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I: THE STUDY
1. Executive Summary
As the realities of climate change are realized, nations and states seek ways to adapt to the
impacts on their environment, economies and the health and welfare of their citizens, and to
address the root causes of climate change. In April, 2006, Maryland enacted the Healthy Air Act
(HAA), mandating reductions in three major pollutants from coal-fired power plants: nitrogen
oxides (NOx), sulfur dioxide (SO2) and mercury. In addition, the HAA addresses carbon dioxide
(CO2)―emissions – a major greenhouse gas (GHG) contributing to climate change―by requiring
Maryland to become a full participant of the Regional Greenhouse Gas Initiative (RGGI). As a
participant in RGGI, Maryland joins a consortium of Northeastern and Mid-Atlantic states
prescribing a common policy for reducing CO2 emissions from power plants via a market-based
cap-and-trade program (www. rggi.org).
The Maryland Department of the Environment (MDE) is charged with implementing the HAA
through regulations principally designed to reduce air pollution from Maryland power plants and to
meet National Ambient Air Quality Standards (NAAQS) for ozone and fine particulate matter.
Notably, Maryland is the first state to adopt four-pollutant legislation; and the first state that
derives most of its electricity from coal, to commit to CO2 reductions statewide.
Emissions reductions from the HAA will be carried out in two phases. The first requires the
following reductions compared to a 2002 emissions baseline: 70 percent for NOx emissions by
2009, 80 percent for SO2 and mercury emissions by 2010. The second phase will begin in 2012
for NOx and 2013 for other pollutants. When fully implemented, the Healthy Air Act will lower
statewide NOx emissions by approximately 75 percent from 2002 levels, SO2 emissions by 85
percent and mercury emissions by 90 percent. As part of RGGI, between July 1, 2006 and
January 1, 2008, MDE is required to study reliability and cost issues that may result from joining
this climate change consortium. In addition, the state is required to become a “full participant” in
RGGI by June 30, 2007. The HAA allows for withdrawal from RGGI after January 1, 2009, if
reliability and cost issues are not resolved. If Maryland withdraws, however, the Governor must
report the reasons to the General Assembly and propose an alternative plan to reduce CO2
emissions.
To best study the impacts of joining RGGI on the state, MDE contracted with the University of
Maryland (UMD) through its Center for Integrative Environmental Research (CIER,
www.cier.umd.edu), to research the issue and report. The mandate for the study was to assess
the impacts of RGGI on power generators, rate payers and the economic welfare of the state due
to the stricter environmental constraints of RGGI. Although changes in CO2 emissions due to
Maryland joining RGGI were also analyzed, benefits to the economy, society and the environment
from reductions in CO2 emissions and mitigation of climate change, were not topics of this study.
UMD is the primary contractor on this project drawing upon scientific experts from both inside and
outside the University. CIER specializes in the development and use of new knowledge and tools
to inform policy and investment decision makers. Other sources of expertise tapped for the study
are, as subcontractors to UMD, Resources for the Future (RFF), the Johns Hopkins University
(JHU), and Towson University (TU). These institutions have extensive and complementary
expertise in the economic and engineering modeling necessary to measure reductions of CO2
emissions mandated by RGGI. In addition, CIER tasked a team from UMD with engaging
stakeholders in the study. This was largely accomplished through a series of in-person and/or
telephone meetings, as well as written comments.
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The Models
Three models were employed to determine a variety of impacts on the economy and the electric
power grid. Included in the study were impacts within other RGGI states and related areas. The
Haiku model, created by a team from RFF, is a national economic simulation of electricity
markets based on market equilibrium concepts. The JHU-OUTEC model (for Johns Hopkins
University Oligopoly Under Transmission and Emissions Constraints), developed by Professor
Ben Hobbs (JHU) and Yihsu Chen (formerly at JHU), is a regional market equilibrium model for
the Pennsylvania-New Jersey-Maryland (PJM) area allowing for market power in the generation
sector. Towson University’s IMPLAN model is an input-output model that takes into account
changes in employment levels, among other important economic indicators. Details on these
models appear in the Appendix to this report.
The first step in the study was to establish a baseline (ie. Baseline scenario) representing
“business as usual” in the present and near future (up to the year 2025). Determining this
scenario involved not only the entire UMD team but also consultation with MDE and stakeholders.
Next, work centered on the establishment of a second scenario, one where RGGI rules on power
generators were enforced in Maryland but all other items remained the same. This scenario was
called “Maryland Joins RGGI.” Consequently, the difference in output between these two
scenarios reflects the impacts of Maryland joining RGGI. Other than limited sensitivity analyses,
detailed analyses were performed only on these two scenarios. In the future, it may be
advantageous to return to this study with alternative scenarios to run; some of which have been
listed in the Appendix.
The modeling procedure involved running the Haiku model first for two reasons. First, the Haiku
model would provide needed insights into the impacts of Maryland joining RGGI. Second, the
model would provide key inputs necessary for the other two models. Further, in this way, all of
the models would be consistent with each other while still providing a different perspective on
each of their relative issues.
The main conclusions of this study indicate that, overall, joining RGGI would only have a limited
impact on the economy and electric power markets in Maryland. Similar conclusions hold for the
current RGGI region and affected areas outside this region. Specifically, results of this study
support the following high-level conclusions:
Energy and Environmental Impacts on the state from the Maryland Joins RGGI Scenario:
1. Electricity Demand: Lowers net electricity demand in Maryland by between 1.5 percent in
2010, and nearly 3 percent in 2025, relative to the Baseline scenario. These demand
reductions result from energy efficiency investments funded by revenues from the sale of
allowances apportioned to Maryland in an allowance auction.
2. Energy Supply: Reduces coal and natural gas-generation in Maryland as the state
reduces exports to neighboring regions and slightly increases reliance on power imports
from out of state. Beginning in 2020, the scenario also reduces investment in new
generation capacity in Maryland by nearly 45 percent by 2025.
3. Generating Plant Retirement and Generator Profits: Does not lead to significant
retirement of existing generating capacity. As a group, existing gas-fired generators and
existing oil-fired generators see increased profits, due in large part to revenues from
sales of their shares of grandfathered CO2 emission allowances to generators in other
parts of the RGGI region. Only a small fraction of existing capacity is retired, but there is
a large negative effect on the profits of existing generators and coal-fired generators are
hit particularly hard.
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4. Electricity Prices: Has virtually no effect on the price of electricity paid by rate payers in
Maryland.
5. RGGI CO2 Allowance Price: Leads to a drop in the price of CO2 emissions allowances in
all years compared to the MDE Baseline scenario.
6. Emissions of CO2: Results in lower emissions of CO2 from electricity generators in
Maryland as expected. Emissions fall substantially below allocated target levels in 2010
as generation sources in Maryland, and throughout the expanded RGGI region, take
advantage of opportunities to bank emissions allowances for future use. Over the entire
forecast horizon, cumulative emissions of CO2 in the expanded RGGI region, including
Maryland, fall by 26 million tons including offsets that reduce GHG emissions in other
sectors by the equivalent of roughly 19 million tons.
7. Emissions Leakage: Leakage describes CO2 outside of an area. The Maryland Joins
RGGI scenario is not expected to lead to an increase in leakage outside the expanded
RGGI region (including Maryland) beyond that which may already occur under the RGGI
policy in the Classic RGGI region. This region includes the following states: Maine, New
Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut, New York, New Jersey
and Delaware. Moreover, the national effect is negligible.
8. Generator Competitiveness: There is no evidence that the effects of Maryland joining
RGGI will amplify any potential market power in the generation market.
9. Generation Adequacy: We have also analyzed the effect of the Maryland Joins RGGI
scenario on generation capacity prices in the central Maryland area under the newly
revised PJM capacity market system. Our analysis indicates it is unlikely that generation
capacity prices would significantly rise in that area. One reason is that energy efficiency
programs under RGGI would at least partially compensate for the losses of Maryland
capacity that arise from more plant retirements under RGGI.
Economic impacts on the State from the Maryland Joins RGGI Scenario:
1. Ratepayer Impacts: Overall, electricity bills are forecast to decrease over $100 million in
2010 and to increase beyond $200 million in savings by 2025. The average annual
residential electricity bill is predicted to decrease by approximately $22 in 2010. The
reason for this decrease is efficiency gains and a resulting drop in demand.
2. Overall Economic Impacts: Will have little net impact on the Maryland economy. The
positive economic impacts from reduced electricity costs and energy efficiency
investments are partially offset by reduced investment and profits in the electricity
generating sector. Overall RGGI is predicted to have a positive economic impact on
Gross State Product of approximately $100 million in 2010, increasing to about $200
million in 2015 and subsequent years. This impact is expected to create approximately
1200 jobs across the state by 2010, increasing to 2800 jobs by 2025. Such positive
impacts are less than 0.1 percent of overall Maryland gross state product and
employment in all years.
Lastly, stakeholders to the process will have an opportunity to add any comments to this debate
by emailing them to CIER at UMD in accordance with instructions posted on www.cier.umd.edu
After formal release of this report by MDE (scheduled tentatively for the second half of January,
2007), stakeholders will have three weeks to send their comments to CIER along with the name
of their organization. The UMD team will then post their comments verbatim on the CIER web
site. In addition, they will make them available to the state legislature by addendum to this report.
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2. Introduction
As the adverse impacts of human activity on global climate change ―especially the effects of
burning fossil fuel―are being established, decision makers around the world are analyzing
strategies to best mitigate these impacts. In order to best introduce a discussion of this analysis,
this report begins with a brief review of key issues surrounding climate change. Thereafter, it
turns to mitigation methods before closing with an overview of the structure of the remainder of
this report.
2.1 A Primer on Climate Change
The Earth’s climate is partly regulated by atmospheric gases and particles which are penetrated
by short-wave radiation from the sun and trap the longer wave radiation that is reflected back
from Earth. Collectively, these gases are referred to as greenhouse gases (GHGs) because they
can trap radiation on Earth in a manner analogous to that of the glass of a greenhouse and,
consistently, have a warming effect on the globe. The main GHG is water vapor. Water vapor
affects the overall energy budget of the globe and – working like a steam heating system –
funnels energy through the hydrological cycle across regions. Among the other notable GHGs are
carbon dioxide (CO2), methane (CH4), nitrous oxides N2O, and chlorofluorocarbons (CFCs). Their
sources include fossil fuel combustion, agriculture (e.g., release of carbon from biomass and soils
or methane from rice paddies and livestock), and industrial processes. Each GHG has a different
atmospheric concentration, mean residence time in the atmosphere, and different chemical and
physical properties. As a consequence, each GHG has a different ability to upset the balance
between incoming solar radiation and outgoing long-wave radiation. This ability to influence the
Earth’s radiative budget is known as climate forcing. While some constituents of the atmosphere
tend to reflect outgoing radiation back to Earth, the presence of aerosols in the atmosphere (e.g.,
from coal-burning power plants) leads to the reflection of incoming radiation and thus has a
cooling effect that may partly offset the warming effect of GHGs (Wigley, 1999).
Climate forcing varies across chemical species in the atmosphere. Spatial patterns of radiative
forcing are relatively uniform for CO2, CH4, N2O and CFCs because these gases are relatively
long-lived and, as a consequence, become more evenly distributed in the atmosphere. In
contrast, patterns of spatial radiative forcing of short-lived constituents, such as aerosols and
ozone, are closely aligned with their sources of emissions (Wigley, 1999).
Steep increases in atmospheric GHGs and aerosol concentrations have occurred since the
industrial revolution. Those increases are unprecedented in Earth’s history. Notably, as a result of
higher GHG concentrations, global average surface temperature has risen by about 0.6°C over
the twentieth century. The 1990s was likely the warmest decade ever, and 1998 the warmest
year since 1861 (IPCC, 2001). These average global changes mask larger regional variations.
For example, higher latitudes have warmed more than the equatorial regions (OSTP, 1997).
Although a change in average temperatures may serve as a useful indicator of changes in
climate, it is only one of many ramifications of higher GHG concentrations. Since disruption of the
Earth’s energy balance is neither seasonally nor geographically uniform, effects of climate
disruption vary across space and time. For example, there has been a widespread retreat of
mountain glaciers during the twentieth century. Scientific evidence also suggests that there has
been a 40 percent decrease in Arctic sea ice thickness during late summer to early autumn in
recent decades, and a considerably slower decline in winter sea ice thickness. Further, the extent
of Northern Hemisphere spring and summer ice sheets has decreased by approximately 10 to 15
percent since the 1950s (IPCC, 2001).
The net loss of snow and ice cover, combined with an increase in ocean temperatures and the
thermal expansion of oceanic water mass, has resulted in a rise of global average sea level
between 0.1 and 0.2 meters during the twentieth century. This rise is considerably higher than
the average rate during the last several millennia (Barnett, 1984; Douglas, 2001; IPCC, 2001).
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However, the rate and extent of sea level rise varies across the globe. For example, some
areas―such as England and western France―are losing height relative to the sea, while
others―such as Scandinavia and Scotland―are emerging (Doornkamp, 1998). Further, in
certain cases, anthropogenic land subsidence (a sinking of the land relative to the sea level, such
as from mining, natural gas, or ground water extraction) significantly accelerate the potential
effects of climate change induced relative to sea level rise (Gambolati et al.,1999).
Changes in heat fluxes through the atmosphere and oceans, combined with changes in the
reflectivity of the Earth’s surface and an altered composition of GHGs and particulates in the
atmosphere, may result in an altered frequency and severity of climate events around the globe
(Easterling et al., 2000; Mehl et al., 2000). For example, over the latter half of the twentieth
century, it is likely that there has been a two to four percent increase in the frequency of heavy
precipitation events in the mid and high latitudes of the Northern Hemisphere. In other regions,
such as Asia and Africa, the frequency and intensity of droughts has increased in recent decades
(IPCC, 2001). Furthermore, the timing and magnitude of snowfall and snowmelt may be
significantly affected (Frederick and Gleick, 1999) influencing, among other things, erosion, water
quality and agricultural productivity. Since evaporation increases exponentially with water
temperature, global climate change-induced sea surface temperature increases are likely to result
in increased frequency and intensity of hurricanes. Accordingly, there is a corresponding
increase in the size of the regions affected.
Large-scale efforts are under way to explore the complex causal relationships between human
activities and climate change. These efforts seek to develop computer models that put together
the various pieces of the climate change puzzle and explore likely future climate conditions under
alternative assumptions about biogeochemical mechanisms and human activities (IPCC, 2001). A
range of projections has emerged from these computer models which indicates that global
averaged surface temperature is likely to increase by 1.4 to 5.8°C between 1990 and 2100. Data
derived from the paleoclimate record indicate that this increase will make the projected rate of
warming much greater than the observed changes during the twentieth century and, very likely,
larger than rates of warming for at least the last 10,000 years (Wigley, 1999; IPCC, 2001).
Relative to any fixed threshold, the frequency of daily, seasonal and annual warm temperature
extremes will likely increase and the frequency of daily, seasonal and annual cold temperature
extremes will likely decrease. As in the recent past, changes in temperature could be
accompanied by larger year-to-year variations in precipitation, regionally distinct rates of snow
and ice cover changes, and changes in sea level (Klein and Nicholls, 1999; IPCC, 2001).
Differently specified models of climate change increasingly show climate responses that are
consistent with recent observations. These models, combined with long-term historical analysis
and field experiments, indicate that humanity has indeed embarked on a real-world climate
change experiment of monumental proportions. Although increasingly sophisticated, the climate
models on which predictions are based continue to suffer from uncertainties in many underlying
biogeochemical processes and our fundamental inability to adequately anticipate future human
responses to climate change. Moreover, the models’ specifications make them difficult to reflect
potential discontinuities of climate processes and, instead, often portray only gradual changes
(Schelling, 1992; Kay and Schneide, 1994). Examples of discontinuities include rapid changes in
the direction of ocean currents that funnel significant amounts of energy among continents and
fundamentally affect regional temperature, sea level and precipitation patterns. A gradual
increase in temperature may result in local climate conditions that are unfavorable to some local
species, triggering a change in species composition richness and diversity. Those changes may
affect diverse ecosystem features such as soil properties, pollination of fruit trees, crop species,
local food supply and livelihoods, water regimes and the spread of disease. It also may trigger
changes in society and the economy. Since climate change is expected to continue and many
thresholds have not yet been reached, current and future generations must expect surprises and
will face difficult decisions.
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2.2 Climate Change Mitigation: The UN Framework Convention on Climate Change
The United Nations Framework Convention on Climate Change (Framework Convention) that
took effect in 1994 established as its goal the stabilization of GHG concentrations in the
atmosphere “at a level that would prevent dangerous anthropogenic interference with the climate
system” (UNFCCC, 1992). Toward that goal, parties to the convention are required to develop
national inventories of GHG sources and sinks, and to promote the development and diffusion of
technologies that prevent GHG emissions. In addition, the parties must commit to: 1) the
promotion, conservation and enhancement of GHG sinks and reservoirs; 2) cooperation in
preparing for adaptation; and 3) the sharing of information, promotion of education, training and
public awareness. In addition, industrialized countries are asked to provide developing countries
with financial resources to meet their commitments under the Framework Convention. In their
1997 annual meeting in Kyoto, the parties signed a protocol laying out mechanisms to achieve
the Framework Convention’s goals (UNFCCC, 1997). The United States, however, did not ratify
this protocol.
Common to the various mechanisms laid out in the Framework Convention, is the intent to
provide incentives to countries for reducing emissions below their own targets and to collaborate
internationally to achieve cost effective emissions reductions. Specific focus is given to economic
incentives, such as marketable emissions permits, and to new institutions, such as the Global
Environment Facility, to foster environmentally friendly development.
Promotion of technological change plays a crucial role in the climate change and development
context (Edmonds et al., 2000). On the one hand, some changes in technology help boost output
and reduce the cost of fossil fuels, or energy using devices. These changes tend to increase
GHG emissions. On the other hand, efficiency improvements and increases in knowledge tend to
decrease GHG emissions and the cost of mitigation. The issue is further complicated by the fact
that efficiency improvements and increases in knowledge are often related to production rates.
Higher production and sales generate revenues for investment in new technology, and more
experience is often gained as cumulative production increases (Yelle, 1979; Ruth, 1993).
Furthermore, as the relative prices of products change and development occurs, consumer
preferences are likely to change. Substitution among inputs into production and among consumer
goods and leisure activities are key determinants of GHG emissions (Jorgenson, et al., 2000).
Numerous instruments are already available throughout the globe to achieve specific emissions
goals, and/or to help the effectiveness of market-based climate change policies. Among these
instruments are: environmental labeling requirements for electricity sources; demand-side
management; tax credits and accelerated depreciation schedules; planning and siting
preferences for renewable energy facilities; renewable energy portfolio standards; land
reclamation and reforestation policies; and trace gas collection requirements for landfills. Many
instruments were originally devised to achieve improvements in energy security, higher ambient
air quality, maintenance of ecosystem health and species diversity, or increased energy efficiency
of households and firms. Thus, better coordination of their use should help further leverage GHG
reductions (Dernbach, 2000).
The Framework Convention’s recent call for climate change mitigation has spurred great debate
among interested members of government, industry and academia. Generally, the debate
focuses on how best to identify, for individual sectors of the economy, how targets can be met
and at what cost, given alternative mitigation strategies (Gwilliam, 1993; Bernstein et al., 1999;
Ruth et al., 2000). Then the debate zeroed in on no-regrets strategies—strategies considered
beneficial even if climate change were not an issue—and then proceeded to address how
multiple policy instruments ranging from taxes and subsidies to enhanced research and
development efforts and regulatory instruments, could be applied simultaneously to more
effectively improve efficiencies and reduce emissions (Ruth, et al., 2000). More recently, the
debate has broadened to emphasize the wider range of social and environmental costs of energy
use, aside from narrowly defined economic costs of energy conversion, GHG emissions and
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mitigation efforts (see, e.g., Berry and Jaccard, 2001). Solutions are being sought that transcend
narrowly defined technological fixes and place technology policy in the broader context of the
development of adequate local capacity and essential support systems (Ruth et al., 2000 and
2006). This report concentrates on one of the relevant aspects surrounding climate change
mitigation policies – the costs associated with mitigation in the energy conversion sector.
2.3 Overview of This Report
This report summarizes an independent modeling project and analyzes and estimates the
potential cost to Maryland of participating in a RGGI in which carbon permits are traded among
electric utilities. Specifically, Section 3 provides background on emissions trading while Section 4
focuses on RGGI and the HAA. Section 5 provides the time frame and schedule of this project.
Sections 6 and 7, respectively, discuss the modeling approach and involvement of stakeholders.
Section 8 provides background on the various states in RGGI, and those exploring to join in the
future. Sections 9 through 13 present studies of energy supply, generator competitiveness,
electricity reliability, electricity rates and economic welfare. Limitations are described in Section
14. Conclusions are provided in Section 15 and Acknowledgements in Section 16. The
accompanying Appendix provides a list of abbreviations, references, team member biographies
and other supporting data and studies.

3. Market-Based Climate Change Mitigation Policy:
Emissions Trading
Environmental policy has frequently chosen one of two approaches to limit environmental harm.
One approach includes direct interventions into the decisions of producers and consumers. For
example, one can limit emissions into the environment (such as arsenic into waterways), or the
use of particular products (such as asbestos), or limit processes and technologies (such as
genetic engineering). Further, with adequate monitoring and enforcement, such command and
control interventions can be effective, although, because they do not provide regulated entities
with adequate flexibility in decision making, they are often not the most efficient ways of tackling
environmental problems (Katz and Rosen, 1998).
A second approach concentrates on the environmental damage done by production and
consumption, and how costs associated with such damage can be incorporated into the prices of
the goods and services that households, firms and government buy. As the prices of socially
undesirable products, services and activities increase, economic incentives exist to substitute
away from those and towards less harmful ones.
The field of environmental economics concentrates on such internalization of externalities and
traces its basic insight back to the works of Arthur Cecil Pigou (1932) and Ronald Coase (1960).
It finds modern applications in the design of sulfur trading systems to combat acid rain, tradable
permits in fisheries management, and carbon taxes to reduce emissions of GHGs. Similarly,
environmental economics employs other market-based instruments to discourage socially
undesirable activities. (Svendsen, 1998).
Among the market-based instruments increasingly promoted by economists to reduce carbon
emissions are tradable permit systems. Under such a system, a carbon emissions cap is
identified for a sector of an economy or a geographic region, and then permits are offered to
emitters. If those permits are tradable, they can sell unneeded permits to others, creating
incentives for firms to reduce their emissions and, thus, improve their bottom line. Conversely,
firms that are unable to meet emissions reduction goals can purchase permits and, by so doing,
are better able to remain in business while complying with carbon emissions restrictions.
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In an attempt to reduce financial burdens associated with climate change policy, firms are
expected to curb fossil fuel use by: reducing output, increasing energy efficiency through
technological innovations, substituting away from high carbon fuels, or choosing any combination
of these responses (Hoeller and Wallin, 1991; Pearce, 1991). Tradable carbon emissions permits
would have a similar effect on firm behavior as energy taxes. But, in contrast to a tradable permit
system, an energy tax will not discriminate against the use of high carbon fuels, but only
discourage purchase of these fuels in general.
The informational requirements and transaction costs of market-based climate change policy, are
typically smaller than for command and control approaches. All that is needed for determining
the level of carbon permits required by each emitter, in principle, is information on the carbon
content of fuels and how much of each fuel is used. Typically, this is readily available
information. Total allocations of permits and the share of permits that are auctioned on the market
will need to be determined through the political process. In general, the larger the number of
permits, the lower their cost will be and the harder it will be to achieve reductions in carbon
emissions.
The first issue in the design of an emission allowance trading program for Maryland, as well as for
the rest of the RGGI region, is how to initially distribute the allowances into the market. One
alternative is to give allowances away for free, based on some measure of past or current
behavior. A second alternative is to distribute allowances through an auction. The RGGI rule
stipulates that a minimum of 25 percent of the allowances should be auctioned. Some RGGI
states have decided that they would like to increase this percentage to, for example,100 percent
as in the cases of Vermont and New York. In contrast, in the EU Emission Trading System (ETS)
for CO2, member states are precluded from auctioning any more than 5 percent of the allowances
during the first phase of that program (2005-2007) and no more than 10 percent in the second
phase (2008-2012). In the EU that rule has proven very controversial. It has lead to allegations
that electricity producers are earning “windfall profits” because they are charging electricity
customers for the value of emission allowances even though they receive the majority of
allowances for free. The electricity market encompassed by RGGI and in much of the surrounding
region, including Maryland, has market-based electricity prices. Consequently, it is not expected
that there will be a difference in electricity prices for consumers, whether allowances are given
away for free or auctioned. However, there may be a difference in who captures the newly
created value of the allowances created by the program.
The second crucial issue is what should become of the proceeds of the auctioned allowances.
The RGGI rule stipulates that the proceeds should benefit the public (e.g., energy efficiency
programs). This decision has important implications; we explicitly model the relationship between
auction revenues and expenditures on end-use efficiency. That means that overall electricity
demand is decreased when the allowances that are auctioned are increased. This has important
effects on the change in electricity price when Maryland joins RGGI, and on the profitability of
various types of electricity generation. It also has important implications for the reliability of the
electricity grid and for the change in economic activity in Maryland as a result of the program.

4. The Regional Greenhouse Gas Initiative and the
Healthy Air Act in Maryland
4.1 The Regional Greenhouse Gas Initiative
The Regional Greenhouse Gas Initiative (RGGI) began in April of 2003, when New York
Governor George Pataki sent a letter to 11 governors from Maine to Maryland. This letter
encouraged states to work together to develop a regional strategy to combat global climate
change. Related discussions centered on a regional cap-and-trade program to regulate CO2
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emissions from power plants, the first of its kind in United States history. By July, 2003, eight of
the states (Connecticut, Delaware, Maine, Massachusetts, New Hampshire, New Jersey, Rhode
Island and Vermont) agreed to cooperate with New York and send representatives to work on
developing the program. The representatives, from state environmental and energy agencies,
formed the RGGI Staff Working Group. These eight states mentioned above emit approximately
14 percent of GHG emissions in the United States and 3.2 percent of the world’s emissions. This
level of emissions is approximately the same as that of Germany (Zoli and Joroff, 2005) and,
hence, a non-trivial part of global emissions. Currently, the District of Columbia, Massachusetts,
Maryland, Pennsylvania, Rhode Island, the Eastern Canadian Provinces, and New Brunswick are
observers in the process.
Before Governor Pataki’s letter, many of the Northeast and Mid-Atlantic states were already in the
process of studying or implementing programs that would reduce GHG emissions. For example,
New Jersey adopted a plan in April, 2000 to reduce GHG emissions by 3.5 percent of the 1990
levels by 2005 (About RGGI, 2006). In New England and the Eastern Canadian provinces, a
Climate Change Action Plan was issued in August, 2001. This Plan targets a reduction of GHG
emissions by 2020, of 10 percent below 1990 levels. New York's State Energy Plan also intends
to reduce CO2 emissions by 2020. RGGI would facilitate efforts by these states to further reduce
GHG emissions.
By August, 2003, the RGGI Working Group had drafted an action plan for developing a regional
CO2 cap-and-trade program; this plan was endorsed by the participating states on September 29,
2003 (About RGGI, 2006). Specifically, the action plan comprises a learning phase and two
program development phases. The learning phase allows states to share experiences related to
the control of CO2 emissions, schedule expert briefings on relevant topics, and determine the
legal mechanisms to implement the program. The first development phase deals with the design
of the core cap-and-trade program. The second development phase focuses on offset
mechanisms that would give credit for emissions reductions outside the electricity sector (About
RGGI, 2006). The next two years involved direct negotiations with state representatives to
develop the RGGI cap-and-trade program. This process has had one of the most extensive
public involvements to date, with twelve stakeholder meetings, hundreds of one-on-one meetings,
and a comprehensive website (Hamel, 2005).
In December, 2005, the governors of seven states (Connecticut, Delaware, Maine, New
Hampshire, New Jersey, New York and Vermont) entered into a Memorandum of Understanding
(MOU), which specified the general framework of the program. On March 23, 2006, the states
released a draft of model regulations outlining specific requirements. The draft was subject to a
60-day comment period and revised to incorporate many of the comments received; two public
meetings were also held. The model regulations serve as a starting point for each state to obtain
legislative or regulatory approval of the program (RGGI Press Release, 2006).
The RGGI cap-and-trade program will start in 2009 and include coal-fired, oil-fired, and gas-fired
electric generating units with a capacity of at least 25 megawatts in these seven states. In 2009,
emissions of CO2 from power plants will be capped at approximately current levels (121 million
tons annually). This cap will remain in place until 2015. Over the next four years, the seven
states will reduce emissions incrementally to achieve a 10 percent reduction by 2019. One
allowance, or permit, will be issued for each ton of CO2 emissions allowed under the cap. Plants
will need an allowance for each ton of CO2 emitted and can buy or sell allowances. The total
number of allowances available will be equal to the yearly emissions cap for the region. Although
the cap-and-trade program is regional, states will receive an annual “emissions budget.”
Compared to emission increases without RGGI, the cap-and-trade program “will result in an
approximately 35 percent reduction by 2020” (RGGI Press Release, 2006).
The RGGI model rule also requires that a minimum of 25 percent of a state’s allowances be
“dedicated to strategic energy or consumer benefit purposes, such as energy efficiency, new
clean energy technologies and ratepayer rebates” (RGGI Press Release, 2006). Alternatively,
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states can allow power plants to purchase these allowances and use the funds from the sales for
beneficial energy programs, such as energy efficiency, new clean energy technologies and
ratepayer rebates.
The RGGI program also allows power plants to offset GHG emissions from outside the electricity
sector. These offsets can account for up to 3.3 percent of their emissions, which translates to
approximately 50 percent of their compliance obligation under RGGI (RGGI, 2005). The program
is designed to give generators flexibility in meeting their obligations at the lowest cost. The
maximum offset can change depending on the cost of permits. For example, if the C02 allowance
price reaches seven dollars per ton, sources can cover up to 5.0 percent of emissions with
offsets; above ten dollars per ton, offsets can account for up to 10 percent of emissions (RGGI,
2005). Offset credits can come from outside the region, but states or other US jurisdictions not
part of the RGGI would need to enter into a MOU with RGGI state agencies to ensure the
credibility of the offset projects (RGGI Press Release, 2006). At CO2 permit prices in excess of
ten dollars, sources in RGGI may purchase certified emission reductions (CERs) from the
international Clean Development Mechanism (CDM) process. Examples of offset projects
include: natural gas end use efficiency, landfill gas recovery, reforestation, and methane capture
from farming facilities.
4.2 Healthy Air Act
The Healthy Air Act (HAA) requires reductions of three major pollutants from coal-fired plants:
NOx, SO2 and mercury. The HAA also targets CO2 emissions by requiring that Maryland become
a full participant of RGGI. Governor Robert L. Ehrlich, Jr. signed the Act (Senate Bill 154; HAA,
2006) into law on April 6, 2006. MDE is charged with implementing the HAA through regulations.
The HAA was developed in parallel with the Maryland Clean Power Regulations (CPR), and is
also intended to reduce air pollution from Maryland power plants. The CPR is designed to meet
National Ambient Air Quality Standards (NAAQS) for ozone and fine particulate matter. Maryland
is the first state in the country to adopt four-pollutant legislation. It is also the first state that
receives a majority of its electricity from coal, to commit to carbon dioxide reductions from plants
statewide (CWA, 2006).
Emissions reductions from the HAA will be carried out in two phases. Using a 2002 baseline, the
first phase requires reductions by 2010 (2009 for NOx). NOx emissions will be reduced by almost
70 percent (statewide cap of 20,216 tons per year), SO2 emissions by 80 percent (a cap of
48,618 tons per year), and mercury emissions by 80 percent. The second phase begins in 2013
for mercury and SO2 and in 2012 for NOx. Further reductions will lower statewide NOx emissions
by approximately 75 percent from 2002 levels (a cap of 16,667 tons per year), SO2 emissions by
85 percent (cap of 37,235), and mercury emissions by 90 percent (MDE, 2006; MWCOG, 2006).
As part of RGGI, MDE is required (between July 1, 2006 and January 1, 2008) to study reliability
and cost issues that may result from joining RGGI. The state must become a “full participant” of
the RGGI by June 30, 2007. The law provides for a withdrawal from RGGI after January 1, 2009,
if reliability and cost issues are not resolved. If Maryland does withdraw, the Governor must
explain the withdrawal and propose an alternative plan to reduce CO2 emissions (MWCOG,
2006). The following section lays out the schedule of this study to provide independent scientific
input into the decision making by the state, as required by the HAA (HAA, 2006).
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5. Study Schedule
5.1 Schedule Description
The UMD RGGI Study was conducted within a tight timeframe in order to provide information to
the Maryland Department of the Environment and the Maryland Legislature at the beginning of
the 2007 legislative session. The project began on June 23, 2006 and the initial report was
completed January 12, 2007. Final stakeholder input will, subsequently, be added in an
Addendum in early 2007. Key phases of the project included: stakeholder engagement and input,
coordination and integration across research teams, development of model assumptions,
research, model runs, analysis, and synthesis of the final report.

Table 5.1: UMD RGGI Study Schedule
July, 2006
Work plan developed with Research Team and MDE
August – September, 2006
Stakeholder outreach; web site created
August, 2006
Draft Model Assumptions developed
September 25, 2006
Stakeholder comments on Model Assumptions due
September 27, 2006
Stakeholder conference call
October 5, 2006
Stakeholder update by email
October – November, 2006
Ongoing research, model runs, analysis
October 25, 2006
Stakeholder input on scenarios and other issues due
November 1, 2006
Stakeholder conference call
Mid-November, 2006
Draft States Profile Report to MDE
December, 2006 – January, 2007
Report synthesis and ongoing editing
January, 2007
Report Release
3 Weeks After Release
Stakeholder input on final report due
1 Week After Stakeholder Input
Addendum posted on web site with stakeholder inputs
Received

6. Modeling Assumptions Overview
6.1 Assumptions
In order to understand the economic, energy-related, and environmental impacts of Maryland
joining RGGI, two cases were considered. First, a baseline (Baseline scenario) was established,
which more or less represented business as usual. Details relative to this case are described
below. Second, a case called “Maryland Joins RGGI,” was considered. This case took into
consideration all the assumptions of the Baseline scenario and then applied the RGGI rules to
generating facilities in Maryland. Details on this case are also described below. The difference
between the two cases tells us something about the effects of Maryland joining RGGI.
As might be expected, there is some degree of freedom in selecting parameters for these two
cases. For example, “business as usual” can be interpreted in more than one way. To come up
with meaningful parameters, the UMD project team met and corresponded with each other as
well as interacted with stakeholder groups.
Lastly, these modeling assumptions were used by all three models in the report, that is, Haiku,
JHU-OUTEC and IMPLAN.
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6.2 Baseline: Maryland Does Not Participate in RGGI
Time frame
• The economic simulation has been carried out for the following years: 2010, 2015, 2020,
2025.
• Three seasons are modeled:
o Summer (May-September)
o Spring/Fall (October, November, April, March)
o Winter (December, January, February)
Fuel Prices
• Prices for fossil fuels (including international oil) and nuclear power comes from the
Annual Energy Outlook (AEO) 2006 estimates.
• Prices for renewables come from the AEO 2006 initialy; National Labs data supplement
prices for certain fuels (e.g., biomass and wind).
Regions
• Relative to prices, regions of two types are considered―regulated and market-based:
o Regulated (average cost-based pricing).
o Market-based (marginal cost-based for wholesale, average of marginal costs for
generation portion of retail price).
• The following regions are modeled as part of RGGI, also referred to as the Classic RGGI
region:
o Current RGGI States: ME, VT, CT, NH, NY, NJ, DE
o Anticipated RGGI States: MA, RI
Environmental Policies
• Federal Environmental Policies:
o Include the Clean Air Interstate Rule (CAIR) and Clean Air Mercury Rule (CAMR)
policies in the baseline and the Title IV cap on SO2 emissions outside the CAIR
region.
• Federal Renewables Policies:
o The primary federal policy to encourage use of renewables to generate electricity
is the Renewable Electricity Production Tax Credit (REPC).
o This policy currently provides for a 1.9 cent per kWh tax credit for qualified
renewables for the first 10 years of operation with the credit escalating over time
to account for inflation (2005 dollars). Uncertainty in the REPC is taken into
account by applying appropriate discount factors.
• Maryland Environmental Policies (Maryland Healthy Air Act):
o Plant-specific emissions restrictions on NOx, SO2 and Mercury provided by MDE.
o Intra-firm trading of emissions for NOx and SO2 only.
o Maryland firms may sell unused CAIR (NOx) and Title IV (SO2) allowances out of
the state.
• State Renewable Portfolio Standards to Force Renewables to Be Built:
o For outside of Maryland, NEMS AEO 2006 is used, renewable portfolio figures.
o For Maryland, Exeter Associates and Princeton Energy Resources International
report (“Inventory of Renewable Energy Resources Eligible for the Maryland
Renewable Energy Portfolio Standard”) used.
• Maryland Renewable Tax Credit represented.
Initial RGGI Allowances and Emissions Accounting
• Default is to use 25 percent of allowance value and apply it to public benefits, unless
stated otherwise by State policy (e.g., Vermont at 100 percent due to the timing of the
model runs and state policy). It is assumed that all of the funds will go to energy
efficiency efforts.
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•
•
•
•

The remaining 75 percent is given away according to historic output at the generating unit
based on a previous year’s data.
The default RGGI formulas used for completeness.
Emissions are counted only from electric power generation for sale to the market. CO2
emissions associated with electricity for own use (customer side of the meter) are not
counted.
The study does not model industrial facilities that generate their own power.

Demand Growth for Electricity
• US Department of Energy, Annual Energy Outlook (AEO) 2006 values are used.
Transmission Expansion
• Only planned and approved transmission capacity investments through 2010 are used.
• Beyond 2010, a 1 percent per year rate of growth in transmission capacity is assumed;
this rate will be determined from appropriate sources (e.g., AEO). Additionally, starting in
2014, we include the incremental transfer capability associated with two new 500 KV
transmission lines into and, in one case, through Maryland, which are modeled after a
line proposed by Allegheny Electric Power and one proposed by PEPCO Holdings.
Imports of Power From Canada
• Imports from Canada are exogenously determined.
Rest of the US Greenhouse Gas Policy
• National policy of no caps on greenhouse gas emissions is assumed to remain in effect.
6.3 Maryland Joins RGGI Scenario
The Maryland Joins RGGI scenario includes all the assumptions of the Baseline scenario plus
expands the Classic RGGI region to include Maryland. Under this scenario, the total annual
amount of RGGI CO2 emission allowances issued under the program grows by roughly one third.
Increasing the size of the program also increases availability of CO2 emission offsets (certified
emission reductions) from outside the RGGI region that could be used in addition to emission
allowances to comply with the regional cap-and-trade program. Implementing this policy also
creates a pool of money that is used to purchase energy efficiency for customers in Maryland.

7. Stakeholder Input
7.1 The Stakeholder Process
The UMD RGGI project team recognized the importance of ensuring adequate stakeholder input
into the study and modeling process. The Environmental Finance Center (EFC), located at UMD
in College Park, coordinated and managed the Project Outreach Committee and stakeholder
communications. In addition, it served as a liaison between stakeholder interests, organizations,
and project team leaders. Given the compressed timeline for completion of the study, it was
essential that the stakeholder input process be constructed to ensure efficient, accurate, and
effective communication between stakeholder organizations and project team leaders. The
process incorporated the following goals and procedures of the RGGI program:
•
•
•

Providing a mechanism for informing the public and stakeholders of the Maryland RGGI
project team’s deliberations,
Providing a forum for early input from stakeholders on key elements of the modeling and
research process,
Maintaining an ongoing dialogue between the Maryland RGGI project team and
stakeholders, and
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•

Establishing opportunities for the public and stakeholders to submit formal comments to
the RGGI project team leaders at key decision points in the research and modeling
process.

The complexity of the issues associated with RGGI increased the importance of a comprehensive
and structured stakeholder engagement process. As a result, a primary goal of the stakeholder
process was to obtain input from Maryland-based environmental, community, economic, and
industrial interests.
The project team identified three key points of stakeholder engagement:
1. Development of assumptions for the modeling scenarios,
2. Identification of possible alternative model runs, and
3. Input and comment on the final study’s findings, results, and analysis.
These three key areas of engagement are described more fully in Section 7.2 below.
The Outreach Process
Because of the complexity of the various modeling tools, as well as the compressed project
timeline, it was critical that stakeholder comments related to the research and modeling process
be submitted in time to allow for effective analysis. The project team recognized that, given the
many actors with a direct and ongoing role in the RGGI process, it was essential to identify
participants early on. Accordingly, EFC staff―in partnership with project team members, MDE
officials, and project stakeholders―developed a list of primary contacts. Each organization on
the list was contacted directly, by email and telephone, to explain the process and to answer any
questions they might have on how to submit comments. The input of each stakeholder was
cataloged and recorded. The project team also requested that each person suggest other
individuals and institutions interested in providing comments. The project team solicited
comments from over 60 stakeholders representing more than 30 institutions. Participants came
from industry, state, environmental, and community organizations, such as:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

AES Warrior Run Ltd Partnership
Allegheny Energy Supply Company
American Council for an Energy Efficient Economy
CED Operating Co LLC
Clean Energy Partnership
Cons Edison
Constellation Energy Group
Dominion
Edison Electric Institute
Environment Maryland
Environment Northeast
Gordon, Feinblatt, Rothman, Hoffberger & Hollander, LLC
Maryland Public Interest Research Group
Maryland Office of the People's Council
Maryland Consumer Rights Coalition
Maryland Department of Agriculture
Maryland Department of Natural Resources
Maryland Public Service Commission
Maryland Chamber of Commerce
Maryland Industrial Technology Alliance
Mirant Mid-Atlantic, LLC
Mittal Steel
M. J. Bradley & Associates, Inc.
Natural Resources Defense Council
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•
•
•
•
•
•

NewPage Corporation
Northeast Greenhouse Gas Coalition
NRG Vienna Operations Inc.
Panda-Brandywine, LP
Star Power Consulting
The Nature Conservancy

To assist in providing up to date information to interested stakeholders, the project team
developed a web site (http://www.cier.umd.edu/RGGI/index.html) that contains detailed
information on the project, the study process, the modeling process, stakeholder engagement,
and specific deadlines. Notably, the web site continues to serve as a primary tool for
disseminating information to interested organizations and experts throughout the study process
and will also provide final stakeholder comment submitted after release of the report.

7.2 Stakeholder Input Phases: Model assumptions, alternative model runs, and additional
studies and information
Input on the Baseline Assumptions and Parameters
The first critical point of stakeholder engagement in the study process was the development of
modeling assumptions for the three models used in the study. The project team set an initial
deadline for stakeholder comments on the modeling assumptions of September 15, 2006.
However, a number of potential stakeholders expressed concern that the September 15 deadline
did not allow enough time to provide significant input. Therefore, the project team made the
decision to extend the deadline for comment to September 25, 2006 at 9:00 AM (EST).
Comments were required to be submitted in writing, via email, to the Environmental Finance
Center. Though several stakeholders continued to express concern over the abbreviated
timeline, the project team received 12 comment letters representing 15 different organizations.
On September 27, 2006, a conference call was conducted with the project modelers and
interested stakeholders to discuss the results of the stakeholder process and any resulting
refinements to the assumptions. A briefing summary memorandum regarding this was provided
to MDE officials and stakeholder groups on October 5, 2006.
The majority of the responses related to the model assumptions were submitted by experts from
organizations and institutions engaged in the RGGI process in several states throughout the
northeast region. Both business and environmental groups provided comments. (See a complete
list of comments on the CIER website).
Recommendations for Alternative Model Runs
The second critical point of stakeholder engagement was the process of prioritizing potential
alternative model runs. As part of the outreach process, the project team invited stakeholder
groups to provide input on scenarios for inclusion in recommendations to the state for future
studies and other issues and information for consideration in the study. In addition, they were
encouraged to include any data believed to be valuable to the research team. The period for
written comments closed on October 25, 2006 and a conference call seeking input regarding the
next phase of the project was held on November 1, 2006.
Many of the suggestions for alternative modeling runs had been included by stakeholder
organizations as part of submitted comments to the modeling assumptions. A complete listing of
the stakeholder suggestions for alternative model runs has been included on the CIER web site,
and a summary of the responses is also included in the Appendix to this report. In addition to
providing recommendations for alternative model runs, several stakeholder organizations
provided additional data, study findings, and information relevant to the Maryland RGGI study
process. A complete listing of all of the data provided is provided on the CIER web site.
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Input and Comment on the Final Study
The final point of stakeholder engagement will take place at the end of the study. At the end of
our study we will invite review of the report and comment on the final analysis. The primary
purpose of post-study review and comment is to add value to the study as an input into decision
making by the State of Maryland by enriching the discussion of study assumptions and
interpretation of results. The project team anticipates providing this review period approximately
three weeks after the date the report is released in January, 2007. These comments will be taken
verbatim from what is sent and the stakeholders’ organizations will be identified in these
comments for full disclosure. It is anticipated that the project team will conduct a briefing for
interested stakeholders once the report is finalized. The date and location of this session will be
arranged and posted on the CIER web site.

8. States’ Power Production Profile
8.1 General Summary
This states’ profile provides a synopsis of the states within
the RGGI region and describes the population, fuel mix,
capacity, peak load, and emissions for each state. It notes
major transmission constraints and fuel diversity issues.
As shown in Figure 8.1, the RGGI states include the
seven current participants (Maine, New Hampshire,
Vermont New York, Connecticut, Delaware and New
Jersey), the observing US states (Massachusetts, Rhode
Island and Pennsylvania) and Maryland. Although they
are observers to the RGGI process, the District of
Columbia and the eastern Canadian provinces are not
explicitly covered here. In addition, coverage of the other
states with which Maryland exchanges electricity (e.g.,
West Virginia and Ohio) exceeds the scope of this
section.

