginal cost is less than optimal
because another unit of the good could be produced at a mar-
ginal cost below what the market is willing to pay. Both pro-
ducer and consumer are better off if production is increased in
this sicuation. Alternatively, if prices are below marginal costs,
welfare is increased by reducing production levels, since the
marginal production cost is greater than consumer willingness
to pay (marker price).

In electricity markets, market-based marginal-cost pricing
reflects the variable generating cost of the most expensive unit
needed to meet load. It provides the proper price signal for dis-
patch of existing resources, new entry of generation, innovation,

and customer demand

Traditional average-
cost regulated
pricing will mask
CO2 price signals
and potentially
limit their
effectiveness.

response, since the incre-
mental cost is fully reflected
in the price earned by sup-
pliers and paid by wholesale
purchasers. Market-based
marginal-cost pricing uld-
mately will lead to an efficient
allocation of resources and
resulting in optimal average
prices over the long-term.
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Because marginal costs represent the incremental cost of
serving the final unit of demand, market-based marginal-cost
rates directly are impacted by changes in input costs (such as
fuel, environmental costs and capital costs) and che marginal
supply-demand balance of generation and load.

The incremental cost of serving the final increment of load
represents the true opportunity cost that new resources appro-
priately can benchmark against. In other words, if market prices
rise to a level where they allow new capacity to cover operating

and capital costs, then that

capacity will have an incen-

RTOs effectively
lower the cost of
managing variable
resources while
maintaining overall
grid reliability.

tive to enter the market. [f
market prices remain
below this level, the market
will urilize cheaper existing
resources.

The choice of electricity
generating  technologies
depends on the forward-
looking economics of dif-
ferent types of generation using the various price signals gener-
ated by competitive markets. The price signal for revenues is the
forward price of electricity that reflects a market consensus on
future electricity supply and demand and the marginal costs of
converting different fuels into electriciy. The price signals for
costs are the forward prices for different types of fuel (e.g., gas,
coal, etc.) that reflect supply and demand conditions in those
markets.

Decision makers can integrate these price signals into a con-
sistent picture of the relative econom-
ics of different generation types and Fic. B
then decide accordingly. Different
decision makers may have different
long-term expectations and different

appetites for risk, but each decision

Analyzing the relative impacts of a $40/ton cost for 0z on the relative costs of various types of
generation. Environmental costs include controls for VOM, NOx, SOx and Mercury. Analysis assumes
coal costs of $2.50 /mmBtu and Natural Gas costs of $7.5 /mmBtu.

Without C02 Costs

power sector is to alter the relative cost of generating clectricity
with different fuels and technologies. Under a cap-and-trade
program, electricity generation costs should reflect the costs of
the CO2 emissions that are produced by a generating plant. In
order to appropriately reflect CO2 emissions costs in dispatch
decisions, CO32 emissions costs (as well as the associated oppor-
tunity costs) will need to be factored into all decisions regard-
ing optimal generacor dispatch.

Regardless of the eventual structure of GHG regulations,
the overall financial impact on generation owners will be deter-
mined by the manner in which carbon costs are recovered. In
restructured competitive wholesale power markets, carbon costs
will be recovered through the wholesale prices received by gen-
erators. Since competitive markets are designed to clear at prices
set by the marginal generator, market prices reflect marginal
generation costs. Suppliers with generating costs that are lower
than the marginal cost of production (or the market price) earn
a profit on their outpuc. If the marginal generator’s cost of pro-
duction increases as a function of carbon-compliance costs,
then wholesale prices increase, as do the profits accruing to
lower-cost generators, therefore rewarding low-carbon genera-
tion. Since market prices reflect the carbon costs of the mar-
ginal generator, those with carbon costs that are higher than
those of the marginal generacor will not be able to recover fully
their carbon-related expenses. This eventually will lead to the
retirement of carbon-intensive generating units.

The ultimate impact of market-based CO2 regulations on
the energy mix will depend on the relative cost of fuels, other

variable operating costs, and the cost of carbon emissions. [n its

Carson ImpacTs on DispatcH ORDER
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Note: Analysis assumes coal costs of $2.50 /mmBlu and Natural Gas cosls of $7.5 /mmBlu

on CO3 emissions will have in the
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“The Solar Power International conference and expo
JCCUMRIIE s by far the biggest and best in the United States.
And the prospects for solar energy have never been brighter.”