Figure 8.1: RGGI Region

The challenge of any state electricity profile stems from
the fact that the production and transmission of electricity
is not contained neatly within state borders. As ISO New
England, a regional transmission organization, explains,
Source: www.rggi.org
“The inter-connected nature of the regional electric
system requires sub areas and states to be viewed in terms of the system as a whole” (ISO-NE,
2006a; see Connecticut’s profile). Sometimes, border regions of states share stronger
transmission connections with neighboring states than with the rest of their own state. For
example, the Lake Road power plant in Connecticut is generally described as Rhode Island
capacity (CSC, 2005). Many times, utility jurisdictions extend into small portions of neighboring
states. For example, two of Maryland’s cooperative utilities―A&N Electric Cooperative and the
Somerset Rural Electric Cooperative―do most of their business in Virginia and Pennsylvania,
respectively. In addition, the RGGI area’s wholesale markets and dispatch of electricity are
regionally coordinated by either independent system operators or regional transmission
organizations (see below). States in the RGGI region exchange electricity with the Midwest, the
eastern Canadian provinces, and the South. Electrical reliability is also a regional function, guided
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in the RGGI area by the Northeast Power Coordinating Council (NPCC) and ReliabilityFirst
Corporation (RFC).1 Thus, RGGI adds another regional regulatory/coordinating apparatus.
The interconnected nature of the grid extends the electricity market far beyond the RGGI region.
The introduction of emissions criteria into regional dispatch decisions creates the strong
possibility that an increased proportion of generation will shift away from the RGGI states. In
particular, Pennsylvania has excess capacity and could absorb some of this “carbon leakage,”
most likely to the detriment of the primary goal of CO2 reduction. Its CO2 emissions in 2002 alone
exceeded the annual cap for the seven RGGI states as defined by the states in their MOU2
(RGGI, 2005). In addition, new generation in states west or south of the RGGI region, combined
with transmission upgrades leading into Maryland, might facilitate the shift of generation away
from Maryland, Delaware and New Jersey, and towards non-participant states.3
This section of the report uses data from the United States Census Bureau, the Energy
Information Administration (EIA), the applicable independent system operator or regional
transmission organizations (ISO/RTOs), the RGGI website,4 and the Environmental Protection
Agency (EPA) to provide state profiles for population, fuel mix, capacity, peak load, and
emissions. The EIA is generally considered the “gold standard” of electricity-related data.
Unfortunately, its demand projections are aggregated at a regional, census-division level. The
ISO/RTOs and some state public utility agencies provide projections at smaller geographic levels.
However, these levels do not always neatly correspond to state borders. Sometimes they include
parts of multiple states, as is the case with the Delmarva control zone. Hence, the EIA and
ISO/RTO data often disagree; so both sources will usually be cited. In addition, for all projections,
the numbers cited will be from the sources’ Base Case scenarios. Whenever possible, projections
will be given through 2015 or 2016, the latest years modeled by most of the ISO/RTOs. To
conform with RGGI data, all emissions information is in short tons.
This profile will provide some regional background and summaries. In the Appendix, Section G
(“Individual State Profiles”), the individual states will be described. Within that section, the states
are divided according to their respective ISO/RTOs. Within each ISO/RTO division, the RGGI
participants are listed first, followed by the RGGI observers (e.g., Vermont comes before
Massachusetts in the ISO-NE section).
8.2 Regional Background & Summaries
8.2.1 Population
This report includes population to allow a comparison between projected population growth and
projected demand growth. Such a comparison gives some indication of increasing or decreasing
per capita use of electricity.
Table 8.1 gives each state’s population, its rank nationally, its projected population in 2015, the
total projected percentage change from 2000-2015, and for comparison, data for the United
States as a whole. The table also includes ISO/RTO numbers for population in 2000 and 2015, as
available.

1

These regional corporations are members of the North American Electric Reliability Council. See
http://www.nerc.com.
2
The RGGI MOU established the agreement among the seven RGGI participants to cap CO2 emissions
from power plants starting in 2009 and lower emissions 10% from this cap from 2015-2018, as well as set
forth basic mechanisms to facilitate implementation.
3
The MOU recognizes this risk, and thus, called for a working group to research this challenge and report
back by December 2007.
4
The RGGI website, www.rggi.org, relies heavily on EIA and EPA data. This report has used the RGGI
website whenever possible to ensure consistency with the current RGGI participants and provide ease of
reference.
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All but three of the covered states are projected by the Census Bureau to have slower growth
than the national average from 2000-2015. New York and Pennsylvania, the two largest states in
the region, are projected to have the slowest growth. New Hampshire, Maryland, and Delaware
are estimated to grow at a slightly faster rate than the aggregate national average.
Table 8.1: Population Projections
CENSUS BUREAU

ISO/RTOs5

TOTAL %
2000
2015
CHANGE
ESTIMATE
ESTIMATE
2000-2015
US
281,421,906
n/a
322,365,800
14.5
n/a
n/a
CT
3,405,565
29th
3,635,500
6.8
3,415,000
3,657,000
ME
1,274,923
40th
1,388,900
8.9
1,279,000
1,367,000
NH
1,235,786
41st
1,456,700
17.9
1,243,000
1,451,000
VT
608,827
49th
673,200
10.6
610,000
655,000
NY
18,976,457
3rd
19,547,000
3
n/a
6%>2000
NJ
8,414,350
9th
9,255,800
10
n/a
n/a
DE
783,600
45th
927,400
18.4
n/a
n/a
MD
5,296,486
19th
6,208,400
17
n/a
n/a
MA
6,349,097
13th
6,758,600
6.5
6,367,000
6,530,000
RI
1,048,319
43rd
1,139,500
8.7
1,052,000
1,119,000
PA
12,281,054
6th
12,710,900
3.5
n/a
n/a
Note: Bolded states are those with projected growth rates that exceed the national average.
Source: ( US Census Bureau, 2006; US Census Bureau, 2001; US Census Bureau, 2005;
ISO-NE, 2006; NYISO, 2005).
STATE

2000
RANK
POPULATION

2015
ESTIMATE

8.2.2 Electricity Markets
Except for Vermont, all of the RGGI states and observers have deregulated the generation and
sale of electricity. Of these states, all but one mandated this deregulation through statute; New
York deregulated via state regulation. Some have required that distribution utilities divest their
generation assets. In the states that do not explicitly require divestiture (e.g., Maryland), many of
the utilities have nonetheless sold or spun off their generation businesses. Most of the states
exempt their municipal utilities from these deregulation schemes. Despite deregulating the
generation market, there appears to be little to no competition for the residential energy market in
most of these states.6
The RGGI region falls under the jurisdiction of four ISO/RTOs regulated by the Federal Energy
Regulatory Commission (FERC). Two, ISO New England (ISO-NE) and the PJM Interconnection
(PJM), are classified by FERC as regional transmission organizations (RTOs). The others, the
New York Independent System Operator (NYISO) and the Northern Maine Independent System
Administrator (NMISA), are classified as independent system operators (ISOs). However, there is
little functional difference between an RTO and an ISO. Each manages the transmission grids
and wholesale electricity markets within their given regions while providing a centralized dispatch
of electricity. The purpose of ISO/RTOs is to ensure reliable operation of the electric power grid,
coordinate the efficient and timely delivery of electricity to areas of demand, and plan for future
electrical generation and transmission needs. ISO-NE, NYISO, and PJM also make up the
Northeast Planning Protocol, which obligates them and their transmission providers to conduct
interregional planning studies (ISO-NE, 2005). The smallest ISO/RTO in the region, NMISA
5

PJM does not provide projections for its states (MD, NJ, DE, and PA).
This was determined by examining public utility agency websites and available reports. For example, see
Maine Public Utilities Commission, 2005 Annual Report on Electric Restructuring, p. 13, viewed at
http://mainegov-images.informe.org/mpuc/staying_informed/legislative
/2006legislation/err_report_master.pdf, October 11, 2006.

6
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Figure 8.2: Regional Transmission Providers (ISO/RTOs)

Source: FERC, 2006

manages the electrical grid for only two counties in northern Maine and hence, will be included
with ISO-NE (see Section 8.3).
8.2.3 Generation Capacity, Peak Load & Fuel Mix
The RGGI region has about 150,000 MW of
peak generation capacity. In 2005, peak
demand hit a summer high of nearly
Table 8.2: Net Importers vs.
130,000 MW, or roughly 85 percent of
Exporters of Electricity
capacity. The ISO/RTOs for the region
NET
NET
expect peak demand to approach 150,000
STATE
IMPORTER
EXPORTER
MW around 2015. Hence, to maintain a
CT
X
reasonable buffer to ensure reliability, the
ME
X
region will need to build additional
NH
X
generation plants or secure sufficient
electricity imports from outside the RGGI
VT
Unclear
region.
NY
X
NJ
X
Currently, most of the states in the RGGI
DE
X
region are net electricity importers (see
MD
X
Table 8.2). EIA data differ on Vermont’s
X
MA
status. Given the relatively small quantities
RI
X
of electricity generated and consumed in
PA
X
that state, perhaps its import/export status
Source: (EIA, 2003; EIA, 2006)
changes from year to year.
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8.2.3.1 ISO-NE
The ISO-NE control area contains roughly 30,940 MW of summer peak capacity. Figure 8.3
shows the percentage breakdown of this capacity by fuel type.7 Since 1991, 97 percent of the
new capacity built has been primarily fueled by natural gas. Gas is responsible for about 40
percent of New England’s actual electricity generation. This heavy reliance on gas has raised
concerns with ISO-NE about reliability in case of a natural gas shortage or unusually cold
weather. Although about a quarter of the installed capacity is oil-fired, oil accounts for a much
smaller percentage of actual generation (ISO-NE, 2005). The summer peak load in the region
was about 26,885 MW in 2005 and is projected to rise to about 31,895 MW by 2015 (ISO-NE,
2006).

Figure 8.3: New England Installed Capacity (Summer 2005)
Gas
21%

Dual Fired
18%

Misc.
3%
Hydro
5%
Pumped
Storage
5%
Coal
9%

Oil
25%

Nuclear
14%

Source: (ISO-NE,
2005, Fig. 1.4)

8.2.3.2 NYISO
According to NYISO, New York has about 38,960 MW of installed capacity. Half of this capacity
uses either natural gas or a combination of fuels (see Figure 8.4). Although NYISO shows a
similar reliance as ISO-NE on oil and natural gas, it considers its fuel mix diversified. It notes that
oil and gas accounted for less than 40 percent of energy production combined in 2004. However,
as most of the new generation consists of dual-fired units that rely on natural gas and one specific
type of fuel oil, NYISO suggests continuous vigilance of the fuel diversity (NYISO, 2005). The
summer peak load in New York hit about 32,075 MW in 2005, and NYISO projects that this will
increase to about 36,620 MW by 2016 (NYISO, 2006).

7

Note that in all tables and figures in this States’ Power Production Profile that offer percentages of totals,
the sum may not exactly equal 100% due to rounding.
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Figure 8.4: New York Installed Capacity (2006)
Other
1%

Nuclear
13%

Dual Fired
36%

Hydro
15%

Coal
9%
Source: (NYISO, 2006)

Gas
17%

Oil
9%

8.2.3.3 PJM Interconnection
Although ISO-NE and NYISO are both completely contained within the RGGI region, the PJM
Interconnection extends into the South and Midwest. In addition, its control zones are based on
transmission ownership and hence, overlap states. For example, its Potomac Edison sub-zone
includes western Maryland, northeastern West Virginia, and a small portion of northern Virginia.
Thus, it is difficult to pinpoint the exact capacity and fuel mix for the RGGI region using PJM data.
For that reason, EIA data will be used to describe regional fuel diversity.
The four RGGI states managed by PJM―Maryland, New Jersey, Delaware, and
Pennsylvania―have about 79,210 MW of installed capacity. More than a third is coal-fired (see
Figure 8.5). However, nearly 70 percent of that coal capacity is located in Pennsylvania, a RGGI
observer (EIA, 2006; see Table 4 for each state). Peak load hit roughly 70,310 MW during the
summer of 2005. PJM projects that it will increase to nearly 80,350 MW by 2016 (PJM, 2006).

Figure 8.5: DE, NJ, MD, & PA Installed Capacity (2004)
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Figure 8.6: Generalized
Transmission Flows

8.2.4 Transmission
In the RGGI region, electricity can be said to flow from the
“outside in.” In other words, it tends to flow from the more
sparsely populated regions toward population centers as
shown in Figure 8.6. For example, in New England, the
primary flow of electricity is from north to south. In New
York, it flows towards New York City and its suburbs; and
in the PJM states, it flows from west to east.
As demand grows, it is along these main transmission
paths that constraints often occur. For example, New
England imports power from New Brunswick, Canada.
However, a single transmission interface links this
province and Maine. Hence, if this interface reaches
capacity or fails, New England’s direct access to New
Brunswick’s generation is lost. Therefore, the ISO/RTOs
plan and coordinate transmission upgrades with their
transmission owners.

(note: arrows not to scale)
Source: generalized representation of
ISO/RTO data and www.rggi.org

For example, through the Northeast Reliability
Interconnect Project, ISO-NE is adding a second
connection from Maine to New Brunswick, which will both
enhance reliability and add transmission capacity (ISONE, 2005).

In addition, some states are constrained internally. For example, Southwestern Connecticut has
been a notoriously weak portion of New England’s grid because of aging, insufficient,
infrastructure. Approved projects should alleviate this constraint by 2008 (ISO-NE, 2005). For
reliability purposes, Connecticut’s Lake Road plant is generally considered part of Rhode Island’s
generation capacity due to insufficient ties with the rest of the Connecticut grid (CSC, 2005).
Some other areas that face transmission constraints are Boston, Vermont, Delmarva, and New
York City.8 In addition to upgrading or adding to the transmission grid, constraints can also be
mitigated through demand management and increases in local generation capacity. However,
overall demand growth will probably require more local generation and increased transmission
capacity.
8.2.5 CO2 Emissions
Taken as a group, the participating states’ emissions in 2004 were almost 95 percent of the
MOU’s total cap on CO2 emissions of 121,253,550 short tons. Based on RGGI’s 2004 estimates,
only one state, New Hampshire, had CO2 emissions that exceeded the MOU allotment (see Table
8.3).
The construction of additional fossil fuel generation or the reinstatement of retired fossil fuel
capacity due to demand growth could easily push several states above the cap. For example,
Connecticut has approved three new natural gas-fired facilities each of which could conceivably
push the state over the limit, if not accompanied by the retirement of older, more polluting coal or
oil-fired generators.

8

See each area’s respective ISO/RTOs for more information.
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Vermont’s estimated emissions are
only a fraction of its cap. However,
Vermont’s cap is the smallest, by far,
of all the RGGI participants at only 1.2
million short tons. In addition, its
current
RGGI-covered
emissions
come from a single source.
Maryland and Pennsylvania’s high
emissions reflect their heavy reliance
on coal. Maryland has higher
emissions than New Jersey and
Massachusetts, both of which are
more populous. Pennsylvania has
higher emissions than the seven RGGI
participants combined. New York, with
about 19 million people, has under half
the emissions of Pennsylvania, with
around 12 million people.

Table 8.3: Carbon Dioxide Emissions

STATE

CO2 EMISSIONS (short tons)
Allowance
2004 ESTIMATE
Apportionment

RGGI
121,253,550
114,728,546
States
10,695,036
9,884,3439
CT
5,948,902
4,719,45810
ME
8,620,460
8,812,538
NH
1,225,830
378,408
VT
64,310,805
62,240,867
NY
22,892,730
21,133,145
NJ
7,559,787
7,534,152
DE
n/a
31,984,00011
MD
n/a
26,370,000
MA
n/a
2,219,000
RI
n/a
130,540,00012
PA
Source: (RGGI, 2005; RGGI, 2006)

9. Energy Supply Study
This section describes the results of modeling the effects of Maryland joining RGGI. It reports the
effects on the mix of fuels and technologies used to generate electricity in Maryland as well as the
total amount of power generated within the state and how much power is imported into Maryland.
This model also allows us to explore how this policy affects the nine-state Classic RGGI region—
namely, all New England States, New York, New Jersey and Delaware.
The impact of joining RGGI is measured by comparing the results of simulations of RFF’s
Electricity Market model, Haiku. The scenarios that are compared are the Baseline scenario,
under which Maryland does not join RGGI, and the Maryland Joins RGGI scenario. Both
scenarios are described in Section 6 above. Before presenting the results of this analysis we
briefly describe the RFF Electricity Model (See Section D in the Appendix).
9.1. The RFF Electricity Model in Brief
The energy supply analysis is conducted using a detailed simulation model of the electricity
sector known as Haiku which is maintained by RFF.13 The Haiku model is a deterministic, highly
parameterized model that calculates information similar to the National Energy Modeling System
used by EIA, and the Integrated Planning Model (IPM) developed by ICF Consulting and used by
USEPA.
The Haiku model simulates equilibrium in regional electricity markets, and inter-regional electricity
trade, with an integrated algorithm for emission control technology choices for SO2, NOx, mercury
9

Does not include Devon 7 and 8, which were both deactivated in 2004. See Section G.1.1.3.
Does not include the Androscoggin Energy Center, which has placed its generators on deactivated
reserve. See Section G.1.2.3.
11
2005 estimate. See Section G.3.3.3.
12
2002 estimate. See Section G.3.4.3.
13
The model has been used to develop the analysis in numerous peer reviewed articles and reports.
Previously, the model has been compared with other simulation models as part of two series of meetings of
Stanford University’s Energy Modeling Forum (Energy Modeling Forum 1998, 2001).
10
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and CO2. The model calculates electricity demand, electricity prices, the composition of electricity
supply through capacity planning and retirement coupled with system operation in temporally and
geographically linked electricity markets. The model solves for the quantity and price of electricity
delivered in 20 regions in four time periods (super-peak, peak, shoulder, and base-load hours) in
each of three seasons (summer, winter, and spring/fall). For each of these segments, demand is
represented by three customer classes: residential, industrial and commercial. Supply is
represented using model plants of similar types which are aggregated from the complete set of
commercial electricity generation plants in the United States. Investment in new generation
capacity and the retirement of existing facilities is determined endogenously in a dynamic
framework, based on capacity-related costs of providing service in the future (“going forward
costs”). Operation of the electricity system (generator dispatch) in the model is based on the
minimization of short-run variable costs of generation.
Inter-regional power trading is identified as the level of trading necessary to equilibrate regional
electricity prices (accounting for transmission costs and power losses). These inter-regional
transactions are constrained by the level of the available inter-regional transmission capability as
reported by the North American Electric Reliability Council (NERC). Factor prices, such as the
cost of capital and labor, are held constant. Fuel price forecasts are calibrated to match recent
EIA price forecasts (EIA, 2006). Prices for coal, gas and biomass adjust in response to demand.
Coal is differentiated along several dimensions, including fuel quality and location of supply; and
both coal and natural gas prices are differentiated by point of delivery. The price of biomass fuel
also varies by region depending on mix of fuel types and delivery costs. Other fuel prices are
specified exogenously.
Emissions caps in the model, such as the CAIR caps on SO2 and NOx and the RGGI cap on CO2
emissions, are imposed as linear constraints on the sum of emissions across all covered sources.
Emissions of CO2 from individual sources depend on emission rates, which vary by type of fuel
and technology, and total fuel use at the facility. The sum of these emissions across all sources
must be no greater than the allowances available including those issued for the current year and
any unused allowances from previous years. Unused emissions allowances may be banked for
use in the future. To determine the rate at which the size of the allowance bank changes, the
model imposes a Hotelling constraint that the rate of change in the price of CO2 emissions
allowances must be no greater than the interest rate. 14
9.2 Effects of Maryland Joining RGGI on Electricity Demand and Supply
This section of the report explores the effect of the Maryland Joins RGGI scenario on electricity
demand and supply in the Classic RGGI region and in Maryland.
9.2.1 Classic RGGI Region
According to the Haiku model results, the overall impact of Maryland joining RGGI on electricity
demand and supply in the original nine-state RGGI region (Classic RGGI) will likely be small.
The Haiku model results indicate that Maryland joining RGGI will result in very small changes in
future electricity demand in the region as shown in Table 9.1. Energy savings from the RGGIfunded conservation programs decline by 3 percent to 10 percent depending on the simulation
year, a result of the lower CO2 allowance prices. The lower allowance prices, discussed below in
Section 9.3, cause there to be slightly less revenue for investments in efficiency. The policy yields
a small increase (typically on the order of 1 percent or less) in projections of total electricity
generation in the Classic RGGI region and a larger percentage drop, ranging between 3 and 4
percent, in net imports into the region from other US regions.15

14
For more information about how emissions cap-and-trade programs are handled in the model, see the
Appendix to this Report.
15
Note that there is no change in imports of power from Canada by construction in the model.
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The Maryland Joins RGGI scenario is also projected to have a small effect on the mix of fuels
used to generate electricity in the Classic RGGI region. Generation from coal in the region is
projected to be slightly higher in the Maryland Joins RGGI scenario than in the Baseline, with the
difference between the two scenarios growing over time from roughly 1 percent higher in 2010 to
nearly 6.5 percent higher in 2025. As discussed in Section 9.3.4 below, Maryland joining RGGI
depresses the price of RGGI CO2 allowances and this drop, in turn, leads to an increase in coalfired generation, which is now relatively cheaper in the Classic RGGI region. Natural gas
generation in RGGI is also higher in 2015 and subsequent years, although the effect is less
dramatic coming in at 3 percent higher in 2020 and closer to 1 percent higher in 2025. The
Maryland Joins RGGI scenario also slightly delays the decline in oil-fired generation in the Classic
RGGI region. The policy has virtually no effect on renewable generation in the region until 2020
when non-hydro renewable generation is 5 percent lower with RGGI than without, in part a
consequence of the drop in allowance prices discussed below, which makes renewable
generation less attractive relative to other sources.
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Table 9.1: Electricity Demand and Supply in Classic RGGI Region: Comparing Baseline
and Maryland Joins RGGI Scenarios
2010

Net Electricity
Demand
(BkWh)
Efficiency
Savings
(BkWh)
Total Demand
(BkWh)
Generation
(BkWh)
Coal
Natural Gas
Oil
Nuclear
Hydro
All Non-hydro
Renewables
Wind
Co-fired
Biomass
Dedicated
Biomass
Landfill Gas
Total
Fuel
Consumption
(TBtu)
Coal
Natural Gas
Oil
Power Flows
(BkWh)
Imports
Exports
Canadian
Imports
Net Domestic
Imports
Net Imports

2015

Baseline

MD
Joins
RGGI

403.0

2020

Baseline

MD
Joins
RGGI

403.9

414.6

4.1

3.7

407.1

2025

Baseline

MD
Joins
RGGI

Baseline

MD
Joins
RGGI

416.0

424.7

425.7

435.7

436.0

5.8

5.2

7.7

7.0

9.1

8.9

407.6

420.4

421.2

432.4

432.7

444.8

444.9

64.1
104.3
10.4
101.6
31.0

64.7
104.0
11.2
101.3
31.0

59.5
120.0
3.4
102.6
31.0

60.9
121.7
3.9
102.3
31.0

58.5
123.4
1.8
103.7
31.0

60.4
127.1
2.3
103.4
31.0

57.9
126.1
1.3
104.7
31.0

61.6
127.4
1.3
104.4
31.0

31.8

32.0

34.4

34.6

37.1

35.2

46.6

45.4

14.6

14.6

17.5

17.5

17.8

17.7

20.5

21.9

1.6

1.8

1.1

1.3

1.4

1.4

2.4

1.8

5.4

5.4

5.5

5.4

7.4

5.5

13.1

11.1

10.1
343.2

10.1
344.1

10.3
350.8

10.3
354.4

10.5
355.4

10.5
359.4

10.6
367.6

10.6
371.2

683.6
781.5
109.2

690.4
780.4
117.8

628.3
902.9
34.0

644.2
917.2
39.7

616.3
917.9
18.6

637.0
950.0
22.8

609.5
924.9
13.3

648.7
933.1
13.1

86.93
0.02

86.92
0.02

91.86
2.11

90.14
2.51

96.97
1.06

94.77
1.82

95.62
0.29

92.47
0.37

18.56

18.56

18.40

18.40

16.90

16.90

11.13

11.13

68.35

68.34

71.35

69.23

79.02

76.05

84.20

80.97

86.91

86.90

89.75

87.63

95.92

92.95

95.33

92.10

9.2.2 Maryland
The Maryland Joins RGGI scenario shows lower net electricity demand in the state by between
1.5 percent in 2010, and nearly 3 percent in 2025, as shown in the top section of Table 9.2.
These demand reductions come 100 percent from RGGI-funded expenditures on energy
efficiency in Maryland. Total electricity generation in Maryland is more affected by the RGGI
policy than is demand. Total generation is lower by between just over 5 percent in 2015 to just
over 13 percent by 2025. This pattern of effects results in growth in the gap between in-state
generation and net demand over time. This gap is filled by increased net imports of power from
outside of Maryland as shown in Figure 9.1. Under the Maryland Joins RGGI scenario, exports
from Maryland to other states drop while imports into Maryland rise. By 2015, this leads to net
imports into Maryland that are roughly 4 percent higher than in the baseline, and by 2025 net
imports increase by 15 percent.
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Table 9.2: Electricity Demand and Supply in Maryland: Comparing Baseline and Maryland
Joins RGGI Scenarios
2010
MD
Baseline Joins
RGGI
Net Electricity
Demand
(BkWh)
Efficiency
Savings
(BkWh)
Total Demand
(BkWh)
Generation
(BkWh)
Coal
Natural Gas
Oil
Nuclear
Hydro
All Non-hydro
Renewables
Wind
Co-fired
Biomass
Dedicated
Biomass
Landfill Gas
Total
Fuel
Consumption
(TBtu)
Coal
Natural Gas
Oil
Power Flows
(BkWh)
Imports
Exports
Net Imports

2015
MD
Joins
Baseline
RGGI

2020
MD
Baseline Joins
RGGI

2025
MD
Joins
Baseline
RGGI

72.1

71.0

78.3

76.8

85.1

83.1

91.9

89.4

0.0

1.1

0.0

1.5

0.0

2.0

0.0

2.5

72.1

72.1

78.3

78.4

85.1

85.1

91.9

91.9

34.97
3.96
0.08
13.34
1.78

32.04
3.00
0.03
13.34
1.78

33.31
3.97
0.00
13.47
1.78

32.02
2.31
0.00
13.47
1.78

35.83
4.25
0.00
13.61
1.78

32.24
2.33
0.00
13.61
1.78

36.85
5.84
0.00
13.75
1.78

33.05
1.69
0.00
13.75
1.78

2.19
1.05

2.26
1.05

2.26
1.05

2.31
1.05

2.33
1.05

2.40
1.05

3.29
1.57

3.03
1.05

0.00

0.07

0.03

0.08

0.09

0.16

0.09

0.35

0.00
1.13
56.33

0.00
1.13
52.46

0.00
1.17
54.79

0.00
1.17
51.89

0.00
1.18
57.80

0.00
1.18
52.37

0.43
1.20
61.50

0.43
1.20
53.30

351.2
33.9
0.9

321.1
25.6
0.4

333.3
31.2
0.0

320.3
18.3
0.0

355.0
34.1
0.0

321.9
17.9
0.0

363.3
44.4
0.0

329.7
12.6
0.0

23.09
2.88
20.21

25.61
2.88
22.73

32.87
4.84
28.03

32.48
3.29
29.19

37.74
5.45
32.29

38.64
3.30
35.34

40.77
5.11
35.66

43.00
1.96
41.04
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Figure 9.1: Composition of Electricity Supply in Maryland Under Baseline and the
Maryland Joins RGGI Scenarios
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The composition of electricity generation in the state, and fuel consumption for that generation,
differ significantly under the Maryland Joins RGGI scenario from what was predicted in the
Baseline (See, e.g., Figure 9.1 and mid-section for Table 9.2). Under the Baseline scenario,
Maryland generates roughly 62 percent of its electricity from coal in 2010, and 60 percent in
2025. Nuclear is the second most important source of electricity and its share is 24 percent in
2010, and roughly 22 percent in 2025. The contribution of natural gas as a source of electricity in
Maryland in the Baseline scenario grows from 7 percent in 2010 to 9.5 percent in 2025. The
Maryland Joins RGGI scenario has its largest effect on fossil-fuel generation in Maryland. The
policy reduces coal-fired generation in Maryland by between roughly 4 percent and 10 percent
depending on the year. Generation by natural gas falls more substantially as a result of the
policy, with gas generation predicted to be nearly 25 percent lower in 2010, and 70 percent lower
in 2025. These reductions reflect the fact that higher cost gas generation is often at the margin.
With reductions in demand resulting from RGGI-funded efficiency spending, the need for
generation from these marginal gas-fired units is reduced. Additionally, the extra cost of RGGI
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CO2 allowances for these already marginal gas units makes them more expensive than imports
from surrounding regions. This, in turn, largely accounts for their replacement. Generation by
other fuels is mostly unaffected by Maryland joining RGGI. No new nuclear capacity is allowed to
be built in the model and thus the lack of any effect on nuclear generation is not surprising.

Figure 9.2: Cumulative Capacity Additions in Maryland by 2025
2500

2000

Other Renewables

1500
MW

Wind
Natural Gas
1000

Coal

500

0
Baseline

MD Joins RGGI

Somewhat surprising is the very small effect of Maryland joining RGGI on generation by nonhydro renewables in the state. As exhibited in Table 9.2, throughout the forecast horizon,
biomass generation increases significantly as a result of the policy, but its share of total nonhydro renewables generation in Maryland remains small. In 2025, wind power generation is
actually lower in the Maryland Joins RGGI scenario than in the Baseline. This is most likely
attributable to the decreased energy demand, which leads the model not to build 178 MW of new
wind capacity that is built in the Baseline scenario in that year.
The effects of Maryland joining the RGGI on total and new capacity in Maryland are summarized
in Table 9.3. This table shows that, despite the fact that coal and gas-fired generation are
substantially lower under the Maryland Joins RGGI scenario, only small amounts of generating
capacity are retired as a result. Under this scenario an additional 10 MW of steam-powered
natural gas and 21 MW of steam-powered oil retire as compared to the Baseline. Much of the
remaining existing capacity is needed to meet reserve requirements in Maryland and these
facilities find it profitable to remain online to get their reserve payments because revenues from
reserve services more than cover fixed O&M costs. In the model all units are eligible to supply
reserves, but no more than 50 percent of total reserves can come from steam units, including
coal, gas, and oil steam units.
The Maryland Joins RGGI scenario policy leads to a large reduction in total new capacity added
in Maryland as shown in Figure 9.2. By the year 2025 the cumulative addition to new capacity
that is not built under the Maryland Joins RGGI scenario is roughly 1000 MW or 7 percent of total
generating capacity. Less investment occurs, in part, because capacity requirements to meet
reserves are diminished as a result of reduced energy demand in Maryland due to efficiency
related energy savings. These savings end up being around 2.7 percent of annual baseline
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demand by 2025. Also, under the Maryland Joins RGGI scenario, Maryland imports more and
exports less (presumably to the Classic RGGI region) and thus the need for that new generating
capacity is reduced..

Figure 9.3: Net Power Imports into Maryland
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Although Maryland joining RGGI does not lead to much additional retirement of generating
capacity, it does have an effect on annual generator profits (i.e., the difference between generator
revenues and costs). In the model, generators can earn revenues in three ways. First they earn
revenues from selling on the energy market. Second, they earn revenues by selling into the
reserves market. A third way is by selling excess emission allowances that they do not use or
bank for future use. The cost side of the ledger for existing plants includes fuel costs, variable
and fixed O&M costs and the costs of emissions allowances that are purchased to cover
emissions. (The opportunity cost of emissions allowances is always recognized as a cost of
operation, but they only represent a financial cost when they are not received for free). Table 9.4
reports the effect of the policy on producer surplus per MW of capacity for all generating capacity
that existed in Maryland in 2004. As the table shows, aggregate producer surplus falls by
between $2,000 and $8,000 per MW, depending on the year. This drop represents a 3 percent
drop in the value of annual profits in 2015 and a nearly 8 percent drop in 2025.
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Table 9.3: Generating Capacity in Maryland
2010
Baseline
MD
Joins
RGGI
Total Capacity
(MW)
Coal
Natural Gas
Oil
Nuclear
Hydro
All Non-hydro
Renewables*
Wind
Dedicated
Biomass
Landfill Gas
Total
New Capacity
(MW)
Coal
Natural Gas
All Non-Hydro
Renewables*
Wind
Dedicated
Biomass
Landfill Gas
Total

2015
Baseline
MD
Joins
RGGI

2020
Baseline
MD
Joins
RGGI

2025
Baseline
MD
Joins
RGGI

5,145
3,443
1,855
1,873
494

5,145
3,423
1,833
1,873
494

5,145
3,443
1,855
1,873
494

5,145
3,423
1,833
1,873
494

5,454
3,443
1,855
1,873
494

5,145
3,423
1,833
1,873
494

5,557
3,813
1,855
1,873
494

5,145
3,423
1,833
1,873
494

515
360

551
360

526
360

556
361

540
360

592
361

780
539

681
361

0
153

0
153

0
157

0
157

0
157

0
157

63
157

13,330

13,290

13,340

13,300

13,650

13,300

14,360

63
157
13,36
0

0
740

0
740

0
740

0
740

311
740

0
740

414
1,111

0
740

380
360

380
360

384
360

385
361

385
360

385
361

625
539

447
361

0
18
1,124

0
18
1,124

0
22
1,128

0
22
1,129

0
22
1,437

0
22
1,129

63
22
2,152

63
22
1,191

* This total includes that portion of coal-fired capacity that is co-fired with biomass and is also included
under the coal category, but included only once in the overall total.

Table 9.4: Effect of Maryland Joining RGGI on Annual Producer Surplus for
Existing Generating Units in Maryland (dollars/MW)
All Generators
Coal
Natural Gas
Oil

2010
-3,600
-9,600
-1,520
2,830

2015
-2,020
-12,850
5,215
7,287

2020
-3,990
-20,530
4,291
12,438

2025
-8,010
-32,200
7,390
15,200

Table 9.4 also reports the breakdown in producer surplus effects by generating fuel. Note coalfired units face the largest change in annual profits. Coal generator profits per MW decline by 13
percent in 2015 and just over 20 percent in 2025. This drop in profits is due to a combination of
incremental expenses on emissions allowances in the Maryland Joins RGGI scenario, largely
resulting from the need to purchase CO2 allowances and from reduced sales of electricity. The
drop in profits for coal generators is partially offset by increases in profits for existing natural gas
and oil generators. The lion’s share of these increases in profits results from revenues that these
generators earn from selling CO2 emission allowances that they were granted for free in the RGGI
allowance market. This is particularly true for oil generators that stop generating at all in the later
years of the forecast, which keeps down their costs and, instead, use their “grandfathered”
allowances as a source of revenue and profit.
9.3 Effects of Maryland Joining RGGI on Emissions
In our modeling analysis, the caps on emissions in the Classic RGGI region, and the expanded
RGGI region that includes Maryland, are based initially on what the Haiku model estimates for
unconstrained CO2 emissions from fossil fuel generation facilities in the relevant regions in 2006.
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These emission levels are assumed for the cap beginning in 2009 through 2014. To be more
accurate, the 2006 emissions level is what is used for the total annual emissions allowance
allocation for CO2 in the region; annual emissions can vary from these levels in any given year
due to allowance banking and carbon offsets. After 2014, and by 2019, this total allocation level
is ratcheted down to 10 percent below the 2006 level. This approach is used to generate annual
emissions allocations that are both consistent with the set of fossil fuel generation sources that
are included in the model (namely those used primarily for commercial generation of electricity)
and represent the likely effects of the RGGI policy on those sources. The resulting annual CO2
emissions allowance allocations in the four simulation years are reported in Table 9.5. This table
shows that in Haiku, CO2 emissions allocations for Classic RGGI go from 120 million tons in 2010
to 108 million tons in 2025. Adding Maryland to RGGI increases the size of the RGGI cap by
roughly 1/3 above RGGI classic levels in all simulation years, yielding total allocations of 158.3
million tons in 2010 and 142.5 million tons in 2025.

Table 9.5: RGGI CO2 Emissions Allocations in Simulation Years (million tons)
2010
120.0
38.3
158.3

RGGI Classic
Maryland
RGGI with Maryland (Total)

2015
117.6
37.5
155.1

2020
108.0
34.5
142.5

2025
108.0
34.5
142.5

The next two sections report the effect of the Maryland Joins RGGI policy on emissions of CO2
and other pollutants in the Classic RGGI region and within Maryland. The subsequent sections
report the effects of the policy on emission allowance prices.
9.3.1 Emissions in the Classic RGGI Region
There are two reasons why emissions of CO2 in the Classic RGGI region will likely change as a
result of Maryland joining RGGI. First, because adding Maryland increases the size of the RGGI
cap by roughly a third; it also increases the ability of all RGGI sources to use offsets. Recall that
offsets are allowed to cover up to 3.3 percent of CO2 emissions if CO2 allowance prices remain
below $7 with that percentage increasing to 5 percent for prices between $7 and $10 and growing
to 10 percent at prices above $10. Growing the total pie of allowed emissions by one-third
increases the number of offsets available at any given price level by one-third. This allows the
RGGI region as a whole to cover more of its emissions with offsets, which in theory makes it
possible for emissions to be higher in the Classic RGGI part of the now expanded RGGI region
including Maryland. Second, when Maryland Joins RGGI, whether the state is likely to be a net
importer or a net exporter of allowances depends on how the costs of reducing emissions from
Maryland sources compares to the costs of reducing emissions from sources in the Classic RGGI
region. The fact that Maryland has historically been much more reliant on coal than the Classic
RGGI region may suggest a greater demand for allowances, but it also suggests greater
opportunities for fuel switching that could make Maryland a net exporter of CO2 allowances to the
rest of RGGI.
As shown in Table 9.6 and Figure 9.4, the simulation results illustrate that including Maryland in
RGGI results in a one percent annual increase in CO2 emissions in 2010 for the Classic RGGI
region, and close to a four percent increase by 2025. This increase appears to be due to both
greater access to offsets and, as discussed in section 9.3.2 below, the fact that Maryland is a net
exporter of RGGI CO2 allowances.
The expanded role for offsets, as a form of compliance across the entire expanded RGGI region
(including Maryland), is illustrated in Table 9.7. This table shows that when Maryland is added to
the RGGI region, the use of emissions offsets increases substantially in all years except 2020.
Note that given the ability to bank emissions allowances and the expectation that allowance
prices will rise in the future, generators have an incentive to purchase offsets today so that they
may bank current emissions allowances for the future.
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Figure 9.4: CO2 Emissions in Classic RGGI
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Table 9.6 also shows that Maryland joining RGGI has an effect on emissions of other pollutants in
the Classic RGGI region. Emissions of NOx and mercury increase in every year as a result of the
policy, with NOx emissions rising by roughly 8 percent above baseline levels in 2020. The story is
somewhat different for SO2, which exhibits higher emissions in 2010 as a result of the policy, but
lower emissions in subsequent years. Note that increases in emissions in Classic RGGI region
are offset by decreases in other states because of caps on regional emissions of NOx and SO2
under the CAIR policy, and on national emissions of SO2 and mercury under Title IV of the 1990
Clean Air Act Amendments and the CAMR policy, respectively.

Table 9.6: Emissions from Electricity Generation: Comparison of Baseline and Maryland
Joins RGGI Scenarios
2010
Baseline
MD
Joins
RGGI
Emissions in
Classic RGGI
SO2 (ktons)
NOx (ktons)
Mercury (tons)
CO2 (Mtons)
Emissions in
MD
SO2 (ktons)
NOx (ktons)
Mercury (tons)
CO2 (Mtons)

2015
Baseline
MD
Joins
RGGI

2020
Baseline
MD
Joins
RGGI

2025
Baseline
MD
Joins
RGGI

193.10
91.30
0.93
124.2

197.80
95.26
0.95
125.5

102.80
72.62
0.74
120.1

100.30
76.29
0.77
123.0

97.13
69.02
0.60
118.7

95.09
74.57
0.64
122.9

92.34
63.05
0.57
118.0

91.72
68.01
0.58
122.5

56.95
26.94
0.17
38.0

48.22
19.08
0.17
34.2

38.72
22.72
0.16
35.9

40.61
18.64
0.16
33.8

41.16
24.22
0.17
38.3

40.57
18.68
0.16
34.0

41.62
24.50
0.17
39.8

38.50
21.19
0.16
34.4
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Table 9.7: Offsets Purchased (Millions of tons)

Under $7
Between $7
and $10
Over $10
Total

2010
Baseline
MD
Joins
RGGI
3.96
5.22
0
0
3.96

0
0
5.22

2015
Baseline
MD
Joins
RGGI
3.88
5.12
0
0
3.88

2020
Baseline
MD
Joins
RGGI
3.63
4.70

0
0
5.12

1.77
2.03
7.43

2025
Baseline
MD
Joins
RGGI
3.68
4.70

2.42
0
7.12

3.67
3.45
10.80

3.93
5.61
14.25

9.3.2 Maryland Emissions
As expected, Maryland joining RGGI leads to reductions in annual emissions of CO2 from the
electricity generation sector in Maryland. Because allowances are both tradable and bankable,
aggregate CO2 emissions decline to a greater extent in 2010 than suggested by the initial
allowance allocations. In 2010 CO2 emissions from Maryland sources are 10 percent lower than
Baseline levels as shown in Table 9.6 and Figure 9.5. At 34.2 million tons, emissions in 2010 are
also substantially below the Maryland allocation of 38.3 million tons modeled for 2010. Annual
CO2 emissions from Maryland generators are lower than Baseline levels in all forecast years and
fall below Maryland allocations in every year, although the difference almost vanishes by 2025.
Table 9.6 also reports the effects of Maryland joining RGGI on emissions of other pollutants in
Maryland. In most years emissions of SO2 and NOx in this scenario are below emissions in the
Baseline. Emissions of mercury are never higher in the Maryland Joins RGGI scenario and are
lower in the two later forecast years. Note that annual regional emissions of SO2 and NOx are
capped under the CAIR policy. Title IV imposes a national cap on emissions of SO2 and national
emissions of mercury are capped under CAMR. This means that emission reductions in
Maryland as a result of its joining RGGI will be offset by emission increases elsewhere.
Figure 9.5 CO2 Emissions in Maryland
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9.3.3 Cumulative Regional CO2 Emissions
The bankability of CO2 emissions allowances complicates the interpretation of differences in
annual CO2 emission forecasts between the Maryland Joins RGGI and the Baseline scenarios.
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Analyzing cumulative emission reductions over a multi-year time period including the exhaustion
of the allowance bank provides a more complete picture of the total effect of Maryland joining
RGGI on emissions. Table 9.8 presents the cumulative emission reductions for the Baseline and
the Maryland Joins RGGI scenario for several different geographic regions as well as the effect of
the policy on the cumulative use of emissions offsets.
The Maryland Joins RGGI scenario shows reductions in cumulative emissions in Maryland by
roughly 60 million tons over the 16 year forecast horizon. However, a large portion of those
reductions are offset by an increase of 53 million tons in emissions in the Classic RGGI region.
This, results from a reduction in power transmission from Maryland to the Classic RGGI region
and an increase in generation in that region. In aggregate, an emission reduction of 7 million tons
in the combined RGGI region is achieved. In addition to these reductions, the Maryland Joins
RGGI scenario leads to the purchase of 18.8 million additional tons of cumulative emission
offsets over the forecast horizon, reflecting reductions in CO2 emissions outside of the electricity
sector. Thus, combined emission reductions are just less than 26 million tons.

Table 9.8: Effect of Maryland Joining RGGI on Cumulative Emissions of CO2
from Fossil Generators and Emissions Offsets (2010-2025) (Million Tons)
Maryland
CO2 emissions
Baseline
RGGI Joins Maryland
Effect of Policy

Classic
RGGI

604.8
544.9
-59.9

1,920.6
1,973.5
52.9

RGGI
including
Maryland
2,525.4
2,518.4
-7.0

Offsets

-100.8
-119.6
-18.8

Because RGGI is a regional program, a natural question is the extent to which imposing
restrictions on CO2 emissions from Maryland generators will lead to higher emissions from
generators located outside the expanded RGGI region, thus partially or fully offsetting the
emissions reductions from within the region. The term “leakage” is used to refer to emissions
increases outside the region as a result of Maryland joining RGGI. If the composition of
generation were unchanged outside the RGGI region and imports from outside RGGI into
Maryland were to go up as a result of Maryland joining RGGI, then one would expect emissions
outside the region to increase with the rise in power sales to Maryland. However, because the
Maryland Joins RGGI scenario results in changes in the mix of fuel used to generate electricity in
the expanded RGGI region, that in turn have small effects on fuel or emission allowance prices,
emissions outside the region could move either up or down with the policy change. This
movement depends on changes in generation that occur in response to these price changes.
To address the question of leakage we look at how cumulative CO2 emissions from fossil
generators in three regions outside RGGI change in response to the Maryland Joins RGGI
scenario. These regions are: 1) the ring around RGGI, which includes Pennsylvania, Ohio,
Michigan, Indiana, Kentucky, West Virginia, Virginia and North Carolina (Ring), 2) the Eastern
Interconnect, which includes the Ring around RGGI and most states east of the Rockies,
excluding Expanded RGGI, (which we define as Classic RGGI plus Maryland), and 3) the nation
excluding Expanded RGGI. The results of these comparisons are reported in Table 9.9.
We find that the answer to the question of leakage depends on how wide the net is cast. When
focusing on the immediate ring around the Expanded RGGI region we find that cumulative
emissions actually fall over the forecast horizon adding to the reductions in the expanded RGGI
region. A web of relationships may contribute to this change, but one factor is the model’s
prediction of less capacity at a specific model plant in Virginia. However, stopping at the border of
the Ring ignores the potential effects of the Maryland Joins RGGI scenario on power trades with
states outside the Ring. For a larger regional picture, we look at how emissions in the rest of the
Eastern Interconnect are affected. In that case, we find that cumulative CO2 emissions in the rest
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of the Eastern Interconnect increase in response to Maryland joining RGGI, despite the reduction
in generation capacity in Virginia mentioned above. However, given the effects of Maryland
joining RGGI on emission allowance prices important for coal-generated power in the west,
including Texas, one could argue that the more accurate geographic scope for looking at the
question of leakage is a national one. When we do that, we find that cumulative CO2 emissions
in the rest of the nation drop in response to the Maryland joining RGGI scenario. This is likely the
result of the different interconnections through fuel and allowance markets that link electricity
markets in the eastern United States with those in the west and in Texas.

Table 9.9: Looking for Leakage: Effect of Maryland Joining RGGI on Cumulative
Emissions of CO2 from Fossil Generators (2010-2025) (Million Tons)
Expanded
RGGI
(including
Maryland)
CO2 emissions
Baseline
Maryland Joins
RGGI
Effect of Policy

Offsets
purchases

Ring*
Around
RGGI

Eastern
Interconnect
Excluding
Expanded
RGGI

Nation
Excluding
Expanded
RGGI

2,525.4

-100.8

16,424.4

36,179.6

46,359.1

2,518.4
-7.0

-119.6
-18.8

16,410.0
-14.4

36,188.7
9.1

46,354.3
-4.8

*The Ring includes Pennsylvania, Ohio, Michigan, Indiana, Kentucky, West Virginia, Virginia and North
Carolina.

Maryland joining RGGI initiates a series of changes in the electricity market and related fuel and
allowance markets that are difficult to predict or model with precision. Because the changes are
small, and the relationships complex, the results from the model are most useful when interpreted
qualitatively. The bottom line is that according to the modeling exercise, Maryland joining RGGI is
not expected to lead to an increase in leakage beyond that which may already occur under the
policy in the Classic RGGI region.
9.3.4 Emission Allowance Prices
Maryland joining RGGI leads to a drop in RGGI CO2 allowance prices in all years as shown in
Table 9.10 and Figure 9.6. The CO2 allowance price is between 9 percent and a little over 10
percent lower in the Maryland Joins RRGI scenario than in the Baseline in the first three
simulation years, but the difference falls to just under 3 percent by 2025. This finding is
consistent with the results reported in the previous section that Maryland is a net exporter of
RGGI allowances and thus its presence in the RGGI program facilitates a reduction in emission
allowance prices.
Table 9.10: Emission Allowance Prices ($ per ton)

SO2
NOx
CAIR–
Annual

2010
Baseline
MD
Joins
RGGI
$637
$640

2015
Baseline
MD
Joins
RGGI
$936
$941

2020
Baseline
$1,103

MD
Joins
RGGI
$1,116

2025
Baseline
MD
Joins
RGGI
$1,252
$1,238

$1,134

$1,133

$1,271

$1,282

$1,303

$1,275

$1,368

$1,369

NOx
CAIR–
Seasonal

$183

$172

$342

$340

$7

$7

$7

$5

Mercury($
per lb)

$27,340

$27,920

$27,470

$27,130

$40,790

$40,480

$50,280

$50,370

RGGICO2

$4.51

$4.05

$6.56

$5.96

$9.63

$8.75

$11.51

$11.23
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Figure 9.6: RGGI CO2 Allowance Price
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To see how sensitive the impact of the Maryland Joins RGGI scenario on allowance prices is to
our assumptions about the amount of auction revenues available to spend on energy efficiency,
we explored two alternative scenarios in a sensitivity mode as opposed to a complete scenario
analysis. In one case we assume that the revenue from auctioned allowances is not used to
purchase any energy efficiency in Maryland. In that case we find that Maryland joining RGGI has
virtually no impact on the price of CO2 allowances. In a second sensitivity run, we consider a
case where all RGGI allowances apportioned to Maryland are sold in an auction and 100 percent
of the revenue is used to purchase energy efficiency. In that case we find that allowance prices
actually fall by roughly 15 percent to 20 percent depending on the year relative to levels in the
Baseline. This analysis is preliminary for a variety of reasons, but provides some qualitative
insight into the likely effect of changes in the level of the auction on allowance prices.
The Maryland Joins RGGI scenario has very little impact on emission allowance prices for other
pollutants, generally on the order of 2 percent or smaller effects. The one exception is a 6
percent drop in seasonal NOx prices in 2010 and a more substantial drop in 2025. Note that the
seasonal price for a NOx allowance price falls dramatically between 2015 and 2020 in both the
Baseline and the Maryland Joins RGGI scenarios. As the second more stringent phase of the
annual NOx allowance trading program takes effect, the annual constraint becomes more
important and the seasonal constraint becomes less binding.
9.4. Comparison to RGGI Staff Working Group Modeling Results
This analysis focuses on the effects of Maryland joining RGGI; to our knowledge the analysis
reported here is the only publicly available modeling of this particular policy change. However, the
Baseline, that is the point of comparison for this analysis, includes a representation of the Classic
RGGI program in the original nine-RGGI states that is at variance with earlier modeling of the
Classic RGGI program. This modeling was conducted by the Modeling Sub-Group of the RGGI
Staff Working Group using ICF’s IPM electricity model platform. As a result some of the
characteristics of the RGGI program, including the price of the RGGI CO2 emission allowances
and the use of emissions offsets, are different in the two analyses. In particular, under the IPM
analysis of what was termed “the Package Scenario” (this includes the RGGI cap, a continuation
of recent levels of investment in energy efficiency, and the use of offsets for up to 50 percent of
total emission reductions) the CO2 allowance prices range from less than $1.00 in the early years
of the program to just over $2.00 by 2024. In contrast, here, the price of allowances for the RGGI
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policy, in the Classic RGGI region, range from $4.50 in 2010 to $11.50 in 2020 (all prices are
expressed in 2004 dollars).16
These differences in allowance prices are due to a number of different underlying assumptions in
the two different analyses. Three of the most important differences are: 1) the difference between
the CO2 annual allowance allocations and emissions in the absence of a RGGI policy in the
Classic RGGI region, 2) the level of coal-fired generation projected in the model and 3) the
amount of energy efficiency savings predicted when RGGI is enacted. We briefly address each
of these differences.
Here, we adopted the same approach as the RGGI Modeling Subgroup to identify the initial level
of the annual CO2 allowance cap. We solved the model in 2006 with no policy and found the
resulting emission levels from affected sources within the region. When we do this we find that
emissions in the region are comparable to those solved for by IPM so the caps that we adopt are
very similar. However, for a variety of reasons including the fact that we allow new coal-fired
generation to be built in the RGGI region when the IPM modeling does not, the level of emissions
rises faster over time in the absence of the RGGI policy than it does in the IPM simulations. As a
result, the amount of emission reductions necessary to achieve the emissions cap is greater in
our analysis than it is in IPM and thus the price of CO2 allowances is higher.
There is also an important difference in how we model energy efficiency investment. In the Haiku
model runs, we assume that the value of 25 percent of the emission allowances created by the
program is available for investment in energy efficiency. In the IPM model, the amount of money
devoted to energy efficiency investment is not tied to the amount of revenue collected from
allowance sales, but to recent levels of investment in efficiency instead. These different
assumptions contribute to create important differences in the findings with respect to the amount
of electricity saved as a result of the efficiency program. In the IPM analysis, they find a 5
percent reduction in electricity demand due to efficiency in 2024 while the Haiku analysis finds
reductions of closer to 2 percent. This difference means that the demand for emissions
allowances is lower in the IPM analysis than in the RFF analysis and this contributes to the
difference in CO2 allowance prices.
9.5 Relationship of the Haiku Model to the Other Models Used in this Study
As described above, we first used RFF’s Haiku model to produce results on the Maryland Joins
RGGI case with respect to factors which include: power supply, emissions rates, and electricity
rates. The outputs from Haiku were then employed in the two other models: JHU-OUTEC by The
Johns Hopkins University and IMPLAN by Towson University. Both JHU-OUTEC and IMPLAN,
respectively, analyzed generation market power issues and economic welfare effects on
Maryland if it joins RGGI. A chart depicting the flow of information between these three models
appears in Figure 9.7 below.

16
The RGGI Staff Working Group has recently updated its modeling of the RGGI policy to account for recent
increases in natural gas price forecasts among other things and the more recent modeling finds CO2
allowance prices in the RGGI region that range from roughly $2.00 in 2009 to over $5.00 in 2024.
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Figure 9.7: Flowchart of Information Flows Between the Models Used in this Study
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10. Generator Competitiveness Study
10.1 Questions addressed
This section addresses the following two, basic, questions:
1. Could the conclusions concerning the impact of Maryland joining RGGI appreciably
change if a more detailed geographic representation of the regional (eastern PJM)
market is considered?
The representation considered here divides Maryland into four zones (as opposed to the
one zone considered in Haiku) and uses a linearized D.C. load flow model to represent
power flows (rather than the path-based flow model used by Haiku). In general, a finer
spatial disaggregation can place greater restrictions on interregional trade and the ability
of a system to redispatch in response to policy, technology, or economic changes. As a
result, it is possible that the estimated cost of a new environmental policy could be higher
than with a less aggregate model. This analysis examines whether spatial aggregation
could effect the differences between the Baseline and the Maryland Joins RGGI
scenarios.
2. Could the conclusions concerning the impact of Maryland joining RGGI appreciably
change if the possibility of the exercise of market power by large electric generating
companies is considered?
To address this question, we consider an extreme hypothetical case where all utilities in
the eastern PJM region are broken up vertically into separate generation, transmission,
and distribution companies, and generation companies compete to sell power to “load
serving entities.” Transmission costs are represented as congestion costs between
generators and points of consumption using the “locational marginal pricing” system
adopted by PJM.
The model used to simulate both competitive and oligopolistic market scenarios under a more
detailed transmission network is the JHU-OUTEC model. As explained in detail in Appendix D,
the JHU-OUTEC model is a computational game-theoretical economic-engineering model that is
formulated as a linear complementarity problem. The model was previously used to assess the
ability of generators in the PJM regional electricity market to manipulate power prices through the
NOx allowances market (Chen and Hobbs, 2005). In this analysis, the model is used to analyze
the effects of network constraints and the possible exercise of market power on the comparison
of both the Baseline and Maryland Joins RGGI scenarios. This is done by taking the generation
capacity, loads, and interregional power flows between market considered by JHU-OUTTEC and
other regions calculated in the RFF national electricity market model Haiku as boundary
conditions for a model that incorporates more geographic detail. The model is simulated for four
future years (i.e., 2010, 2015, 2020 and 2025) with 12 periods per year. The definition of period
is consistent with assumptions used in Haiku. The additional detail includes a simplified
transmission network connecting 17 regions in the eastern region of the PJM market (including
four zones in Maryland, as mentioned), and alternative assumptions about the pricing behavior of
large generating firms.
Figure 10.1, below, shows the network and the six state region (plus the District of Columbia)
whose power market is studied in the JHU-OUTEC analysis. These six states include:
• Maryland (four zones, one of which—the Delmarva peninsula—is shared with Delaware)
• Delaware
• New Jersey
• Pennsylvania
• West Virginia (combined with Allegheny Power System portion of Western Pennsylvania)
• Virginia
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Figure 10.1: Transmission Network Approximation in JHU-OUTEC in the RGGI Analysis
(Double arrows indicate exchanges with neighboring regions; lines without arrow heads are
transmission corridors within the network model).

Seventeen nodes and twenty-four (in 2010) or twenty-five (in 2015) transmission corridors
compose the simulated transmission network, representing the 500 kV backbone of the eastern
PJM system. Ten large power companies are represented as potentially oligopolistic firms in the
market power analyses:
•
•
•
•
•
•
•
•
•
•

Allegheny Electric System
American Electric Power
Connectiv
Dominion
Constellation
Mirant
PECO
PPL
PSE&G
Reliant

Four basic runs of JHU-OUTEC have been executed:
1. Competitive Baseline. Here, the 17 zone model is executed assuming that Maryland
does not join RGGI and that all generating companies behave as “price takers” (e.g., they
do not attempt to manipulate price to their advantage).
2. Competitive Maryland Joins RGGI. The same model is executed, but now assuming that
Maryland becomes a member of RGGI. This has two main direct effects on the power
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industry which are both described in detail in Section 6. One is that the opportunity cost
of power production will increase, due to the expense of RGGI CO2 allowances. The
second is that load will decrease, because some of the RGGI allowances will be
auctioned and the proceeds used to sponsor demand-side management programs. In
the JHU-OUTEC analysis, the price of RGGI allowances and the load effects of the
demand-side programs, are taken as fixed (exogenous) to the model, as opposed to the
Haiku analysis, in which the equilibrium price of RGGI allowances is solved for. This is
because most of the RGGI region is outside the region considered in the JHU-OUTEC
analysis (See Corresponding section in the Appendix)).
3. Oligopolistic Baseline. The ten large power producers listed above are assumed to
compete as oligopolies, following a Cournot (quantity) strategy. A Nash-Cournot
equilibrium is then calculated, in which each company believes that it has chosen its best
output and sales, given the sales of all other firms. The JHU-OUTEC formulation
accounts for transmission limitations in its formulation, so that transmission-constrained
regions with dominant companies can experience higher price mark-ups due to market
power than other regions.
4. Oligopolistic Maryland Joins RGGI. This is the same as Run 3, plus the two direct
changes (an opportunity cost of CO2 allowances and changes in loads due to demandside programs) as a result of Maryland becoming part of RGGI.
It should be noted that these solutions take for granted the plant capacities and emissions
allowance prices solved for by Haiku. The capacities are distributed among zones and owners
within Haiku regions using historical distributions. However, it is possible, that network
constraints and strategic behavior would result in changes in the types and locations of new
generating capacity, as well as in the cost of RGGI allowances. However, the amount of capacity
added in the Haiku scenarios to Maryland is small, so any distortion resulting from using the
Haiku capacities is likely to be minor, especially in the earlier years considered.
10.2 Results
10.2.1 Effect of Grid Representation
Given the same database of generators and loads, the effect of spatial disaggregation can be
assessed by comparing the results of the Haiku model (using aggregate regions and a pathbased network) with the competitive version of JHU-OUTEC (using smaller zones and a
linearized D.C. load flow).
For this comparison to be valid, it is necessary to first show that JHU-OUTEC yields essentially
the same results as Haiku when the same transmission representation and regions are applied.
However, the time allocated for this project did not permit development of a version of JHUOUTEC with the Haiku regions and path-based transmission representation. Therefore,
differences between the JHU-OUTEC and Haiku results may be due to the differences in
geographic scale and transmission as well as other factors. The most important of these other
factors is Haiku’s larger geographic scope (all of North America), which allows imports into the
mid-Atlantic region to be calculated endogenously. In contrast, JHU-OUTEC considers only three
of Haiku’s regions in their entirety (Pennsylvania, NJ/Delaware, and Maryland) and two of Haiku’s
regions partially (VACAR and WV/KY/Virginia). Net imports into the JHU-OUTEC region cannot
be calculated directly from Haiku output, and calibration would be necessary. However, in the
previous study using JHU-OUTEC, the resulting 2000 power prices are consistent with the
wholesale LMP reported by PJM (Chen and Hobbs, 2005). Thus, if the imports and exports are
properly calibrated, any remaining differences between Haiku and JHU-OUTEC results should be
due to the finer transmission representation of JHU-OUTEC and the consideration of strategic
behavior.
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Therefore, the effect of transmission representation is considered by comparing two sets of runs.
One set uses the 2010 network. The second set uses the 2015 network, in which two major eastwest transmission reinforcements are anticipated to increase Maryland import capacity by
approximately 50 percent (see Appendix for a description of these assumptions).
Considering first the effect of the representation of the grid on the Maryland Joins RGGI scenario
under Competition (Run 2), the first column of Table 10.1 shows the ratio of the 2015 JHUOUTEC grid results to the 2010 results for selected Maryland variables. For instance, the 2010
grid results in 41.1 BkWh of Maryland generation under competition. But with the 2015 grid,
Maryland generation actually increases by 6 percent (mainly due to an increase in coal
generation), and natural gas generation decreases. (Note that although the percentage changes
in gas generation are over 20 percent, their absolute magnitudes are relatively small because
relatively little generation in the state is gas-fired). These various changes reflect a decrease in
peak prices (as a result of an increased ability to import power during those periods) and,
simultaneously, a slight increase of off-peak prices which makes local coal generation more
economic, displacing imports. Overall, Maryland prices actually increase by 1.7 percent on
average, due to the grid reinforcement, even though Maryland is a net importer of power. These
complex changes are the result of changes both in the import capacity, and in the topology of the
grid. Changes in grid configuration can result in important and perhaps unexpected changes in
transmission congestion due to Kirchhoff’s laws and, thus, possibly surprising shifts in bulk power
prices and dispatch.
However, under oligopoly, the transmission reinforcement has smaller or opposite effects—
smaller changes in consumer bills (in part due to greater competition), decreasing Maryland coal
generation, and increasing imports. This shows that the interaction of the grid with the strategic
behavior by producers can be surprising.
The changes in prices and production due to changes in the grid configuration (Table 10.1) are of
the same order of magnitude, or greater, than the projected changes due to Maryland joining
RGGI. Therefore, we conclude that the impacts of Maryland joining RGGI cannot be predicted
precisely because the choice of approximation of the grid can affect the results.

Table 10.1: Effects of Two Major Interstate Transmission Line Additions on Maryland
Results, 2010 Maryland Joins RGGI Scenario
Percentage change
Variable
Consumer’s Bill
Coal Generation
Natural Gas
Generation
Total Generation
Imported Energy

Competitive Oligopolistic
Scenario Scenario
1.7%
11.5%

0.1%
-0.5%

-29.2%
6.0%
-7.2%

25.7%
0.3%
1.8%

Table 10.2 presents some additional results that illustrate the sensitivity of the model outputs to
changes in the grid. That table shows, for the 2010 competitive scenario, the ratio of the net
impacts of Maryland Joins RGGI under the 2015 grid to the net impacts under the 2010 grid.
Mathematically, this ratio equals:
[(A-B) / (C-D)] x 100%
where:
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A = Competitive Result, given Maryland Joins RGGI and 2015 grid (two additional lines)
B = Competitive Result, given Baseline scenario and 2015 grid (two additional lines)
C = Competitive Result, given Maryland Joins RGGI and 2010 grid
D = Competitive Result, given Baseline scenario and 2010 grid
For instance, the 2010 JHU-OUTEC competitive scenario indicates that Maryland Joins RGGI
could decrease Maryland’s coal generation by 1.8 BkWh compared to the Baseline scenario,
assuming the 2010 grid. However, with the addition of two large interstate transmission lines (as
assumed for 2015), the simulation instead shows that Maryland coal generation could decrease
by 2.1 BkWh. The ratio of these two numbers (2.1/1.8 = 116 percent) is shown in Table 10.2.
The table shows that the 2015 transmission reinforcements would slightly increase the effect of
Maryland Joins RGGI on coal generation (as just described), would decrease the impact on gas
generation, and on net would have little effect (102-103 percent) on total Maryland generation or
imports. In addition, the grid reinforcement would be anticipated to result in larger RGGI-induced
Maryland price changes than the 2010 grid.

Table 10.2: Effects of Two Major Interstate Transmission Line Additions on Net
Effects of Maryland Joining RGGI, 2010 Competitive Scenario (as a Percent of Net
Effects under 2010 Grid)
Ratio (Modified Grid to
Variable
2010 Grid Results)
Coal Generation
116%
Natural Gas
12%
Generation
Total Generation
102%
Imported Energy

103%

Sale-weighted price
[$/MWh]

154%

10.2.2 Effect of Strategic Behavior by Generators
For two basic reasons, the presence of market power can alter consumer costs, production costs,
and emissions. One is that the exercise of market power usually takes the form of withholding
capacity by larger firms. This drives up prices unless demand is curtailed (which is not so likely in
power markets where demand is very inelastic) or more expensive supply enters the market
either as imports or production from small producers with inefficient plants. The second reason is
that production shifts from larger producers to smaller producers (which are modeled as pricetakers), with costly output from the latter replacing (relatively) inexpensive production from the
former. As a result, production costs increase (e.g. production inefficiency). Emissions change
depending on the relative emission rates of larger and smaller producers. If smaller producers
own significant amounts of high-emission coal plants, emissions could increase.
A corollary is that changes in market outcomes―that market power causes―can also affect the
net costs and effectiveness of environmental policies. We examine that possibility here by
contrasting the impacts of Maryland joining RGGI under competition (comparing Runs 1 and 2)
with the impacts estimated under assumption of oligopoly (comparing Runs 3 and 4).
The results of oligopolistic market simulations strongly depend on assumptions concerning the
transmission grid, demand elasticity, elasticity of imports, forward contracting, and the type of
strategic interaction among producers (Day et al., 2002; Ventosa et al., 2005).17 It is well known
17
The models used here assume Cournot (quantity) competition in a single-shot or one-period Nash
equilibrium framework. But variables other than quantity (production and sales) can be used as the
“strategic” variable in a Nash equilibrium. For instance, in supply function competition, the each producer’s
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that small changes in assumptions can change price and other outcomes in such models; thus,
they are most useful for gaining insights into general behavioral patterns rather than for predicting
specific prices. Because the focus of this report is on the impacts of Maryland joining RGGI,
rather than on the possible effects of market power on the mid-Atlantic market, we do not report
specific prices or other results of the oligopoly models that might be interpreted as assessments
of the social cost of strategic behavior. Rather, we compare the incremental effects of Maryland
joining RGGI under competitive, and oligopoly assumptions, in order to assess whether the
conclusions are very different under oligopoly. We also compare price mark-ups over marginal
cost in the Baseline and Maryland Joins RGGI solutions to assess whether joining RGGI could
significantly magnify the exercise of market power in the mid-Atlantic region.
We reiterate that we are considering an extreme case of oligopoly: Cournot (quantity-based
competition), which yields higher price mark-ups due to market power than other types of singleshot Nash equilibria,18 and all sales are subject to oligopolistic competition. In contrast, other
types of oligopolistic interactions, such as supply function competition, can yield lower prices,
while preexisting long-term contracts or vertical integration dampen incentives to withdraw
capacity and increase prices. Thus, the results below should be considered a boundary case for
the effects of strategic behavior on the Maryland Joins RGGI scenario model.
We consider several sets of results, including the effects of Maryland joining RGGI on:
1. Maryland loads and bulk power prices paid by Maryland and other consumers
(assuming that locational marginal prices are passed on to consumers) (Table 10.3).
2. Generation mix and power imports (Table 10.4).
3. Gross margins (revenues minus variable costs, which consist of fuel, emissions,
variable operation and maintenance costs) of Maryland generators (Table 10.5).
“Gross margin” can be viewed as short-term profit, not considering investment costs.
Another term for gross margin is “contribution to fixed costs.” In the long run, gross
margins need to be sufficient to cover the cost of capital, or insufficient investment
will take place. Our gross margin calculations assume that 75 percent of Maryland
RGGI allowances are given free to generators; this in general provides partial or full
compensation to generators for increased costs and decreased revenues resulting
from imposition of the RGGI system.
4. CO2 emissions from Maryland and nearby states (Table 10.6).
We take the difference between Runs 1 and 2 as 100 percent for each of the above variables.
That is, 100 percent represents the difference between Maryland Joins RGGI (Run 2) and the
Baseline (Run 1) under competitive conditions, in which no market power is exercised by any
power producer in the JHU-OUTEC model. Then, the value of the variable under the oligopoly
result is shown as a percentage of the competitive result for each the scenario years (2010, 2015,
2020, 2025). Mathematically, the values in the table equal:
[(E-F) / (G-H)] x 100%
where:
strategic variable is the bid function tit submits to the ISO in the day-ahead or real-time markets, where the
bid function shows the quantity it is willing to provide at each price. It has been demonstrated that a Nash
equilibrium in supply functions will result in prices no higher than a Nash equilibrium in quantities (Cournot)
(Day et al., 2002). Prices can also used as a strategic variable, the result being a yet lower equilibrium, the
Nash-Bertrand equilibrium. On the other hand, prices higher than the single-shot Cournot Nash prices could
arise as the result of interaction over multiple time-periods and more complex “tit-for-tat” or other dynamic
strategies. Tacit collusion could be enforced by such sanctions without the need for explicit (and illegal)
agreements.
18
See previous footnote.
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E = Oligopoly Result, given Maryland Joins RGGI
F = Oligopoly Result, given Baseline scenario
G = Competitive Result, given Maryland Joins RGGI
H = Competitive Result, given Baseline scenario
As an example, the projected change in the CO2 emissions in the JHU-OUTEC region (eastern
PJM) of Maryland Joins RGGI is a decrease of 6.6 MT/yr in 2025 in the oligopoly simulation.
Under competition, however, the projected decrease is 5.6 MT/yr in 2025. Thus, the oligopoly
change is 6.6/5.6x100 percent or 117 percent of the competitive change, which is the value
shown in Table 10.6.
Table 10.3:. Impact of Maryland Joins RGGI on Cost and Loads: Oligopoly Market as a
Percent of Competitive Market Results
Cost, Load Variable
2010
2015
2020
2025
Energy Demand, Maryland (GWh/yr)
27%
51%
107%
84%
Maryland Consumer Energy Bill ($/yr)
140%
107%
18%
99%
Sale-Weighted Prices of Bulk Electricity ($/MWh)
Maryland
98%
86%
311%a
94%
Pennsylvania
63%
-13%
143%
109%
NJ / Delaware
94%
28%
-78%
106%
Overall JHU-OUTEC Market
61%
319%a
-6125%a 127%
a. There is little change in the competitive case, so the denominator is close to zero
Table 10.4: Impact of Maryland Joins RGGI on Maryland Energy Sources: Oligopoly
Market Results as a Percent of Competitive Market Results
Source of Energy
2010
2015
2020
2025
Coal
134%
280%
155%
139%
Natural Gas
193%
57%
-3130%a 982%a
Oil
41%
18%
32%
-28%
Nuclear
b
b
B
b
All Renewables
b
b
B
b
Total Maryland Generation
137%
246%
170%
157%
Imported Energy
216%
415%
188%
186%
a. There is little change in the competitive case, so the denominator is close to zero
b. RGGI has no effect in neither the oligopoly nor the competitive case is there any change in
this variable

Table 10.5: Impact of Maryland Joins RGGI on Maryland Generator Gross Margins:
Oligopoly Market Changes as a Percent of Competitive Market Changes
Component of Gross Margin
2010
2015
2020
2025
a
+ Energy & O.R. Revenue to Generators ($/yr)
122%
-12137% 229%
536%
- Variable Cost ($/yr)
96%
3%
-2%
63%
= Total Gross Margin ($/yr)
97%
35%
114%
159%
a. There is little change in the competitive case, so the denominator is close to zero
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Table 10.6: Impact of Maryland Joins RGGI on CO2 Emissions: Oligopoly Market
Changes as a Percent of Competitive Market Changes
Region
2010
2015
2020
2025
Maryland
137%
265%
165%
149%
Entire JHU-OUTEC Region
-77%
97%
96%
117%
The conclusions that can be drawn from these tables concerning the impact of strategic behavior
on the incremental effects of Maryland Joins RGGI are as follows:
•

Table 10.3 indicates that the incremental effects on Maryland power prices and
Maryland bills (price times quantity) are somewhat sensitive in magnitude as to
whether the market is competitive or oligopolistic. However, sometimes oligopolistic
behavior increases the price and bill impact (a value more than 100 percent) and
sometimes decreases it. There are no theoretical reasons to expect one or the
other.

•

The effects on prices in other markets, at first glance, appear to be less stable (e.g.,
Pennsylvania, 2015), the impact is of the opposite sign (e.g., under competition,
Maryland Joins RGGI decreases prices, but under oligopoly, it increases them).
However, this instability is to be expected, as the price changes in non-Maryland
markets due to Maryland joining are relatively small, so slight shifts in results can
translate into large percentage changes.

•

In terms of Maryland fuel sources (Table 10.4), the impact of Maryland Joins RGGI
on energy production from sources with lower running costs (nuclear, renewables) is,
unsurprisingly, unaffected by the degree of competition. This is because those
sources produce all they physically can, subject to capacity and transmission
constraints. However, the marginal sources of energy (coal, natural gas, and, on
occasion, oil) are sensitive in magnitude and, in two cases, even sign. In the case of
2020 Maryland natural gas generation, competition and oligopoly had small but
opposite effects. As an extreme case, in 2015, under competition, Maryland Joins
RGGI had relatively little effect on coal-based generation (a decrease of about 2.2
BkWh out of over 30 GkWh total production), but under oligopoly, the decrease was
three times higher. However, the very general picture is the same: under both
competition and oligopoly, Maryland Joins RGGI would decrease coal- and naturalgas based production within the state (with the exception of competition in 2020,
where there is a slight increase).

•

In terms of effects on total Maryland generation and the net Maryland imports, the
assumption of oligopoly (in its extreme form: Cournot with no pre-existing contracts or
vertical integration) tends to increase the estimates of RGGI-caused changes (Table
10.4). This may be due to the following: if Maryland producers are assumed to be
oligopolistic, they may have an incentive to use their capacity less attracting more
imports.

•

The gross margin changes are consistent in sign, and in two out of four scenario
years, also magnitude (Table 10.5). The individual components of gross margin
(revenues from the energy and operating reserves markets, minus energy production
costs), however, show less stability. In three out of the four scenario years, the
changes in energy revenues have the same sign, but the magnitudes under oligopoly
are larger. In contrast, the changes in production costs are smaller under oligopoly.
Theory suggests that these are reasonable expectations; prices are more sensitive to
market conditions under oligopoly than competition, but production can be less
sensitive (in part because there is less of it, at least from large producers).
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•

The changes in Maryland CO2 emissions resulting from Maryland Joins RGGI are
generally larger in the oligopoly case than under competition (Table 10.6).

An important question is whether market power might be magnified if Maryland Joins RGGI,
resulting in appreciably larger mark-ups of price over marginal cost. That is, could the additional
constraint on the power market resulting from joining RGGI allow oligopolistic generators to raise
prices appreciably more than they might otherwise? Because of the caveats given above
concerning the sensitivity of oligopoly simulations to assumptions, we do not present the pricing
results themselves. However, we do compare the mark-ups, which we measure as the difference
between the oligopolistic price in Maryland and the competitive price. In particular, we calculate
the following ratio:
[(I-J) / (K-L)] x 100%
where:
I = Oligopoly Price, given Maryland Joins RGGI
J = Competitive Price, given Maryland Joins RGGI
K = Oligopoly Price, given Baseline scenario
L = Competitive Price, given Baseline scenario
The numerator is the mark-up in the Maryland Joins RGGI scenario (for instance, if it were
$3/MWh, then simulated oligopolistic bulk power prices were found to be $3/MWh higher than
simulated competitive prices, given that Maryland is a member of RGGI). The denominator is the
mark-up if Maryland does not join RGGI. If this ratio is appreciably over 100 percent, then joining
RGGI could be interpreted as significantly increasing mark-ups and exacerbating the exercise of
market power. Otherwise, it would be concluded that there is no evidence from these simulations
that market power would be worsened.
Table 10.7 shows these ratios for each of the scenario years. In every case, the ratio is close to
100 percent, implying that market power (as measured by price mark-ups) is not projected by
these simulations to worsen if Maryland was to become part of RGGI.

Table 10.7: Impact of Maryland Joins RGGI on Maryland Oligopolistic Price Mark-ups:
Maryland Joins RGGI as a percent of Baseline Mark-ups
2010
Maryland 100%

2015
96%

2020
116%

2025
96%

11. Electricity Reliability Study
In its simplest terms, electrical power reliability is gauged by whether electricity flows when one
turns on the switch. Reliability can be measured in terms of the number and duration of outages
customers experience in a year. However, the planning, investment, and operations that ensure
electricity is available are complicated processes and substandard performance in any of these
areas can threaten reliability. Even under optimal conditions, the balance of electricity supply,
delivery and demand is delicate. When a new regulation, such as RGGI, is added to the mix it
may make reliability even more complex. This part of the study will examine general reliability
issues: how RGGI may impact reliability, and how this will affect Maryland.
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In general, utilities that operate fossil fuel plants with high CO2 emissions are concerned that
RGGI may affect reliability because it places a cap on such emissions, potentially placing
restrictions on the amount of time high CO2 emission plants could run. However, many state
agencies involved in RGGI, and some grid operators, maintain that it is not a reliability but a cost
issue. High emission plants could still run, but utilities would have to buy additional permits or
equipment to run them. Because RGGI is to be a competitive, market-based trading system, it
should keep compliance costs to a minimum and any pass-through costs to customers should be
minimized as well. Some stakeholders believe that the Healthy Air Act (HAA) requirements for
NOx and SO2 will affect reliability and costs more than CO2.
At the outset, it is important to note what is meant by “costs” of reliability. Cost can be thought of
in accounting terms, where reliability comes from building a robust system: comprehensive
planning, generation, transmission and distribution all lead to reliability. Cost can also be seen in
economic terms as “opportunity cost.” In this sense, to maintain reliability, resources need to be
made available that could have been used elsewhere in the economy.
In general, this section will adhere to the economic definition and consider the opportunity costs
of reliability. In addition, it will discuss general reliability issues that are relevant for Maryland and
RGGI. Notably, this discussion largely relies on concepts that are common to electric power
systems and not on specific models or numbers. Finally, this section will provide a report on the
numerical results from the models and how they directly affect reliability under RGGI.
11.1 General reliability issues
11.1.1 Electric Power Infrastructure in the United States
Electric power infrastructure in the United States is composed of power plants and other electric
generators, a transmission system and a distribution system. The value of the combined system
elements is estimated at more than $1 trillion and consists of approximately 3,500 utilities,
950,000 megawatts of generating capacity, and 200,000 miles of transmission lines ( US-Canada
Power System Outage Task Force, 2004).
The electric power system has characteristics that make it unique. Electricity follows the path of
least resistance so it is difficult to direct the flow of electricity without a coordinated effort, and
even with a coordinated effort electricity will flow to other parts of the grid. Because it is too
technically difficult and costly to store electricity until it is needed, electricity generators must
create whatever amount of electricity is demanded at that point in time to keep the system stable.
Not generating enough power can lead to brownouts or blackouts and generating too much
power can damage generators and infrastructure. In addition, the transmission system is not
highly computerized and there are few controls to regulate electricity flows on specific lines
(Sedano, 2001).
As a result of these characteristics, an action on one part of the grid can affect another part of the
grid, so wholesale power producers must coordinate their efforts. In addition, events can cause a
cascading effect that impact neighboring grids, as was the case in the Northeast blackout on
August 14, 2003. Therefore, responses must be made almost instantaneously using
communications and automatic controls to prevent faults on the system (Sedano, 2001).
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Figure 11.1: Basic Structure of the Electric Power Infrastructure

( US-Canada Power System Outage Task Force, 2004)
In the United States, the “grid,” as it is often referred to, is not really one grid but three. The
Western Interconnect covers 11 Western states, two Canadian provinces and a small portion of
northwest Mexico. The Eastern Interconnect includes 37 Central and Eastern States and seven
Canadian provinces. Finally, the state of Texas has its own grid. These three systems are

Figure 11.2: Electric Power Interconnections (NERC, 2006)

independent of each other but do have a few small linkages (NERC, 2006).

11.1.2 Planning organizations
Several organizations have a role in electric power reliability and ensuring that the correct amount
of power is generated and can get to the areas where it is needed. On the federal level, there is
the Federal Energy Regulatory Commission (FERC) and the North American Electric Reliability
Council (NERC). Regionally, there are Independent System Operators and Regional
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Transmission Organizations. ISOs and RTOs operate the same way and serve the same
function even though they have different names. Finally, on the state level there are Public Utility
Commissions (PUCs) and the utilities themselves.
Figure 11.3: Regional Transmission Organizations (FERC, 2006)

FERC is responsible for regulating the price, terms and conditions of electricity sold interstate. In
addition, it regulates the price, terms and conditions of transmission services. NERC is a nongovernmental organization charged with a mission to ensure that the bulk electrical system in
North America is reliable, adequate and secure. In the past, NERC was a non-regulatory,
voluntary organization. However, it was recently appointed by FERC as the Electric Reliability
Organization (ERO) in accordance with the Energy Policy Act of 2005. ERO will have the
authority to enforce compliance with reliability standards industry-wide. Currently, NERC has
eight regional electric reliability councils. These eight councils have developed operating and
planning standards for all companies and organizations involved in the generation, distribution
and sale of electricity. These councils include: the Electric Reliability Council of Texas (ERCOT),
Florida Reliability Coordinating Council (FRCC), Midwest Reliability Organization (MRO),
Northeast Power Coordinating Council (NPCC), ReliabilityFirst Corporation (RFC), SERC
Reliability Corporation (SERC), Southwest Power Pool, Inc. (SPP), and Western Electricity
Coordinating Council (WECC). Maryland is part of ReliabilityFirst Corporation.
In the past, electric utilities were vertically integrated with one company controlling the generation,
transmission, distribution and sale of electricity within a specific region. Since the industry’s
restructuring in the 1990’s, the traditional functions of a utility have been unbundled. The new
deregulated market created a need for development of neutral and independent ISOs and RTOs
to control, coordinate and monitor the electric power system. There are still areas of the country
that are regulated markets, such as the Southeast, where no ISOs or RTOs have been
established.
On the state level, Public Utility Commissions (PUCs, sometimes called Public Service
Commissions) regulate all intrastate electricity transactions. Depending on the state, PUCs may
also regulate utility planning and transmission siting. Utilities that are still vertically integrated are
often required to complete Integrated Resource Plans (IRPs) to submit to their PUCs. IRPs are
long-term business plans for utilities that describe, among other things, expected growth on the

51

system, what generation will be retired and what will be added, transmission improvements, and
risk assessment.
11.1.3 Adequacy
Adequacy means that there is enough power being generated at any given time to meet the
demand for electricity. Outages—whether planned or unplanned—can complicate the ability to
meet this demand. Planned outages are usually scheduled for maintenance of electric
generating units and unplanned outages may be a result of a weather event or a regional event
such as the Northeast Blackout that occurred on August 14, 2003. However, most outages are
related to weather (Sedano, 2001). Regulators and utilities must ensure there are enough
generators built to adequately respond to peak demand plus planned or unplanned outages.
They can rely on load shapes that predict electricity demand on an hourly basis, based on prior
usage patterns, but there may be some risk involved in depending on only these data.
11.1.4 Fuel supply and diversity
The United States has gone though several phases where certain fuel sources have dominated
power plant construction. The 1930’s saw the construction of several large hydropower facilities.
Coal generation was popular in the 1950’s. In the 1960’s nuclear energy seemed to be the most
promising fuel. Many areas started to rely more heavily on natural gas generation in the 1980’s
because of concerns over emissions. Today, most interest surrounds Integrated Gasification
Combined Cycle plants and the future of hydrogen. Fuel diversity can protect against high fuel
prices if the cost of one fuel type increases. For example, if a utility or an area relies primarily on
coal generation, and the price of coal increases, it will be difficult to temper the price increase.
However, if a utility relies on a combination of coal, hydro, natural gas, nuclear and renewable
energy, they will be better able to moderate a high price for one commodity. Such diversity has a
cost associated with it, for example building dual or multi-use capabilities and potentially missing
out on the economies of scale. It is important to take a long-term view with fuel diversity and
understand that there may be constraints on supply, and storage for fuels such as natural gas,
and for issues relative to nuclear waste.
11.1.5 Complexity of regulated/non-regulated system integration
Traditionally, utilities were vertically integrated with one company responsible for the generation,
transmission, distribution and sale of electricity. For many years, regulators and lawmakers
believed that utilities were a natural monopoly and could better serve their customers and plan for
future growth if they served all the functions of generating and delivering power. During the
1990’s, restructuring or “deregulation” of utilities took place in several regions of the country,
driven by the idea that more competition would lead to lower prices for consumers.
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Figure 11.4: Map of state electricity markets

Source: Joskow, Paul L. “Markets for Power in the United States: An Interim Assessment,”
(August 23, 2005).
In general, the Northeast and parts of the Midwest have been restructured while the Plains and
the Southeast remain vertically integrated. In the restructured states, different entities own the
generation, transmission (including distribution) and delivery functions. This is further complicated
by wholesale markets with their long term and short term contracts and trading. Restructured
entities then interact with neighboring grids that can still have a regulated environment, making
the system even more complex.
In addition, demands on the transmission system are changing with some large industrial
customers now able to generate their own electricity “behind the meter” and sell excess electricity
back to the grid. This new source grows with the increased importance of wholesale markets.
Transmission lines that were radial are now being networked for enhanced power flows. Control
systems are becoming more sophisticated but communication systems are lagging behind.
Communications systems are important because they monitor the flow of electricity on the
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transmission lines and keep the system in balance. The system is changing at a rapid pace and
those connected to it, as well as system operators, need to coordinate to address evolving needs
(Sedano, 2001).
11.1.6 Weather
Weather events are usually the leading cause of reliability problems for customers (Sedano,
2001). Snow, rain storms, strong wind, heat waves and cold snaps can all affect reliability.
System operators and utilities plan for such outages and set goals for an acceptable amount of
time a customer can be without power. Code of Maryland Regulations, 20.50.07.05 states:
"[e]ach utility shall make reasonable efforts to avoid interruptions of service, but when
interruptions occur, service shall be re-established within the shortest time practicable, consistent
with safety" (Maryland Public Service Commission, 2006).
According to the Code, six Maryland utilities must submit Annual Reliability Reports to the
Maryland Public Service Commission detailing the number and duration of outages from the
previous year. This data are included on the System Average Interruption Duration Index (SAIDI)
and the System Average Interruption Frequency Index (SAIFI). SAIDI represents the average
outage duration in hours and SAIFI the average number of interruptions customers experience.
“All Weather” includes all outages for all reasons and “Major Storm Excluded” details outages for
reasons other than major storms. Major storms are defined as an event when more than 10
percent of a utility’s customers are without service and restoration to these customers takes
longer than 24 hours (Miller, 2006).
As the following tables demonstrate, when weather was taken into account over the past five
years: Allegany Power had an average of 1.37 annual outages per customer, Baltimore Gas &
Electric had 1.73, Choptank Electric Cooperative had 1.91, Delmarva Power & Light Company
had 2.23, Potomac Electric Power Company had 1.99, and Southern Maryland Electric
Cooperative had 1.54. When weather was accounted for, the average for the six Maryland utilities
was 1.80 annual outages per customer.
Excluding major storms, Allegany Power had an average of 1.13 annual outages per customer,
Baltimore Gas & Electric had 1.54, Choptank Electric Cooperative had 1.76, Delmarva Power &
Light Company had 1.94, Potomac Electric Power Company had 1.45, and Southern Maryland
Electric Cooperative had 1.29. The average for all six utilities was 1.52 annual outages per
customer when major storms are excluded.