— CALIFORNIA GOVERNOR ARNOLD SCHWARZENEGGER

Register today for North
America’s largest solar industry
conference and expo.

- 650+ exhibitors featuring the latest
in photovoltaics, solar heating and
cooling and concentrating solar
technologies

- 65+ education sessions featuring
200+ speakers focused on
technology, markets, policy
and finance

-3 25,000+ solar industry experts
from 90+ countries gather to

network and drive the future of
solar energy

There is no better place lo see the
latest advancements and connect
with the foremost experts on
solar power.

PRESENTED BY:

i SEPA SEIA:

solar electric power sasociation

recent report on the impact of proposed GHG policies can have
on its markets, PJM states, “The greater the relative cost of nat-
ural gas to coal, the higher is the CO2 price required to make
the natural gas combined-cycle units less expensive to dispatch
than the representative coal unit, and to achieve emission reduc-
tions from re-dispatch.”**

PJM’s analysis points to the interrelacionship between car-
bon costs and fuel costs, and to the importance this relation-
ship has on the dispatch order (see Figure 6).”

With no CO3 costs, the dispatch costs of coal-fired genera-
tion are lower than those of a gas-fired combined-cycle plant
by at least $20/MWh, assuming gas price of $7.50/mmBru and
coal price of $2.50/mmBru. But an assumed CO2 price of
$40/ton raises the dispatch costs of the coal unit substantially
over the dispatch costs of the gas-fired combined-cycle unit,
reflecting the higher CO2 content of coal, as well as the less
efficient (higher heat rate) coal-generating process.

The result of this dynamic is the m arket-clearing price appro-
priately reflects the marginal cost of carbon emissions. 1f elec-
tricity prices are distorted by erroneous production costs,
dispatch decisions will be based on suboptimal information. If
the full marginal CO2 cost of electricity generation isn't reflected

www.fortnightly.com
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in prices, then GHG policies will not reduce emissions as effec-
tively as desired. Traditional average-cost regulated pricing will

mask price signals and potentially limit their effectiveness.

Carbon Prices and Renewable Investments
Investment in renewable energy is driven by many factors,
including resource availability, renewable portfolio standards
(RPS) requirements, and regional ransmission access, capacity,
and availability. The cost of installation, which is aided by fed-
eral and state tax credits, is also a principal driver. Taken
together, these policies and market dynamics largely determine
where, when, and how much investment in renewable energy
oceurs.

A price on carbon emissions likely will increase investment
in renewable energy generation. As carbon-compliance costs
rise, there will be an increased incentive for entities with a car-
bon-compliance obligation to use renewable resources to meet
fucure load growth. Moreover, the increase in electricity prices
caused by carbon-related costs will make renewable energy more
cost-competitive. Electricity price increases driven by carbon costs
also can encourage more diverse and innovative energy applica-
tions, such as renewable and distributed generation resources.
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Garson Prices anp ErecTRiciTY Gosts

lectricity prices are based on production costs. These include fixed costs, such as

the cost of building the power plants and transmission lines, as well as variable

costs, such as the cost of fuel, operation, and maintenance. Policies that assign a

cost to CO, emissions will add to the variable costs of producing power from fossil fugls,
therefore increasing the cost of electricity.

The price for carbon allowances will be driven by supply and demand, which in turn is

a function of many factors. The supply of carbon allowances ultimately depends on politi-

cal decisions such as setting the level of the cap (equal to the total allowances in the mar-

ket) and allocating compliance targets among regulated sectors. Demand for carhon

allowances from the electricity sector will depend on how much fossil fuel is burned and

what type it is, which in turn will manifest differently at the regional level due to differ-

ences in the generation mix. Therefore, demand for carbon allowances is fundamentally

tied to variables affecting the price of electricity. This is complicated by the fact that

demand for carbon allowances also will stem from sectors other than electricity as well as

from speculators in the market. Regardless, carbon prices and electricity prices will be

inextricably linked, given that variables affecting demand and supply of these two com-

cult. Well-functioning liquid hour-
ahead and day-ahead markets provide
useful informarion and data to encrgy
developers that can inform decision
makers whether or not prices will sup-
port the cash flows needed to meet
required investment returns. For CO2
prices to induce a shift in the capital
stock to low-carbon generarion sources,
investment decisions need to incorpo-
rate the impact that carbon costs will
have on electricity prices. In markerts
with transparent pricing mechanisms
and marker rules, investors will be bet-
ter able to assess the risk-and-return
trade-offs of their decisions.