Table 11.1: Allegany Power
All Weather

Calendar
Year
2001
2002
2003
2004
2005

SAIDI
4.15
19.03
22.40
5.52
6.47

Major Storm Excluded (MSE)
SAIFI

1.10
1.50
1.70
1.32
1.23

SAIDI
4.15
7.35
4.52
4.88
3.17
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SAIFI
1.10
1.10
1.10
1.24
1.10

Table 11.2: Baltimore Gas & Electric
All Weather

Calendar
Year
2001
2002
2003
2004
2005

SAIDI
2.58
4.48
37.79
4.32
4.02

Major Storm Excluded (MSE)
SAIFI

1.13
1.58
2.69
1.67
1.56

SAIDI
2.58
4.48
4.35
4.32
4.02

SAIFI
1.13
1.58
1.74
1.67
1.56

Table 11.3: Choptank Electric Cooperative
All Weather

Calendar
Year
2001
2002
2003
2004
2005

SAIDI
2.27
2.07
6.76
3.61
4.27

Major Storm Excluded (MSE)
SAIFI

1.31
0.92
2.80
2.14
2.38

SAIDI
2.27
2.07
5.50
3.16
4.27

SAIFI
1.31
0.92
2.04
2.14
2.38

Table 11.4: Delmarva Power & Light Company
All Weather

Calendar
Year
2001
2002
2003
2004
2005

SAIDI
1.85
3.58
29.97
4.80
4.35

Major Storm Excluded (MSE)
SAIFI

1.16
1.81
3.97
2.16
2.07

SAIDI
1.85
3.58
5.69
4.80
4.35

SAIFI
1.16
1.81
2.49
2.16
2.07

Table 11.5: Potomac Electric Power Company
All Weather

Calendar
Year
2001
2002
2003
2004
2005

SAIDI
1.19
1.52
59.61
2.13
7.15

Major Storm Excluded (MSE)
SAIFI

1.22
1.41
3.68
1.63
2.01

SAIDI
1.19
1.52
2.05
2.13
5.97
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SAIFI
1.22
1.41
1.11
1.63
1.86

Table 11.6: Southern Maryland Electric Cooperative
All Weather

Calendar
Year
2001
2002
2003
2004
2005

SAIDI
1.70
2.41
11.62
2.23
2.02

Major Storm Excluded (MSE)
SAIFI

1.12
1.66
2.62
1.31
0.97

SAIDI
1.70
1.68
2.54
2.23
2.02

SAIFI
1.12
1.38
1.85
1.13
0.97

11.1.7 Growth
In an area where population is growing and the economy is healthy, steady growth in the electric
power system is typical. However, without planning and investment, the probability of an outage
increases as the system grows. This is especially true in areas of high growth that are not near
power generation. It can be difficult to locate additional generation and transmission facilities in
these areas, as local residents often take a “Not in My Backyard,” or NIMBY attitude. This is the
case in southwestern Connecticut where the system is strained and reliability is lower (Wong et
al., 2002).
11.1.8 Barriers to construction
Although NIMBY is the most obvious barrier to construction of new generation and transmission
facilities, there are other reasons why it is difficult to add to the system. Many NIMBY complaints,
such as above ground wires, increased air pollution and noise pollution, can be addressed at an
additional cost. However, many developers are hesitant to add costs to an already expensive
investment. The end result is often lower project costs and higher public opposition. Although the
issue of costs tends to revolve around new generation and transmission, it is important to
remember that system maintenance of transmission rights-of-way, tree trimming, and generation
as well as replacement of poles and wires, control technologies and generation components add
to the costs of reliability (Sedano, 2001).
Another barrier to construction can be environmental concerns. In urban areas that already are
concerned with air quality, regulations may effectively prevent the addition of generation units. Or
there may be an environmental feature that needs protecting, such as a state or national park,
that will stop a project from proceeding.
11.1.9 Demand Side Management & Utility Incentives
To improve reliability, many people focus on increasing generation and transmission capacity.
Another option that can increase reliability, usually at a lower cost, is to decrease demand on the
system. This is known as Demand Side Management (DSM). Typical measures to decrease
demand include replacing older, less efficient heating and cooling systems, with new high
performance equipment, installing efficient lighting, and utilizing combined heat and power
systems. The California Energy Commission evaluated their utility programs for energy efficiency
and determined that the average cost to save electricity was 1.1 cents/kWh to 4.4 cents/kWh,
depending on the program19 (Rogers, et al. 2005). Currently, the cost of electricity from
conventional fuel is approximately 8.14 cents/kWh (EIA Average Retail Price, 2006).
For example, in the mid-1990’s Commonwealth Edison had severe transmission constraints
around the Chicago metropolitan area. The situation continued to worsen until the heat wave of
1995. The system could not handle the load which resulted in rolling brownouts and blackouts.
Approximately 525 Chicagoans died from heat-related illnesses (Illinois State Climatologist Office,
19

This figure only includes utility program costs and incentives and not incremental costs of the measures,
which would increase the cost by 30 to 80 percent.
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1999). In the wake of the disaster, Commonwealth Edison decided to implement DSM to relieve
congestion in strategic areas. In the Pilsen neighborhood of Chicago, the utility replaced 5,500
old window units with new Energy Star window air conditioners, reducing peak electricity demand
by 3.7 Megawatts (Bernstein, 2002).
Utilities often overlook DSM because their profits are tied to the amount of electricity they sell. In
many states, the way rates are designed leads to a disproportionate loss of profits for a reduction
in energy sales. For example, a reduction in electricity sales of 1 percent can lead to a 5 percent
loss of profit (EPA, 2005). To address this issue, some states have instituted policies that
“decouple” the sale of energy from profits. California has decoupled electricity, Oregon has
allowed a utility to decouple natural gas, and Washington is exploring decoupling for utilities ( US
EPA Clean Energy Programs, 2005).
11.2 RGGI reliability issues
11.2.1 The Merit and Dispatch Order
Without regulations, grid operators would bring generators with the lowest marginal operating
costs online first, then the second lowest marginal operating costs, and so on. This procedure is
known as the merit order. Although there are many different types of power plants and each plant
has different operating costs, in Maryland, a merit order based solely on marginal costs would
bring on nuclear plants first, then coal-fired generation plants. The order after this can vary but
includes combined cycle natural gas, simple cycle natural gas, heating oil and hydropower. This
order can change based on fuel prices. Using the merit order as a guide, utilities and grid
operators bring plants online to meet the dispatch order—the real-time demand for electricity.
11.2.2 How Regulations Affect the Merit and Dispatch Order
When regulations are implemented—such as those mandated by the Clean Air Act (CAA) and/or
Healthy Air Act (HAA)—they can change merit and dispatch orders. This change can be from one
based on marginal costs, to one based on marginal costs that include the cost of emissions.
Also, installing control technologies can increase the operations and maintenance costs at power
plants. In the United States, power plant emissions of particulate matter, sulfur dioxide, nitrogen
oxides, and the formation of ozone, are all regulated by the CAA (EPA, 2006). In addition, EPA is
in the process of instituting new regulations for mercury through the Clean Air Mercury Rule
(EPA, 2006). These regulations affect the dispatch order of generating units.
11.2.3 Regulating CO2 Emissions
Regulating emissions of CO2 through RGGI is similar in many ways to other emissions’
regulations. However, the main difference is that CO2 cannot be “scrubbed” out of power plants
the way that SO2 and mercury can. The question of whether grid operators can adapt to an
adjustment of the dispatch order as a result of RGGI, and whether there is enough generation
available to meet customer demand while not exceeding CO2 emissions caps, is at the heart of
this issue.
Utilities have the generation capacity to meet demand while not exceeding the RGGI caps on
CO2 but it will likely cost more for utilities to run these units (Hamel, 2006). These are costs that
utilities will pass on to consumers, just as they do for NOx controls. Markets are good for dealing
with pass-through costs to consumers because they are efficient by nature. In addition, must-run
units will still run but utilities will have to pay if they go over their allowance. In short, meeting the
RGGI requirements can be construed as a cost rather than a reliability issue. Similarly, utilities
that have long-term energy contracts for power, from sources with high CO2 emissions, may have
to pay more for the emissions and suffer from reduced competitiveness in energy markets.
However, the power will still be available to customers.
The RGGI Draft Plan attempts to address reliability and power pricing impacts through: 1) a
three-year compliance period, 2) unlimited banking of unused allowances and offset credits, and
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3) credit awards for reduction projects that are undertaken after the MOU is signed but before the
official start of the program in 2009 (Goodwin Proctor, 2005).
11.2.4 Leakage of CO2 Emissions and Reliability
Leakage of CO2 emissions can occur if, to meet demand, utilities import power from another
source that does not have similar emissions controls. Often imports come from utilities nearby
but it is possible to trade electricity from a utility further away. The RGGI region is likely to import
power from Canada or Pennsylvania. If imports from outside the RGGI region were limited or
halted, there could be an issue with reliability. However, restrictions on imports would only be a
problem if RGGI states chose to make it a problem, which is unlikely. Similar to dispatch order
issues, leakage is an issue with SO2 regulations that utilities are able to manage. Having an
integrated grid reduces reliability risks.
11.2.5 The Role Of ISOs In Maintaining Reliability Under RGGI
The ISOs, including ISO-New England and ISO-New York, are responsible for coordinating the
dispatch order while meeting all environmental regulations and, at this time, they do not believe
that RGGI will adversely affect reliability (Hamel, 2006).
During a RGGI allocation allowance workshop on July 20, 2006, Mark Reeder of the New York
Public Service Commission stated the following regarding reliability issues:
Reeder argued that RGGI stakeholders should think about allowance costs in the same way they
think about fuel costs. He doesn’t think availability of allowances will be an issue. The market can
create more allowances for sale overnight by changing the dispatch to increase output of gas and
decrease output of coal. Such behavior would be induced by an increase in the price of
allowances. He argued that the allowance market probably is even more flexible than fuel
markets, where issues of deliverability on pipelines and rail can cause short-term problems and
price spikes. There will be no short-term reliability problems attributable to shortages of
allowances given the three-year compliance period with the RGGI caps (Burtraw, et al, 2006).
11.2.6 Fuel Diversity and RGGI
A potential reliability issue under RGGI is fuel diversity. Some stakeholders have expressed
concern that RGGI will create such disincentives for the construction and operation of coal-fired
plants that it may affect reliability, as coal contributes approximately 11.5 percent total capacity,
and 20.2 percent generation, in the RGGI region (see Energy Supply Study in Section 9.1).
However, the Haiku model of the national electric power grid predicts that by 2025, overall
capacity for coal will drop from 5,557MW without RGGI regulations to 5,145MW with the
regulations (see Energy Supply Study in Section 9.3).
11.2.7 System Growth and RGGI
Growth in the system has generated another reliability issue relative to RGGI. The question is
whether utilities will be able to stay within their allocations if the population and the demand for
power continue to grow. This growth may be offset by the 25 percent (or higher) allocations for
the funds collected from CO2 emissions reserved for public benefit. The proceeds from the sale of
these allocations are likely to go towards energy efficiency and demand side management that
will keep growth in the system at a manageable level. For example, the Haiku model predicts
that by 2025, demand without RGGI will be 91.9BkWh, and demand with will be 89.4BkWh. This
is a result of demand conservation which moves from zero without RGGI to 2.5BkWh with RGGI
(see Energy Supply Study in Section 9.2).
There is also concern that there may be projects in the pipeline that are meant to enhance
reliability and that the RGGI standards could jeopardize these projects. For example, it is likely
that RGGI could affect the economics of constructing a new coal-fired plant. However, at this
time there are no new interconnection requests to PJM for coal-fired plants by Maryland utilities
(PJM, 2006).
58

The nuclear power industry is concerned that if nuclear plants are not re-licensed in Maryland, the
PJM region or the RGGI region, this could affect reliability by reducing the amount of power
available to the grid. At this time nuclear power seems to be regaining popularity as a proven
technology that is emission-free. The Energy Policy Act of 2005 provides the following incentives
to the nuclear industry:
•
•
•
•

Extension of the Price-Anderson Nuclear Industries Indemnity Act through 2025,
Cost overrun support of $2 billion total to up to six new nuclear plants,
Production tax credit up to $125 million total per year,
$1.25 billion to the US Department of Energy to build a nuclear plant that produces
electricity and hydrogen, and
• Updated tax rules for decommissioning funds (Nuclear Energy Institute, 2005).
In addition, the Nuclear Regulatory Commission (NRC) has never denied a request for relicensing of a nuclear plant (Murawski, 2006). Calvert Cliffs is the only nuclear plant in Maryland,
with two units operating at the site. The plant received a license extension from the NRC on
March 23, 2000. This license allows Unit 1 to operate through 2034 and Unit 2 to operate
through 2036 (EIA, 2006). Haiku modeling results predict that nuclear generation will remain
stable in 2025, contributing 13.75BkWh with and without RGGI regulations (see Energy Supply
Study in Section 9.2).
11.3 Reliability in Maryland
11.3.1 Capacity, Growth, and Transmission in Maryland
Capacity, growth and transmission are measured and planned for on a regional basis.
ReliabilityFirst Corporation (RFC), to which Maryland is a member, conducted a self-assessment
of energy demand, resources, and transmission for NERC’s 2006 Long-Term Reliability
Assessment. The year 2006 report found that demand is expected to grow 1.6 percent from
2006-2015 in the RFC territory. This projection is lower than last year’s expected 1.8 percent
(NERC, 2006).
RFC adopted an adequacy standard of one Loss of Load Expectation (LOLE) every ten years.
LOLE is the expected number of days per year when generation is unable to meet peak demand.
To ensure that this standard is met, a 15 percent reserve margin requirement is in place. The
reserve margin is a measure of capacity over and above the capacity needed to meet peak
demand. Reserve margin requirements ensure that even at peak demand if a generating unit
needs to go offline the system will still be stable. Studies to set the proper reserve margin are
ongoing, and may change in the future. At this time, the potential capacity to meet the 15 percent
reserve margin is sufficient through 2012. However, in 2013 approximately 1,600MW of
additional capacity will need to be installed to meet reserve margins. It is estimated that
8,400MW of capacity will need to be added by 2015 to meet requirements (NERC, 2006).
In RFC territory, an additional 592 miles of extra high-voltage transmission lines and six
substations are expected to be installed in the next five years. Most of these lines will connect
new generation to the grid. RFC estimates that this may not be enough transmission to deliver all
capacity to the grid. The Neptune Regional Transmission System line is expected to increase
transmission capability by 790MW. The line will run from Sayreville, New Jersey to Long Island,
New York and is expected to be completed in July, 2007. PJM is also evaluating transmission
projects that would increase east-west capacity by 5,000MW. These projects are estimated to
take five to ten years to complete (NERC, 2006).
11.3.2 History of outages
As Tables 11.1 through 11.6, illustrate, Maryland’s electric utility customers experience periodic
power outages over time. Excluding major storms, the causes of these outages include fallen
trees in transmission right-of-ways, underground equipment or cable failure, faulty software
programs, vehicles hitting utility poles, and underground digging. Excluding major storms, the

59

following table shows the average frequency and duration of outages for the six major Maryland
utilities over the past five years (Miller, 2006).
Table 11.7: Average “Major Storm Excluded” outages for six Maryland utilities, 20012005
Duration (hours per year)
Frequency (occurrences per
year)
2001
2.29
1.17
2002
3.45
1.37
2003
4.11
1.72
2004
3.59
1.66
2005
3.97
1.52
None of these outages were caused by adequacy problems, such as lack of generation or
transmission. However, many were caused by old equipment which needed periodic
replacement. For example, Southern Maryland Electric Cooperative had a 69 kilovolt submarine
cable in the Patuxent River fail in January, 2005. A temporary cable was installed in May, 2005
and a permanent replacement was not installed until in April, 2006 (Miller, 2006).
11.4 Reliability analysis
Reliability in this report, being more concerned with generation investment and sufficiency than
with transmission, is synonymous with generation adequacy. In other words, the ability of
installed generation to meet anticipated demand in the face of uncertainties of weather, economic
growth, and forced generator outages. The standard adopted, no more than one involuntary load
curtailment day in ten years ("1 day in 10 years"), is projected to be met with a target installed
capacity of 15 percent (excess of capacity over peak). PJM intends to achieve this availability
standard for constrained "LDAs" (local demand areas) as well.
Several mechanisms will be used to ensure adequate generation capacity: the Reliability Pricing
Model (RPM), which has just received conditional FERC approval (Docket ER05-1401-001, Dec.
21,2006), provides payments for generating capacity in order to encourage investment. The PJM
Regional Transmission Expansion Planning Process (RTEP) is a commitment to deliver capability
to LDAs. We assume that if joining RGGI would result in a decrease in generation capacity
relative to loads in Maryland, the RPM and RTEP would provide sufficient incentives to additional
investment in generation and transmission to maintain reliability.
Because these incentives could be costly to Maryland ratepayers, we estimate the magnitude of
payments resulting from Maryland joining RGGI. We assume that the RTEP process would not be
necessary (because capacity margins are small), and we show that major transmission
reinforcements would not be triggered. Details of the analysis regarding the RGGI reliability
modeling results appear in the Appendix at Section F. Numerical assumptions are summarized in
Section F of the Appendix and a range of estimates based on alternative assumptions are
reported for each of the scenario years.
The focus of the analysis is on the SW MAAC region, encompassing central Maryland and the
District of Columbia. PJM is planning to treat this area as a separate LDA (local demand area) in
its RPM capacity market, because it is a sub region of PJM with significant import requirements
and transmission constraints. The Delmarva peninsula is another LDA, but is not considered
here.
As explained in Section F of the Appendix, the major analytical steps are the estimation of
changes in requirements for capacity (which determine the location of the demand curve for
capacity) and the changes in supply of capacity, including import capability. “Capacity
requirement” under PJM rules is defined as the amount of capacity that will ensure that load will
exceed available capacity only once every 10 years. Table 11.8 shows that the Maryland Joins
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RGGI scenario will lower the amount of capacity needed in each scenario year due to the energy
efficiency programs. Also lowered will be the amount of generation capacity.20 The net change
is the supply-demand balance of capacity for that region is positive in 2010 and 2015, and
negative in the subsequent years. Thus Maryland Joins RGGI improves the capacity supply
picture in the first two scenario years, but worsens it in subsequent years.
Table 11.8: Changes (MW) in Unforced Capacity Required and Unforced Capacity Supply
in SW MAAC as a Result of Maryland Joins RGGI Scenario (Compared to Baseline)
2010
2015
2020
2025
Change in Unforced Capacity Required
-92
-143
-218
-294
Change in Unforced Capacity Supply
-37
-37
-327
-726
Net Change in Capacity Balance
55
107
-108
-432
Whether these changes might significantly affect capacity prices under RPM in SW MAAC
depends on the ratio of unforced capacity supply (including import capability) to the capacity
requirement. If this ratio is less than 1.05, then, there is the possibility that capacity prices will
significantly increase in the SW MAAC region if the Maryland Joins RGGI scenario results in a
lower ratio than the Baseline scenario. As explained in the Appendix, if the ratio is above 1.05,
that implicitly means that there will be a positive price for capacity only if the actual amount of
capacity imports is less than the maximum amount allowed under the PJM. As a result, the price
for capacity within SW MAAC will be the same as the PJM “Unconstrained Area” price; that price
is based on supply and demand conditions for capacity in most of the PJM market, and is unlikely
to be affected by small changes in Maryland’s supply-demand balance.
Table 11.9 shows the ratios for the Baseline and the Maryland Joins RGGI scenarios, estimated
using the methodology described in the Appendix. The table shows that although Maryland Joins
RGGI does lower the supply/demand ratio, the ratio never dips below 1.05. Therefore we
conclude that it is unlikely that the Maryland Joins RGGI scenario will significantly increase
capacity prices in the SW MAAC region under the PJM RPM system.
Table 11.9: Estimated Ratios of Unforced Capacity Plus Capacity Import Limit to Unforced
Capacity Target in SW MAAC Region
2010
2015
2020
2025
Baseline
1.135
1.223
1.135
1.071
MD Joins RGGI
1.140
1.231
1.131
1.050

11.5 Conclusion
Reliable electricity supply is the backbone of our economy. Even short outages can cause major
productivity losses and economic disruption. There are several institutions and policies in place
to ensure that reliability is maintained so customers can expect a continuous, high-quality power
supply. However, the electric power system is complicated and new regulations can affect the
way power is generated, transmitted and distributed.
CO2 regulation through RGGI is unlikely to affect reliability. Utilities will still be able to run fossil
fuel plants, though at a marginally higher cost. The RGGI Draft Policy anticipates this and has
built in an extended compliance period and market mechanisms such as banking of allowances
and offsets. The Electricity Rate Study in Section 12 of this report quantifies the likely change in
electricity prices as a result of RGGI.

20

Capacity requirements and supply are expressed as “unforced” capacity; i.e., discounted to account for
plant outages. This is how PJM tallies capacity in RPM.
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We have also analyzed the effect of the Maryland Joins RGGI scenario on generation capacity
prices in the central Maryland area under the newly revised PJM capacity market system. Our
analysis indicates that it is unlikely that generation capacity prices would significantly rise in that
area. One reason is that energy efficiency programs under RGGI would at least partially
compensate for the losses of Maryland capacity that arise from more plant retirements under
RGGI

12. Electricity Rate Study
This section discusses the effect of the Maryland Joins RGGI scenario on electricity rates paid by
Maryland households and businesses.
12.1. Baseline Price Forecasts
The Haiku model predicts that under Baseline scenario assumptions average electricity prices
across all classes of customers in Maryland grows by roughly 1.1 percent per year between 2010
and 2025. The fastest period of growth is between 2010 and 2015, over which time average
electricity price grows at a rate of 1.5 percent per year.
The rate of price growth predicted for Maryland in the Baseline scenario is substantially higher
than the rate of price growth nationwide. In the first set of columns in Table 12.1 we summarize
national demand and average price forecasts in our Baseline. Our results predict that the
average real retail electricity price, grows from $73.09 per MWh (in 2004 dollars) in 2010 to
$76.27 in 2025, roughly a 0.3 percent annual rate of growth, substantially below that expected in
Maryland. Total national demand is expected to increase by 24 percent between 2010 and 2025,
with demand growing from 3,944 BkWh in 2010 to 4,899 BkWh in 2025.
The second set of columns in Table 12.1, shows national demand and average electricity price
forecasts in the Energy Information Administration’s (EIA) reference case forecast from the
Annual Energy Outlook (AEO) for 2006 ( US EIA 2006). The comparison shows that the two
forecasts for electricity demand are very similar. This similarity reflects the fact that quantity
demanded in the Haiku model is calibrated to match demand in the EIA model at EIA’s forecast
electricity price and, the annual growth in demand, is calibrated to match that in the AEO 2006
forecast. In Haiku simulation exercises, projected costs of electricity generation may differ from
EIA assumptions for a variety of reasons. Further, unlike most simulation models, the Haiku
model allows demand to adjust automatically to electricity price in order to identify a new
equilibrium in the electricity market. The Haiku baseline national price forecasts deviates
modestly from those in the AEO, with the Haiku price forecast reaching just over $76 per MWh in
2025 compared to $74 per MWh in the AEO forecast.
Table 12.1: Comparison of Haiku and AEO National Electricity Forecasts
Haiku – MDE Baseline
AEO – 2006
2010
2015
2020
2025
2010
2015
2020
Electricity
3,944
4,271
4,575
4,899
3,978
4,300
4,629
Demand
(BkWh)
Electricity Price
$73.09 $73.37 $76.19 $76.27 $73.13 $71.22 $72.45
($/MWh)

2025
4,956
$74.00

12.2 The Effect of the Policy on Retail Electricity Rates in Maryland
The result of this modeling analysis with Haiku indicates that Maryland joining RGGI has virtually
no impact on electricity rates paid by all classes of customers in Maryland as shown in Table
12.2. Note that there are very small differences in prices reported in the table but these
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differences, which are typically well below 1 percent of Baseline price levels, are within the
convergence bounds used in the modeling exercise and thus are essentially equal to zero. This
finding of no impact on electricity prices in Maryland holds for all simulation years.
However, customers in Maryland pay less for electricity under the policy, the result of efficiency
savings purchased using the revenue generated by auctioning 25 percent of the CO2 emission
allowances allocated to Maryland. Thus there will be an impact on the average consumer bill
(e.g., price times quantity) but not on the average consumer price for each kWh purchased.
Table 12.2: Average Retail Electricity Prices in Maryland ($2004/MWh)
2010
2015
2020
MD
MD
MD
Baseline
Baseline
Baseline
Joins
Joins
Joins
RGGI
RGGI
RGGI
Aggregate
Average
Price
86.85
86.64
93.41
93.21
97.17
97.38
Residential
100.50 100.20
108.10 108.10
112.10 112.40
Commercial
84.72
84.53
90.54
90.22
94.02
94.04
Industrial
68.88
68.73
73.55
73.18
76.63
76.68

2025
Baseline

102.10
117.50
98.77
80.82

MD
Joins
RGGI
102.40
118.20
98.67
80.62

12.3 Why Maryland Joins RGGI Policy Doesn’t Affect Electricity Rates in Maryland
Offsetting effects largely explain why Maryland joining RGGI has no effect on electricity rates. By
imposing an opportunity cost on every ton of CO2 emitted from electricity generators in Maryland,
this scenario raises the cost of electricity supply in the region, thus shifting the supply curve of
electricity up and to the left. In addition, it changes the shape of the supply curve a bit compared
to that under the Baseline by making imports from outside of Maryland and Classic RGGI more
attractive relative to energy generated by fossil units located in Maryland. This effect leads to
greater supply of imports into the region at any given price
At the same time, the investment in efficiency funded by the auction of 25 percent of the emission
allowances under the Maryland Joins RGGI scenario, reduces the demand for electricity and
effectively shifts the electricity demand curve down and to the left. The result is a new equilibrium
point that has lower total quantity of electricity supplied, but at a similar price as before.
The results of these combined effects are illustrated in Figure 12.1. This graph shows the effect
of the Maryland Joins RGGI policy on electricity supply and demand in Maryland in the base load
time block of the spring/fall season in 2025. The vertical axis shows the marginal cost of electric
energy supply and the horizontal axis shows the capacity (MW) supplied and demanded at a
specific moment in time (the average hour of the base load time block). The graph shows that
the introduction of the Maryland Joins RGGI raises the marginal cost of several lower cost units
that are selected to generate under both scenarios. It also increases the supply of electricity from
imports, which enter the supply curve at a price level that is very close to the equilibrium price
level in the Baseline scenario. This entry of new imports into the market limits the effect of the
policy on the equilibrium price of electricity.

63

Marginal Cost ($/MWh)

Figure 12.1: Effect of Maryland Joins RGGI on Electricity Supply and
Demand in Maryland (2025 Spring/Fall Baseload Time Block
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Part of the reason Maryland customers do not face price increases when Maryland becomes part
of RGGI is that the introduction of the RGGI policy in the Classic RGGI region has likely already
had an effect on electricity prices in Maryland. In the Baseline scenario Maryland exports a small
amount of power to the Classic RGGI region and that power is traded at the market price in the
eastern part of the PJM region. Introducing the RGGI policy into the Classic RGGI region will
raise the market price of electric power in the region, particularly in the later years, when it
becomes stricter. The increase in price then attracts energy into Classic RGGI region from
Maryland and other states. In other words, Maryland electricity customers already pay for the
effort in the Classic RGGI region to lower emissions, through higher wholesale power prices in
the PJM market. However, efficiency investments that are funded through the auction lead to
changes in electricity bills. Moreover, as discussed in Section 9 above there is likely to be a large
effect on producers in Maryland.
Two quick sensitivity analyses allow us to measure how sensitive the price results are to our
assumptions about the amount of auction revenues expended on energy efficiency. In one, we
assume that no allowance revenue is spent on energy efficiency programs in Maryland when it
joins RGGI. In that scenario, we see that, in most years, the average annual electricity price
across all customer classes, is largely unaffected by not allowing for incremental efficiency.
However, in 2025 electricity price is roughly 1.5 percent higher with no efficiency than it is in the
standard Maryland Joins RGGI scenario. The lack of an effect here is due in part to the
expanded role for imports that come into the state in quantities that essentially offset the losses in
efficiency under this scenario (relative to the standard scenario) in all years except 2025 when
additional generation is also required to meet the additional demand. However, customer bills
would increase in this case relative to the scenario that includes greater efficiency, because
customers pay for a greater level of electricity consumption in the absence of the efficiency
investments.
In a second sensitivity run, we assume that in Maryland 100 percent of the allowances are
auctioned off and all of the revenue is devoted to an energy efficiency program. Under this
scenario we actually see that prices in Maryland could be even lower than in the Baseline
scenario with Maryland joining RGGI, because the reduction in the demand for electricity more
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than offsets the increase in generation costs. This analysis is preliminary, for a variety of reasons,
but provides some qualitative insight into the likely effect of changes in the level of the auction.
Another factor that appears important in holding down the price effects of the Maryland joins
RGGI scenario is access to imports from outside Maryland as well as the ability to ship power into
the eastern part of PJM especially in the baseline. To explore this issue we performed additional
sensitivity analysis by using an alternative baseline and policy scenario that excluded the two new
transmission lines in the PJM region, that cross through Maryland, which are included in our other
model runs. There is little effect on electricity prices if we assume these lines are not constructed
in the baseline. However, in the policy case we observe a small but noticeable increase in
electricity prices. This sensitivity shows that average electricity prices in Maryland could increase
by as much as 3 percent compared to the baseline in later years. This increase could result from
Maryland joining RGGI if we assume these lines are not constructed. Again this sensitivity
analysis is preliminary, but provides useful qualitative insights into the influences of the outcomes
achieved in the model. This preliminary finding is at variance with the findings of a similar
sensitivity performed using the JHU-OTOUC modeling platform that is reported in Section 10.2.1
above. While these differences likely follow from important differences in the models, additional
research would be useful to illuminate the reasons for these differences more fully.

13. Economic Welfare Study
13.1
Overview
This section of the report estimates the economic impact on Maryland should the state choose to
participate in RGGI. The input-output model IMPLAN was used to measure the effects of this
policy decision. The direct impacts of joining RGGI were calculated from the results of the RFF
Haiku model focusing on electricity prices, net demand, and changes to net investment in
electricity generating capacity and energy efficiency measures. From these inputs, the IMPLAN
model was used to calculate direct, indirect and induced changes to employment, gross state
product, wages, and state tax revenues
The following subsection (13.2) provides an overview of the economic impact analysis. Sections
13.3–13.5 detail the direct impacts calculated from the RFF Haiku model, along with some
additional data analysis to facilitate its use in the input-output model. Section 13.3 focuses on
changes to electricity expenditures through predicted changes to rates and final demand,
whereas 13.4 and 13.5 look at investments in energy efficiency and generating capacity,
respectively. Lastly, Section 13.6 describes the results of the input-output model and gives the
total economic impact of the changes described in Sections 13.3–13.6. Note that all dollar
estimates are in terms of 2004 dollars, and employment is in terms of number of jobs.
13.2
Economic Impact Analysis Defined
Input/output models are the primary tool used by economists to measure the total economic
impact of a policy or event. For example, input/output models are used to measure the total
economic impact associated with the relocation of a firm to an area. The theory behind economic
impact analysis is that the total economic impact of a new firm entering a region is not merely
limited to the number of employees the firm hires, or the payroll associated with these employees.
Rather, the total economic impact includes additional, multiplicative impacts. Multiplicative
impacts occur as the new firm spends money on goods and services and as the wages of
employees trickle through the local economy.
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Specifically, there are three types of impacts captured by input/output models:
 Direct impacts: these impacts are generated when the new business creates new
jobs and hires workers to fill those jobs.
 Indirect impacts: these impacts accrue as the new firm purchases goods and
services from other locally situated businesses.
 Induced impacts: both the direct and indirect impacts result in an increase in area
household income. This increase allows local households to ramp up their spending
at local area businesses. The increase in local spending is referred to as the induced
impacts.
For purposes of this analysis, the direct impacts are considered to be equal to the value of
electricity savings as they accrue to existing businesses and households; they include the
investment in energy efficiency improvements, and changes in electricity generating capacity.
The indirect impacts are the expenditures of the persons and individuals that benefit from the
direct impact. The induced impacts result from increased household income and related spending
which is driven by the direct and indirect impacts.
13.3
Rate and Usage Change Impacts
In comparing the Baseline scenario to the Maryland Joins RGGI one, the Haiku model predicts an
overall decrease in electricity costs for all customer classes. As discussed in Section 12.2, the
price of electricity to consumers in Maryland remains virtually unchanged as a result of the
Maryland Joins RGGI policy and, therefore, most of the decrease in electricity bills reported in
Table 13.1 results from a decrease in electricity consumption from efficiency improvements
funded by the RGGI allowance revenues. The data in Table 13.1 were generated by comparing
the difference in electricity usage by customer class and multiplying that change by the new
estimated electricity rates from the Haiku model. Overall, total electricity expenditures in
Maryland are predicted to decrease by over $100 million in 2010 and more than double by 2025.
To put these numbers in perspective, the $50 million in annual savings to residential customers in
2010 translates into annual savings of $22 for the average Maryland household.
Table 13.1: Estimated decrease in overall electricity bills by customer class if Maryland
Joins RGGI
Period
Commercial
Industrial
Residential
Total
2010
$ 30,952,150
$ 27,375,363
$ 50,748,682
$109,076,195
2015
$ 49,695,645
$ 40,002,297
$ 66,110,479
$155,808,421
2020
$ 63,154,830
$ 42,666,918
$ 77,234,050
$183,055,798
2025
$ 90,252,627
$ 55,857,044
$ 91,487,400
$237,597,071
To undertake the analysis, some of the data had to be transformed for the input-output model.
The data in Table 13.1 were allocated to households by income level and by industry on the basis
of the North American Industrial Classification system (NAICS). There are differences in
electricity consumption and expenditure patterns across income groupings that need to be
captured by the model; therefore, to accurately measure the economic impact due to the change
in residential electricity bills, it was necessary to allocate those changes on the basis of
household income.
The change in residential expenditures was allocated to income levels on the basis of the
consumer expenditure survey and income levels. Table 13.2 details this transformation.
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Table 13.2: Allocation of spending by Household income levels if Maryland Joins
RGGI
Income

2010

2015

2020

2025

<$10K

$ 3,199,485

$ 4,167,980

$ 4,869,273

$ 5,767,885

$10K-$15K

$ 2,184,132

$ 2,845,276

$ 3,324,014

$ 3,937,453

$15K-$25K

$ 4,559,723

$ 5,939,967

$ 6,939,410

$ 8,220,061

$25K-$35K

$ 4,922,176

$ 6,412,136

$ 7,491,024

$ 8,873,474

$35K-$50K

$ 7,192,238

$ 9,369,353

$ 10,945,815

$ 12,965,838

$50K-$75K

$ 9,878,893

$12,869,267

$ 15,034,615

$ 17,809,216

$75K-$100K

$ 7,099,915

$ 9,249,084

$ 10,805,310

$ 12,799,402

$100K-$150K

$ 7,365,511

$ 9,595,076

$ 11,209,517

$ 13,278,206

$150K+

$ 4,346,608

$ 5,662,341

$ 6,615,071

$ 7,835,866

Total

$ 50,748,682

$ 66,110,479

$ 77,234,050

$ 91,487,400

The change in non-residential expenditures, as detailed in Table 13.1, were allocated to industry
on a NAICS basis. Here again, to accurately portray the economic impact associated with the
change in non-residential electricity bills, it was necessary to allocate these change within the
commercial and industrial customer class, as there are distinct differences in how firms in each
NAICS category would use those decreases. The allocation method was based on employment
levels in each industry sector. This allocation is detailed in Table 13.3.
Table 13.3: Allocation of spending by industry if Maryland Joins RGGI
Industry

2010

Agriculture/Mining

$

878,052

2015

2020

2025

$ 1,283,055

$ 1,368,522

$ 1,791,589

Construction

$ 14,000,951

$20,458,914

$ 21,821,717

$ 28,567,720

Manufacturing

$ 12,496,360

$18,260,328

$ 19,476,680

$ 25,497,734

Wholesale Trade

$

989,615

$ 1,588,890

$ 2,019,212

$ 2,885,594

Retail Trade

$ 3,641,686

$ 5,846,959

$ 7,430,504

$ 10,618,705

Transportation

$ 1,756,494

$ 2,820,163

$ 3,583,955

$ 5,121,720

Information

$ 1,017,911

$ 1,634,320

$ 2,076,947

$ 2,968,101

Finance

$ 2,401,925

$ 3,856,443

$ 4,900,892

$ 7,003,714

Professional

$ 4,969,537

$ 7,978,908

$ 10,139,854

$ 14,490,554

Education

$ 7,670,885

$12,316,094

$ 15,651,690

$ 22,367,349

Arts/Hotels/Eating

$ 2,516,903

$ 4,041,048

$ 5,135,494

$ 7,338,976

Other Services

$ 2,010,098

$ 3,227,340

$ 4,101,408

$ 5,861,196

Public Administration

$ 3,977,096

$ 6,385,480

$ 8,114,874

$ 11,596,717

Total

$ 58,327,513

$ 89,697,942

$ 105,821,748

$ 146,109,671

13.4 Investment in energy efficiency programs
The Maryland Joins RGGI scenario assumes that 25 percent of allowances are auctioned for
public benefit and that these funds are dedicated to energy efficiency programs. The Haiku
model predicts over $38 million in allowance revenues for these purposes in 2010, increasing to
over $96 million in 2025. Consequently, investment in energy efficiency improvements will
stimulate economic activity in Maryland. The impact of energy cost savings from efficiency
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improvements is included in Section 13.3 and not stated here. To estimate the total economic
impact of energy efficiency spending, the allowance revenue must be allocated to different
sectors. Based on data reported in the annual reports of Connecticut’s energy efficiency fund
and conversations with staff at American Council for an Energy Efficient Economy (ACEEE), we
assumed that 15 percent of the total efficiency spending would be needed for administrative
program costs and allocated these funds to the government sector. The remaining 85 percent of
efficiency spending was allocated to commercial, industrial, and residential construction in
proportion to electricity consumption in these three sectors. It was assumed that efficiency
spending would be spent in the construction sector as this sector includes HVAC contractors,
electricians, and other specialized trades that would likely be used to install or retrofit energy
efficient devices. While this approach may explicitly discount the contribution of Maryland based
firms that may invent or produce energy efficient devices, the use of construction firms will
implicitly incorporate these economic impacts via inter-industry linkages. This approach will yield
a lower bound of the economic impacts associated with these investments.
Table 13.4: Estimated increase in efficiency spending by customer class if Maryland
Joins RGGI
Period
2010
2015
2020
2025

Commercial
$ 9,284,448
$ 13,942,100
$ 19,520,888
$ 26,117,440

Industrial
$ 9,619,059
$13,129,508
$16,974,415
$21,102,143

Residential
$14,062,553
$20,399,660
$27,558,292
$35,011,356

Government
$ 5,817,540
$ 8,377,283
$ 11,303,576
$ 14,511,342

Total
$ 38,783,600
$ 55,848,550
$ 75,357,170
$ 96,742,280

13.5
Power Generating Sector Impacts
The data in Table 13.5 were generated from the Haiku model, and represent the change in
predicted power plant investment and profits in Maryland if it joins RGGI. In all cases, the change
in investment is negative as less new generating capacity is required to meet the reduced
demand predicted from joining RGGI. In the aggregate, electricity producers in Maryland
experience financial losses associated with the introduction of these policies. As discussed in
Section 9.2, coal-fired electricity generators are particularly adversely affected by the Maryland
Joins RGGI scenario. As a group oil- and gas-fired generators actually see their profits rise as a
result; but these increases are more than offset by the losses of coal-fired producers.
This finding indicates that giving 75 percent of the Maryland allotment of RGGI CO2 allowances to
existing generators in Maryland will not be sufficient to fully compensate the power generation
industry as a whole for its financial losses under the Maryland Joins RGGI scenario. This finding
regarding producer compensation is at variance with earlier work by Palmer et al (2006)
suggesting that roughly 30 percent of the allowances would need to be given away to
compensate the industry as a whole in the Classic RGGI region for all facilities’ losses. (Note that
the CO2 cap-and-trade policy modeled in the earlier paper was not exactly the one modeled
here). Three factors contributing to the different findings in this case include the much greater
coal-intensity of generation in Maryland than in the rest of the RGGI region, the fact that electricity
prices in Maryland do not increase as a result of the RGGI policy and the fact that, unlike in
Palmer et al. (2000), the RGGI policy modeled here is coupled with an energy efficiency program
that serves to reduced electricity demand in important ways. As a result, revenues to generators
are also reduced and thus, so are opportunities to earn profits as a result of the policy.
Table 13.5: Change in Power Plant investment and profits if Maryland Joins RGGI
Change
2010
2015
2020
2025
Investment in New
$(80,600,000) $(51,332,720)
$(373,768,500)
$(474,205,580)
Generating Capacity
Profits at Existing
$(47,844,000) $(28,866,000)
$(53,067,000)
$(107,013,600)
Generating Units
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For power plant disinvestment, we made assumptions regarding the dollar value of disinvestment
and the resultant loss of construction jobs. Based upon our experience of working on several
economic impact analyses for energy companies, we determined that for every million dollars in
power plant disinvestment, approximately 0.833 construction jobs would be lost.21 The nature of
power plant investment is that the bulk of the investment represents the purchase of very
specialized equipment and infrastructure with the balance being used to construct the facility to
house the specialized equipment.
In addition, once a power plant is operational, there are ongoing operating and maintenance jobs.
However, the operations and maintenance staffing levels at power plants are quite low in
comparison to the total value of the power plant. Drawing from our experience of conducting
several economic impact studies for the operational component of a 600 MW power plant, we
estimate that every 100 million dollars in plant investment will yield 7.67 jobs. A larger modern
power plant is highly automated and does not require a great deal of manpower to operate as a
result the number of jobs created tends to be low but the jobs are higher paying. Table 13.6
illustrates the loss in direct construction and operation and maintenance jobs due to reduced
investment in new power plants.

Table 13.6: Loss of construction, operations and maintenance jobs if Maryland Joins
RGGI
2010
2015
2020
2025
Total Power Plant
$(80,600,000) $ (51,332,720)
$(373,768,500) $(474,205,580)
Disinvestment
Construction
Jobs
Operation and
Maintenance Jobs

(67)

(43)

(311)

(395)

(6)

(10)

(39)

(86)

13.6
The total economic impact if Maryland Joins RGGI
The data from Sections 13.3–13.5 were entered into the respective categories of the input-output
model (e.g. households by income level, industry by NAICS) as direct economic impacts. Tables
13.7-13.9 detail the total impacts (direct, indirect, and induced) of electricity expenditure changes,
energy efficiency investment, and generator disinvestment and lost profits respectively. Table
13.10 combines Tables 13.7-13.9 to show the total economic impact of joining RGGI on the
Maryland economy. Overall, the direct impact of joining RGGI on the Maryland economy is
positive, but there are differential impacts on consumers and producers. In the aggregate, gains
to consumers outweigh losses to producers in each year.

21

This estimate was drawn from studies conducted on behalf of BP, Conectiv, Dominion and Sempra. The
range for this estimate is 0.65 to 1.03.
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Table 13.7: Impact of Reduced Electricity Costs for Commercial, Industrial and
Residential Energy users if Maryland Joins RGGI
Employment
Direct
Indirect
Induced
Total
900
213
374
1,487
2010
1,313
311
545
2,168
2015
1,571
366
645
2,582
2020
2,080
484
853
3,418
2025
Gross State Product
Direct
2010 $93,183,269
2015 $135,104,655
2020 $158,868,471
2025 $208,948,126

Indirect
$27,611,468
$40,137,123
$47,106,761
$62,081,232

Induced
$36,092,412
$52,783,425
$62,464,922
$82,825,257

Total
$156,887,149
$228,025,203
$268,440,154
$353,854,615

Direct
$35,668,191
$52,291,639
$62,088,454
$82,526,617

Indirect
$9,964,884
$14,498,488
$16,991,385
$22,406,747

Induced
$12,671,080
$18,648,313
$22,067,004
$29,240,641

Total
$58,304,155
$85,438,440
$101,146,843
$134,174,005

Direct
$5,658,980
$8,161,813
$9,705,273
$12,723,688

Indirect
$1,676,833
$2,424,725
$2,877,752
$3,780,375

Induced
$2,191,877
$3,188,702
$3,815,981
$5,043,561

Total
$9,527,689
$13,775,240
$16,399,006
$21,547,624

Wages
2010
2015
2020
2025
Taxes
2010
2015
2020
2025
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Table 13.8: Economic Impact of Energy Efficiency Investments if Maryland Joins RGGI
Employment
Direct
Indirect
Induced
Total
364
92
178
633
2010
524
133
256
913
2015
708
180
346
1,234
2020
912
231
445
1,588
2025
Gross State Product
Direct
2010
$38,783,600
2015
$55,848,551
2020
$75,387,172
2025
$96,742,286

Indirect
$9,830,340
$14,188,630
$19,182,278
$24,616,374

Induced
$17,589,863
$25,352,334
$34,264,275
$44,092,434

Total
$66,203,803
$95,389,515
$128,833,725
$165,451,094

Direct
$18,368,984
$26,466,157
$35,765,193
$46,045,842

Indirect
$4,065,082
$5,868,079
$7,935,081
$10,188,623

Induced
$6,175,949
$8,901,417
$12,030,475
$15,481,224

Total
$28,610,015
$41,235,653
$55,730,749
$71,715,689

Direct
$1,649,064
$2,377,743
$3,213,237
$4,128,807

Indirect
$417,982
$604,079
$817,609
$1,050,588

Induced
$747,914
$1,079,371
$1,460,451
$1,881,795

Total
$2,814,960
$4,061,193
$5,491,297
$7,061,189

Wages
2010
2015
2020
2025
Taxes
2010
2015
2020
2025
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Table 13.9: Economic Impact of Power Plant Disinvestment and Reduced Generator
Profits if Maryland Joins RGGI
Employment
Direct
Indirect
Induced
Total
(106)
(61)
(132)
(299)
2010
(67)
(37)
(81)
(185)
2015
(354)
(123)
(262)
(739)
2020
(482)
(193)
(415)
(1,091)
2025
Gross State Product
Direct
$(55,072,045)
2010
$(33,504,895)
2015
$(86,618,072)
2020
$(149,626,700)
2025

Indirect
$ (7,292,319)
$ (4,469,387)
$ (14,488,419)
$ (22,939,483)

Induced
$ (13,083,843)
$ (8,018,759)
$ (25,977,419)
$ (41,139,653)

Total
$(75,448,207)
$(45,993,041)
$(127,083,910)
$(213,705,836)

Wages
2010
2015
2020
2025

Direct
$(13,454,612)
$(8,247,095)
$(26,814,691)
$(42,410,204)

Indirect
$(2,865,776)
$(1,758,359)
$ (573,280)
$ (9,200,839)

Induced
$ (4,593,820)
$ (2,815,438)
$ (9,120,858)
$(14,444,415)

Total
$(20,914,208)
$(12,820,892)
$(36,508,829)
$(66,055,458)

Direct
$ (4,652,002)
$ (2,975,149)
$ (6,262,790)
$ (11,795,845)

Indirect
$ (615,991)
$ (396,870)
$ (1,047,563)
$ (1,808,438)

Induced
$ (1,105,208)
$ (712,045)
$ (1,878,258)
$ (3,243,251)

Total
$ (6,373,201)
$ (4,084,065)
$ (9,188,612)
$ (16,847,534)

Taxes
2010
2015
2020
2025

72

Table 13.10: Total Economic Impact of RGGI if Maryland Joins RGGI
Employment
Direct
Indirect
Induced
1,158
244
419
2010
1,770
406
720
2015
1,925
423
729
2020
2,510
522
883
2025
Gross State Product
Direct
2010
$76,894,824
2015
$157,448,311
2020
$147,637,571
2025
$156,063,712

Total
1,821
2,896
3,077
3,915

Indirect
$30,149,489
$49,856,366
$51,800,620
$63,758,123

Induced
$ 40,598,432
$ 70,117,000
$ 70,751,778
$ 85,778,038

Total
$147,642,745
$277,421,677
$270,189,969
$305,599,873

Direct
$40,582,563
$70,510,701
$71,038,956
$86,162,255

Indirect
$11,164,190
$18,608,208
$24,353,186
$23,394,531

Induced
$ 14,253,209
$ 24,734,292
$ 24,976,621
$ 30,277,450

Total
$65,999,962
$113,853,201
$120,368,763
$139,834,236

Direct
$2,656,041
$7,564,406
$6,655,720
$5,056,649

Indirect
$1,478,824
$2,631,934
$2,647,797
$3,022,525

$
$
$
$

Wages
2010
2015
2020
2025
Taxes
2010
2015
2020
2025

Induced
1,834,583
3,556,028
3,398,174
3,682,105

Total
$5,969,448
$13,752,368
$12,701,691
$11,761,279

In addition, we summarize the total economic impact results separately for four key
macroeconomic measures: employment, wages, gross state product, and taxes. In each table,
the impacts are broken down by their direct impact categories: electricity consumers, energy
efficiency investments, and electricity producer impacts.
The effect of Maryland joining RGGI on total employment in Maryland is forecast in Table 13.11.
More jobs are created by efficiency investments than are lost in the electricity sector, as efficiency
activities tend to be more labor intensive than power generation. Combined with job growth
stimulated by electricity cost savings, joining RGGI generates over 1,800 jobs in 2010 increasing
to a net gain of nearly 4,000 jobs by 2025. Overall, the statewide employment impact is only 0.06
percent of total state employment in 2010, and less than 0.1 percent of Maryland jobs in all
subsequent periods.
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Table 13.11: Total statewide employment impacts if Maryland Joins RGGI
Employment
Consumer Savings
Impact

2010

2015

2020

2025

1,487

2,168

2,582

3,418

Efficiency
Investment Impact

633

913

1,234

1,588

(299)

(185)

(739)

(1,091)

1,821

2,896

3,077

3,915

Generator
Investment and
Profits Impact
Total Impact on
Employment

The effect of Maryland joining RGGI on wages is shown in Table 13.12. Overall, joining RGGI
increases wages, paralleling the employment impacts in Table 13.11. Although the positive
impact on wages from efficiency programs is greater than wage losses in the generating sector in
most periods, the difference is smaller than the employment impacts as jobs in the generating
sector have higher average wages.
Table 13.12: Total Impact on wages if Maryland Joins RGGI.
Wages
Consumer Savings
Impact

2010

2015

2020

2025

$58,304,155

$85,438,440

$101,146,843

$134,174,005

Efficiency
Investment Impact

$28,610,015

$41,235,653

$55,730,749

$71,715,689

$(20,914,208)

$ (12,820,892)

$ (36,508,829)

$ (66,055,458)

$65,999,962

$113,853,201

$120,368,763

$139,834,236

Generator
Investment and
Profits Impact
Total Impact on
Wages

The effect of Maryland joining RGGI on gross state product (GSP) is shown in Table 13.13.
Overall, joining RGGI boosts GSP, and the growth is primarily driven by reduced energy costs to
electricity consumers. The positive impact of efficiency investments is close to the negative
impact on the power generating sector. Although $150 to $300 million of positive impact across
the state seems large, it is only a small fraction of Maryland’s $250 billion economy. Overall,
joining RGGI is predicted to have a very small positive impact on economic growth in Maryland,
boosting statewide GSP by 0.057 percent in 2010 and no more than 0.1 percent in any
subsequent period.
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Table 13.13: Total Impact on gross state product if Maryland Joins RGGI.
GSP
Consumer Savings
Impact

2010

2015

2020

2025

$56,887,149

$228,025,203

$268,440,154

$353,854,615

Efficiency
Investment Impact

$66,203,803

$95,389,515

$128,833,725

$165,451,094

$ (75,448,207)

$ (45,993,041)

$ (127,083,910)

$ (213,705,836)

$147,642,745

$277,421,677

$270,189,969

$305,599,873

Generator
Investment and
Profits Impact
Total Impact on
GSP

The effect of Maryland joining RGGI on state tax revenues is shown in Table 13.14. In addition to
the tax revenue impacts estimated in previous sections, joining RGGI also creates small changes
in electricity sales taxes and the Maryland state renewable tax credit policies. Tax collections fall
as a result of reductions in electricity sales and tax credit payments adjust with renewable
generation. Overall, joining RGGI is predicted to generate a small increase to tax revenue in
early periods, but changes to a $10 million loss in tax revenue by 2025. Overall, joining RGGI
has virtually no impact on state tax revenues when viewed in light of total state revenues. For
example, the $4.5 million in predicted revenues in 2010 is 0.03 percent of the forecast $15 billion
in state revenues.
Table 13.14: Total Impact on state tax revenue if Maryland Joins RGGI.
Taxes
Consumer Savings
Impact

2010

2015

2020

2025

$9,527,689

$13,775,240

$16,399,006

$21,547,624

Efficiency
Investment Impact

$2,814,960

$4,061,193

$5,491,297

$7,061,189

$ (6,373,201)

$ (4,084,065)

$ (9,188,612)

$ (16,847,534)

$ (1,400,000)

$ (1,300,000)

$ (10,800,000)

$ (21,900,000)

$4,569,448

$12,452,368

$1,901,691

$ (10,138,721)

Generator
Investment and
Profits Impact
Electricity Sales
Taxes Less
Renewable Tax
Credits
Total

14. Related Issues and Limitations for Data or Modeling
Assumptions
In this section, we describe some limitations of the study. Some have previously been discussed
at the stakeholder meetings or in conjunction with state authorities. The intent is not to criticize
the quality of the modeling or the analytical results, but rather to illuminate other issues to be
explored.
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14.1 Fuel Prices
In this study, prices for input fossil fuels (including international oil) come from the Annual Energy
Outlook (AEO) 2006 estimates and other sources. Clearly, there is inherent volatility in
marketplace fuel prices, and in a future study one might want to investigate the impact of higher
fuel prices on the resulting electricity rates. While the Haiku model results have shown that
Maryland joining RGGI has a negligible impact on electricity rates, the same might not be true if,
for example, higher natural gas prices were considered.
14.2 Allowances and Emissions Accounting
14.2.1 Consumer Benefit for Strategic Energy Purposes
At the time of the model runs, the only RGGI state that had decided, through regulation or statute,
what percent of its CO2 emissions allowances it would set aside for consumer benefit or strategic
energy purposes, was Vermont (see Section G.1.4 in the appendix). Hence, except for Vermont,
this study assumed the minimum required by the model rule―25 percent.22 In addition, the study
made the same 25 percent assumption for Maryland in the Maryland Joins RGGI scenario. A
Vermont statute requires the state to allocate 100 percent of its emissions allowances to sale for
the public benefit; see Section 8. Different allocations for consumer benefit (e.g., a 100 percent
auction of allowances) could likely affect the model results relative to investments in energy
efficiency, mix of fuels, or the like.
14.2.2 Self Generators
This section covers self generators with a capacity over 25MW that may be exempt from the
RGGI requirements. Self generators are at or adjacent to industrial facilities and assigned to meet
the facility’s need for electricity or steam; on some occasions, they may also sell excess power
into the market (MD DNR, 2006). As mentioned previously, the RGGI cap-and-trade program will
cover electric generating units (EGUs) that have a capacity greater than 25 MW and burn more
than 50 percent fossil fuel. States can exempt certain units, including self-generating units, that
burn biomass as their primary fuel, or that sell less than 10 percent of the electricity they generate
to the grid (RGGI, 2006).
In Maryland, there are two self-generating power plants that may fall under the RGGI rule: Mittal
Steel and NewPage Corporation. Table 14.1 has facility-level data, taken from EIA and EPA data
sources. Mittal Steel is the world’s largest steel producer. Based in Rotterdam, it acquired
International Steel Group, Inc in 2005. Its plant in Sparrows Point, MD (Baltimore County) was
part of International Steel and previously of Bethlehem Steel. With four natural gas boilers and a
capacity of 152.4MW, the plant produces about 8 percent of natural gas generated power in the
state. CO2 emissions from all natural gas EGUs in the state are approximately 2.32 percent of
the state’s total emissions. since facility-level CO2 data are not reported, we estimate that the
Sparrow’s Point facility produces about 58,695 metric tons per year of CO2, which would
represent 0.18 percent of total state emissions.
NewPage Corporation, formerly West Virginia Paper Company, was established in 1888 in Luke,
Maryland. NewPage makes label, book, catalog and magazine papers, and business forms. Its
pulp and paper manufacturing facility in Maryland produces 585,000 tons per year of paper and
approximately 373,000 tons per year of hardwood and softwood pulp (NewPage Corp, 2006).
Power generation comes from two coal-fired boilers with a combined capacity of 65MW; this
represents approximately 1.15 percent of total coal capacity in the state. The plant’s CO2
emissions are estimated to be 318,125 metric tons per year, about one percent of the state total.
Overall, these self-generators (one coal, one natural gas) produce a small percentage of total
electricity in the state; their contribution to CO2 emissions is also estimated to be small. Thus
excluding them from RGGI is likely to have only a minimal effect.
22

See RGGI Model Rule (8/15/2006) section XX-5.3(a).
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Table 14.1: Self-generators in Maryland with capacity above 25MW
Company

New Page Corporation

Mittal Steel

Westvaco Fine Papers

Bethlehem Steel

Location

Luke, MD

Sparrows Point, MD

Zip Code

21540

21219

3

3

EPA Facility Id

001-0011

005-0147

EIA Utility Code

50097

9377

EIA Plant Code

50282

10485

Capacity23

60

152.4

Number Of Units

2

4

Coal

Natural Gas

1.15% (coal)

7.95% (natural gas)

318,125

58,695

1.00%

0.18%

Facility Name

EPA Region

Primary Energy Source
Percentage of Total MD
Generation By Energy Source24
Approx CO2 For Facility25
Faculty Percentage of
Total MD Emissions

14.3 Energy Efficiency
Electricity demand is influenced by a variety of factors, including energy efficiency. In the Haiku
model, data for demand are obtained from the AEO 2006 forecast. According to EIA, those
electricity demand forecasts include the effect of recent energy efficiency programs in the states
and to the extent that those programs continue at similar levels, their effect on demand, over the
short term at least, should be reflected in the demand forecasts. If energy efficiency increases
beyond their assumptions, this would result in less demand for electricity, all things being equal.
Lower electricity demand would reduce emissions even without RGGI’s cap-and-trade policies.
To model the effects of additional energy efficiency investments funded by revenues raised from
the sale of RGGI CO2 emissions allowances, we employ supply curves for energy savings that
are developed using information on technology costs provided by ACEEE. A number of
assumptions went into developing these supply curves, including the assumption that efficiency
measures are completely paid for by the program and that the program’s costs of implementing
23

Energy Information Administration.
EIA-860 Dataset, Sheet GenY05.xls. Retrieved from
http://www.eia.doe.gov/cneaf/electricity/page/eia860.html
24
From EIA-860 Dataset: data are calculated by summing the nameplate capacity of each facility by fuel
type.
25
Estimate calculated by multiplying total CO2 emissions in Maryland from power source (coal/natural gas)
with the percentage of total generation from the facility.
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these programs are $2.40 per MWh, to mention only a couple. If any of the myriad of
assumptions were to change this could have important implications for the results.
14.4 Environmental Policies
This section gives an overview of federal and state environmental policies that apply to electricity
generating units or affect the demand for electricity. In order to accurately model the energy
sector, some of these regulations have been explicitly accounted for in the Haiku Model; thus,
they are incorporated into the JHU-OUTEC and IMPLAN models which received some of their
inputs from Haiku.
14.4.1 Federal Polices
Major federal energy policies include the Clean Air Act, the Clean Air Interstate Rule (CAIR), and
the Clean Air Mercury Rule (CAMR). These rules establish cap-and-trade programs to limit
certain emissions from EGUs. All three have been incorporated in our models.
Table 14.2: Federal Environmental Policies Affecting the Electricity Sector
REGULATION

Clean Air Act of
1963
(Amendment in
1966, the Clean
Air Act
Extension in
1970, and
Amendments in
1977 and 1990

INCLUDED IN
MODELS?

DESCRIPTION
1977: New Source Review (NSR) is a permit program
that (1) "ensures that air quality is not significantly
degraded from the addition of new and modified
factories, industrial boilers and power plants" (EPA) and
(2) requires any large new or modified industrial source
must install the best available technology. The New
Source Performance Standards (NSPS) set minimum
nationwide emission limitations for classes of facilities.
(DOE)

Title IV NOx and
SO2; all NSR
settlements and
NSPS

1990 Amendments: targets three main environmental
problems: acid rain, urban air pollution, and toxic air
emissions. Title IV requires substantial reductions in
power plant emissions for control of acid rain.

Clean Air
Interstate Rule

An annual and seasonal (during the ozone season –
May to September) cap-and-trade program for 25
States and the District of Columbia to reduce emissions
of SO2 and NOx from electricity generating units. The
seasonal program replaces the NOx SIP Call. Phase I
(2010) has an annual allowance cap of 3.674 million
tons for SO2 and 1.522 million tons for NOx. Phase II
(2015): SO2 2.572 million tons and NOx 1.268 million
tons by 2015. The seasonal NOx Allowance Allocation
Caps are 0.568 million tons by 20097 and 0.485 million
tons by 2015. (Lankton, 2005)

Yes

Clean Air
Mercury Rule

Establishes a national annual cap-and-trade program
for Mercury emissions from coal-fired electricity
generating units. Phase I of the program begins in 2010
with a national annual allowance cap of 38tons; Phase
II begins in 2018, with an annual cap of 15 tons.
(Lankton, 2005)

Yes
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14.4.1.1 Selected Proposed Federal Legislation
Even after the enactment of the CAIR and CAMR rules, legislative efforts focused on broad
multipollutant bills to further reduce emissions from the electricity sector. Some of these bills
would set nation-wide carbon caps on electricity generators and have the potential to make RGGI
obsolete.
Since these are only proposed measures, they have not been explicitly accounted for in the
models. Two of the proposals -- President Bush's Clear Skies Initiative and the Jeffords Bill -were reintroduced in the 109th Congress in early 2005 with amendments to reflect updated
timetables and other matters. In May, 2006, Senator Carper (D-DE) reintroduced a bill, which
represents a middle course between the two other bills (Lankton et al., 2006). A brief summary
of these three bills follows:
S. 150, Jeffords Bill, 109th Congress: On January 25, 2005, Senator Jim Jeffords (I-VT)
introduced the "Clean Power Act of 2005." The bill would apply to EGUs with nameplate
capacity of 15MW or more and sets national annual caps for SO2, NOx, Mercury and CO2
by 2010. The system divides the country into two regions for SO2, while Mercury
allowances can neither be traded nor banked. Allowances are allocated in auctions with
revenues returned to consumers, with some set aside for impacted sectors.
S. 131, Clear Skies: Also introduced in January 2005, by Senator James Inofe (R-OK),
the Clear Skies Act of 2005 differs from the other two proposals in that it does not include
a CO2 cap. The bill would apply to facilities with nameplate capacity of 25MW or greater.
There are two phases for SO2, NOx and Mercury compliance: 2010 (2008 for NOx) and
2018. NOx caps are divided into two regions and cannot be traded between the two.
Allowances are allocated through grandfathering.
S. 2724, Carper Bill: The Clean Air Planning Act was introduced on May 4, 2006 by
Senator Tom Carper (D-DE). As a “middle road” between the two bills mentioned above,
it also incorporates two phases for its national emissions caps, 2010 and 2015. The SO2
limits are similar to S.131, while the bill’s NOx standards are more stringent. The CO2
annual caps are slightly higher than the Jeffords Bill. SO2 allowances allocation method
will be determined by the SO2 administrator; output-based allocations are used for NOx
and CO2. Like S. 131, NOx allowances cannot be traded across regions while mercury
cannot be traded at all.
14.4.2 Maryland Environmental Policies
State level energy policies, which include Renewable Portfolio Standards and regulation of NOx,
SO2 and mercury emissions, and are described below in Table 14.3:
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Table 14.3: Selected Maryland Energy Policies
REGULATION

DESCRIPTION

INCLUDED IN
MODELS?

Renewable Portfolio
Standards (RPS)

Renewable energy portfolio standard where 7.5%
of power generation will be renewable by 2019

Partial

Output-Based
Environmental
Regulation to Support
Clean Energy:
Allowance Allocation
Set-Asides

A portion of NOx allowances under the NOx SIP
call are allocated to energy efficiency, renewable
energy, and CHP projects that are not regulated
under the cap-and-trade program

Healthy Air Act

Applies to large coal burning power plants. By
2013, reduce NOx emissions by approx 75%, SO2
emissions by approximately 85%, and mercury
emissions by 90% from 2002 levels. Two phases.

No

Yes

14.4.3 Other Policies
There are several federal and state policies that impact consumer demand for efficiency and for
renewable energy sources. None of these have been explicitly included in the models since EIA
electricity demand forecasts should reflect the effect of recent energy efficiency programs in the
states.
One example is energy efficient mortgages. They are a part of federal loan programs that can be
used by homeowners to receive loans for energy efficiency measures in new or existing homes.
"The program allows borrowers who might otherwise be denied loans to pursue energy efficient
improvements" (DSIRE, 2006). There are some limits on the loan amounts. Another example is
the Residential Energy Efficiency Tax Credit which is a personal tax credit of up to $500 for
building envelope improvements or for purchases of energy appliances (e.g., heating, cooling,
water heaters). Another example is the Maryland Clean Energy Incentive Act. This Act waived
the state sales tax on a variety of products purchased between July 1, 2000 and June 30, 2004,
which were rated as energy efficient. Also, there is the Maryland Executive Order 01.01.2001.02
(March 13, 2005) which builds on the federal Energy Conservation and Production Act (ECPA). It
requires a 10 percent reduction of energy use in state buildings by 2005, and 15 percent by 2010,
from a 2000 baseline and mandates that at least 6 percent of the electricity consumed by stateowned facilities be generated from “green” energy sources. It also includes a “High Energy
Efficiency Green Building Program” that would apply to all new facilities built by the state. Lastly,
under the Maryland Interconnection Standards, net metering allows customers to gain credit for
green power generation (photovoltaics, wind, biomass, anaerobic digestion) up to 200 kW
(possible up to 500 kW).
As discussed earlier, these programs could affect consumer demand for electricity and thus
change the impact of RGGI if they were included.
14.5 Demand Growth
This section compares demand growth projections generated by EIA’s Annual Energy Outlook
(AEO) to the independent system operators in the RGGI area – Pennsylvania-Jersey-Maryland
(PJM), New York ISO (NYISO), and ISO New England (ISO-NE). The AEO compiles data by
NERC region; the corresponding region was used for each ISO. Generally AEO demand
estimates are more conservative than those of the ISO. Our models use the AEO estimates.
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Table 14.4: Comparison of Energy Demand Forecasts
Net Energy for Load (billion kilowatt-hours)

Year

AEO: MidAtlantic Area
26
Council

PJM: Mid-Atlantic
27
Region

Net
Net
% Chg
Energy
Energy
2004 284.616

% Chg

AEO: Northeast
Power
Coordinating
Council-New
28
England
Net
Energy

% Chg

ISO-NE

Net
Energy

29

% Chg

AEO: Northeast
Power
Coordinating
Council-New
30
York
Net
Energy

% Chg

NYISO

Net
Energy

31

% Chg

282.285

2005 291.604 2.40% 281.505

-0.28% 135.024

134.217

156.381

163.360

2006 297.195 1.88% 286.837

1.86% 138.001

2.16%

135.000 0.58%

153.377

-1.96% 166.893 2.12%

2007 304.596 2.43% 292.475

1.93% 141.054

2.16%

133.975 -0.77% 155.440

1.33%

170.133 1.90%

2008 312.224 2.44% 298.160

1.91% 143.058

1.40%

135.775 1.33%

158.291

1.80%

172.916 1.61%

2009 317.762 1.74% 303.309

1.70% 145.008

1.34%

138.020 1.63%

160.155

1.16%

174.634 0.98%

2010 322.250 1.39% 308.688

1.74% 146.813

1.23%

140.330 1.65%

161.980

1.13%

176.145 0.86%

2011 326.535 1.31% 314.108

1.73% 148.646

1.23%

142.790 1.72%

163.650

1.02%

177.341 0.67%

2012 330.262 1.13% 319.017

1.54% 149.922

0.85%

145.160 1.63%

165.123

0.89%

178.282 0.53%

2013 333.260 0.90% 323.788

1.47% 151.289

0.90%

147.225 1.40%

165.920

0.48%

179.302 0.57%

2014 337.127 1.15% 328.769

1.52% 153.003

1.12%

149.185 1.31%

166.989

0.64%

180.422 0.62%

2015 340.916 1.11% 333.420

1.39% 154.721

1.11%

151.085 1.26%

168.307

0.78%

182.588 1.19%

169.737

0.84%

184.630 1.11%

0.71%

1.09%

2016
Cumulative
Annual Growth 1.65%
Rate

1.51%

1.33%

1.14%

14.6 Assumptions on Transmission Capacity Potential
The study incorporates transmission data in its baseline and its policy cases in the same way:
adding two new lines into (and out of) Maryland in 2015, and growing inter-regional transmission
capacity (i.e., power transfer capability) by 1 percent per year throughout the forecast horizon.
26

Uses AEO 2005, Table 62. Electric Power Projections by Electricity Market Module Region: Mid-Atlantic
Area Council, Growth rate is for 2004-2015.
27
Uses PJM 2005 Load Forecast, Growth rate is for 2005-2015.
28
Uses AEO 2005, Table 66. Electric Power Projections by Electricity Market Module Region: Northeast
Power Coordinating Council / New England, Growth rate is for 2005-2015.
29
ISO-NE 2006 Load Forecast, Growth rate is for 2006-2015.
30
Uses AEO 2005, Table 65. Electric Power Projections by Electricity Market Module Region: Northeast
Power Coordinating Council / New York. Growth rate is for 2005-2016.
31
NYISO 2006 Load & Capacity Data, Growth rate is for 2006-2016.
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The baseline power transfer capability into Maryland comes from an assessment using PJM data.
The information on power transfer capability between other regions in the model came from a
combination of EIA data (i.e., inputs to the National Energy Modeling Systems (NEMS)) and, for
regions that are not split out in the NEMS model, from the ICF Consulting IPM model
documentation (EPA, 2006). Of course, one could allow more potential transmission capacity but
our intention was to stay with projects that were underway or fairly likely so as to arrive at a
conservative estimate.
As Maryland is a substantial importer of power, changes in assumptions (e.g., due to a different
data source) about interstate and inter-regional transmission capacity would affect the model’s
results.
14.7 Generation and Capacity
14.7.1 Existing Plants
Changes in the assumptions about the heat rate of existing plants (Btu/kWh) may yield different
model results. For example, an assumption of a lower heat rate for scrubbed coal (i.e., less
Btu/kWh) would be expected to reduce its emissions per energy output, thus making such
generation more favorable to dispatch. In addition, the Haiku model allows changes, specifically
improvements in the heat rates over time at some existing plants. This differs from some other
models, such as IPM, which often assume constant heat rates for existing plants. Changes in the
assumptions about heat rate adjustments may also yield different model results.
14.7.2 New Plants
Changes in the assumptions about the heat rates, costs, and lead times for construction of new
plants of each technology modeled may yield different results. For example, lower cost
assumptions for one particular technology, say IGCC, would be expected to result in different
overall emissions output and electricity prices. Changes in the assumptions about the relative
changes of heat rates, cost and lead times among the various “vintages” (e.g., temporal classes
of plants) would also be expected to yield different results.
14.8 Other Benefits
The geographic shifts in emissions that could result from Maryland joining RGGI could have
effects on ambient concentrations of pollution and related health effects in particular locations that
are not evaluated as part of this study. These “ancillary benefits” of emission reduction policies
are the effects that are additional to direct reductions of pollution. In most cases, policies to abate
or otherwise reduce GHG emissions lead to lower energy use and to changes in the energy mix
towards cleaner fuels. These changes would reduce local air pollutants and lead to “lower
morbidity and mortality from pollution, better visibility, higher crop yields and less damage to
structures (through the reduction of acid rain)” (OECD, 2002). According to a review by the
Intergovernmental Panel on Climate Change, ancillary benefits can be anywhere from 30 percent
to over 100 percent of abatement costs; health effects are about 70-90 percent of the total value
of ancillary benefits (OECD, 2002).

15. Conclusions
The adverse impacts of greenhouse gases (GHGs) from human activity on global climate change
are being recognized and world-wide efforts, such as the The United Nations Framework
Convention on Climate Change and the Kyoto Protocol, are aimed at stabilizing these GHG
concentrations in the atmosphere at more acceptable levels. Although, the United States has not
ratified the Kyoto Protocol, some states have decided to establish environmental programs that
seek to limit the adverse effects of GHGs. One such program, enacted in April 6, 2006 by the
State of Maryland, is the Healthy Air Act (HAA). This legislation mandates reductions in three
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major pollutants from coal-fired power plants: nitrogen oxides (NOx), sulfur dioxide (SO2) and
mercury. In addition, the HAA addresses carbon dioxide (CO2) emissions by requiring Maryland
to become a full participant of the Regional Greenhouse Gas Initiative (RGGI). If indeed
Maryland joins RGGI, it would become a member in a consortium of Northeastern and MidAtlantic states advocating a common policy for reducing CO2 emissions from power plants via a
cap-and-trade program with a market-based trading system.
The Maryland Department of the Environment (MDE) is charged with implementing the HAA
through regulations designed to reduce air pollution from Maryland power plants, and meet
National Ambient Air Quality Standards (NAAQS) for ozone and fine particulate matter. Notably,
Maryland is the first state to adopt four-pollutant legislation; and the first state that derives most of
its electricity from coal to commit to CO2 reductions statewide. Under the HAA, between July 1,
2006 and January 1, 2008, MDE is required to study reliability and cost issues that may result
from joining this climate change consortium. The study presented in this report has been carried
out to inform MDE on the energy, environmental and economic impacts of Maryland joining
RGGI, as required by the HAA.
The primary contractor for the study has been the University of Maryland through its Center for
Integrative Environmental Research (CIER, www.cier.umd.edu). As an entity within the Division
of Research, CIER’s unique strengths lie in its ability to reach across all colleges of the university
to effectively assemble the state’s best researchers to address pressing environmental,
technological, economic and policy issues. CIER’s unique role also helps leverage input from the
many research organizations and other universities outside the University of Maryland. To meet
the specific tasks of this project, experts in energy, the environment and economics from
Resources for the Future (RFF), the Johns Hopkins University (JHU) and Towson University (TU)
were brought in to round out the research team as subcontractors.
Three models were used by the UMD team to complete their analysis described above. The
Haiku model by RFF, is a national economic simulation of the electric power grid that allows for
measuring impacts of environmental programs on both power and permit allowance markets.
Haiku was the main model and provided inputs to the other two models that sought to examine
other characteristics of the research question. The JHU-OUTEC model by JHU, is a regional
market equilibrium model for the Pennsylvania-New Jersey-Maryland (PJM) electric power area
allowing for market power in the generation sector. In addition, this model was used to study
sensitivity of the transmission capacities for PJM on the results. Lastly, IMPLAN, an input-output
model, was used by TU team members to measure economic effects such as changes in
employment levels among other important economic indicators.
The main conclusions of this study indicate that, overall, joining RGGI would have only a limited
impact on the economy and electric power markets in Maryland. Similar conclusions hold for the
current RGGI region and affected areas outside this region. Some specific examples of the
results obtained include the following:
Electricity demand will be lower as compared to a baseline (3 percent in 2025) due to energy
efficiency investments funded by CO2 permit allowance sales.
Emissions of CO2 from electricity generators in Maryland will be lower as expected with
emissions falling substantially below allocated target levels in 2010. Over the entire forecast
horizon, cumulative emissions of CO2 in the expanded RGGI region, including Maryland, fall by
26 million tons including offsets that reduce GHG emissions in other sectors by the equivalent of
roughly 19 million tons.
Electricity prices paid by ratepayers will remain virtually unaffected and small reductions in
electricity demand will occur because greater investment in energy efficiency (e.g., annual
electricity bill to drop by $22).
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A small yet positive impact on the state economy will result (e.g., less than 0.1 percent of overall
Maryland gross state product and employment in all years).
The study did not investigate the potential social, economic and environmental benefits, if any,
that may result in Maryland and elsewhere from having the State take on a leadership role in
greenhouse gas emissions reductions. A detailed exploration of the impacts on generators, rate
payers and the state economy as a whole reveals, however, that any such benefits may be
achieved with little, if any, adverse effects.
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II. THE APPENDIX
A. Abbreviations/Acronyms
ACEEE
ACI
AEO
BkWh
CAA
CAIR
CAMR
CDM
CER
CFC
CH4
CIER
CO2
CPR
DOE
DSM
EEI
EFC
EGU
EIA
EPA
ERCOT
ERO
ETS
FERC
FGD
FRCC
GHG
GSP
GW
GWh
HAA
IGCC
IPCC
IPM
IRP
ISO
ISO-NE
JHU
JHU-OUTEC
kV
LCP
LDA
LMP
LOLE
LOLP
LSE
MAAC
MACT
MAPP

American Council for an Energy Efficient Economy
Activated Carbon Injection
Annual Energy Outlook
Billion Kilowatt Hours
Clean Air Act
Clean Air Interstate Rule
Clean Air Mercury Rule
Clean Development Mechanism
Certified Emissions Reduction
Chlorofluorocarbons
Methane
Center for Integrative Environmental Research
Carbon Dioxide
(Maryland) Clean Power Regulations
US Department of Energy
Demand Side Management
Edison Electric Institute
Environmental Finance Center
Electric Generating Unit
Energy Information Administration
US Environmental Protection Agency
Electric Reliability Council of Texas
Electric Reliability Organization
EU Emission Trading System
Federal Energy Regulatory Commission
Flue Gas Desulfurization
Florida Reliability Coordinating Council
Greenhouse Gas
Gross State Product
Gigawatts
Gigawatt Hours
Healthy Air Act
Integrated Gasification Combined Cycle
Intergovernmental Panel on Climate Change
Integrated Planning Model
Integrated Resource Plan
Independent System Operator
Independent System Operator – New England
Johns Hopkins University
Johns Hopkins University-Oligopoly Under Transmission and Emissions
Constraints
Kilovolt
Linear Complementarity Problem
Local Demand Area
Locational Marginal Prices
Loss of Load Expectation
Loss of Load Probability
Load Serving Entity
Mid-Atlantic Area Council
Maximum Achievable Control Technology
Mid-Atlantic Power Pathway

86

MDE
MOU
MRO
MSE
MVA
MW
NAAQS
NAICS
NEMS
NERC
NIMBY
NMISA
NOX
N2O
NRC
NSPS
NSR
NYISO
NPCC
NYSERDA
O&M
PTDF
PUC
REPC
RESI
RFC
RFF
RGGI
RPM
RPS
RTEP
RTO
SAIDI
SAIFI
SCR
SERC
SIL
SIP
SO2
SPP
T&D
TBtu
TU
UMD
VRR
WECC

Maryland Department of the Environment
Memorandum of Understanding
Midwest Reliability Organization
Major Storm Excluded
Megavars
Megawatt
National Ambient Air Quality Standards
North American Industrial Classification System
National Energy Modeling System
North American Electric Reliability Council
Not In My Backyard
Northern Maine Independent System Administrator
Nitrogen Oxides
Nitrous Oxide
Nuclear Regulatory Commission
New Source Performance Standards
New Source Review
New York Independent System Operator
Northeast Power Coordinating Council
New York State Energy Research and Development Authority
Operations and Maintenance
Power Transfer Distribution Factors
Public Utility Commission
Renewable Energy Production Tax Credit
Regional Economic Studies Institute (Towson University)
ReliabilityFirst Corporation
Resources for the Future
Regional Greenhouse Gas Initiative
Reliability Pricing Model
Renewable Performance Standard
PJM Regional Transmission Expansion Planning Process
Regional Transmission Organization
System Average Interruption Duration Index
System Average Interruption Frequency Index
Selective Catalytic Reduction
SERC Reliability Corporation
Surge Impedance Loading
State Implementation Plan
Sulfur Dioxide
Southwest Power Pool, Inc.
Transmission and Distribution
Trillion British Thermal Units
Towson University
University of Maryland
Variable Resource Requirement
Western Electricity Coordinating Council
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D. An Overview of Modeling Approaches
We discuss below the three models used in the analysis of Maryland Joining RGGI. The main
model was Haiku, a national simulation of the electric power grid and of environmental policies.
Outputs from this model were then used by the JHU-OUTEC and IMPLAN models which
analyzed more regional level power grid issues as well as economic aspects. Consequently, the
description below provides more detail on the Haiku model.
D.1 Haiku
The Haiku model uses a parsimonious approach in constructing a model that captures the detail
of the national electricity market within a framework that can be used as a laboratory for exploring
market economics and public policy. This is achieved by creating reduced form modules for some
aspects of electricity related markets, while preserving detail in others. Haiku is an iterative
simulation model that solves for equilibria in spatially and temporally linked electricity markets by
obtaining simultaneous compliance with a large set of constraints. The solution identifies the
minimum cost strategy for investment and operation of the electricity system for meeting demand
given a wide set of regulatory institutions. In the absence of market power or other strategic
behavior, the minimum cost solution is also the profit maximizing solution. Since the quantity of
electricity demand responds to changes in price, the solution is also the welfare-maximizing
outcome within the electricity sector. This section provides an overview of the level of detail
represented in the model, and a broad discussion of the iterative techniques used to find model
equilibrium.
D.1.1 Features of the Model
The Haiku model includes a representation of supply and demand in geographic regions that are
linked by electricity transmission capability and by time through various short run scheduling
decisions and long run investment decisions.
Model Plants and Regions
Haiku aggregates generation capacity into model plants that are composed of constituent
generators sharing technical similarities. Each model plant is defined by five fields (not all are
relevant to every model plant) including: 1) prime mover (the power plant technology), 2) fuel
type, 3) fuel demand region (coal plants), 4) technical efficiency, and 5) vintage. The capacity of a
model plant is calculated by summing the capacity of all constituent generating units meeting the
model plant criteria. Other model plant parameters (e.g., latitude and longitude, emissions rates,
costs, planned and forced outage rates, heat rate) are calculated from the nameplate capacityweighted average of the constituent generating units. Over time, the available generation capacity
changes as existing plants retire, new plants are built, and other plants evolve in accordance with
rates reflecting technological improvement.
Each model plant is located in one of 20 Haiku regions that divide the lower 48 states of the
United States, as illustrated in Figure D.1. In some cases these regions correspond to the NERC
sub regions. In others, especially in the northeast, finer detail is gained by aggregating model
plants into smaller regions that correspond to states or even small groups of states. Regions
represented in the model with market-based pricing of electricity are indicated with a darker
shade. Canada is treated in the model as an aggregate entity with which limited power trading is
permissible. There is no power trading with Mexico.
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Figure D.1: Mapping of States and Regions

Seasons, Time Blocks, and Customer Classes
Three seasons are represented in Haiku: 1) Winter is a three-month season including December,
January and February; 2) Spring/Fall is a four-month season including March and April, and
October and November, and 3) Summer is a five-month season from May to September that
conforms to the ozone season in the eastern United States.
Within each season, hours are separated into four time blocks that reflect the level of aggregate
electricity demand. The time blocks are named baseload, shoulder, peak, and superpeak. The
baseload time block includes the 70 percent of hours in the season that have the lowest electricity
demand. The shoulder includes the next 25 percent of hours. The peak includes the next 4
percent, and the superpeak includes the final 1 percent of hours in each season.
The total demand for electricity in each region, season and time block, is aggregated from
demand that is calculated for three customer classes: residential, commercial, and industrial.
Each customer class has a unique willingness to pay for electricity and a unique response to
changes in electricity price.
Simulation Years & Foresight
Haiku finds equilibrium in electricity markets over any set of simulation years. Often the model is
run for four or five simulation years between 2010 and 2030 in 5-year increments. Estimates for
intervening years are derived by interpolation between the simulation years. Since power plants
are long-lived investments and capacity investment and retirement decisions must account for
revenue and cost streams over a long time horizon, the model finds simultaneous equilibria for
each simulation year assuming perfect foresight about the future. Perfect foresight is a strong
assumption that cannot be relaxed in the Haiku modeling structure, so the model is deterministic.
This limitation is addressed through sensitivity analysis in which alternative deterministic solutions
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are found for varying input assumptions, or through the use of approximation methods using finite
differences to estimate the nonlinear behavior of the model over a set of random variables.
Supply, Demand and Inter-Regional Power Trading
Electricity market equilibria are found for each simulation year, region, season and time block.
The equilibrium is derived from a supply schedule composed of model plants and a demand
schedule aggregated from the demand of the three customer classes. The model endogenously
determines most of the characteristics of the model plants, including generation capacity and
installed pollution abatement technologies and, to some degree, the technological characteristics
of the model plants. Endogenous factors such as investment in efficiency improvements and
conservation also modify the demand schedule in the model.
In addition to market equilibria within regions, there also exist market equilibria between regions.
Haiku represents the national transmission grid as a set of potential bilateral trades between
every pair of contiguous regions. For regional pairs that are not contiguous, no direct power
trading is allowed. However, power trades between non-contiguous regions may be executed
through intervening regions that connect the non-contiguous regions. The model accounts for
differences in regional electricity prices, inter-regional line losses and transmission costs to find
equibilbria subject to constraints on inter-regional transmission capability. Intra-regional line
losses are also accounted.
Control Variables, Iteration and Convergence
The Haiku model uses an iterative convergence algorithm to find an equilibrium involving 17
control variables that contain about 80,000 individual elements. Each element in each control
variable has an equilibrium value given all of the other elements in all of the other control
variables. Each control variable is adjusted in each iteration in reply to the value of the other
variables. Equilibrium is defined as the state in which all control variables are simultaneously the
best reply to the value of all other control variables. Exact equilibrium is never achieved so
convergence criteria are applied to determine when adequate precision is achieved. The
possibility that the model solution is not unique is mitigated by confirming that equivalent solutions
are obtained from different initial conditions. This is not confirming evidence of uniqueness, just
suggestive.
Data
The data in Haiku come from a variety of mostly public sources. These sources are listed in
Table D.1 below.. The Energy Information Administration (EIA) is a primary source of data on the
performance characteristics of many of the generation technologies represented in the model. In
addition we look to EIA for information about fuel supply. The Environmental Protection Agency
(EPA) provides important information about pollution control technologies. In some cases this
information is supplemented with information from the North American Electricity Reliability
Council (NERC), and in other cases firms have shared proprietary data or we have supplemented
information with our own research.
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Table D.1: Data inputs to the Haiku Model

Category

Variables

Source*

Capacity
Heat Rate
Fixed and Variable O&M Cost
Existing pollution controls
Planned pollution controls
Baseline Emission Rates
Scheduled and Unscheduled Outage
Rates

EIA
EIA
FERC\EIA\EPA
EPA\EIA\RFF
RFF
EPA (CEMS/NEEDS)
NERC GADS data

Capacity
Heat Rate
Fixed and Variable Operating Cost
Capital Cost
Outage Rates

EIA\EPA\Proprietary
EIA\EPA\Proprietary
EIA\EPA\Proprietary
EIA\EPA\Proprietary
EIA\EPA\Proprietary

Wellhead supply curve for natural gas

Interpolated based on
EIA forecasts
EIA (AEO 2006)

Existing Generation

New Generation
Facilities

Fuel Supply
Delivery cost for natural gas
Minemouth supply curve for coal by
region and type of coal
EIA (AEO 2006)
Delivery cost for coal
EIA (AEO 2006)
Delivered oil price
EIA (AEO 2006)
Pollution Controls
SO2 – cost and performance
NOx – cost and performance
Hg – cost and performance

EPA
EPA
EPA

Transmission
Inter-regional transmission capacity
NERC
Transmission charges
EMF
Inter and intra regional transmission
losses
EMF
Demand
Data year (2006) demand levels by EIA
season and customer class
Load Duration Curve
RFF
Trends in Demand Growth by EIA (AEO 2006)
customer class and region
Elasticities by customer class
Economics literature
Institutions
Haiku is designed to simulate changes in electricity markets. Particular attention is paid to
modeling changes in the structure of electricity markets and in the environmental regulations that
govern them. Changes like these affect the incentives and the economic behavior of participants
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in the markets, including producers of electricity and reserve services, transmission grid owners,
and electricity consumers. In turn this affects various output measures of interest such as
electricity price, and environmental performance of the market. This section will detail the
capabilities of Haiku for modeling different types of market structures and environmental policies.
Market Structure
The passage of the Energy Policy Act of 1992, unleashed a process that changed the regulatory
and market structure of the United States’ electric power industry. The Act called on the Federal
Energy Regulatory Commission (FERC) to order all transmission-owning utilities to open access
to their transmission systems at nondiscriminatory, cost-based transmission rates to facilitate
competitive wholesale power transactions. Many states followed with legislation and regulations
that opened retail markets to competition as well. Now, almost half of the population lives in
states that have restructured their retail electricity markets and introduced competition. Figure D.2
provides a summary of the status of restructuring across the nation.
The structural details of electricity markets nationwide vary widely. The model categorizes all
markets as either regulated or competitive. Regulated prices, based on average cost of service,
are the traditional way of setting prices. In competitive markets, prices are based on the marginal
cost of service. Haiku treats each region of the country as either regulated or competitive to find
equilibrium electricity prices. In many cases, the states that comprise a region do not all share a
single market structure. In such cases, Haiku uses the market structure that characterizes a
majority of the population within the region.
The remainder of this discussion of market structure will describe the algorithms for pricing
electricity under regulated pricing and competition, the refinements to these general models, and
the effects of competition on technical parameters.
Regulated Pricing (Average Cost Pricing)
The traditional method employed by state commissions for pricing electricity is to calculate the
average cost of providing electricity services to each customer class and then set electricity
prices accordingly. This is called regulated pricing. Haiku models regulated pricing by breaking
electricity services into two components – generation and reserve services, and transmission and
distribution (T&D). The costs of generating electricity and providing reserve service vary by time
block and season, but not by customer class within a time block. However, since the distribution
of demand over time blocks varies by customer class, the annual average generation and reserve
components also vary by customer class. Regulated generation and reserve prices are
determined according to average cost of service, i.e., total costs, including capital and variable
costs, divided by sales units (denominated in kWh). The cost of T&D is treated as constant over
time, but does explicitly vary by customer class. T&D is expressed in $/kWh, and represents the
average cost of T&D.32 Electricity price is equal to the sum of the annual average prices of these
services for each customer class.

32

Another reason prices might vary by customer class is that state public service commissions, which have
authority for setting prices, have discretion in setting prices to promote economic development or attract
business. This can lead to prices differentiated by customer class. Since these policies tend to be
idiosyncratic, and also to vary among states within Haiku’s regions, they are not represented explicitly.
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Figure D.2 Status of restructuring, 2005

Source: Joskow, Paul L. “Markets for Power in the United States: An Interim Assessment,”
(August 23, 2005).
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For a single regulated region (ignoring power imports and exports), the equilibrium electricity
price is that which solves Equation (1).

Pi =

K + ∑V j
j

∑ Dij (Pi )

+ Ti

(1)

i, j

where,
= electricity price for customer class i [$/kWh],
Pi
Dij(Pi) = demand for electricity from customer class i in time block j at price Pi [kWh],
= regional fixed costs of generation capacity, including annualized capital cost
K
[$/yr],
= variable costs incurred for generation and reserve in time block j [$],
Vj
= charge for T&D for customer class i [$/kWh].
Ti
Other considerations are also captured by user-required assumptions in the model. One
consideration relates to the proceeds from inter-regional power trading. The term rents refers to
revenues in excess of costs. If a producer can sell power outside the region at a price greater
than the marginal cost of generation, the difference between revenue and cost are referred to as
rent. The user must determine whether producers or consumers in regulated regions keep the
rents from inter-regional power trading. Typically these rents are assigned in whole or for the
most part to consumers.
A second consideration is the variety of factors that are not explicitly captured by the model that
affect the operation of the electricity system. For example, some generating units may appear
expensive and would not be selected to run in a given time block by the model, but in reality they
may play an important role in balancing the power system or providing waste heat for other
purposes. These and other factors are captured by the calibration of the model.
Competitive Pricing
In regions with competitive electricity markets the price of electricity is equal to the sum of four
components: generation price, reserve price, a T&D charge, and a charge (or rebate) for stranded
assets. The treatment of T&D in competitive regions is identical to its treatment in regulated
regions, e.g., T&D is a fixed charge for each customer class expressed in $/kWh which equals
the average cost of T&D services and does not vary over time.
Generation prices in competitive regions are simply equal to the marginal cost of generation in
each time block. Marginal cost in a time block consists only of the variable costs that would be
avoided by the marginal unit were it to abstain from generating in the time block. The degree to
which other cost categories, such as a fixed operation and maintenance cost, and a capital cost,
are loaded into marginal cost is an empirical question. Haiku uses as a default assumption that
no other cost categories are loaded into marginal cost. Generation prices vary by time block, but
not by customer class in a time block.
Haiku solves for an equilibrium payment for reserve services, which is termed the reserve price,
and is roughly analogous to capacity payments that exist in various forms in competitive regions.
The reserve price reflects the scarcity value of capacity in each time block. As such, it is like the
generation price in that it varies by time block, but not by customer class in a time block. Given
an equilibrium set of generation prices and reserve prices, the reserve price in any single time
block is set just large enough to prevent the marginal provider of reserve services in the time
block from retiring. This calculation accounts for costs incurred and revenues garnered by this
marginal unit in all other time blocks. In equilibrium, the reserve prices in base load time blocks
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typically will be zero, while the reserve prices in other time blocks will vary and the prices in the
superpeak time blocks will be high.
Another component of electricity price in competitive regions is a charge or rebate for stranded
assets. This component is phased out over this decade and is a very small part of the estimated
electricity price.
An important distinction exists between wholesale competition and retail competition. The former
describes competition in wholesale power markets, and the way that prices for bulk power in
those markets are determined. The latter describes competition in retail markets, and the way
that prices for sales to final customers are determined. In practice, a region may have wholesale
competition, with generation prices determined by marginal costs, but it could still have reserve
services provided in a variety of ways that resemble regulation, and retail prices could be based
on average cost of service calculated on the basis of the competitive wholesale price. In Haiku,
the identification of a region as competitive does not distinguish between wholesale and retail
competition. If a region is designated as regulated, then revenue to producers across the region
is constrained to equal their total costs. However, in competitive regions producers are
guaranteed only to recover their variable costs (otherwise they would retire a generating unit) but
their total revenues may or may not exceed their total costs.
Another important way that prices may vary between regulated and competitive markets is in the
application of time-of-use pricing. Time-of-use pricing means that the price differs over the course
of the day according to a predetermined schedule that is known to the consumer. Haiku allows
time-of-use pricing to be implemented for individual customer classes within any region that is
modeled under competitive pricing. In practice, the usual default assumption is that residential
and commercial customers will not face time-of-use pricing. For customer classes that do not face
time-of-use pricing, the same four components of electricity price are used, but they are averaged
over time blocks within a season for each customer class. These customer classes will face
prices that vary by season, but not by time block within a season. Ignoring inter-regional power
trades, the equilibrium electricity prices for customer classes that do not face time-of-use price
are those which solve Equation (2).