In theory, coordinated dispatch can

modities are so closely interrelated. —BB, FW and MS

When electricity prices reflect the marginal abatement cost
of the most carbon-intensive fuel, renewable energy and load
management will tend to benefit. Restructured markets dis-
patch generators in the order of their operating costs; the more
expensive units are dispatched later and set the price at which
all units in che region earn revenues. Price-taking zero-carbon
resources such as wind energy can benefit from this dynamic
because they receive prevailing wholesale-market clearing prices
even though they don’t have a corresponding carbon compli-
ance cost. In other words, generators are rewarded based on
performance in the marketplace.

While roughly two thirds of wind capacity exists in states
having organized wholesale markets (see Figure 7), assessing the
degree to which market structure leads to increased levels of
renewable energy development is highly complex because of the
jurisdictionally fractured, stop-and-
start history of renewable resource
development. The salient questions are ; i _

whether or not organized electricity ‘ ‘ Current
markets are conducive to optimizing | g"‘aiggcity
and increasing the value of renewable H (Mw)
energy on the grid, and whether or not 7,116
investors have enough information to E g;?g
adequately value future investments in - 1:752
renewable energy. CWA | 1375
Reduced uncertainty and risk make €0 | 1068
invesrment decisions easier. Without a OR | 1,067
publicly visible, readily determined dis- = 2;2
patch price, valuing an investment in s =

new generation capacity is more diffi-
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optimize the output of large wind farms
because grid operators call on the low-
est-cost producers available and shift
generation away from more expensive units. In practice, the
ability to coordinate different control areas and an availability
of transmission capacity are needed to optimize resources in
markets with a diverse fuel mix and varying generator perform-
ance in order to allow for accommodation of variable and non-
disptachable resources.

The broader the geographical reach of the market, the more
renewable energy producers’ variable output efficiently can be
accommodated. This accommodation is achieved through
ancillary services, which are needed to manage the variable
nature of wind generation. By broadening the supply of ancil-
lary services, RTOs effectively lower the cost of managing vari-
able resources while maintaining overall grid reliability. This is
evidenced by MidAmerican Energy Company’s recent
announcement that it intends o integrate fully into the MISO
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as a rransmission-owning member." According to recent reports
from the Department of Energy and the National Renewable
Energy Laboratory, this can lead to increased value for wind
energy operators, ' '

The degree to which investors can assemble accurace data to
inform an investment decision, and increase the value of their
investment through optimizing the output, improves the
investor’s ability to make rational risk return trade-offs as renew-

able energy investments are considered.

Conclusion
Competitive electricity markets will play a vital role in the suc-
cessful implementation of regional and national CO2 emission-
trading programs. If the intended results of a carbon market are
to be achieved, CO3 prices will need to alter the manner in
which the U.S. produces and consumes electricity.

Empirical analysis of the history of coal-plant heat rates and
nuclear-generator capacity factors demonstrates how electricity
generators react to price signals in order to improve operating
profit margins. The expectation of a similar price-signal reac-
tion is at the core of market-based GHG policies. Behavioral
changes stemming from accurate and transparent prices—and
the financial incentives and disincentives they create—will drive
decisions that likely will reduce emissions from existing genera-
tion sources. As a corollary, these price signals likely will lead to
increased penetration of renewable energy and load-manage-
ment technologies, which in turn will facilicace a faster transi-
tion to a lower-carbon electricity grid.

Regional, federal, and state policymakers designing GHG
policies need to consider the inter-dependant nature of carbon
markets and electricity markets

and more important, how
prices in these two markets are related. Policymakers need to
understand that consumers’ and producers’ abilities to increase
efficiency and improve utilization of innovative technologies
will be enhanced and rewarded in a market-based environment,
which will ensure the best opportunity for success in achieving
the goal of significant CO2 reduction nationwide,
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