∑ D (P )(G + R )
=
+T + S
∑ D (P )
ij

Pik

ik

j

j

(2)

j

i

ij

ik

j

where,
= electricity price for customer class i in season k [$/kWh],
Pik
Dij(Pik) = demand for electricity from customer class i in time block j (which falls into season k)
at price Pik [kWh],
= generation price in time block j [$/kWh],
Gj
= reserve price in time block j [$/kWh],
Rj
= charge for T&D for customer class i [$/kWh].
Ti
= charge stranded assets [$/kWh].
S
Effect of Market Structure on Technical Parameters
Competition in the electricity industry is expected to quicken the pace of technological change.
Productivity change that results from restructuring is implemented in the model through changes
in four parameters: improvements in availability factor at all generators; reductions in the heat
rate at existing fossil-fuel and nuclear-fired steam boilers; reductions in operation and
maintenance costs, at all existing generators and; reduction in general and administrative costs at
all generators. The rates of productivity change resulting from restructuring have two
components. First, Haiku assumes that a region that has just moved to competitive pricing will
reap rapid improvements for two years. Second, the entire country will observe a smaller rate of
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improvement as a function of the proportion of the country that has implemented competitive
pricing. As the proportion of the country implementing competitive pricing grows, the rate of
improvement in these four parameters will grow. This component of productivity improvements
reflects the common availability of technology, the common investment climate shared by firms in
different regions, and the expectation that competitive pricing could spread to all regions in the
future.
Environmental Policies
The Haiku model represents environmental policies affecting the electricity industry in a flexible
manner. Haiku models emissions and abatement techniques for NOx, SO2, CO2 and mercury. In
addition, it can simulate environmental regulatory methods including cap-and-trade programs for
emission allowances, technology standards, post-combustion emission control performance
standards, and emissions taxes. Particular flexibility is available for modeling emissions
allowance trading programs with capabilities including allowance banking, different methods of
allowance allocation, allowance safety valves, allowance caps which rely on circuit breakers and
allowance offsets for CO2 emissions. Haiku is also equipped to model policies specific to
renewable technologies including renewable portfolio standards and renewable energy
production credits.
This section provides detail on the modeling techniques employed to simulate environmental
policies.
Emission Allowance Trading
Cap-and-trade programs for emission allowances have become a prominent way to regulate
emissions for the electricity industry. Typically, such a regulatory approach will establish a cap on
aggregate emissions. Individual facilities are required to surrender one allowance for every unit
(e.g., ton) of emission. Individual facilities retain flexibility on how to meet their compliance
obligation. One option is to reduce their emissions, but if another facility can reduce emissions at
less cost then it is profitable to compensate the other facility for doing so by purchasing an
emission allowance that can be used for compliance. There are numerous variations in these
programs, most of which can be represented in the model. We describe these below.
Allowance Prices & Banking
The fundamental element in the emission-trading algorithm is the allowance (permit) price. Many
other components in the model take the solution to the allowance price algorithm as an input that
affects incentives and behavior. These components include the algorithms for generation
dispatch and investment in pollution controls. Haiku also is capable of modeling emissions taxes.
The model treats an emissions tax as equivalent to an allowance-trading program with an
exogenously specified allowance price. Since emissions taxes can be modeled as a special case
of an allowance program, no more discussion will be devoted to taxes.
Under a standard allowance trading policy, Haiku simply finds the allowance price that, in
equilibrium, yields annual emissions equal to annual allowance allocation. Any combination of
the Haiku regions may be aggregated under a single allowance policy and any combination of
model plants may be designated as requiring an allowance for each unit of emissions. The model
is equipped to handle policies in which the number of allowances required per unit of emissions
varies by season. This is managed by multiplying seasonal emissions by a coefficient reflecting
the number of allowances required per unit emissions in each season. It is in this manner that
Haiku can simulate the NOx SIP Call policy, which applies only to emission between May and
September. The coefficient for the other months is set to zero.
A common feature of allowance trading is the ability to bank allowances for use in a future
compliance period. The Haiku allowance-banking algorithm is built on the Hotelling rule from
natural resource theory. This rule states that a non-renewable resource, like oil, will be extracted
at a rate that causes the price for the resource to rise at a rate equivalent to the discount rate of
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the producer. The reason that one might expect this to be true is simply that if the price of the
resource were to rise at a different rate, the owner of the resource could make money by leaving
the oil in the ground, or alternatively extracting it all at once. If the entire industry behaved in this
way, then price would adjust until, in equilibrium, the rate of change in price equals the discount
rate.
A version of the Hotelling rule is expected to apply to emission allowance banking because they
can be treated as a non-renewable resource with a fixed allocation that will be priced according to
the allowance consumption rate of the electricity industry. As such, the bank will be built up and
then drawn down at a rate that causes allowance prices to rise at the discount rate of the
electricity producers. When the quantity of allowances in the bank is zero, the allowance price
may rise at a rate slower than the discount rate because the bank is not permitted to have a
negative balance. However, the allowance price may not rise at a rate faster than the discount
rate.
Haiku applies the Hotelling rule to emissions allowances by bounding the solution to a standard
allowance policy that does allow banking. In equilibrium, the model measures the date at which
the allowance bank begins to accumulate, the date it is exhausted, and the allowance price at the
moment of exhaustion. The allowance price in all years prior to the initiation of the bank must rise
at no more than the discount rate. Between bank initiation and exhaustion, the allowance price
must rise at a rate exactly equal to the discount rate. After bank exhaustion, the model permits
the bank to be reinitiated. So the period after bank exhaustion is identical to the period before
bank initiation and thus the allowance price must rise at a rate no greater than the discount rate.
Allowance Allocation
Haiku is capable of modeling a variety of methods for the initial distribution of emission
allowances. These allocation methods include the apportionment of allowances from the federal
to the state level and the method by which the allowances are distributed to the electric utilities
that will require them. In some policies, like the SO2 trading program under Title IV of the 1990
CAA, the federal government stipulates that the SO2 allowances will be forever grandfathered to
a set of facilities using a formula identified in the statute. In other policies, like the RGGI, each
state that is a party to the agreement is apportioned a quantity of allowances that they may
allocate to electricity generators (or anyone else) at their discretion, subject to guidelines set forth
in the model rule. Haiku is capable of modeling either type of policy. For any allowance policy, the
model is configured with a set of regions in the domain of the policy, and the allowances to be
allocated under the allowance policy are allocated either in aggregate or apportioned to the
regional level and then allocated.
The various methods of allocating emissions allowances can be classified in three categories:
auction, grandfathering (historic-based allocation), and updating-based allocation. For any bundle
of allowances, any two of these three methods may be specified in any proportion for each model
year. Thus, a policy that incorporates a gradual shift from grandfathering to an auction, for
example, can be modeled by Haiku.
Under an auction, allowances are sold at a market price to anyone who wishes to buy them. The
government that is responsible for determining the allocation, like the federal government or a
state government, collects the revenues from the auction and may then recycle them at their
discretion. Haiku generally treats these allowance revenues as an unassigned public good, but
also has the capability to model investment in efficiency measures to promote electricity
conservation as is proposed under RGGI. Under grandfathering, allowances are given for free to
recipients who are identified by their historical generation of emissions. Haiku can simulate a
grandfathering-type policy using any historical data. Updating-based allocation is a system in
which allowances are given for free to recipients based on a measure that is continually updated.
The usual measure that is used is each facility’s share of recent electricity generation. For
example, allowance allocation in year t could be determined based on generation in year t-2. This
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allocation method introduces an incentive to generate because generation earns an allocation of
valuable allowances. Haiku is configured to accommodate any set of model plants for allowance
allocation eligibility and for a lag of any duration between the year in which output is measured
and the year in which it earns an allocation. One refinement to updating-based allocation that
Haiku is equipped for, is allowance allocation awarded only to incremental changes in output. For
example, Haiku can be configured to allocate allowances to generators only on the basis of
recent output that is greater than their output in the year 2000. Thus, only recent output that is
larger than historic output, earns an allocation. Haiku can also simulate a demand conservation
incentive in which electricity consumers can earn the value of an allowance allocation by
voluntarily reducing their electricity demand.
After allowances are allocated by the issuing agency, they may be traded among electricity
generators and, under banking, by a third party investor. Haiku tracks allowance ownership and
accounts for the revenues or costs associated with the allowance market. These costs and
revenues can affect the capacity investment and retirement decisions made by generators and
have a direct effect on electricity prices in regulated regions.
Allowance Offsets for Carbon
The most important greenhouse gas that is a byproduct of electricity generation is CO2. It
accounts for about 40 percent of GHG emissions in the United States. These emissions have
been the focal point of proposed GHG legislation for near term reductions, but other abatement
techniques are available to other industries. Legislation, in development, for controlling CO2
emissions from the electricity industry often contains provisions allowing electricity generators to
earn CO2 reduction credits by paying others to abate GHG accumulation by these other
techniques. These credits are known as allowance offsets.
Haiku incorporates data about the availability and cost of offsets that was obtained from the RGGI
Staff Working Group and developed by the RGGI Staff Working Ground using EPA data. Haiku
incorporates this data as allowance offset supply curves and expresses them in terms of tons of
CO2 equivalent abatement for prices expressed in dollars per ton of CO2 equivalent. Haiku can
accommodate regulatory provisions that permit allowance offsets to be used for compliance with
an allowance cap-and-trade program by allowing electricity generators to purchase offsets from
the offset supply curves. This yields CO2 emissions that exceed allowance caps by an amount
equal to the number of allowance offsets purchased from outside the electricity industry.
Proposed RGGI regulations allow carbon offsets to be used up to bounds that increase as the
allowance price rises. These are called price triggers. RGGI also expands the geographic area
from which allowance offsets can be purchased as the allowance price rises, thereby expanding
the potential supply of offsets at any given allowance price. Haiku is capable of modeling both
types of provisions.
Policies for Renewable Technologies
Many policies are in place to promote renewable technologies. In addition to relatively simple and
direct mandates for investment in renewables in regulated regions of the country, legislatures
have often adopted renewable portfolio standards and tax credits. These can also be modeled in
Haiku.
Renewable Portfolio Standard
A renewable portfolio standard (RPS) imposes a requirement that a percentage of annual
electricity generation must be performed by renewable sources. Haiku models an RPS as an
allowance trading program in which one RPS allowance is equivalent to one MWh of renewable
generation; and each utility receives one RPS allowance for each MWh generated by a
renewable source. A source that is partly renewable (e.g., biomass co-firing) receives allowances
commensurate with the percentage of the generator that is powered by a renewable source. The
allowances can be traded among facilities and between utilities. At the end of each year every
facility must have enough allowances to satisfy the RPS. For example, if the RPS requires that 5
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percent of national annual generation be renewable, then a utility that generates 1,000 MWh in a
year must have 50 RPS allowances. The RPS can be specified at the national level and at the
regional level.
Haiku calculates the value of the RPS allowances such that the prescribed RPS percentage is
achieved. The subsidy value (for renewable sources) or cost (for nonrenewable sources) of the
allowances, is added to the marginal cost at which generators are dispatched. The user is able to
cap the value of the RPS allowances using the RPS safety valve. If the allowance price reaches
the safety valve price, then the allowance price is not allowed to climb any further, and the RPS
percentage specified by the user will not be achieved.
Renewable Energy Production Credit
A renewable energy production credit (REPC) is a program under which electricity generators
certified as renewable technologies, earn a tax credit for generating power. Such programs are
already in existence at the federal level and in some states. Haiku models an REPC by treating it
as variable revenue that offsets the variable cost of generation. This moves qualified renewable
technologies up in the dispatch ordering of electricity generators and effectively reduces their
operating costs. The REPC can be specified at both the national and regional levels.
Usually REPC programs provide tax credit only to new facilities and only for a fixed duration.
Also, these programs are often enacted for a limited number of years, after which they expire and
may be renewed. For example, the federal REPC provides a tax credit for renewable generation
technologies during the first 10 years of operation, but the credit has repeatedly lapsed and then
been quickly renewed. The duration and intermittency of the REPC in Haiku is accounted for by
discounting the value of the REPC when it is added in to reduce the variable costs of renewable
facilities.
Technology Performance Standards (NSPS and MACT)
A technology performance standard for emissions, requires that specific emission reduction
measures be achieved. New source performance standards (NSPS) for various pollutants are
one such example. This standard requires that a maximum emission rate be achieved at newly
constructed facilities. In practice, this translates into specific technologies that become the
industry standard. In Haiku, all new investments conform to NSPS.
Another type of technology standard applies to existing as well as new facilities.
The maximum achievable control technology (MACT) standard that has been adopted in many
states for mercury emissions is one such standard. As modeled in Haiku, the MACT may require
a specific technology or it can be flexible in requiring that all coal-fired model plants either reduce
emissions by a specified percentage or achieve a prescribed emission rate, whichever is less
expensive.
D.1.2 Model Components
Demand
Using data primarily from the Energy Information Administration, Haiku classifies electricity
demand by three customer classes (residential, commercial and industrial), by three seasons
(summer, winter, spring/fall), and by four time blocks (baseload, shoulder, peak and superpeak).
Demand for each customer class within each block is represented by a price-sensitive demand
function where each customer class, season and time block are characterized by an elasticity
value that is in principle unique, although in practice the values are limited by the availability of
data.
(3)

D = AP ε
where,
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= quantity of demand [kWh],
= demand function constant [],
= electricity price [$/kWh],
= elasticity of demand with respect to price [].
Note: [] means a dimensionless value
To solve the demand function for D and P, Haiku requires that A and ε be known a priori. The
elasticity estimate, ε, is derived directly from historical data. The constant A is back-calculated
using ε and historical data on demand and price. Once A and ε are available, Haiku can plug any
quantity or price into the function to calculate the other variables.
D
A
P
ε

Conservation from Efficiency
Concern about the costs associated with public policy to reduce GHG emissions has led some to
consider whether demand side conservation can contribute to compliance with potential climate
policy. As part of a study for the New York State Energy Research and Development Authority
(NYSERDA)33, the American Council for an Energy-Efficient Economy (ACEEE) analyzed the
potential for demand side conservation via energy efficiency measures. Haiku relies on estimates
developed by ACEEE to construct efficiency supply curves.
The efficiency supply curves in Haiku are based on data provided by ACEEE that were derived
from a report prepared for New York State (NYSERDA, 2003). In the data, the conservation
measures are selected into three bins for each type of customer class. Each bin for each
customer class represents potential demand conservation from energy efficiency (in kWh/yr) and
has an associated cost ([$/kWh]/yr) which includes levelized capital cost and program
administration costs. The various types of conservation measures are sorted into the three bins
according to their cost. Haiku estimates step-wise linear demand conservation supply curves for
each customer class and time block from the ACEEE bins. The supply curve represents the
marginal cost of demand conservation.
To estimate the quantity of demand conservation given an annually specified amount of money to
be spent on efficiency programs for all customer classes, Haiku allocates demand conservation
funds according to customer class demand shares. This method is used to accord with the realworld application of such policies in which efficiency measures are implemented on a facility by
facility basis instead of by lowest cost to highest cost across all facilities. Given an annual amount
of money to be spent on energy efficiency programs an equilibrium solution for electricity demand
by time block and customer class, the estimated quantities of demand conservation from each
customer class and time block are those which solve Equation 4.
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where,
C
Dik
Qik
fik(x)

=
=
=
=

annual expenditures on energy efficiency programs for demand conservation[$/yr],
electricity demand in time block i by customer class k [kWh],
quantity of demand conservation in time block i by customer class k [kWh],
marginal cost of conservation in time block i for customer class k at conservation
quantity x [$/kWh].

The proposed model rule adopted by RGGI includes a provision for each state to auction at least
25 percent of the CO2 emissions allowances. These revenues are to be used to promote energy
33

NYSERDA, 2003.
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efficiency projects that will yield demand side conservation. Haiku is capable of modeling any
allowance allocation scheme, including an allowance auction, and can use these auction
revenues along with the conservation supply curves to simulate the proposed RGGI model rule.
Capacity Investment & Retirement
The generation capacity investment and retirement algorithms in Haiku, assume perfect foresight.
The model finds simultaneous equilibria which are inter-temporally consistent, i.e., with capacity
decisions in all years consistent with equilibrium solutions for all control variables in all other
years. Inter-temporal consistency for capacity applies both to physical capacity bounds and
economic constraints. Since Haiku aggregates generation capacity into model plants, the
capacity algorithms work at the marginal MW of each model plant and makes continuous
adjustments to capacity.
Cost Accounting
The key variable in the capacity algorithm is going-forward profits. Going-forward profits in any
year are all revenues earned by a generator less costs that would have been avoided if the
generator were retired or not constructed. For new capacity investment, going-forward profits are
all revenues less all costs, including variable and fuel costs, fixed costs for maintenance and
administration and capital costs. For retirement of pre-existing capacity, going-forward profits are
all revenues less all costs except capital costs. Capital costs are not included in going-forward
profits for pre-existing capacity because they are sunk and therefore unavoidable. For investment
in new capacity to be economic, it must have positive going-forward profit in the current year and
the net present value of all future going-forward profits must also be positive. For pre-existing
capacity to retire, it must have negative going-forward profits in the current year and the net
present value of all future going-forward profits must also be negative.
Table D.2: Going-forward profits: components and inclusion status by capacity vintage
Capacity Vintage
Existing
New
Revenues
Generation
X
X
Reserve Services
X
X
Stranded Cost Recovery
X
X
Costs
Variable Costs for Dispatch*
X
X
Fixed Operation and Maintenance
X
X
General and Administrative
X
X
Taxes
X
X
Capital Cost for Generation Capacity
X
Capital Cost for Endogenous Pollution Controls
X
X
Cost of Displaced Existing Capital**
X
Imported Power
X
X
* For a detailed accounting of Variable Costs for Dispatch, see the section below on Production.
** Applies only in regions with regulated electricity pricing.
Revenues from generation and reserve services are calculated based on the generation price
and reserve price. Generation price, which is equivalent to the marginal cost of generation, is paid
to every MWh of generation. The reserve price reflects the scarcity value of capacity and is set
just high enough to retain enough capacity to cover the required reserve margin in each time
block. The reserve price is paid to every MW of reserve service and generation. Generation
receives the reserve price because it not only contributes to demand for electricity, but also
reduces the scarcity of capacity. If generation did not receive the reserve payment there would be
an incentive compatibility problem in the superpeak time blocks, with marginal generators
preferring to withhold power from the electricity generation market in order to participate in the
capacity market. Paying the reserve price to generators removes this incentive incompatibility and
properly values the capacity contribution of electricity generation.
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Capacity Bounds
The generation capacity of each model plant is bounded above and below in each simulation
year. For existing generators, the lower bound on capacity is always zero, i.e., any existing
capacity may retire at any time if it meets the economic conditions for retirement.34 The upper
bound on existing capacity in the first simulation year is simply the quantity of existing capacity. In
subsequent simulation years, the upper bound is equal to the amount of capacity which is not
retired in the previous year. Thus, existing capacity can retire completely, but may not be rebuilt
once it is retired. For new investments, Haiku accounts for both capacity that is under
construction or planned for construction in the data year, and for endogenous investment in new
capacity. New capacity is never permitted to retire once it is constructed. Therefore, new capacity
which is already under construction or planned in the data year defines the lower bound for new
capacity in the first simulation year. In subsequent years, the lower bound for new capacity is
equal to the amount of new capacity constructed in the previous simulation year. The upper
bound for new capacity investments is derived from two constraints: an absolute constraint and a
constraint on the rate of new investments. In any simulation year, the lesser of the absolute
capacity constraint or capacity in the previous year plus the permitted investment rate defines the
upper bound for new capacity investments.
Haiku may be configured to simulate a “policy surprise.” In this configuration, a baseline model is
solved using the constraints described above. Then, a policy model is constructed which contains
some policy, such as a new environmental regulation, that was absent in the baseline run and a
specified time at which the new policy is announced. To solve the policy model, Haiku looks to
the solution of the baseline model for capacity retirement and investment in the years prior to the
announcement of the new policy. This baseline level of capacity is treated by the policy model as
existing capacity in the policy announcement year. From this year forward, the standard algorithm
described above is used to determine capacity investment and retirement.
Technological Learning
For new types of electricity generation technology, such as integrated gasification combined cycle
(IGCC) plants, it is expected that as more plants are constructed, their capital costs will fall. This
phenomenon is called learning by doing. Haiku employs the model used by the Energy
Information Administration to simulate technological improvement in new electricity generation
capacity (EIA, 2006). The essence of the model is that the component parts of any new
generation capacity will become cheaper as more are built. The rates at which capital costs fall
depend on the maturity of the technology; as the technology matures, the rate of improvement
declines. Since different types of generation capacity share mutual components, the construction
of any type of capacity will contribute to the improvement of other types of capacity via their
mutual components. For example, both IGCC plants and combined cycle plants incorporate a
heat recovery steam generator. When either type of plant is constructed, the learning achieved
about the heat recovery steam generator technology will lower the capital cost of future
construction of either type of plant.
Availability
The fundamental unit of generation capacity in the Haiku model is nameplate capacity. The
potential for electricity generation of one MW of nameplate capacity varies through time as
ambient conditions change, the plant is taken offline for maintenance, and unscheduled outages
occur. Haiku accounts for adjustments to nameplate capacity due to ambient conditions using
historical data, from which a ratio between nameplate capacity and operating capacity is
calculated for each model plant and season. An endogenous algorithm for determining the timing
of scheduled maintenance is described in the next paragraph. Unscheduled outages are
assumed to occur with equal frequency during periods for which a generator is scheduled to be in

34

Hydroelectric generation capacity, both conventional and pumped storage, is not permitted to retire or
construct new capacity.
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operation. Equation 5 defines the relationship between nameplate capacity and potential
electricity generation in each season.

PGijk = N k r jk (1 − s jk )(1 − u k )H i

(5)

where,
PGijk =
Nk =
=
rjk
sjk =
uk =
Hi =

potential generation in time block i of season j for model plant k [MWh],
nameplate capacity of model plant k [MW],
ratio of operating capacity to nameplate capacity in season j for model plant k [],
fraction of season j devoted to scheduled maintenance for model plant k [],
probability of unscheduled outage for model plant k [],
number of hours in time block i [hrs].

Each model plant in Haiku has a specified scheduled outage rate—the fraction of hours the plant
is down annually for scheduled maintenance. Because Haiku is a seasonal model, the scheduled
outage rate needs to be expressed by season, but the opportunity cost of a scheduled outage
(electricity price) is not the same for all seasons. Generators tend to allocate more scheduled
outages to low-price seasons and fewer scheduled outages to high-price seasons. Haiku
endogenously allocates scheduled outages to the three seasons according to the average
seasonal electricity price. Outage factors for some other technologies including hydro, pumped
storage and wind are exogenously specified.
Production
Haiku models the requirement for electricity generation and reserve services in each time block
depending on electricity demand, the reserve margin requirement, inter-regional power trading,
and losses in inter-regional and intra-regional transmission and distribution. The following
equations define these relationships.

Gij =
Rij =

Dij

(1 − a )

+ Eij + ∑ I ijk (1 − e jk )

(6)

k

Dij m j

(7)

Hi

where,
Gij
Dij
a
Eij
Iijk
ejk
Rij
mj
Hi

=
=
=
=
=
=
=
=
=

requirement for generation in time block i in region j [MWh],
electricity demand in time block i in region j [MWh],
coefficient for intra-regional transmission and distribution losses [],
total power exports in time block i from region j to contiguous regions [MWh],
power imports in time block i to region j from region k [MWh],
coefficient for inter-regional transmission losses between regions j and k [],
requirement for reserve services in time block i in region j [MW],
reserve margin requirement in region j [],
number of hours in time block i [hrs].

Demand for generation and reserve services are satisfied in Haiku for each time block using two
separate supply curves. First, electricity generators are dispatched according to their variable
costs to meet the requirement for generation. Second, the remaining capacity which is not used
for generation is dispatched according to unrecovered going-forward fixed costs to meet the
requirement for reserve services. The remainder of this section will describe these supply curves.
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Generation
The requirement for electricity generation in Haiku is met using generation supply curves that are
distinct for each region and time block. The model plants with available potential generation in
each region and time block are dispatched according to their variable costs. Equation 8 shows
the components of variable cost for generation dispatch. Each model plant has a unique value for
Vi.

Vi = v j + f j + ∑ (θ jl p jl − α jl ) + ρ1 + ρ 2 + c

(8)

l

where,
1
Vi = variable cost for generation dispatch in time block i [$/MWh],
2
vj = variable cost of operation and maintenance in season j [$/MWh],
= fuel cost in season j [$/MWh],
fj
θjl = emission rate in season j for pollutant l [tons/MWh],
pjl = aggregate price for allowances or taxes assessed on pollutant l in season j [$/ton],
3
αjl = allowance subsidy for generation in season j for pollutant l [$/MWh],
ρ1 = renewable energy production credit [$/MWh],
ρ2 = value of renewable portfolio standard allowance [$/MWh],
4
ck = generation calibrator for model plant k [$/MWh].
1. Time block i is in season j.
2. Includes variable cost of operation and maintenance for installed post-combustion pollution
controls.
3. This subsidy is apparent when allowances are allocated under updating-based allocation.
4. Applies only for steam generators powered by natural gas or oil. See the section below on
Calibration.

To facilitate model convergence and better represent the variability of the constituent generators
which comprise a model plant, Haiku dispatches model plants assuming that each has a linear
distribution of variable costs around a mean of Vi. The lowest variable cost model plants are
dispatched first with each model plant providing generation not exceeding its potential generation.
Haiku reads up the supply curve until the generation requirement in each time block is satisfied.
This yields the amount of generation performed by each model plant and a marginal cost of
generation in each time block. The generation price, which is a component of electricity price, is
set equal to the marginal cost of generation.
Reserve Services
The supply curves for reserve services are constructed in a manner similar to that of the supply
curves for generation. The potential generation of each model plant in each time block is reduced
by the amount of generation performed to meet the generation requirement. The resulting value
(in MWh) is divided by the number of hours in the time block to find the potential for each model
plant to provide reserve services (in MW). The dispatch ordering for reserve services is
determined by the unrecovered going-forward fixed costs of each model plant. Unrecovered
going-forward fixed costs include all fixed costs that would be avoided if the model plant were
retired or not constructed, less revenues earned in all time blocks in the electricity generation
market. As discussed in the section above on Capacity Investment & Retirement, the fixed costs
that count as going-forward depend on the vintage of the model plant
Haiku does not model separate markets for spinning reserves and capacity reserves. Instead, the
fraction of reserve services provided by steam generators is constrained to be no greater than 50
percent of the total reserve requirement in each time block. Given this constraint, Haiku
constructs supply curves for reserve services using the aforementioned model plant ordering and
quantity of potential reserve for each model plant. The model then reads up the supply curve to
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the prescribed reserve requirement for each time block to find the quantity of reserve services
provided by each model plant.
Inter-Regional Power Trading
Haiku employs a reduced form inter-regional power trading model in which the national
transmission grid is represented as a set of potential bilateral trades between every pair of
contiguous regions. For regional pairs that are not contiguous, no direct power trading is allowed.
However, power trades between non-contiguous regions may be executed through intervening
regions that connect the non-contiguous regions. The model accounts for differences in regional
electricity prices, inter-regional line losses, and transmission costs, in a pancake manner to find
equibilbria subject to constraints on inter-regional transmission capability. Each time block has a
unique equilibrium.
The heart of the inter-regional power trading algorithm in Haiku is the equilibration across regional
boundaries of willingness to pay for power, subject to the assumed level of available interregional transmission capability. The equilibration is net of inter-regional transmission losses and
fees. In practice, the transmission capability constraints are often binding, leaving sometimes
significant differences between willingness to pay in contiguous regions.
Two types of trades are modeled. Economy trades are an endogenous component of the model
and perform the constrained equilibration of willingness to pay and willingness to accept. Firm
trades represent prearranged commitments to provide power over the inter-regional transmission
system. Exogenous estimates of firm trades come from historical data and EIA projections. These
include both estimates and trading quantity and price.
Economy trades are calculated based on the willingness to pay for inter-regionally traded power.
Willingness to pay is defined as the sum of generation price and reserve price. Reserve price is a
component of willingness to pay because imported power reduces demand not just for electricity
generation, but also for scarce capacity as generators displaced from the generation market are
able to contribute capacity to the reserve margin and lower the scarcity value of capacity.
Economy trades are priced at the mean of the willingness to pay – net of inter-regional losses and
fees – in the two regions trading. When the capability for transmitting power is not binding, these
two values are equal. Equation 9 defines the price for an economy trade between any importing
region I and a contiguous exporting region E as follows:

PIE =

W + c IE
1⎛
⎜⎜WI + E
2⎝
l IE

⎞
⎟⎟
⎠

(9)

where,
PIE
WI
WE
cIE
lIE

= price for inter-regional economy trades between importing region I and exporting
region E [$/MWh],
= willingness to pay for power in region I [$/MWh],
= willingness to pay for power in region E [$/MWh],
= inter-regional transmission cost between regions I and E [$/MWh],
= inter-regional transmission losses between regions I and E [$/MWh],

Pollution Controls
Haiku models post-combustion pollution abatement technologies for three different pollutants:
NOx, SO2 and mercury (Hg). The model chooses a set of abatement technologies for each
relevant model plant and the variety of coal that is burned at coal-fired steam model plants. Since
coal choice and some types of abatement technology have effects on the emission rates of
multiple pollutants, the Haiku pollution control algorithm is integrated to consider all pollutants,
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including CO2, simultaneously. The algorithm is also integrated over all simulation years to yield a
solution that is inter-temporally consistent and optimal over the modeling horizon.
The types of pollution abatement technology considered by the model are selective catalytic
reduction (SCR), flue gas desulfurization (FGD) in both wet and dry configurations, and activated
carbon injection (ACI). These technologies may be installed in combinations for which the
economics depend on the cost of emissions of each type of pollutant and the capacity factor of
the model plant on which they are to be installed. The combinations of pollution abatement
technologies considered in Haiku are enumerated in Table D.3. Not all combinations of pollution
abatement technologies are practical or legal for all model plants. For example, investment in
new coal boilers is assumed to include construction of SCR and Wet FGD. Other abatement
technologies are forbidden. Table D.3 details which combinations of pollution abatement
technology are permissible for each type of model plant.
Table D.3: Pollution abatement technologies and their applicability to model plants.
Abatement Technology

New Steam
Coal

Existing
Steam Coal1

None

X

SCR

X

Wet FGD

X

Dry FGD

X

ACI

X

Wet FGD & ACI

X

Dry FGD & ACI

X

SCR & Wet FGD

X

New IGCC
Coal

Existin1
Steam Gas
/ Oil
X

X

X

X

SCR & Dry FGD

X

SCR & ACI

X

SCR & Wet FGD & ACI

X

X

Most existing coal-fired steam boilers already have some combination of pollution abatement
technologies. Haiku assumes that these will not be replaced, thus shortening the list of
technologies that may be endogenously constructed.
Each combination of pollution abatement technologies has a unique set of abatement coefficients
for each pollutant. The cost parameters for each technology are also unique, including estimates
of variable O&M, fixed O&M and capital cost. Haiku permits coal-fired steam boilers to select a
coal type from a set of fourteen types, which are derived from data compiled by the EIA. These
fourteen coal types each have unique values for heat content and pollutant contents for SO2, CO2
and Hg35. Each coal type also has a unique price for each model plant that is derived from the
coal supply curves. To model technology performance standards, like NSPS and MACT, Haiku
simply omits combinations of abatement technology and coal type which do not comply. Then the
standard algorithm for pollution control choice, as described in Equation (10), is implemented.
Fuel Market Modules

35

For more on Haiku coal types, see the section on Fuel Market Modules below.
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Haiku assumes that coal boilers may switch coal types costlessly. The Haiku pollution control
algorithm minimizes the present discounted value of compliance costs over the modeling horizon
assuming that any pollution abatement technology that is constructed will not be removed. To
achieve this inter-temporally consistent solution, the set of abatement technologies given in Table
D.3 is concatenated over model simulation years to yield one superset of competing compliance
strategies which consist of the timing of abatement technology investments and, for coal burning
model plants, a coal choice in each year. For each model plant, the optimal strategy from this
superset is selected. Given an equilibrium pattern of electricity generation over time, equilibrium
allowance prices or pollutant taxes, and the cost and performance parameters of each
combination of pollution abatement technology and coal type, Haiku chooses the set of
compliance measures that satisfy Equation (10). For model plants that burn natural gas or oil, the
coal choice component of Equation (10) is omitted.

⎛
⎞⎤
⎛ 1 ⎞⎡
arg min ∑ ⎜
⎟ ⎢ K it + Fit + gt ⎜Vi + C jt ht + ∑ Pkt eijkt ⎟⎥
i∈I , j∈ J
t ⎝1+ r ⎠ ⎣
k
⎝
⎠⎦
t

(10)

where,
I
J
r
t
Kit
Fit
gt
Vi
Cjt
ht
Pkt
eijkt

=
=
=
=
=
=
=
=
=
=
=
=

set of pollution abatement investment strategies including investment timing,
set of coal types,
discount rate [],
time [yrs],
annualized capital cost for strategy i at time t [$/yr],
fixed O&M for strategy i at time t [$/yr],
electricity generation at time t [MWh/yr],
variable O&M for strategy i [$/MWh],
price coal type j at time t [$/kBtu],
heatrate at time t [Btu/kWh],
allowance price or tax rate for pollutant k at time t [$/ton],
emission rate of pollutant k at time t using strategy i and coal type j [tons/MWh],

To model technology performance standards, like NSPS and MACT, Haiku simply omits
combinations of abatement technology and coal type that do not comply. Then the standard
algorithm for pollution control choice, as described in Equation (10), is implemented.
Fuel Market Modules
Haiku has separate fuel market modules with endogenously determined prices for coal, natural
gas and biomass. All other fuel prices are specified exogenously, with most changing over time.
The coal and natural gas modules are derived entirely from Energy Information Administration
data. The biomass module is derived from a database compiled by Oak Ridge Laboratory.
Coal
EIA reports projections of coal consumption by electric utilities and mine mouth coal prices for a
set of coal types from a set of coal supply regions. Haiku takes those data and aggregates them
to a more manageable list of fourteen coal supply categories, each with a known heat and
pollutant contents for SO2, CO2 and Hg. EIA reports that a 10 percent deviation from the
projected coal production will result in a 1 percent change in projected coal price. EIA also reports
a markup (transportation fee) for each combination of coal demand region and coal supply region.
With all of this information, Haiku calculates coal supply curves that describe the delivered prices
of the fourteen coal types in the thirteen coal demand regions, as a function of electric utility
demand for each coal type.
Natural Gas
EIA reports projections of natural gas consumption and national average wellhead price for the
entire United States economy for three cases: low economic growth, reference, and high
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economic growth. Haiku uses these three data points to derive a linear natural gas supply curve
for this economy. EIA also reports the projected natural gas consumption by all sectors of the
economy except electric utilities. Using these data, Haiku calculates the national seasonal
average wellhead price for natural gas based on endogenous natural gas consumption by the
electric utility sector and exogenous consumption by all other sectors. Also from EIA data, a
natural gas markup (transportation fee) is calculated for each region of the country, allowing
Haiku to express the delivered natural gas price as a function of electric utility demand for natural
gas.
Biomass
The biomass supply function in Haiku is constructed from projections of switchgrass and poplar
consumption and prices for each. There are two projections — one for a low case and one for a
high case — that are the two points used to define a linear biomass supply function that includes
a transportation cost. There is an absolute annual regional constraint on the quantity of biomass
available. The equilibrium biomass price may fall above the biomass supply function if the
absolute quantity constraint is binding.
D.2 Oligopolistic Power Market Model
D.2.1 Introduction
The Johns Hopkins University Oligopoly Under Transmission and Emissions Constraints model
(JHU-OUTEC) is a computational game-theoretical economic-engineering model. The model was
previously used to assess the ability of generators in the PJM regional electricity market to
manipulate power prices through the NOx allowances market (Chen and Hobbs, 2005). The
model is formulated as a linear complementarity problem (LCP). In this report, the model is used
to analyze the effects of network constraints and the possible exercise of market power on the
comparison of the “baseline” and Maryland Joins RGGI scenarios. This is done by taking the
generation capacity and loads calculated in the Resources for the Future (RFF) national
electricity market model Haiku as the boundary conditions for the JHU-OUTEC model; the latter
model contains more geographic detail, including four zones in Maryland and a simplified
transmission network, and alternative assumptions about the pricing behavior of large generating
firms.
D.2.2 Background
This subsection provides background information on JHU-OUTEC and includes geographic
coverage, the transmission network, loads, and imports and exports.
The geographic scope of the original application of JHU-OUTEC was based on the 2000 PJM
footprint, including Maryland, Delaware, New Jersey, and eastern Pennsylvania.36 In order to
account for the bulk electricity flow from the neighboring states, JHU-OUTEC is expanded here to
include the following neighboring regions: West Virginia, Virginia and western Pennsylvania.
Haiku approximates the electric power network as a transshipment, or “path-based”, network in
which power can flow along the least expensive path between source and sink. This
approximation simplifies calculations, but disregards the parallel flow nature of networks-- in
which power flows along all parallel paths between source and sink, satisfying Kirchhoff’s Voltage
and Current Laws. It is impractical to use a full AC load flow model to calculate average costs
and prices over a long term horizon. A practical compromise is the so-called “linearized DC load
36

The geographic coverage of PJM Interconnection was the same as MAAC (the Mid-Atlantic Area
Coordinating council, a subdivision of the National Electric Reliability Council) in 1998. But over the past few
years, PJM has grown substantially. In 1998, it only included four states and Washington, DC in the MidAtlantic region. Now its coverage has expanded to comprise 13 states plus Washington, DC. As a result,
besides the original territory, it now serves a total of 51 million customers with a peak-load of 131,330 MW-approximately two and a half times as much load as in 2000.
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flow” model, in which real power flows satisfy analogues of Kirchhoff’s laws (Schweppe et al.,
1988), but reactive power flows and resistance losses are disregarded, and voltage magnitudes
are assumed to be constant. This approximation is now used widely in detailed models of
competitive and oligopolistic power markets (Ventosa et al., 2005).
In this application of JHU-OUTEC, the simulated region includes seventeen zones (or nodes) and
24 or 25 transmission corridors (or arcs) (Figure D.3). The number of arcs depends on the
scenario year, with the 25th representing a new connection between the western and eastern
shores of the Chesapeake Bay that is assumed to be constructed by 2015.
In contrast to Haiku’s representation of Maryland as a single node, in JHU-OUTEC Maryland is
separated into four nodes based on flow patterns and network constraints. One zone (DPLC) is
the Delmarva penninsula, which includes Delaware and is recognized by PJM as a separate
constrained zone (or Local Demand Area, LDA) in its future capacity market. PJM’s RPM also
recognizes central Maryland and the District of Columbia (the PEPCO and BGE service
territories) as a separate LDA within RPM. We further divide that zone into northern and southern
halves (designated BGE_2 and BGE_PEPCO, respectively). Finally, we separate out western
Maryland (designated here as APMD, the Allegheny Power service territory within Maryland).
Justifying this is an analysis of PJM LMPs (Locational Marginal Prices) from selected buses in
APMD and PEPCO, which shows that PEPCO’s hourly prices are statistically higher than APMD
(Figure D.4).

Figure D.3: Transmission Network Approximation in JHU-OUTEC in the RGGI Analysis
(Double arrows indicate exchanges with neighboring regions; lines without arrow heads are
transmission corridors within the network model).
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Figure D.4: Analysis of the PJM Locational Marginal Prices for Two Selected Buses in
APMD and PEPCO_BGE Zones. (N = 998, Student t test rejects null hypothesis (H0:
LMPPEPCO=LMPAPS-MD), t = 15.17, p<0.001)
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We now summarize assumptions concerning generation, loads, imports from other regions,
transmission, and long run contract positions (which affect the amount of market power being
exercised).
To maintain consistency with the Haiku analysis, the estimated generating capacity for the future
years from Haiku was directly incorporated in the JHU-OUTEC model. The same operating
capacity for each season was maintained for each type of plant. However, it is necessary to
disaggregate the Haiku model generators to seventeen individual zones and eleven owners.
These owners include ten large companies and a “competitive fringe”, which is assumed to
behave competitively. The location and ownership of existing generators by zone was identified
using latitude-longitude information from eGRID (USEPA, 2005), EIA (Energy Information
Agency) (EIA, 2005), and USEPA (2006).
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Since JHU-OUTEC is an operating model that does not consider generation investment, only the
following categories of costs need to be considered in simulating the power market:
•
•
•

non-fuel variable operations and maintenance costs, from the Haiku output
fuel costs, from the Haiku output
emissions costs (USEPA Clean Air Interstate Rule, USEPA Clean Air Mercury Rule, the
NOx SIP call for summer NOx emissions, and the RGGI CO2). Because the JHU-OUTEC
study area is smaller than the regions covered by those programs, the prices of these
allowances are treated as exogenous in this analysis. In contrast, in Haiku, with its
national scope, these prices can be calculated endogenously through the interplay of
supply and demand. However, the shadow prices of emissions arising from the Maryland
Healthy Air Act are obtained endogenously, since all affected plants are in the model.

It was assumed that all individual generating units that are within a single Haiku “Model Plant”
grouping have the same costs and the same ratio of operating capacity to nameplate capacity.
The transmission and capital costs considered by Haiku are not included in JHU-OUTEC,
although congestion costs associated with the use of the grid are.
Haiku and JHU-OUTEC differ in their treatment of reserves markets. JHU-OUTEC has a market
for operating reserves, and here we assume that operating reserves must be provided by the
market equal to 7.5 percent of the load in the block, broadly consistent with PJM policy. A single
operating reserves market is considered for PJM, although locationally constrained markets can
also be modeled. Revenues from the PJM capacity market are not considered here but are
analyzed in Section 11.
An important factor in the market power analysis is ownership of the generating assets. All else
being equal, a concentrated market will pose substantially higher risk of market power problems
than a less concentrated market. The ten largest companies considered in this analysis are:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Allegheny Electric System
American Electric Power
Conectiv
Dominion
Constellation
Mirant
PECO
PPL
PSE&GF
Reliant

In this analysis, the primary source of ownership data is EIA Form 860 (EIA, 2005). For units not
in EIA 860, an internet search (USEPA, 2006) or personal contact was used to confirm
ownership. To ensure an appropriate representation of the potential of market power under the
current ownership, we assume that operational decisions (generation and sale) are controlled by
the parent company, replacing any subsidiaries with the corresponding parent company. Where
detailed information on ownership was available, the capacity of existing jointly-owned units was
split among the firms in proportion to their fraction of ownership. Where such information was not
available, the company responsible for operating the plant was assumed to operate it in its
interests (if one of the larger companies above), exercising market power in the oligopolistic
scenarios. Other assumptions, such as assigning control to the owner with majority ownership,
could instead be applied to study market power in the presence of partial ownership (Amundsen
and Bergman, 2002).
New capacity that Haiku constructs is allocated to each zone and owner based on the proportion
of existing generation by type and ownership. If this procedure results in unrealistically small
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capacity additions, those amounts are instead distributed among the other owners or zones, as
appropriate.
One challenge in coordinating Haiku and JHU-OUTEC is the distribution of spatially aggregate
regional electricity load data from Haiku to the specific zones in JHU-OUTEC model (e.g., from
the Maryland Haiku region to BGE_2, BGE_PEPCO, APMD, and DPLC). For simplicity, we
assume that the relative proportions of each Haiku region’s load that are assigned to each zone
will not vary significantly over the simulated years. Therefore, we allocate load to the nodes in
JHU-OUTEC in accordance with PJM historical data in 2001 (PJM, 2001).
The same number and duration of periods used by Haiku (12 periods per year of varying length)
are used here. The retail demand functions assumed in Haiku having elasticity of approximately
-0.2 need to be translated into effective demands for bulk power. This is done by assuming linear
demand functions with the same slope as the Haiku functions, but shifted downwards to account
for the difference between wholesale and retail prices for energy (the latter including distribution
costs, for example). This downward shift in demand functions decreases the effective elasticity.
Adjustments are also made for distribution losses (about 6 percent).
Finally, JHU-OUTEC
assumes that quantity demanded in a given period is a function only of price in that period,
whereas Haiku has more complicated relationships (e.g., Haiku averages marginal costs over
periods within a season).
This analysis assumes that bulk flow traded between the NY Independent System Operator (NY
in Haiku) and the JHU-OUTEC region is through the JC1 (Jersey Central Power & Light) and PN
(Pennsylvania Electric Company) consistent with flow and line data shown in PowerWorld
(PowerWorld 2003). The proportion for different nodes is based on the analysis of PJMs flow
data. For flows from the west (Ohio) (OHMI in Haiku), these are assumed to be through zone
APS (western Pennsylvania and West Virginia)
Network data, including transmission capacities (thermal or surge impedance loading (SIL) limits,
as appropriate) and reactances required for deriving PTDFs, were obtained from the PowerWorld
website (PowerWorld, 2003). Only the 500 kV grid is considered, which is the backbone of the
PJM system. The transmission map for PJM was examined for lines that connect the zones.
When more than one line connects two zones, the aggregate corridor capacity and reactance
were calculated as follows:
•
•

•

The corridor reactance Rc was calculated by the following formula for combining the
reactance of parallel lines: Rc = 1/(Σi (1/Ri)), where Ri is the reactance of an individual
circuit in that corridor.
The corridor capacity CAPc (in mega-volt-amperes, MVA) was obtained by modeling the
lines as being in parallel; the corridor capacity is determined by which of the individual
line limits is first met as the load flowing through the corridor increases. The formula is:
CAPc = MINi (CAPi(Σi (1/Ri))/(1/ Ri)). This formula is derived by noting that if CAPc MVA
is flowing through the corridor, then the share of that flow on circuit i is CAPc(1/ Ri)/(Σi
(1/Ri)).
A corridor’s capacity in MW (real power) is obtained by multiplying the MVA capacity by
0.9 to account for real power flows.

In 2015, additional transmission capacity is assumed to come on-line. Information on the
capacity and reactance of those lines was obtained from publicly available sources.
As is well known, the extent to which a supplier can benefit from exercising market power
depends on the degree to which it is precommitted, through forward contracts or vertical
integration, to providing a particular amount of energy to the market. For instance, the lack of
such contracts was a primary contributor to the 2000-2001 California market crisis, while the
presence of such contracts in the summer of 2006 allowed California to meet record demand

128

without the large price increases seen during the crisis. The electricity market is highly vertically
integrated in the JHU-OUTEC study region. According to Mansur (2003), 53 to 59 percent of
power in PJM is self-supplied by vertically integrated utilities: about 30 percent through short- or
long- term bilateral contracts, and only 10 to 15 percent of power transactions are through the
spot market. The remaining 1 to 2 percent is imported.
Because of the lack of publicly available data on forward contracting positions, we instead
simulate the extreme bounding case of no forward contracts. This results in the largest price
mark-ups under the oligopoly assumption. Comparing these bounding results to the competitive
case provides an upper bound to the effects of assuming oligopoly rather than competition when
projecting the effect of the Maryland Joins RGGI case. There are six major vertically integrated
load serving entities (LSE): Constellation (contracted with BGE), PECO (Philadelphia Electric
Company), PPL and PSEG, Virginia Electric Power (VP) and Allegheny Power (WV). The
remaining companies are independent suppliers. The native load of those vertical integrated load
serving entities (LSEs) is defined as the corresponding nodal load net of customer load served by
alternative suppliers. For independent power suppliers, their contracted load is the load of LSEs
that sold their generation assets to the suppliers (net of supply from alternative suppliers). This
analysis assumes that for each merchant supplier who built new plants, that it contracts 90
percent of its capacity to the nodes where its plants are located. Additional adjustments are
applied such that market structure is consistent with the fact that PEPCO and PPL are the major
two LSEs in an old PJM footprint having a long position in the spot market (Mansur, 2003).
D. 2.3 JHU-OUTEC Model formulation
This section introduces the model formulation. We begin with the notation (variables and
parameters) used in the model, followed by the model formulation and the derivation of the
equilibrium conditions (see Chen and Hobbs (2005)). For background on the theory and
properties of complementarity-based oligopolistic power market models, see Hobbs and Helman
(2005) and Metzler et al. (2003).
Notation
Throughout this report, parameters and sets are denoted in capitals, whereas the lower-case
letters refer to variables and indices. Dual variables are designated with lower-case Greek letters.
The expression “x ⊥ y” means xTy = 0, where x and y are vectors.
Set and Indices
f,g∈F
Fc ⊂ F
h, h ' ∈ H
H (i, f ) ⊂ H
H HAAM (i, f ) ⊂ H
i, j ∈ I
t, t ' ∈ T

Parameters
Bt
C fih
E fih
PfjtF

Generating firms
Set of Cournot firms
Generating unit
Set of f’s generators at node i
Set of f’s generators at node i whose emissions are included in the
Healthy Air Act for Maryland
Nodes in network
Period
Duration of period t in the load duration curve approximation [hours]
Marginal production cost of generator fih , which including emissions
cost from Clean Air Interstate Rule, State Implementation Plan Call,
Regional Greenhouse Gas Initiative [$/MWh]
Emission rate of generator fih [lbs/MWh]
Price for forward contracted power sale by firm f in node j in period t
[$/MWh]
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R fih

Vertical and horizontal intercepts of demand curve at node j in period t
[$/MWh, MW]
Power transfer distribution factor for a unit power injection at an
arbitrary hub node and unit withdrawal at node i for transmission
interface k [MW/MW]
Maximum operating reserve that can be provided by generator fih [MW]

RM
S Ffit

Required operating reserve as a fraction of total load [dimensionless]
Forward contracted sales for firm f at node j in period t [MW]

Tk
X fih

Upper thermal limit of interface (transmission corridor) k [MW]
Production capacity of generator fih [MW]

Variables
p Ejt

Price of power at node j in t period [$/MWh]

Pjt0 , Q 0jt
PTDFki

p

Dual variable for the Healthy Air Act for Maryland firm f [$/ton]

pollutant
f

rfiht

Reserve market price in period t for Maryland (pRMDt) and non-Maryland
(pROTt) [$/MW]
Operating reserve provided by generator fih in period t [MW]

s fjt

Total spot and forward power sales by firm f at node j in period t [MW]

wit

θ ft

Transmission charge to move power from hub to node i [$/MWh]
(endogenous to market but exogenous to producers)
Power output of generator fih in period t [MW]
Amount of power delivered from hub to node i by grid operator in period
t [MW]
Dual variable associated with upper limit of power flow through
interface k in period t [$/MW]
Dual variable associated with capacity constraints for generator fih in
period t [$/MW]
Dual variable for f’s sale/output balance in period t [$/MW]

η fiht

Dual variable for plant fih’s reserve upper bound in t [$/MW]

ptR

xfiht

yit

λkt
ρ fiht

The remaining portions of this section are structured as follows. First, we introduce the decision
problems for specific entities including: power suppliers, the grid operator, consumers, and an
arbitrageur. Second, we derive the first-order (Karush-Kuhn-Tucker, KKT) conditions associated
with each variable. Finally, we collect the KKT conditions together with market clearing
conditions and define the market equilibrium problem in the form of a linear complementarity
problem.
Decision Models for Market Players
Consumers. The model represents the bulk power consumption decisions by consumers using
linear inverse demand curves.
p Ejt = Pjt0 − ( Pjt0 / Q 0jt )(∑ s fjt + a jt ), ∀j , t

(11)

f

Producers. The model assumes that the bulk of power sales are in the form of bilateral contracts
between producers and consumers, with the producer paying the system operator for
transmission services necessary to deliver the power. When modeling oligopolistic competition, a
few firms with substantial capacity are designated as strategic firms, engaging in Cournot
(quantity) strategies in the energy market.
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MAX x fiht , s fjt , rfiht ∑ ( Pjt0 − ( Pjt0 / Q0jt )∑ sgjt − wjt ) Bt (s fjt − S Ffjt )
j ,t

+∑ Bt P S +
F
fjt

F
jit

j ,t

−∑

∑

g

∑

(12)

R
t fiht

p r

i , h∈H ( i , f ),t

Bt (C fih − wit ) x fiht

t i , h∈H ( i , f )

subject to
x fiht + rfiht ≤ X fih , ∀i, h ∈ H (i, f ), t

( ρ fiht )

(13)

rfiht ≤ R fih , ∀i, h ∈ H (i, f ), t

( η fiht )

(14)

∑s

( θ ft )

(15)

( p ftpollu tan t )

(16)

∑

=

fjt

i , h∈H ( i , f )

j

∑

i , h∈H ( i , f )

x fiht , ∀t

pollutant
Bt E fiht
x fiht ≤ CAP pollutant

∀s fjt , rfiht , x fiht ≥ 0
Each producer maximizes its profit by choosing its generation levels xfiht, operating reserves rfiht
and sales sfjt for each period. The term P0jt – (P0jt/Q0jt)∑gsgjt-wjt is the per MWh revenue of spot
electricity sales to j’s consumers, net of wjt, the transmission charge paid to the grid operator to
bring power to consumers from the hub. This expression shows that the strategic generators
recognize their ability to influence power prices through the inverse demand curve (equation 11).
Meanwhile, ∑i,tBtPFfitSFfit is the locked-in revenue received by generators through forward
contracts with customers; this is exogenous (or fixed) to the model and for forward contract prices
PFfit. The term ∑i,h∈H(I,f),tpRtrfiht comprises revenues from the reserve market. This analysis
assumes that Maryland has a separate operating reserves market, while the rest of the power
control areas are operated under another reserves market. The prices of reserves are assumed
to not affect consumer quantity demanded. The Cfih-wit term is the per MWh cost of producing
electricity from plant h, where -wjt is the price charged by the transmission operator to bring
generation to the hub. (That price term is negative, since the generator actually provides
counterflow from the node to hub.) We assume that the direct cost of operating reserves is
negligible.
As for constraints, in addition to non-negativity restrictions, producers have several types of
constraints. The first type includes capacity constraints. One such constraint limits the power
output xfiht plus operating reserve rfiht to be no more than the generator’s derated capacity. The
analysis assumes that generators incur no cost when keeping units synchronized with the grid
without producing power. The second capacity constraint limits the amount of reserves from a
generator. The third is an energy balance constraint, where the energy generation and sales
have to be equal during each period. The forth constraint (equation 16) only applies to
generators located in Maryland that are subject to the Healthy Air Act for Maryland for two
pollutants: NOx and SO2. The total annual emissions of NOx and SO2 cannot exceed the specified
cap.
Power Arbitrageur. An arbitrageur is introduced to simulate a POOL-type market, in which the
transmission cost between two nodes equals the difference in spot prices (Metzler et al.,
2003). The arbitrageur is assumed to have perfect knowledge of the equilibrium power prices,
and it moves power from the low-price nodes to the high-price nodes to maximize its profit.
MAX ait ∑ Bt ( pitE − Wit )ait

(17)

i ,t

subject to

∑Ba
t

it

= 0 ∀t

( ptH )

(18)

i
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Grid Operator. The operator allocates scarce transmission capacity among demands for
transmission services:
MAX yit ∑ Bt wit yit
(19)
i ,t

subject to

∑ PTDF

ki

i

(λkt )

yit ≤ Tk , ∀t

(20)

The flow in the network is governed by the power transfer distribution factors (PTDFs) derived
from the linearized d.c. approximation (Schweppe et al., 1988). The constraints associated with
the grid operator are that the total flow has to be no more than the upper bound (Tk) for interface
k based on thermal or other limits. A transmission corridor will generally have flow limits in both
directions; this is represented by defining two interfaces k for each corridor, one for each
direction. We assume that the grid operator is a regulated entity that allocates transmission
capacity efficiently among demands for transmission service. This is the is equivalent of a pricetaking assumption for the operator (Cardell et al., 1997).
Market Clearing Conditions. These conditions are essential to calculating a market equilibrium.
Not only does each commodity’s clearing condition ensure balance of the physical system but it
also implicitly generates a price by forcing demand and supply to equilibriate.
There are two sets of market clearing conditions: transmission and operating reserve pricing.
The transmission condition requires that the demand for transmission service from each node
equals the quantity supplied by the grid operator in each period. The second condition determines
prices of the operating reserves markets: if there is more reserve capacity available in the market
than required, the reserve market price pRt is zero; otherwise, it is positive. There are two sets of
prices associated with the reserve market: Maryland (pRMDt) and Non-Maryland (pROTt).

∑s

fit

+ ait −

f

∑

f , h∈H ( i , f )

x fiht = yit , ∀i, t

0 ≤ ptR ⊥ ∑ s fit RM −
f ,i

∑

f , i , h∈H ( i , f )

(mc1)

rfiht ≤ 0, ∀t

(mc2)

Market Equilibrium Model
The next step in developing the model is to derive the Karush-Kuhn-Tucker (KKT) conditions for
each of the market participant’s optimization problems. The market equilibrium problem is then
defined as the collection of all KKT conditions for all the above problems together with the
market-clearing conditions. The resulting complementary problem can then be implemented in
GAMS and solved with the complementary solver PATH (Brooke et al., 1998). The complete
market equilibrium problem is as follows.
Consumers: Demand function (11)
Producers:
For sfjt, ∀ j, t, f ∈F
0 ≤ s fjt ⊥ Pjt0 − ( Pjt0 / Q 0jt )(∑ sgjt + ait )

(f1)

g

−( P / Q )( s fjt − S ) − w jt − θ ft ≤ 0
0
jt

0
jt

F
fjt

(For price-takers, this simplifies to: 0 ≤ s fjt ⊥ p Ejt − w jt − θ ft ≤ 0 , with pEjt calculated from (11))
For xfiht, ∀ f, i, t, h ∈ H(i, f)
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NOx NOx
2 SO 2
0 ≤ x fiht ⊥ −(C fih − wit ) Bt − ρ fiht + θ ft Bt − E fiht
p f − E SO
≤0
fiht p f

(f2)

(For generators under the Healthy Air Act for the Maryland, (f2) is augmented with additional
NOx NOx
2 SO 2
p f − E SO
≤0)
terms: 0 ≤ x fiht ⊥ −(C fih − wit ) Bt − ρ fiht + θ ft Bt − E fiht
fiht p f
For ρfiht, ∀ f, i, t, h ∈ H(i, f)
0 ≤ ρ fiht ⊥ x fiht + rfiht − X fih ≤ 0

(f3)

For θft ∀ f, t
∑ s fjt =

(f4)

j

∑

i , h∈H ( i )

x fiht

For rfiht, ∀ f, i, t, h ∈ H(i, f)
0 ≤ rfiht ⊥ ptR − ρ fiht − η fiht ≤ 0

(f5)

For ηfiht, ∀ f, i, t, h ∈ H(i, f)
0 ≤ η fiht ⊥ rfiht − R fiht ≤ 0

(f6)

Arbitrageur:
For ait, ∀ i, t
pitE − Wit − ptH = 0

(a1)

For pHt, ∀ t
∑ Bt ait = 0

(a2)

i

Grid Operator:
For yit, ∀ i, t:
wit Bt − ∑ PTDFki λkt = 0

(g1)

For λkt, ∀ k, t
0 ≤ λkt ⊥ ∑ PTDFki yit − Tk ≤ 0

(g2)

k

i

Market Clearing Conditions: (mc1)-(mc2) above.

D.3 IMPLAN
In order to quantify the economic impact of joining RGGI, Regional Economic Studies Institute
(RESI) utilized the IMPLAN input/output model. This model enumerates the employment and
fiscal impact of each dollar earned and spent by the following: employees of the new business,
other supporting vendors (business services, retail, etc.), each dollar spent by these vendors on
other firms and each dollar spent by the households of the new business' employees, other
vendors' employees, and other businesses' employees.
To quantify the economic impact of a new business entering into an area, economists measure
three types of economic impacts: direct, indirect, and induced. The direct economic effects are
generated as new businesses hire workers to fill new positions. The indirect economic impacts
occur as new firms purchase goods and services from other firms. In either case, increases in
employment generate corresponding increases in household income—as new job opportunities
are created and income levels rise. This drives the induced economic impacts that result from
households increasing their purchases at local businesses.
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Consider the following example. A new firm opens in a region and directly employs 100 workers.
The firm purchases supplies, both from outside the region as well as from local suppliers. This
leads to increased business for local firms, thereby creating jobs for approximately 100 additional
workers. This is the indirect effect. The workers at the firm and at suppliers spend their income
mostly in the local area, creating jobs for, hypothetically, another 50 workers. This is the induced
effect. The direct, indirect, and induced effects, theoretically, result in 250 jobs created from the
original 100 jobs. Thus, in terms of employment, the total economic impact of the hypothetical
firm in our example is 250.37
What is IMPLAN?
IMPLAN is an economic impact assessment software system. The system was originally
developed and is now maintained by the Minnesota IMPLAN Group (MIG). It combines a set of
extensive databases concerning economic factors, multipliers and demographic statistics with a
highly refined and detailed system of modeling software. IMPLAN allows the user to develop
local-level input-output models that can estimate the economic impact of new firms moving into
an area, as well as, the impacts of professional sports teams, recreation and tourism, and
residential development. The model accomplishes this by identifying direct impacts by sector. It
then develops a set of indirect and induced impacts by sector through the use of industry-specific
multipliers, local purchase coefficients, income-to-output ratios, and other factors and
relationships.
There are two major components to IMPLAN: data files and software. An impact analysis using
IMPLAN starts by identifying expenditures in terms of the sectoring scheme for the model. Each
spending category becomes a “group” of “events” in IMPLAN, where each event specifies the
portion of price allocated to a specific IMPLAN sector. Groups of events can then be used to run
impact analysis individually or can be combined into a project consisting of several groups.
The hallmark of IMPLAN is the specificity of its economic datasets. The database includes
information for 528 different industries (generally at the four or five digit North American Industrial
Classification level), and 21 different economic variables. Along with these data files, national
input-output structural matrices detail the interrelationships between and among these sectors.
The database also contains a full schedule of Social Accounting Matrix (SAM) data. All of these
data are available at the national, state, and county level.
A primary strength of the IMPLAN system is its flexibility. It allows the user to augment any of the
data or algorithmic relationships within each model in order to more precisely account for regional
relationships. This includes inputting different output-to-income ratios for a given industry,
different wage rates, and different multipliers where appropriate. IMPLAN also provides the user
with a choice of trade-flow assumptions, including the modification of regional purchase
coefficients, which determine the mix of goods and services purchased locally with each dollar in
each sector. Moreover, the system also allows the user to create custom impact analyses by
entering changes in final demand. This flexibility is a critically important feature in terms of the
RESI proposed approach. RESI is uniquely qualified to develop data and factors tailored to this
project, and, where appropriate, overwrite the default data contained in the IMPLAN database.
Another major advantage of IMPLAN is its credibility and acceptance within the profession. There
are over 500 active users of IMPLAN databases and software within the federal and state
governments, universities, and among private sector consultants. Table D.4 provides a sampling
of IMPLAN users.

37

Total economic impact is defined as the sum of direct, indirect and induced effects.
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Table D.4: Sampling of IMPLAN Users
Academic Institutions
Alabama A&M University
Albany State University
Auburn University
Cornell University
Duke University
Iowa State University
Michigan Tech University
Ohio State
Penn State University
Portland State University
Stanford University
Texas A&M University
University of California – Berkeley
University of Wisconsin
University of Minnesota
Virginia Tech
West Virginia University
Marshall University College of Business
Purdue University

State Governments
MD Dep’t of Natural Resources
Missouri Dep’t of Economic Dev.
California Energy Commission
Florida Division of Forestry
Illinois Dep’t of Natural Resources
New Mexico Dep’t of Tourism
South Carolina Empl Security
Utah Dep’t of Natural Resources
Wisconsin Dep’t of Transportation

Federal Government
Argonne National Lab
Federal Emergency Management Agency (FEMA)
US Dep’t of Agriculture, Forest Service
US Dep’t of Agriculture, Econ Research Service
US Dep’t of Interior, Bureau of Land Mgmt
US Dep’t of Interior, Fish and Wildlife Service
US Dep’t of Interior, National Parks Service
US Army Corps of Engineers

Private Consulting Firms
Coopers & Lybrand
Batelle Pacific NW Laboratories
Boise Cascade Corporation
Charles River Associates
CIC Research
BTG/Delta Research Division
Crestar Bank
Deloitte & Touche
Jack Faucett Associates
Ernst & Young
KPMG Peat Marwick
Price Waterhouse LLP
SMS Research
Economic Research Associates
American Economics Group, Inc.
L.E. Peabody Associates, Inc.
The Kalorama Consulting Group
West Virginia Research League

The centerpiece of an economic impact study is the classification of impacts. In the case of the
RGGI impacts, the direct impacts include the creation of jobs in specific industries and
businesses. Indirect impacts measure the positive effect on the economy resulting from
businesses selling goods and services to households. Induced impacts include the effects of
increased household spending resulting from direct and indirect effects. Put another way, direct
impacts are the immediate impacts of the RGGI Jobs. Indirect and induced impacts are
derivative, flowing from direct impacts.
Indirect and induced impacts are estimated by applying multipliers to direct impacts. Multipliers
are factors that are applied to a dollar expended toward a particular use. These factors estimate
the total value of that dollar as it moves through the economy. For instance, suppose that a dollar
is spent in a certain industry. That dollar will increase the number of jobs in that industry by a
certain amount. Furthermore, some of the money will go to pay the increased earnings in that
industry, resulting in higher personal income. In turn, consumers will spend a share of that
increase in personal income. Thus, the ultimate impact of a dollar―initially spent in a certain
industry―is greater than its direct impact on the earnings of that industry. Multipliers are
industry-specific factors that estimate the value of a dollar spent in an industry, including not only
its direct impacts, but also its indirect and induced impacts.
RESI integrates the IMPLAN model into its methodology for conducting the economic impact
analysis of the RGGI impacts. By developing a schedule of related direct impacts, the study team
then creates sets of direct impact vectors, to be inputed into IMPLAN. The resulting runs then
produce indirect and induced impacts related to those direct impact vectors.
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The primary advantage of RESI approach is that it provides geographic and industry-wide detail
without sacrificing attention to the individual characteristics of the RGGI impacts and the state.
The geographic and industry detail are provided by the IMPLAN databases, upon which IMPLAN
models are constructed. The attention to the unique characteristics and situation of these
households are preserved because RESI will develop the direct impact vectors outside of the
model, tailoring them to Maryland and its related job market, and utilizing the IMPLAN runs to
develop indirect and induced impacts, vis-à-vis those tailored direct impact vectors.
The intimate relationship between RESI impact model and RGGI’s unique situation will be further
preserved and enhanced by another aspect of the proposed RESI methodology. RESI tailored
the operation of the IMPLAN model itself to Maryland and its counties. Using its extensive
knowledge of the Maryland economy, RESI augmented the information contained in the IMPLAN
model with detailed assumptions about parameters such as multipliers and output-to-employment
ratios.
E. Stakeholder Comments
Maryland stakeholders were engaged in this RGGI analysis through both in-person meetings, and
written comments communicated to the UMD team. Notably, their comments appear on the
UMD, CIER web site, (http://www.cier.umd.edu/RGGI/stakeholder_comments.htm).
Stakeholders, as well as other study participants, provided suggestions for alternative scenarios
that, time and budget permitting, might prove useful to run using the three models described
above. These alternative scenarios along with the organizations that suggested them, are listed
below.
E.1 Summary of Recommendations for Alternative Scenarios
1. Fuel Prices:
Examine a “high natural gas price” scenario (EEI; GHG Coalition)
• The GHG Coalition also recommends that Maryland consider running a scenario with
higher natural gas prices than the reference case, “perhaps in the $7 - $11/mmbtu
range.” Natural gas prices have a significant impact on the modeling results – including
capacity additions and CO2 emissions.
2. Environmental Policies:
Incorporate other federal regulations (MITA Tech)
- Multiplier to the cost of regulations
Cost of facilities to satisfy the Healthy Air Act
- MITA Tech: “The scenarios proposed assume that the utilities will be able to implement
RGGI, and Hg, SOx, and NOx controls without a problem. I am unconvinced that this will
occur and I believe that there should be additional model scenarios that address this
likelihood.”
3. Initial RGGI Allowances and Emissions Accounting:
Review other possible allowance values
- Use 100 percent of allowances in public benefit auction,
- 50/50 allowance scheme,
- MITA Tech: Maryland generates more power from coal than other RGGI states, 25
percent allowance might not be enough, and
- GHG Coalition: The GHG Coalition recommends that Maryland run a scenario with
states choosing to do more than a 25 percent consumer benefit allocation (possible
percentages include 50-75 percent).
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Baseline numbers for emissions
- Constellation Energy: “The determination of baseline levels in other states was far more
complex...Emissions in the RGGI MOU may have been loosely based on some average
of prior years' emissions...Maryland should not short change itself with an unnecessarily
restrictive view of baseline.”
Examine various scenarios for carbon offsets
- GHG Coalition: Because there are currently limited options for reducing CO2 emissions at
electric generating facilities, carbon offset prices and availability will have significant
impacts on the overall costs of the RGGI program. The GHG Coalition recommends that
the Maryland modeling avoid setting any arbitrary and unrealistic backstop price for
carbon offsets such as what RGGI did.38 Instead, the GHG Coalition recommends
running one or more of the following scenarios:
 Utilizing the domestic marginal abatement cost curves of EPA,39
 Doubling the EPA MACs,
 Assuming that offsets can only come from the RGGI region― which would
account for no MOUs being signed with non-RGGI states, and
 Utilizing the current market prices for Certified Emission Reductions in the Clean
Development Mechanism when and if the $10 safety valve trigger is reached.
4. Transmission Expansion:
Additional generation in the region not covered by RGGI
− How would you account for this? Which transmission lines do you count?
Possible plant closures
- PSC: “The study team should conduct runs of the models that incorporate the closure of
plants which may be unable to comply with the Healthy Air Act. The study group should
discuss the possibility of plant closures with each of Maryland’s generators, and then
conduct the appropriate model runs.”
Vary the lead times for construction on the “new build” scenarios
- GHG Coalition: recommends that Maryland run a scenario that assumes the three
proposed new transmission lines listed below become operational in the 2014-2015
timeframe.
- The AEP transmission expansion proposal, called “AEP Interstate Project”, consists of a
765 kV line from West Virginia to New Jersey. This line should go into service by 2014.
- The Allegheny transmission expansion proposal, called “Trans-Allegheny Interstate Line”,
consists of a 500 kV line from West Virginia to Maryland.
- The Pepco Holdings, Inc. transmission expansion proposal, called the “PHI Mid-Atlantic
Power Pathway”, consists of a 500 kV from northern Virginia to New Jersey.
- EEI: “What are the assumptions underlying “new build” scenarios? For example, what
types of lead times are assumed for new construction?”
5. Demand Growth for Electricity:
Demand reductions: use ACEE data (more realistic) instead of AEO data
- ACEEE: "While an AEO estimate is acceptable for the reference case, electricity demand
growth should be simulated using the energy efficiency program impacts that would flow
from efficiency investments generated by allowance auction proceeds.”
6. Other:
Nuclear capacity

38
39

RGGI assumed that an unlimited number of offsets were available internationally at $6.50/ton.
See http://www.epa.gov/airmarkets/mp/pssupport/CO2OffsetMarginalCost.xls
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-

Nuclear uprate assumptions have significant impacts on the CO2 emission trajectory of
the RGGI region. The manner with which nuclear uprates are addressed is important
and can have significant impacts on the modeling results. The GHG Coalition
recommends that Maryland run a scenario that does not allow nuclear uprates in the
RGGI region.

F. Reliability Analysis Results
This discussion provides a detailed follow-up to the general reliability information set forth in
Section 11 of the report, in particular providing an analysis of the possible effect of RGGI on the
cost of generation capacity requirements in Maryland. Given the focus of this report on
generation investment and sufficiency, as opposed to transmission, “reliability” is taken here as
being synonymous with “generation adequacy.” Generation adequacy is concerned with whether
installed generation capacity can meet anticipated demand with a specified level of reliability,
accounting for uncertainties in weather, economic growth, and forced generator outages. The
reliability standard in PJM is the common “1 day in 10 years” standard, stating that installed
capacity should be sufficient to ensure that involuntary load curtailment occurs no more often
than that standard. Presently, PJM translates this standard into a target installed reserve margin
(excess of capacity over peak) of 15 percent. PJM intends to ensure that the generation
availability standard is met not only for PJM as a whole, but for constrained “LDAs” (local demand
areas) which are short of capacity and therefore need to import energy from the rest of PJM.
The mechanisms that PJM will be using to ensure capacity adequacy are the Reliability Pricing
Model (RPM) and the PJM Regional Transmission Expansion Planning Process (RTEP) (PJMa,
2006). RPM, which has just received conditional FERC approval (Docket ER05-IY01-001,
December 21, 2006), provides payments to generating capacity to encourage investment as
further described below. RTEP is a process in which PJM has committed itself to ensuring that
transmission capability into LDAs is sufficient to ensure that the PJM system can deliver sufficient
generation everywhere. Through these two mechanisms, PJM intends to ensure that net
importing regions in PJM, such as Maryland will continue to have adequate access to generation
resources. If because of generator retirement, lack of investment, or demand growth an LDA’s
reliability is threatened, these mechanisms are intended to spur additional generation and
transmission investment. Therefore, if joining RGGI would result in a decrease in generation
capacity relative to loads in Maryland, then we assume that the RPM and RTEP mechanisms
would be effective in incentivizing additional investment in generation and transmission to
maintain reliability.
However, these incentives could involve a significant cost to Maryland ratepayers. In particular,
the RPM mechanism provides for higher capacity payments for generators if capacity margins fall
within an LDA, and the maximum amounts of capacity are being imported. In this section, we
estimate the possible magnitude of such payments that could arise as a result of Maryland joining
RGGI. Our assumption is that the RTEP process for expanding transmission capacity would not
be necessary, and so we do not quantify the costs of additional transmission reinforcements that
might arise because of RGGI. Indeed, as we show, the changes in capacity margins are
sufficiently small that they would be unlikely to cause RTEP to trigger major transmission
reinforcements. Below, we provide some background on the RPM mechanism, and the
framework we use to estimate possible increases in capacity payments made by Maryland
ratepayers. Numerical assumptions are also summarized. Notably, a range of estimates are
presented based on alternative assumptions about the status of the capacity market in each of
the scenario years.
F.1 Background and Framework40
40
Portions of this section are drawn from Hobbs et al. 2007. (B.F. Hobbs, M.C. Hu, J. Inon, S. Stoft, and M.
Bhavaraju, "A Dynamic Analysis of a Demand Curve-Based Capacity Market Proposal: The PJM Reliability
Pricing Model," IEEE Transactions on Power Systems, 2007, in press).
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Restructured power markets around the globe have taken a range of approaches to ensure
generation adequacy. Each approach has the goal of correcting market flaws that may prevent
the spot energy market by itself from being able to achieve the optimal level of capacity. A
debate is ongoing over whether separate capacity markets for electricity are needed for
adequacy, and if they are, how they should be designed (Jaffe and Felder, 1998).
It has been asserted that two main flaws in electricity markets mean that a separate capacity
market is needed. First, there is no market in which direct customer valuation of reliability
determines capacity additions; thus, a true market-based solution to reliability remains to be
constructed (Bidwell and Henney, 2004; Henney, 1998; Stoft, 2002). Second, market design
features created to mitigate generator market power-such as bid and price caps-- can
decrease profits so that generation construction is unprofitable if there is sufficient capacity to
meet typical adequacy standards, such as a loss of load probability (LOLP) of 1 day in 10 years
(Joskow and Tirole, 2002). But others believe that creating capacity markets will just serve to
delay development of demand response and efficient energy markets (Sutherland and Treadway,
2004). It has also been argued that removing price caps and at the same time increasing
demand participation is preferred to creating an additional market for artificial commodity
(capacity). Indeed, some markets (e.g., Australia, the UK), exist without caps and capacity
markets. However, the lack of demand response and the legacy of the California crisis mean that
caps will remain in place in the United States for the foreseeable future, and that policy makers
prefer the assurance of a resource adequacy requirement.
Where a separate market for capacity has been created, one of two basic approaches is usually
adopted:

•
•

a price-based capacity system in which all capacity is paid a fixed amount per MW, or
a quantity-based capacity system, in which the amount of desired capacity is prespecified, and each LSE (load serving entity) is obliged to provide a share proportional to
its peak load in the form of generation capacity, load management, purchased capacity
credits, or contracts for energy backed by physical assets.
In theory, if the optimal level of adequacy can be identified, then either a price- or quantity-based
system can be used to achieve it (Jaffe and Felder, 1998; Stoft, 2002).41
More recently, the northeastern US ISOs have recommended a hybrid approach in which the ISO
defines a sloping demand curve, describing the price it will pay for “unforced” capacity (i.e.,
capacity derated for expected forced outages) as a function of total capacity. Owners of
generating capacity submit bids in an ISO-run auction, with the bids forming a supply curve of
capacity. The point where the supply curve crosses the demand curve determines the quantity of
capacity bids accepted by the ISO and the price paid for them.
The demand-curve system has characteristics of both quantity- and price-based systems. Just
as in the former system, there is a target reserve margin, and if there is a lot of excess capacity,
the price is zero. But like the latter system, there is still some payment for levels that exceed the
required reserve margin (but not by too much), and the payments are less volatile from year to
year than in a quantity-based system, decreasing risk to generators and possibly encouraging
more entry. The “demand curve” is an administrative payment schedule created by the ISO, and
not a demand curve in the more usual sense (e.g., one that reflects consumer willingness-to-pay).

41

Hobbs et al. (2001) establishes this result for a competitive market using a stylized model of generator
entry into a market. There, under certain simplifying assumptions, such as a long-run market characterized
by a free-entry equilibrium and no market power, we show that price-based approaches, capacity
requirements, or operating reserve requirements can all yield the socially optimal amount and mix of peaking
and baseload capacity. Thus, any of these mechanisms can, in theory, correct the market flaw that energy
prices do not reflect customer willingness to pay for reliability. This is done by providing capacity payments
so that private investor returns align with the social benefits of investment.

139

The NYISO has had a demand curve-based ICAP (install capacity) system since 2003, and has
survived court challenges. The ISO-NE “LICAP” (Locational ICAP) system had been filed for
approval at FERC, and a substantially revised version (without an explicit demand curve) was
accepted in a settlement among the parties and is scheduled for implementation. The PJM
“RPM” is the latest demand-curve based capacity market to be submitted for FERC approval
(August, 2005). The original proposal was controversial, with the PJM membership divided on its
desirability. On September 29, 2006, PJM and a number of the contesting parties filed a
settlement agreement with FERC that involved a number of modifications, including changes in
the timing of the auction, the shape of the curve, and the process by which the curve would be
modified over time and to other features. FERC conditionally approved the settlement in
December, 2006, and if the proposal survives possible court challenges, it will replace the current
“ICAP” (installed capacity) market in June, 2007.
Important features of the RPM mechanism include the following:

•
•

•

A three-year ahead forward market for capacity operated by PJM. This is supposed to be
far enough ahead to enable new peaking capacity to be contracted for and constructed.
Locational markets. Separate demand curves are defined for LDAs that are heavily
import dependent. LDA demand can be met through local generation resources and
demand response, and through imports. Limits on imports are determined through load
deliverability studies. For instance, such studies have determined that 5100 MW of
power can be reliability imported under peak conditions into the southwest MidAtlantic
region (BGE and PEPCO in Maryland and DC) in 2009 (PJM, 2006b), and 6430 MW in
2011 (PJM, 2006c). Meanwhile, 2100 MW can be imported into the Delmarva region
(PJM, 2006b) in 2009. The only other region of Maryland, the western area served by
Potomac Edison (Allegheny Power System) has not been reported to have import
constraints (Gass, 2006).
A piecewise linear demand curve that determines the payment to local resources as a
function of the ratio of unforced capacity quantity to the reserve target.

Figure F.1 shows the shape of the “Variable Resource Requirement” (VRR) (PJM’s terminology
for its demand curve) that would have been applied to the SW MAAC region, based on the
original proposal of August, 2005. The value of the vertical axis corresponding to the “threshold”
point is the unforced capacity target (based on a LOLP of 1 day in 10 years), about 14950 MW.
This is 1.075 times the peak load in that region, adjusted downward for peak diversity (e.g.,, the
fact is that peaks of PJM subsystems are noncoincident, so that a 1 MW increase in Maryland’s
peak implies an increase of less than 1 MW for the entire region). The average forced outage
rate for PJM capacity is 6.53 percent, implying that the target is 1.075/(1-0.0653) = 1.15 times the
adjusted peak load, when measured in installed capacity terms.
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Figure F.1: Anticipated VRR (Demand Curve) for SW MAAC Region (BGE/PEPCO
in MD and DC) for June, 2007-May, 2006 based on Aug., 2006 filing (Source: PJM,
2006b)

Figure F.2 shows the general shape of the VRR filed in the September, 2006, settlement (PJM,
2006d) and approved in December, 2006. Using the assumptions of PJM (2006c), the net cost of
new entry (“Net CONE”) used to define the payment on the vertical axis would be 130 $/unforced
MW/day, or about 47,500 $/unforced MW/year. (This is the price at the kink in the figures, e.g.,
Point 2 in Figure F.1.) This dollar value is the estimated cost of a new combustion turbine peaker
in the region, net of energy and ancillary services revenues it is expected to receive. The
horizontal axis in Figure F.2 is expressed as the percent deviation from the target ratio of the
installed (rather than unforced) capacity to the (adjusted) peak demand, which is 1.15. That is, if
the target is met exactly (there is a 15 percent reserve margin), then the horizontal axis is 0
percent (i.e., zero deviation from the target) and the vertical axis yields a payment of just over
$53,000 per unforced MW of capacity per year. Figure F.2’s maximum payment of 150 percent of
the net CONE (or $71,000, in this case) occurs at an horizontal axis value of 0.974
(corresponding to an installed reserve margin of 112 percent). At an installed reserve margin of
20 percent (yielding an horizontal axis value of about 1.043), the curve is cut off, and the capacity
price falls to zero, as shown.
The analysis of reliability costs in this section proceeds by estimating the possible configuration of
the demand curve for capacity (e.g., VRR) for the SW MAAC region in the years 2010, 2015,
2020, and 2025― with and without the RGGI program― based on the peak demands estimated
in the Haiku model runs. Then, based on estimates of the generation resources that are likely to
be sited within the SW MAAC region in those years, the prices of capacity, with and without
Maryland joining RGGI, can be estimated.
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Figure F.2: Generic VRR (Demand Curve), September, 2006 Settlement

Percentage Point Change From Capacity Requirement
(Source: PJM, 2006d)
F.2 Analysis and Results
This section presents the assumptions underlying our estimates of the effect of the Maryland
Joins RGGI scenario on the cost of capacity to Maryland in the new PJM RPM system. We focus
on the SW MAAC region, consisting of the BGE and PEPCO service territories in Maryland and
the District of Columbia. We attempt to simulate how that scenario would affect the peak load
and amount of capacity in the SW MAAC LDA (BGE and PEPCO), and thus where the SW
MAAC capacity supply and demand curves will cross under the RPM system. Where these
curves cross determines the price of capacity for the SW MAAC region.
First, we consider the demand for capacity in the SW MAAC region. The location of the VRR
curve depends on the peak load, adjusted for peak diversity. Based on the following information,
we obtain the estimates of unforced capacity obligations for the SW MAAC region for the
simulation years shown in Table F.1:

•

PJM (2006b) reports that the unforced capacity obligation for SW MAAC for 2009-2010
(including the summer of 2009) will be 15,473 MW. This obligation is the region’s peak
load, adjusted for peak diversity (compared to the rest of PJM), multiplied by 1.15 (the
ratio of installed capacity to peak that achieves a LOLP of one day in ten years),
multiplied by (1-0.0635) which adjusts for PJM average capacity forced outage rates
(PJM, 2006b). The last factor converts installed capacity requirements into unforced
capacity requirements, which are adjusted for expected plant outages during peak
periods.
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•
•
•

The 2009-2010 obligation is increased by 1.76 percent, the average annual increase
assumed in the 2007-2009 period for SW MAAC’s capacity obligation (PJM, 2006b),
yielding a 2010 obligation of 15,746 MW for the Baseline scenario.
Using the Haiku ratios of 2015, 2020, and 2025 peak Maryland loads to Haiku’s 2010
peak Maryland load, the Baseline obligations for the later scenario years are obtained
(first row of Table F.1).
Consistent with ratio of BGE/PEPCO’s load to Maryland’s load (about 75%), we allocate
three quarters of the peak load reduction (the average ratio for 2003-2006 for the PJMEast region between the peak annual load and the average of the 36 highest summer
loads (1.035, which adjusts for the fact that the Haiku summer period represents the 36
highest summer load hours).

Table F.1: Estimated SW MAAC Unforced Capacity Requirements (MW)
2010
2015
2020
2025
Baseline
15,746
16,993
18,569
20,045
MD Joins RGGI
15,654
16,850
18,350
19,751
The capacity requirements in Table F.1 fix the location of the demand curve for the SW MAAC
region in our analysis.
The remaining data requirements concern the supply of unforced capacity, including the ability of
the transmission system to import that capacity.
The estimated amount of installed capacity in the BGE and PEPCO regions is based on the
Haiku inventory of existing and planned power plants in Maryland and the District of Columbia, as
well as those regions’ share of the new capacity constructed in Maryland in the Haiku simulations.
This share is determined based on fuel type, and equals the shares of Maryland coal and natural
gas/oil-fueled capacity in the Haiku inventory. The resulting totals are shown in Table F.2.
Table F.2: Estimated Installed Capacity in BGE and PEPCO regions within MD and DC
(MW)
2010
2015
2020
2025
Baseline
13671
13675
13985
14412
MD Joins RGGI
13632
13635
13635
13635
These values are well below the required capacity indicated in Table F.1. However, under the
proposed PJM RPM system, capacity can be imported from the rest of PJM. The maximum
amount that can be imported into the SW MAAC region was determined to be 5100 MW in 2010,
according to a PJM analysis of the RPM locational mechanism (PJM, 2006b,c). This value is
approximately one-half the sum of the individual 500 kV transmission line limits into Maryland.42
There can be several reasons for this discrepancy:

•
•
•

So-called “(n-1)” contingency constraints mean that lines cannot be fully loaded under
peak constraints, because the system needs to accommodate flows if a line or generator
failure occurs.
It is generally impossible to dispatch a system to fully utilize all lines.
Some power is transported through Maryland from west to east during peak conditions,
and as a result, not all transmission capacity connecting SW MAAC to other regions can
be devoted to imports by SW MAAC.

42

These limits are either thermal limits or surge impedance loading limits, expressed in megavars (MVA),
with the latter generally being more restrictive for lines over 50 miles in length. We have multiplied these
values by 0.9 to account for the fact that the lines also need to carry reactive power. MVA limits are
obtained from the PowerWorld 2003 data base for PJM.
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By 2015, it appears likely that one or more major east-west 500 kV circuits will be added that will
provide stronger connections between Maryland and power supplies to the west. We cannot
predict which of the proposals will be constructed (if indeed any are), but based on conversations
with utility and PJM personnel, it appears reasonable to assume that at least two will be. At least
three such projects are presently being seriously considered (Figure F.3):

•
•
•

A 500 kV corridor proposed by Allegheny Power from the Wylie Ridge substation in
northern West Virginia to the Kemptown substation in Maryland. (Top proposal in the
legend in Figure F.3)
A proposal by American Electric Power for a 765 kV corridor from West Virginia to New
Jersey. (Second proposal in the legend in Figure F.3)
The Mid-Atlantic Power Pathway (MAPP), consisting of 500 and 230 kV circuits through
PEPCO service territory, connecting PEPCO to Virginia in the west and the Delmarva
peninsula (and ultimately NJ) in the east. (Bottom two proposals in the legend in Figure
F.3)

Figure F.3: Three Proposed High Voltage Transmission Line Additions Through Maryland
(Source: Goroff, 2006)

Without making a judgment as to which projects are most likely to be completed, we assume that
the two sets of projects that will be completed are the MAPP and Allegheny power projects.
Based on the project descriptions, the thermal and/or surge impedance loading limits (as
appropriate) would provide approximately 4000 MW more transmission capacity from West
Virginia and Virginia to central Maryland, and 1800 MW more capacity from central Maryland to
points east. As a rough approximation, we assume that half of this thermal capacity (2900MW)
can be used to import more generation capacity under the RPM auction. This 50 percent
assumption is broadly consistent with the ratio of 500 kV line capacity into central Maryland to the
amount of capacity (5100 MW) anticipated to be allowed under RPM in 2010. Assuming that the
new lines are in place by 2015, this means that 2900 MW + 5100 MW, or 8000 MW of capacity
import capability would be available under RPM to SW MAAC in 2015.
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To get total potential supply of unforced capacity to SW MAAC, we add 5100 MW (2010) and
8000 MW (2015, 2020, and 2025) of import capacity to the SW MAAC unforced generation
capacity estimates. Unforced capacity is assumed to equal (1-0.0643) times the installed
capacity, reflecting the average PJM forced outage rate. A more accurate estimate would be
based on plant-specific rates, but the time available to this project did not permit that level of
detail in the analysis. The resulting total supply of capacity available to SW MAAC is given in
Table F.3. This supply is well in excess of the capacity requirements in Table F.1. The estimated
ratio of Table F.3’s capacity supply (internal SW MAAC generation plus supply that can be
imported) to the capacity requirement (Table F.1) is shown in Table F.4.
Table F.3: Estimated Potential Supply of Unforced Capacity to SW MAAC (Within Region
Unforced Generation Capacity Plus Import Capability)
2010
2015
2020
2025
Baseline
17878
20782
21071
21471
MD Joins RGGI
17841
20745
20745
20745
Table F.4: Estimated Ratios of Unforced Capacity Plus Capacity Import Limit to Unforced
Capacity Target in SW MAAC Region
2010
2015
2020
2025
Baseline
1.135
1.223
1.135
1.071
MD Joins RGGI
1.140
1.231
1.131
1.050
Table F.4 shows that if Maryland joins RGGI that the net capacity picture is estimated to improve
in 2010-2015 relative to the Baseline, but deteriorate slightly in 2020 and more so in 2025. The
improvement occurs because the net capacity loss due to Maryland joining RGGI is smaller in
magnitude, at least in the early years, than the reduction in capacity requirements occurring
because of energy efficiency funded by the revenue from RGGI allowance sales. This is shown
directly in Table F.5. The efficiency-induced reductions in the required capacity increase from
approximately 100 MW in 2010 to almost 300 MW in 2025. These amounts exceed the slight
decreases of capacity occurring in the 2010-2015 period, but are exceeded by capacity
decreases in 2020 and 2025. (Note that these are relative capacity decreases; total capacity is
actually increasing in both the Baseline and Maryland Joins RGGI scenarios.)
Table F.5: Changes (MW) in Unforced Capacity Required and Unforced Capacity Supply in
SW MAAC as a Result of the Maryland Joins RGGI Scenario (Compared to Baseline)
2010
2015
2020
2025
A: Change in Capacity Required
-92
-143
-218
-294
B: Change in Unforced Capacity Supply
-37
-37
-327
-726
B-A: Net Change in Capacity Balance
55
107
-108
-432
The ratios in Table F.4 are to the right of the approximately 5 percent threshold in Figure F.2 that
defines a positive price for capacity. Before 2025, the ratios are well over 1.05. This implies the
following conclusions:

•
•

If the SW MAAC region fully utilizes the available import capacity, capacity prices would
likely be zero. However, this would only be the case if capacity prices in the main part of
PJM were to be zero, which is unlikely.
If capacity prices in the main part of PJM are positive, then only part of the capacity
import capability will be used, and the price of capacity in SW MAAC would be the same
as in the main part of PJM. This is a consequence of the logic of the RPM auction, which
establishes a separate (and higher) price for capacity within a LDA only if the import
capability is being fully used. In that case, any change in the net capacity within SW
MAAC could only affect the capacity price within the main part of PJM; as this is a very
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large market, the net changes in the last row of Table F.4 would be anticipated to have
little in the way of noticeable affect.
Thus, it appears doubtful that a decision by Maryland to join RGGI will significantly affect capacity
prices. That this analysis has disregarded the presence of significant active load management
programs in the PEPCO and BGE territories (amounting to several hundred MW), which can
qualify for RPM credits, only reinforces this conclusion. Adding the contribution of these
programs to the unforced capacity and import capability improves the supply picture further for
central Maryland.43
That conclusion is based on a series of assumptions that might, if altered, change the
conclusions. Among these assumptions are:

•

growth rates in DC and Central Maryland peak loads, as well as the present sizes of
those peaks,
• the effectiveness of the energy efficiency programs funded by the proceeds of the RGGI
allowances,
• the materializing of the planned capacity additions in the Haiku data base, as well as the
unplanned additions that the Haiku model indicates would be economic, and
• the implementation of the two transmission projects in 2015 that would increase the
capacity import capability to Maryland by an assumed 2900 MW.
Therefore, as a sensitivity analysis, we consider the possibility that the amount of capacity that
could be provided by locally installed capacity and imports in the RPM auction for use in SW
MAAC, might be less than the threshold indicated in Figure F.2 for a positive price of capacity. If
instead a positive price for capacity is experienced in SW MAAC and, at the same time, the
import capability is constraining, then a change in the ratios in Table F.4 would affect the price
paid by Maryland consumers for capacity. Based on an assumed cost of new entry, of
$47,500/MW/year, and the slope of the curve in Figure F.2 for amounts of capacity exceeding the
requirement, a 1 percent increase in the ratio of unforced capacity (including imports) to the
requirement would lower the payment to capacity by about $9500/unforced MW/yr.44
Such a change would represent a significant savings to Maryland consumers. In particular,
assuming a SW MAAC Maryland unforced capacity of about 12,500 MW (Table F.1), the change
in capacity revenues amount to approximately $100M/year for a one percent change in that
ratio.45 As Table F.4 shows, in 2010 the percent increase in the ratio (of capacity supply to
capacity requirement) due to Maryland joining RGGI would be 0.5 percent (114.0 percent minus
113.5 percent), while in 2015 it is 0.8 percent. (These two increases are because of the positive
entries in the last row of Table F.5.) So, all else being equal, Maryland consumers would save on
the order of $80M in capacity costs in those years. Again, this assumes that imports of capacity
would be constrained while capacity earned a positive price in SW MAAC― an assumption that
appears fairly unlikely given the high ratios in Table F.4. On the other hand, the 2.1 percent
decrease in that ratio in 2025 (comparing the entries in the last column of Table F.4) implies an
43

In 2004, PEPCO and BGE each had active load control programs for residential air conditioners and
electric water heaters that could reduce load by more than 100 MW (Hobbs et al., 2006). However,
restructuring of the Maryland power industry has endangered those programs, with PEPCO no longer
marketing its program.
44
That is, we are assuming that the demand-supply intersection occurs on the steeper of the two negative
sloping segments of Figure F.2. If instead the intersection was on the left-most (and shallower) sloped
segment, then the payment impact would instead be roughly $6000/MW/yr per percent change in the ratio.
45
Payments to capacity outside of SW MAAC would not actually represent a net loss to Maryland
consumers, since any price increase for imports under import constrained conditions would not be earned by
the out-of-state generators themselves but instead would accrue to PJM, and would likely be refunded to
consumers under the present RPM proposal. This is because generators exporting from the main part of
PJM to Maryland would only receive the main PJM price; PJM would earn the congestion rents, equal to the
difference between the main PJM area price and the SW MAAC price.
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increase in Maryland consumer expenditures for capacity payments that is roughly similar in
magnitude. Thus, over the four periods (2010-2025), the net effect may be a wash.

G. Individual State Profiles
This discussion serves as a complement to the more general State’s Profile information set forth
in Section 8 of this Report. Specifically, the following provides a detailed analysis of states which
might be affected by, or have an effect on, circumstances relevant to Maryland joining RGGI.

G.1 ISO-NE States
ISO New England is the RTO for
the states of Connecticut,
Massachusetts, New Hampshire,
Rhode Island, and Vermont, and
most of the state of Maine. For
planning and modeling purposes,
it is divided into 13 “sub areas”;
see Figure G.1. ISO-NE has 12
interconnections with NY and
Canada.

Figure G.1: ISO-NE Control Areas and Interconnections

ISO-NE is a slight net exporter to
NYISO (NY in the Figure G.1),
but a net importer of electricity
from Hydro Quebec (HQ) and
New Brunswick, Canada (M)
(ISO-NE, 2005).

Source: ISO-NE, 2005a
G.1.1 Connecticut
ISO-NE divides the state into three sub areas: Southwest Connecticut (SWCT), Norwalk (NOR),
and Connecticut (CT). For ISO-NE’s regional system plans (RSP), the three are often combined
into a Greater Connecticut sub area while Norwalk and Southwest Connecticut are combined in a
Greater Southwest Connecticut sub area (ISO-NE, 2005a). ISO-NE includes the Lake Road plant
(approximately 750 MW) in the RI sub area, because of its proximity to Rhode Island and
transmission limitations within Connecticut (ISO-NE, 2006a; CSC, 2005).
G.1.1.1 Electricity Market
Connecticut has two primary transmission and distribution companies: Connecticut Light & Power
(CL&P) and United Illuminating (UI). The state also has seven municipal utilities and one tribal
utility. These entities all coordinate their actions through the Connecticut Municipal Electric
Energy Cooperative (CMEEC).46 By a 1998 statute, the state deregulated the generation of
electricity, opening it to competition. By law, investor-owned utilities had to sell their generation
assets or transfer them to a legally separate affiliate. Municipalities were exempt from this

46

For more on CMEEC, see www.cmeec.com.
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deregulation provided that they did not sell power outside their jurisdiction (CT General Assembly,
1998).47
G.1.1.2 Capacity, Peak Demand & Fuel Mix
According to EIA, Connecticut had a net summer capability of 7,929 MW in 2004 (EIA, 2006). In
its 2006 CELT Report, ISO-NE contends that net summer capacity is 7,602 MW (ISO-NE,
2006a). Three additional generation facilities have been approved. If all are built, this will add
1500 MW of capacity to the total. However, construction has only begun on one of the three
(CSC, 2005).
Summer peak demand hit a high of 7,098 MW in 2005. This was about 9 percent higher than the
average for the previous five years. The winter peak was 6,026 MW (ISO-NE, 2006, 2006). The
Connecticut Siting Council states the historic reasons for increasing electricity demand have been
“the number of new and larger homes, an active economy, the growing use of electric appliances
or office machines, computers, and—perhaps the largest demand—central air conditioning”
(CSC, 2005). According to the EIA, in 2004, net electricity generation in Connecticut exceeded
32,633 GWh. Total retail sales were over 32,214 GWh (EIA, 2006). Per ISO-NE, actual electricity
demand (net energy for load) was 34,171 GWh in 2004 (ISO-NE, 2006). Connecticut is a net
importer of electricity.
Statewide, petroleum and gas are responsible for about one half of available capacity (Table
G.1). In the Southwest Connecticut sub areas, these fuels account for more than 80 percent of
capacity (ISO-NE, 2006b). However, although they represent the majority of capacity, they only
fuel about 30 percent of actual generation. Nuclear power, which accounts for about one quarter
of capacity, provides about half of the electricity generated in Connecticut.
ISO-NE projects peak summer load to grow at an average of 1.9 percent per year from 20062015. Peak winter load is projected to grow at 1.4 percent per year. In 2015, the summer and
winter peaks are projected to hit 8,535 MW and 6,760 MW, respectively. In addition, demand is
projected to grow at an average of 1.4 percent per year, reaching 39,350 GWh in 2015. This
represents a total increase of 15 percent (ISO-NE, 2006), thus outpacing the Census Bureau’s
projected population increase of 6.8 percent. Unless additional in-state capacity is built,
Connecticut will probably become more reliant on imports in coming years due to increased
demand and possible retirement of aging plants. For example, much of Connecticut’s power plant
inventory is relatively old. Over 40 percent of the plants in the state are at least 30 years old. Over
70 percent of the capacity in the NOR sub area is more than 40 years old (ISO-NE, 2006b).
Currently no plant retirements are planned. For example, the largest owner of oil-fired facilities,
NRG, has no plans to retire any of its older oil-fired plants at this time (CSC, 2005).

47

The law has been revised twice, in 2003 and 2005. See also Department of Public Utility Control, Office of
Consumer Counsel, “Electric Choice,” viewed at http://www.wattsnewct.com/consumers.html, on October 1,
2006.
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Table G.1: Connecticut Capacity and Generation, by Fuel Type
CAPACITY

ACTUAL GENERATION

ISO-NE
(Winter Capacity)

EIA (Data for 2004)

FUEL TYPE

CAPACITY
MW

% of
TOTAL

CAPACITY
MW

% of
TOTAL

GENERATION
GWh

% of
TOTAL

Natural Gas

788

9.9

646

8.1

8,109

24.8

Dual-Fuel

1,64448

20.6

2,149

27.1

n/a

n/a

Petroleum

2,618

32.7

2,200

27.7

1,738

5.3

Nuclear

2,037

25.5

2,037

25.7

16,539

50.7

Coal

552

6.9

553

7.0

4,256

13.0

Pumped
Storage

29

0.4

449

0.1

8

0.0

Hydro

125

1.6

146

1.8

463

1.4

Misc.50

201

3

n/a

n/a

n/a

n/a

Other
Renewables51

n/a

n/a

192

2.4

1,509

4.6

Other52

n/a

n/a

1

0.0

12

0.0

TOTAL

7,994

7,929

32,633

Source: (ISO-NE, 2005a; EIA, 2006 [see Tables 4 and 5 for Connecticut]).
G.1.1.3 RGGI and Emissions
According to RGGI, Connecticut has 45 units that should be covered by the model rule, ten of
which are either retired or not operating (RGGI, 2006). In addition, two oil-fired units, Devon 7 and
8 (approximately 208 MW total), though listed as active by RGGI, were both deactivated in 2004
and are considered reserve (CSC, 2005). Total nameplate capacity of the regulated facilities is
6,146 MW, of which 5,605 MW are in operation (RGGI, 2006).
Per the MOU, Connecticut’s emissions cap will be 10,695,036 short tons (RGGI, 2005). RGGI
estimates that in 2004, total emissions from potentially covered facilities were 9,929,072 short
tons. Although coal accounts for only 13 percent of power generation in the state, it creates
almost half the emissions. Another third comes from natural gas, while about 15 percent comes
from oil (RGGI, 2006). It should be noted that the above emissions total includes the two
generators, Devon 7 and 8, which are now deactivated. Subtracting out their estimated 2004
emissions puts total emissions at 9,884,343, only about a 0.5 percent difference.

48

This includes the Lake Road plant (833 MW winter capacity), which is located in Connecticut but included
in the RI sub area.
49
EIA’s Pumped Storage figures for 1991 and 1992 match ISO-NE’s 29 MW.
50
ISO-NE only. Includes biomass, refuse and wind.
51
EIA only.
52
EIA only.

149

Although the estimated emissions in 2004 were below Connecticut’s cap under the MOU,
additional construction to meet projected demand or reinstatement of retired capacity would most
likely cause Connecticut to exceed its allocation. For example, in 2004, Connecticut was about
900,000 tons short of its cap. This difference is less than the estimated 2004 emissions from one
of Connecticut’s natural gas facilities, Milford Power Company.53
As of September 15, 2006, Connecticut has not definitely stated what percent of its emissions
allocation it will set aside for consumer benefit or strategic energy purposes.
G.1.2 Maine
ISO-NE manages most, but not all, of Maine’s electrical grid and wholesale electricity markets.
ISO-NE divides Maine into three sub areas: Northeastern Maine (BHE), Western and Central
Maine (ME), and Southeastern Maine (SME). The ME sub area includes New Hampshire’s Saco
Valley. In addition, ISO-NE’s NH sub area covers a portion of southwestern Maine (ISO-NE,
2006).
In northern Maine, Aroostook and Washington counties are managed by the Northern Maine
Independent System Administrator (NMISA).54 This region lacks a direct transmission
interconnection with the rest of Maine (or anywhere in the US). However, it is connected to New
Brunswick, Canada and is thus usually included with the Canada’s Maritime region in reliability
analyses (Energy Advisors Maine/Canadian RTO, 2006). Nevertheless, as part of the state of
Maine, this region still falls under the purview of RGGI. Hence, its data will be included in this
report, as available.55
G.1.2.1 Electricity Market
Since 2000, Maine has had a competitive energy generation market. By law, investor-owned
transmission and distribution utilities are not allowed to own generation assets, with a few
exceptions. Consumers can purchase electricity from a range of competitive electricity suppliers.
Maine’s regulated utilities continue to hold monopolies over transmission and distribution in their
areas of service (ME Legislature, 1997) According to the Maine Public Utilities Commission
(MPUC), Maine is home to 13 fully regulated transmission and distribution utilities: three investorowned and ten community-owned (municipal and cooperative). The vast majority of residential
customers have not migrated to competitive generation suppliers. In addition, the number of
electricity suppliers seems to have fallen in the past few years (MPUC, 2005 Annual Report,
2006).
G.1.2.2 Capacity, Peak Demand & Fuel Mix
According to EIA, Maine had a net summer capability of 4,190 MW in 2004 (see Table G.2) (EIA,
2006). ISO-NE’s 2006 CELT report only lists a total of about 3,160 MW in its sub areas (ISO-NE,
2006). In addition, sources differ on the amount of capacity available in NMISA’s jurisdiction with
the discrepancy partially due to known exports, hydroelectric deratings, and deactivations.

53
Milford Power Company is the newest facility in the state. RGGI data estimates 2004 emissions were
1,020,739 short tons CO2, spread over two generators. The nameplate capacity of both generators
(combined) is 432 MW (RGGI, 2006).
54
See http://www.nmisa.com/.
55
NMISA does not offer any demand projections.
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Table G.2: Maine Capacity and Generation, by Fuel Type
CAPACITY
ISO/RTOs
(Winter Capacity)

ACTUAL GENERATION
EIA (Data for 2004)

FUEL TYPE

CAPACITY
MW

% of
TOTAL

Natural Gas

1,352

37.1

1,259

30.0

9,826

51.4

Dual-Fuel

340

9.3

411

9.8

n/a

n/a

Petroleum

910

25.0

1,017

24.3

1,311

6.9

Coal

75

2.1

85

2.0

361

1.9

Hydro

624

17.1

722

17.2

3,430

18.0

Misc.56

346 (377)57

9.5

n/a

n/a

n/a

n/a

Other
Renewables58

n/a

n/a

695

16.6

3,901

20.4

Other59

n/a

n/a

0

0.0

269

1.4

TOTAL

3,647 (3,668)

CAPACITY
GENERATION % of
% of TOTAL
MW
GWh
TOTAL

4,190

19,099

Source: (ISO-NE, 2005a; NPCC, 2004; EIA, 2006 [see Tables 4 and 5 for Maine]).
However, a reasonable estimate seems to be approximately 120-140 MW (Energy Advisors,
2003; Energy Advisors, 2003a; “NPCC Maritimes Area…,” 2004). In addition, a new wind facility
will add about 50 MW of capacity (MPS, 2006). Therefore, according to the ISO/RTOs, Maine has
a total summer capacity of just over 3,300 MW. The reason for the discrepancy between the EIA
and RTO totals is not entirely clear. A small portion of it may be the approximately 150 MW of
dual-fire capacity that was operating in 2004 and has since been placed on deactivated reserve
(Burke, 2006).
Maine is responsible for roughly 7.5 percent of ISO-NE’s peak summer demand (ISO-NE, 2006b).
It had a summer peak demand of 2,037 MW in 2005. This was roughly 9 percent higher than the
previous 5-year average. The winter peak was 1,941 MW (ISO-NE, 2006). Until 2001, Maine was
a winter peaking state (ISO-NE, 2006b). According to EIA, net electricity generation was slightly
over 19,000 GWh in 2004. Retail electricity sales in the state in 2004 were much lower at about
12,368 GWh (EIA, 2006). ISO-NE figures put actual energy demand or net energy load (NEL) in
2004 at 11,998 GWh (ISO-NE, 2006). Hence, Maine appears to be a net exporter of electricity.
About half of Maine’s capacity is primarily fueled by natural gas (ISO-NE, 2006b). In NMISA’s
area of control, wood is the primary fuel. Even with the retirement of one 19 MW wood facilities,
and the addition of a 50 MW wind farm, wood still has a 17 MW advantage in that area (“NPCC
Maritimes Area…,” 2004). According to EIA, natural gas accounted for roughly half of Maine’s
56

ISO-NE & NMISA only. Includes biomass, refuse and wind.
Number in parentheses represents planned retirement of 19 MW Wheelabrator Sherman wood-fired
generator in December 2006 and addition of 50 MW wind farm in Aroostook County.
58
EIA only.
59
EIA only.
57
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actual electricity generation from 2001 to 2004. Hydroelectric power and other renewables
(presumably wood and wood waste60) accounted for nearly 40 percent. Although about one
quarter of Maine’s capacity is petroleum-fired, less than 7 percent of actual electricity generation
in 2004 came from petroleum (EIA, 2006). Roughly half of Maine’s generating capacity is less
than 10 years old (ISO-NEb, 2006).
ISO-NE projects peak summer load is projected to grow at an average of 2 percent per year from
2006-2015, while winter peak load is projected to grow at a slower 1.5 percent cumulative
average growth rate. In 2015, the summer and winter peaks are expected to hit 2,420 MW and
2,250 MW, respectively. ISO-NE projects demand to be 14,095 GWh in 2015, for an annual
average increase of 1.7 percent and a total increase of 17.5 percent (ISO-NE, 2006). This is
nearly double the Census Bureau’s projected percentage increase in population for the state.
G.1.2.3 RGGI and Emissions
According to RGGI, Maine has 42 units that may be covered by the model rule. Of these, RGGI
notes that five are closed, three are retired, three have been canceled, and one is proposed
(RGGI, 2006). In addition, as of April 30, 2006, three additional generators have been put on
deactivated reserve (Whitley, 2006). Many of the generators appear to be at industrial sources
(e.g., International Paper Company facilities in Bucksport). Complete data are not available for
every facility. Of the data that is available from RGGI, nameplate capacity is 3,382 MW, of which
3,158 MW is operating (RGGI, 2006).
Per the MOU, Maine’s emission cap will be 5,948,902 short tons of CO2 (RGGI, 2005). Emissions
data are not available from EPA (and hence, RGGI) for every potentially covered facility.
However, most non-industrial generators appear to have available data. Among these facilities,
according to RGGI, total CO2 emissions in 2004 are estimated at 5,191,939 short tons (RGGI,
2006). This figure includes the Androscoggin Energy Center, which has since placed its three
generators on deactivated reserve. Subtracting those emissions, gives a total of 4,719,458 short
tons.
2004 emissions were well below the MOU’s cap for Maine. Given that peak demand is
significantly less than peak capacity, and the young age of much its generation stock, it can be
surmised that Maine may have excess emissions allowances to trade.
As of September 15, 2006, Maine has not definitely stated what percent of its CO2 emissions
allocation it will set aside for consumer benefit or strategic energy purposes.
G.1.3 New Hampshire
ISO New England (ISO-NE) manages New Hampshire’s energy grid and wholesale electricity
markets. Most of the state falls into ISO-NE’s New Hampshire (NH) sub area. This sub area also
includes a small portion of southwestern Maine and eastern Vermont, while small portions of New
Hampshire fall in the VT and ME sub areas. Approximately 1 percent of Vermont’s generation
capacity (9 MW) falls in the NH control area. Approximately 91 MW or 2 percent of New
Hampshire’s generation capacity is in the VT sub area (ISO-NE, 2005a).
G.1.3.1 Electricity Market
Four electric distribution companies, three investor-owned and one cooperative, serve mutually
exclusive service areas in the state. The largest, Public Service Company of New Hampshire
(PSNH), serves about 70 percent of the state’s retail customers (NH PUC, 2006). The state also
has five municipal utilities. A 1996 statute directed the Public Utilities Commission to develop a
plan to introduce retail choice. Although the current statute calls for a “functional” separation of
60
For example, nearly 50% of the renewable generation in Maine in 2002 was from wood and wood waste.
See EIA, “Table 20. Total Renewable Net Generation by Energy Source and State,” 2002, viewed at
http://www.eia.doe.gov/cneaf/solar.renewables/page/trends/table20.html, October 15, 2006.
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generation from transmission and distribution services, the statute does not strictly prohibit
transmission and distribution utilities from owning generation assets (NH Legislature, 2006). For
example, PSNH currently maintains ownership of some fossil fuel and hydropower assets.61
Litigation slowed implementation of the law. However, all four distribution companies now
ostensibly offer a choice of energy suppliers (NH PUC, 2006a).
G.1.3.2 Capacity, Peak Demand & Fuel Mix
According to EIA, New Hampshire had a net summer capability of 4,270 MW in 2004 (EIA, 2006).
ISO-NE’s 2006 CELT report lists a summer capacity of about 4,025 MW, with a winter capacity of
just over 4,225 MW. Two MW of this amount are hydro-electric generators that are part of the VT
sub area (ISO-NE, 2006a). 40 percent of the capacity is over 30 years old (ISO-NE, 2006b).
New Hampshire represents approximately 7.5 percent of ISO-NE’s peak summer demand (ISONE, 2006b). It had a summer peak demand of 2,412 MW in 2005. This was roughly 18 percent
higher than the previous 5-year average. The winter peak was 2,040 MW (ISO-NE, 2006).
According to EIA, net electricity generation was just over 23,875 GWh in 2004. Retail electricity
sales in the state in 2004 were much lower at about 10,975 GWh. (EIA, 2006). ISO-NE figures put
actual energy demand or net energy load in 2004 at 12,159 GWh (ISO-NE, 2006). New
Hampshire is a net electricity exporter.
Although hydroelectric sources represents about one-eighth of capacity, in 2004 they accounted
for only about one-twentieth of actual generation (see Table G.3). Nuclear power accounted for a
plurality of actual electricity generation in New Hampshire, at over 43 percent (EIA, 2006). In fact,
the nuclear plant, Seabrook, is often the largest supply source in New England. Dual fuel units,
which can burn either natural gas or oil, represent about a third of capacity. However, New
Hampshire state air permits generally limit the amount of time they can burn oil to 30 days or less
a year (ISO-NE, 2006b).
In ISO-NE projections, peak summer load is expected to grow at an average of 2.6 percent per
year from 2006-2005, while winter peak load is projected to grow at a slower 1.9 percent
cumulative average growth rate. In 2015, the summer and winter peaks are expected to hit 2,985
MW and 2,385 MW respectively. ISO-NE projects demand to be 13,840 GWh, for an annual
average increase 1.9 percent and a total increase of 13.8 percent (ISO-NE, 2006). This is lower
than the Census Bureau’s expected percentage growth in the state’s population.

61

For more, see Public Service of New Hampshire at www.psnh.com, viewed on October 6, 2006.
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Table G.3: New Hampshire Capacity and Generation by Fuel Type
CAPACITY
ISO-NE
(Winter Capacity)

ACTUAL GENERATION
EIA (Data for 2004)

FUEL TYPE

CAPACITY
MW

% of
TOTAL

Natural Gas

1

0.0

288

6.7

5,400

22.6

Dual-Fuel

1316

31.4

1484

34.8

n/a

n/a

Petroleum

504

12.0

111

2.6

1960

8.2

Nuclear

1161

27.8

1159

27.1

10,178

42.6

Coal

580

13.9

575

13.5

4076

17.1

Hydro

503

12.0

518

12.1

1,316

5.5

Misc.62

123

2.9

n/a

n/a

n/a

n/a

Other
Renewables63

n/a

n/a

136

3.2

946

4.0

TOTAL

4,187

CAPACITY
GENERATION % of
% of TOTAL
MW
GWh
TOTAL

4,270

23,876

Source: (ISO-NE, 2005a; EIA, 2006 [see Tables 4 and 5 for New Hampshire]).

G.1.3.3 RGGI and Emissions
According to RGGI, New Hampshire has only 15 generators that may be covered by the
modelrule. All are active. Nameplate capacity of these facilities is 2334.0 MW (RGGI, 2006).
Per the MOU, New Hampshire’s emission cap will be 8,620,460 short tons of CO2 (RGGI, MOU
2005). The RGGI estimates that total emissions in 2004 from potentially covered facilities was
8,812,538 short tons. Just over half of the emissions came from coal generation. 20 percent
came from a single oil-fueled generator (RGGI, 2006). These figures do not include emissions
from the wood-fueled Pinetree Power Tamworth generator.64
2004 emissions were already above the MOU cap for New Hampshire. However, peak demand is
well short of peak capacity, theoretically leaving room for retirement of some of the coal capacity.
For example, the retirement of PSNH’s Merrimack generators would eliminate more than one
third of New Hampshire’s covered emissions while only costing the state 460 MW of capacity.
This would bring CO2 emissions well under the MOU cap while still covering the state’s projected
peak demand.65 Hence, while it is appears unlikely that New Hampshire will have excess
allowances to trade, it is not inconceivable.

62

ISO-NE only. Includes biomass, refuse and wind.
EIA only.
64
EPA does not appear to have emissions data for this facility either. Note that although the RGGI website
lists the capacity for this facility at 25 MW, ISO-NE puts it at between 16 and 20 MW and hence, outside the
jurisdiction of the model rule.
65
However, this ignores the regional nature of electricity dispatch.
63

154

As of September 15, 2006, New Hampshire has not definitely stated what percent of its CO2
allocation it will set aside for the consumer benefit or strategic energy purposes.
G.1.4 Vermont
ISO New England (ISO-NE) manages Vermont’s energy grid and wholesale electricity markets.
Most of the state falls into ISO-NE’s Vermont (VT) sub area. A small portion of Vermont falls in
the NH sub area. The VT sub area also includes a small portion of southwestern New Hampshire.
Approximately 10 percent (91 MW) of the VT sub-area’s generation capacity is in New Hampshire
(ISO-NE, 2005a).
G.1.4.1 Energy Market
Unlike the rest of New England, Vermont has not restructured its electricity markets (ISO-NE,
2006b). Twenty-one electrical distribution companies hold regulated monopolies over designated
areas. Most are municipal electrical departments or rural electric cooperatives. Since few of these
utilities own their own generation sources, they are similar in scope and function to utilities in the
deregulated New England states. The Vermont Electric Power Company (VELCO) operates the
state’s power grid. It is owned by 14 of the utilities with two, Green Mountain Power and Central
Vermont Public Service (CVPS), holding a 86 percent stake. The Vermont Public Power Supply
(VPPSA) pools the resources of 17 of the municipal and cooperative utilities to generate
economies of scale and coordinate planning. About 6-8 percent of Vermont’s power comes from
independent power producers (IPPs). Most of this electricity comes from small hydro-electrics
dams or the large wood-fired facility in Ryegate (VDPS, 2006).
G.1.4.2 Generation Capacity, Peak Demand, & Fuel Mix
According to EIA, Vermont had a net summer capability of 998 MW in 2004 (EIA, 2006). ISONE’s 2006 CELT report only lists a summer capacity of about 904 MW, with a winter capacity of
nearly 966 MW (ISO-NE, 2006a).
Vermont represents approximately 4.5 percent of ISO-NE’s peak summer demand (ISO-NE,
2006b). It had a summer peak demand of 923 MW in 2005. This was roughly 2 percent lower
than the previous five-year average. The winter peak was 1,066 MW. Vermont appears to vary
between being summer peaking and winter peaking (ISO-NE, 2006). According to EIA, net
electricity generation was just over 5,470 GWh in 2004. Retail electricity sales in the state in 2004
were higher at about 5,664 GWh (EIA, 2006). ISO-NE figures put actual energy demand or net
energy load in 2004 at 6,348 GWh (ISO-NE, 2006). Although these figures suggest that Vermont
is a net electricity importer, EIA data from 2003 suggests that the state may be a slight exporter of
electricity (EIA, 2003). Hence, the situation is not entirely clear. In either case, the net quantities
of electricity imported or exported are not very large.
At over 70 percent, nuclear power accounted for the strong majority of actual electricity
generation in Vermont in 2004 (see Table G.4). Hydroelectric power and other renewables
generate much of the remainder. Although petroleum-fired capacity represents greater than 10
percent of the state total, it accounts for less than one percent of actual generation (EIA, 2006).
Between 2005 and 2015, ISO-NE projects the peak summer load to grow at an average of 1.7
percent per year to 1,215 MW. Peak winter load is projected to hit 1,110 MW, reflecting a slower
0.9 percent cumulative average growth rate. In 2015, ISO-NE projects electricity demand to be
6,910 GWh, reflecting an average annual increase of 1 percent (ISO-NE, 2006). The total
projected demand increase of 8.9 percent is roughly in line with the Census Bureau’s population
growth projection.
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Table G.4: Vermont Capacity and Generation, by Fuel Type
CAPACITY
ISO-NE
(Winter Capacity)

ACTUAL GENERATION
EIA (Data for 2004)

FUEL TYPE

CAPACITY
MW

% of
TOTAL

Natural Gas

0

0

0

0

32

0.1

Nuclear

529

53.8

506

50.7

3,858

70.5

Petroleum

129

13.1

107

10.7

178

6.9

Hydro

248

25.2

304

30.5

1,187

21.7

Misc.66

77

7.8

n/a

n/a

n/a

n/a

Other
Renewables67

n/a

n/a

81

8.1

404

7.4

TOTAL

983

CAPACITY
GENERATION % of
% of TOTAL
MW
GWh
TOTAL

998

5,470

Source: (ISO-NE, 2005a; EIA, 2006 [see Tables 4 and 5 for Vermont]).
G.1.4.3 RGGI and Emissions
According to RGGI, Vermont has a mere three generators that may be covered by the model rule.
Nameplate capacity of these facilities is 130.0 MW (RGGI, 2006). Per the MOU, Vermont’s
emission cap will be 1,225,830 short tons of CO2 (RGGI, 2005). The RGGI estimates that total
emissions in 2004 from covered facilities was 378,408 short tons. The vast majority of these
emissions came from a single plant, the J.C. McNeil Generating Facility, which is primarily woodfired (RGGI, 2006).
2004 emissions were well below the MOU’s cap for Vermont. Hence, it appears that Vermont will
have excess allowances to trade. However, peak demand is expected to outpace peak supply. If
more non-nuclear generation is constructed within the state (e.g. a natural gas plant, like much of
the rest of New England) or if the single nuclear power plant, which started operations in 1972, is
retired, then emissions may be expected to rise.
By statute, Vermont has decided to allocate 100 percent of its emissions allowances to sale for
the benefit of the public (Vermont Legislature, 2006).
G.1.5 Massachusetts
Massachusetts is an observer to the RGGI process. ISO New England (ISO-NE) manages
Massachusetts’s energy grid and wholesale electricity markets. For planning purposes, the state
is divided into four sub areas: the Greater Boston area (BOSTON), central and northeastern
Massachusetts (CMA/NEMA), western Massachusetts (WMA), & southeastern Massachusetts
(SEMA). BOSTON also includes the area from the “North Shore” of Massachusetts to the New
Hampshire border. SEMA covers Newport, Rhode Island (ISO-NE, 2005a).

66
67

ISO-NE. Includes biomass, refuse and wind.
EIA only.
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G.1.5.1 Energy Market
As a result of the Massachusetts Electric Utility Industry Restructuring Act of 1997, electrical
generation in markets served by private (i.e. non-municipal) utilities was opened to competition.
The law required non-municipal electric companies to divest of their non-nuclear generation
facilities through their sale or the creation of a separate and independent affiliate. The law
specifically allowed these companies to continue to own generation assets in other New England
states (MA Legislature, 1997). Distribution is still fully regulated, with four “investor-owned” and
approximately 40 municipal utilities serving the state (MTC, 2006; MMWEC, 2006). Many of these
municipal utilities are members of the Massachusetts Municipal Wholesale Electric Company
(MMWEC), the purpose of which is to create economies of scale through joint action.68 Currently,
there are few, if any, competitive suppliers offering energy to the residential energy market.
G.1.5.2 Generation Capacity, Peak Load & Fuel Mix
According to EIA, Massachusetts had a net summer capability of about 14,000 MW in 2004 (EIA,
2006). ISO-NE’s 2006 CELT report only lists a summer capacity of about 13,100 MW, with a
winter capacity of over 14,600 MW. About 15 MW of this capacity falls in ISO-NE’s NH sub area
while approximately 3,000 MW is in the RI sub area (ISO-NE, 2006a). The Greater Boston area
may face some supply constraints in the future. About half of its generating capacity is over 30
years old (ISO-NE, 2006b).
Massachusetts represents about 50 percent of ISO-NE’s peak summer demand, with the greater
Boston area representing nearly half of that (ISO-NE, 2006b). It had a summer peak demand of
12,604 MW in 2005. This was roughly 13 percent higher than the previous 5-year average. The
winter peak was 10,413 MW (ISO-NE, 2006). According to EIA, net electricity generation was
just over 47,500 GWh in 2004. Retail electricity sales in the state in 2004 were about 56,150
GWh (EIA, 2006). ISO-NE figures put actual energy demand in 2004 at nearly 59,985 GWh (ISONE, 2006). Hence, the commonwealth is a net energy importer.
In the ISO-NE data, a portion of the oil category is most likely dual-fuel capacity in reality. ISO-NE
designates dual-fuel units by fuel actually consumed as reported by these generators (i.e., if the
facility burns oil, it gets listed as oil; if it burn natural gas, it is listed as dual-fuel). Most likely,
some dual-fuel units burned oil and hence, were classified as oil generation. However,
commonwealth environmental laws typically limit most dual-fuel plants to about a month of oil
firing per year (ISO-NE, 2006b) According to EIA, in 2004 natural gas represented a plurality, at
about 44 percent, of actual electricity generation in Massachusetts (see Table G.5) (EIA, 2006).
In ISO-NE models, peak summer load is projected to grow at an average of 1.7 percent per year
from 2006-2005, while winter peak load is projected to grow at a slower 1.4 percent cumulative
average growth rate. In 2015, the summer and winter peaks are expected to hit 14,610 MW and
11,540 MW respectively. Electricity demand is projected to grow an average of 1 percent per year
to 67,095 GWh in 2015 (ISO-NE, 2006). The total projected increase in demand of roughly 12
percent is almost double the Census Bureau’s projected percentage increase in population for the
commonwealth.

68

See http://www.mmwec.org/.
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Table G.5: Massachusetts Capacity and Generation, by Fuel Type
CAPACITY
ISO-NE
(Winter Capacity)

ACTUAL GENERATION
EIA (Data for 2004)

FUEL TYPE

CAPACITY
MW

% of
TOTAL

Natural Gas

4,57769

30.7

4,218

30.1

21,010

44.2

Dual-Fuel

1,85770

12.5

3,529

25.2

n/a

n/a

Petroleum

3,85071

25.8

1,652

11.8

7,501

15.8

Nuclear

685

4.6

685

4.9

5,939

12.5

Coal

1,70272

11.4

1,723

12.3

10,526

22.2

Pumped
Storage

1,665

11.2

1,643

11.7

-49873

-1.0

Hydro

321

2.2

260

1.9

998

2.1

Misc.74

241

1.6

n/a

n/a

n/a

n/a

Other
Renewables75

n/a

n/a

293

2.1

2,025

4.3

TOTAL

14,898

CAPACITY
GENERATION %
of
% of TOTAL
MW
GWh
TOTAL

14,002

32,633

Source: (ISO-NE, 2005a; EIA, 2006 [see Tables 4 and 5 for Massachusetts]).
G.1.5.3 RGGI and Emissions
According to RGGI, Massachusetts has 92 units that may be covered by the model rule, of which
six are retired. Nameplate capacity of operating facilities is 12,950 MW (RGGI, 2006).
As an observer to the RGGI process, Massachusetts has not had an emissions’ limit established.
The RGGI estimates that total emissions in 2004 from potentially covered facilities were nearly
26,370,000 short tons. Coal and natural gas each account for approximately 38 percent of
emissions, while petroleum accounts for about 23 percent (RGGI, 2006). Massachusetts is a net
importer of electricity. Therefore, it appears unlikely that it will be the recipient of any significant
emissions leakage from RGGI participants.

69

Includes approximately 1,191 MW natural gas capacity included in RI sub area.
Includes approximately 328 MW dual-fuel capacity included in RI sub area.
71
Includes 509 MW oil capacity included in RI sub area.
72
Includes 1,135 MW of coal capacity included in the RI sub area.
73
Pumped Storage is often used to satisfy peak loads. Overall, it often consumes more energy than it
produces.
74
ISO-NE only. Includes biomass, refuse and wind.
75
EIA only.
70
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G.1.6 Rhode Island
Rhode Island is currently an observer to the RGGI process. ISO New England (ISO-NE)
manages Rhode Island’s energy grid and wholesale electricity markets. Most of the state falls in
ISO-NE’s Rhode Island (RI) sub area. Newport, Rhode Island is part of the SEMA sub area.
Approximately 8 percent (245 MW) of Rhode Island’s generation capacity is included in SEMA
figures. Connecticut’s Lake Road plant and a number of Massachusetts generators are included
in the RI sub area (see Sections G.1.1 and G.1.5; ISO-NE, 2005a).
G.1.6.1 Energy Market
A 1996 law introduced competition into the generation and sale of electricity. It forbids distribution
companies from directly owning transmission or generation facilities. Ownership by affiliates is
allowed as long as employees of the distribution companies remain independent from the
affiliates. In addition, distribution companies are forbidden from selling retail electricity (RI
General Assembly, 1996). A 2002 revision permitted, among other things, municipalities to
aggregate their citizens and join with other municipalities to collectively negotiate better terms for
the purchase of electricity (RI General Assembly, 2002). Currently, there are three regulated
distribution companies in Rhode Island, investor-owned Narragansett Electric Company (part of
National Grid), the quasi-municipal Pascoag Utility District, and Block Island Power Company.
The Narragansett Electric Company accounts for 99 percent of all sales in the state (RISPP,
2002).
G.1.6.2 Generator Capacity, Peak Loads, and Fuel Mix
According to EIA, Rhode Island had a net summer capability of 1,743 MW in 2004 (EIA, 2006).
ISO-NE’s 2006 CELT report lists a summer capacity of about 1,824 MW, with a winter capacity of
just over 2,080 MW. Of this amount, about 250 MW falls in the SEMA sub area (ISO-NE, 2006a).
Rhode Island represents about 7 percent of ISO-NE’s peak summer demand (ISO-NE, 2006b) It
had a summer peak demand of 1,811 MW in 2005. This was roughly 9 percent higher than the
previous 5-year average. The winter peak was 1,420 MW (ISO-NE, 2006). According to EIA, net
electricity generation was just over 4,939 GWh in 2004. Retail electricity sales in the state in 2004
were much higher at about 7,888 GWh (EIA, 2006). ISO-NE figures put actual energy demand in
2004 at 8,660 GWh (ISO-NE, 2006). Rhode Island is a net importer of electricity. According to
EIA, almost 97 percent of Rhode Island’s power generation was fuelled by natural gas in 2004
(see Table G.6). Renewables, petroleum, and hydroelectric made up the remainder (EIA, 2006).
ISO-NE projects peak summer demand to grow at an average of 1.6 percent per year from 20062015 to 2135 MW. The winter peak demand is projected to grow at a slower 1.3 percent
cumulative average growth rate to 1600 MW. In 2015, electricity demand is expected to be 9,800
GWh, reflecting an annual average increase of 1.4 percent (ISO-NE, 2006). The total projected
demand increase of 13.2 percent is higher than the Census Bureau’s projected percentage
increase in state population.
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Table G.6: Rhode Island Capacity and Generation, by Fuel Type
CAPACITY

FUEL TYPE

ACTUAL GENERATION

ISO-NE
(Winter Capacity)

EIA (Data for 2004)
CAPACITY
GENERATION
% of TOTAL
MW
GWh

CAPACITY
MW

% of
TOTAL

Natural Gas

59576

32.7

1,202

69.0

4,784

96.8

Dual-Fuel

1,19777

65.8

509

29.2

n/a

n/a

Petroleum

078

0

12

0.7

49

1.0

Hydro

3

0.2

4

0.2

5

0.1

Misc.79

23

1.3

n/a

n/a

n/a

n/a

Other
Renewables80

n/a

n/a

15

0.9

101

2.1

TOTAL

1,818

1,743

% of
TOTAL

4,939

Source: (ISO-NE, 2005a; EIA, 2006 [see Tables 4 and 5 for Rhode Island]).

G.1.6.3 RGGI and Emissions
According to RGGI, Rhode Island has 21 generators that may be covered by the model rule. All
but five are operating. Nameplate capacity of the plants is 1,936 MW (RGGI, 2006).
As an observer state, Rhode Island has not received an allocation of emissions allowances.
RGGI estimates that total emissions in 2004 from covered facilities were 2,219,000 short tons
(RGGI, 2006). All the emissions came from natural gas. As a net energy importer with growing
demand, it is unlikely Rhode Island will be the recipient of leakage from the RGGI participants.

76

This is net of approximately 1191 MW in the RI control area that is in Massachusetts.
The Lake Road plant (833 MW, winter capacity) has been subtracted. In addition, this is net of
approximately 327 MW in the RI control area that is in Massachusetts.
78
The coal and oil capacity in the RI sub area is located in Massachusetts, and hence, has been included
with that information.
79
ISO-NE only. Includes biomass, refuse and wind.
80
EIA only.
77
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Figure G.2: NYISO Control Area Load Zones

Source: NYISO, 2005. See Figure 4.3
G.2 NYISO State
NYISO is the ISO for New York State. It divides the state into 11 “load zones”; see Figure G.2.
Taken together, these form the New York Control Area (NYCA). The state has transmission
connections with ISO-NE, PJM, and two Canadian entities, Ontario’s Independent Electricity
System Operator (IESO) and Hydro Quebec (NYISO, 2005).
G.2.1 New York
G.2.1.1 Energy Market
Unlike the other states in the RGGI region that deregulated by statute, New York deregulated via
regulation (Norlander, 2002). In 1996, the New York State Public Service Commission (NYPSC)
initiated deregulation through a “vision” order, Opinion 96-12 (NYPSC, 1996). It opened up
electricity generation and sale to competition and promoted, but did not require, divestiture of
utilities’ generation assets. Although a court determined that this opinion was not a rule but a
“policy statement,” most of the regulated utilities voluntarily divested themselves. They retained
the right to own generators outside of NY (Norlander, 2002).81 New York currently has around 61
distribution utilities, about 45 of which are regulated by NYPSC. Eight of these are investorowned and 37 are municipal (NYPSC, 2006). Altogether, the state is home to eight investorowned, four cooperative, and 48 municipal utilities, and one power marketer (EIA, 2004). Fortytwo of the municipal utilities belong to the Municipal Electric Utilities Association of New York
State (MEUA).82 Thirty-two of them coordinate actions through the New York Municipal Power
81

The court case in question is Energy Association of New York v. Public Service Commission, 169 Misc. 2d
924, 653 N.Y.S.2d 502 (Sup. Ct. Albany Co. 1996), affirmed 273 A.D. 2d 708 (3d Dept. 2000), lv. denied 95
N.Y.2d 765 (2000).
82
See http://meua.org/.
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Agency (NYMPA).83 The New York State Rural Electric Cooperative Association84 coordinates the
actions of the four cooperative utilities. The New York Power Authority (NYPA)85 owns generation
sources and a significant portion of the state’s transmission infrastructure.
G.2.1.2 Generation Capacity, Peak Load & Fuel Mix
According to EIA, New York had a net summer capability of 37,842 MW in 2004 (EIA, 2006).
NYISO contends installed capacity in 2006 is 38,958 MW (NYISO, 2006a). Although at least
1,600 MW of new capacity is under construction, this is expected to be at least partially offset by
unit retirements (NYISO, 2006).
New York had a summer peak demand of 32,075 MW in 2005. This was roughly 8.5 percent
higher than the previous 5-year average. The winter peak was nearly 25 percent lower at about
24,950 MW (NYISO, 2006a). According to EIA, net electricity generation was around 137,965
GWh in 2004. Retail electricity sales in the state in 2004 were higher at about 145,082 GWh (EIA,
2006). NYISO figures put actual energy requirement in 2005 at 167,208 GWh (NYISO, 2006a).
Hence, New York is a net electricity importer.
In 2004 nuclear represented a plurality, at about 30 percent, of actual electricity generation in
New York (see Table G.7). Natural gas, petroleum, coal and hydroelectric each provided between
15-20 percent (EIA, 2006). NYISO and EIA appear to have different classification systems for
dual-fuel, natural gas, petroleum, and perhaps, coal. Hence, the differences between NYISO and
EIA data seem to be more pronounced than for other ISO/RTOs.
NYISO projects peak summer load to grow at an average of 1.2 percent per year from 20062016, while winter peak load is projected to grow at a slight faster 1.3 percent annual average
growth rate. In 2016, the summer and winter peaks are expected to hit 36,623 MW and 28,708
MW respectively. NYISO projects actual electricity demand to grow at an annual average rate of
0.9 percent, reaching 184,630 GWh in 2016. This represents a total increase in energy demand
of about 10 percent (NYISO, 2006a). This far exceeds the Census Bureau projection of a 3
percent increase in population.
G.2.1.3 RGGI and Emissions
According to RGGI, New York is home to about 315 units that may be covered by the model rule.
Approximately 17 are retired, 18 have not commenced operation, and 9 are in what RGGI terms
“cold standby.” RGGI’s data on nameplate capacity and fuel information is incomplete. However,
among the active generators with available data, total nameplate capacity is roughly 22,830 MW
(RGGI, 2006).
Per the MOU, New York’s emission cap will be 64,810,305 short tons of CO2 (RGGI, MOU 2005).
RGGI estimates that total emissions in 2004 from covered facilities were 62,240,867 short tons.
The majority of emissions came from coal-fired and dual-fired (natural gas or fuel oil) units (RGGI,
2006). 2004 emissions were below the MOU’s cap for the state. This fact coupled with the
expected retirement of some of the larger polluters might indicate a surplus of allowances.
However, the potential for tradable allowances is unclear. For example, a shortage of natural gas
could cause the dual-fired plants to switch to petroleum, increasing their emissions. Growing
demand might delay the retirement of large polluting plants. For instance, reliability concerns
have prompted NYISO to propose delaying the retirement of the Charles A. Poletti generating unit
(1.5 million tons CO2 emitted in 2004) until 2009 (NYISO, 2006).
As of September 15, 2006, New York has not definitively stated what percent of its CO2 emissions
allocation it will set aside for the consumer benefit or strategic energy purposes.
83

See http://nympa.org/.
See http://www.nypa.gov/NYSRECA/default.htm.
85
See http://www.nypa.gov/default.htm.
84
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Table G.7: New York Capacity and Generation, by Fuel Type
CAPACITY
NYISO (2006)
FUEL TYPE

ACTUAL GENERATION
EIA (Data for 2004)

CAPACITY
MW

% of
TOTAL

CAPACITY
MW

% of
TOTAL

GENERATION
GWh

% of
TOTAL

Natural Gas

6,508

16.7

3,316

8.8

27,325

19.8

Dual-Fuel

13,831

35.5

17,448

46.1

n/a

n/a

Petroleum

3,659

9.4

1,918

5.1

21,158

15.3

Nuclear

5,169

13.3

5,067

13.4

40,640

29.5

Coal

3,505

9.0

4,201

11.1

22,854

16.6

Pumped
Storage86

n/a

n/a

1,297

3.4

-813

-0.6

Hydro

5,700

14.6

4,210

11.1

23,990

17.4

Other87

341

0.9

n/a

n/a

n/a

n/a

Other
Renewables

245

0.6

386

1.0

2,811

2.0

TOTAL

38,958

37,842

137,965

Source: (NYISO, 2006a; EIA, 2006 [see Tables 4 and 5 for New York]).

86
87

EIA only. For NYISO data, pumped storage is probably included in the hydro number.
NYISO only.
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Figure G.3: PJM Control Zones (sub areas)

Source: PJM, 2006
Note: APS is often subdivided
in PJM data sets.

G.3 PJM Interconnection States
The PJM interconnection extends far beyond the RGGI region. It includes all of New Jersey,
Delaware, Maryland, the District of Columbia, and West Virginia, most of Pennsylvania and
Virginia, and portions of Ohio, Illinois, Indiana, Michigan, Kentucky, Tennessee and North
Carolina. Its “control zones” (equivalent to ISO-NE’s sub areas or NYISO’s load zones) are based
on transmission ownership. These zones often cross state borders, especially in Delaware and
Maryland (PJM, 2006a). In addition, part of western Pennsylvania is managed by Midwest ISO.
Except for New Jersey, PJM data does not map precisely with state lines. Therefore, it should be
looked at for trends and not exact accuracy for each state.
G.3.1 Delaware
PJM includes all of the Delmarva peninsula in one control zone. Currently, four significant load
serving entities (LSEs)88 serve the peninsula. PJM does not disaggregate the data for the
peninsula by state, other than for installed capacity. Hence, projections are for the entire
Delmarva peninsula and thus, in the context of a state-level profile, are reliable for relative trends
only.
G.3.1.1 Electricity Market
Under a 1999 law, Delaware deregulated the generation and sale of electricity. There was no
prohibition stated against owning both distribution and generation assets (DE General Assembly,
1999). A 2006 revision explicitly allowed distribution companies to own generators (DE General
Assembly, 2006). Currently, there is one investor-owned utility, one cooperative utility, and nine

88

A PJM designation for traditional distribution utilities and new competitive direct retailers of electricity.
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municipal utilities. These municipal utilities have pooled their efforts via the Delaware Municipal
Electric Corporation, Inc (DEMEC).89
G.3.1.2 Generation Capacity, Peak Load & Fuel Mix
According to EIA, Delaware had a net summer capability of 3,428 MW in 2004 (EIA, 2006). PJM
puts capacity in the state of Delaware at about 3,300 MW (PJM, 2006a).
The Delmarva control zone had a summer peak demand of 4,246 MW in 2005. The winter peak
was about 3486 MW (PJM, 2006). According to EIA, net electricity generation was around 7,856
GWh in 2004. Retail electricity sales in the state in 2004 were higher at about 11,761 GWh (EIA,
2006). Thus, the state is a net importer of electricity.
Although coal only represents about one third of Delaware’s generation capacity, it was
responsible for about 60 percent of electricity generation in 2004 (see Table G.8). Petroleum and
natural gas provided about 14 and 22 percent respectively (EIA, 2006).
PJM forecasts peak loads for Delmarva of 4,870 MW in the summer and 3,837 MW in the winter
in 2016. This reflects annual growth rates of 2 and 1.6 percent, respectively, and total growth of
about 14.7 percent for the summer, and 10.1 percent for the winter (PJM, 2006).90 This is a
significantly lower increase than the Census Bureau’s projection of an over 18 percent increase in
population.
Table G.8: Delaware Capacity and Generation, By Fuel Type
CAPACITY

ACTUAL GENERATION

PJM91
FUEL TYPE

EIA (Data for 2004)

CAPACITY
MW

% of
TOTAL

CAPACITY
MW

% of
TOTAL

GENERATION
GWh

% of
TOTAL

Natural Gas

1,424

43.1

79

2.3

1,715

21.8

Dual-Fuel

n/a

n/a

1858

54.2

n/a

n/a

Petroleum

728

22.0

114

3.3

1,091

13.9

Other Gases92

n/a

n/a

307

9.0

299

3.8

Coal

1,043

31.6

1,070

31.2

4,750

60.5

Other

108

3.3

0

0.1

0

0

TOTAL

3,303

3,428

7,856

Source: (PJM, 2006a; EIA, 2006 [See Tables 4 and 5 for Delaware]).

89

See www.demecinc.net.
PJM no longer provides projections of actual energy demand (GWh).
91
PJM notes that the peninsula has about 600 MW of oil generation in Virginia and Maryland. The oil
number in this table is net of that amount.
92
EIA only.
90
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G.3.1.3 RGGI and Emissions
According to RGGI, Delaware has 26 units that may be covered by the model rule. All are active.
Nameplate capacity for these facilities is about 3,100 MW (RGGI, 2006)
Per the MOU, Delaware’s emissions cap will be 7,559,787 short tons of CO2 (RGGI, 2005). The
RGGI estimates that total CO2 emissions from covered facilities were 7,534,152 short tons in
2004. Over two-thirds of these emissions came from the six coal-fired units (RGGI, 2006).
Delaware’s emissions are very close to the MOU cap. Hence, short of plant retirements, it will
probably not have many, if any, allowances to trade. Because Delaware is so close to the cap
and faces growing demand for electricity, the leakage of CO2 emissions to Pennsylvania is a
concern (see Section G.3.4.3 below).
As of September 15, 2006, Delaware has not definitively stated what percent of its emissions
allocation it will set aside for consumer benefit or strategic energy purposes.
G.3.2 New Jersey
PJM operates the electric transmission system for New Jersey’s four primary transmission
owners. These four do not appear to overlap state lines and hence, PJM projections can
accurately map to the state.
G.3.2.1 Electricity Market
A 1999 law introduced competition into the electricity generation market. While not automatically
requiring utilities to divest their generation assets, it allowed the state’s Board of Public Utilities to
mandate such as divestiture if necessary to maintain a competitive market. In addition, public
utility holding companies can provide electrical generations services, but only via a business unit
that is functionally separate from the regulated utility. Municipal and cooperative utilities are
exempt (NJ Legislature, 1999). Currently, New Jersey has four investor-owned, nine municipal,
and one cooperative utilities (EIA, 2004).
G.3.2.2 Generation Capacity, Peak Loads & Fuel Mix
According to EIA, New Jersey had a net summer capability of 18,164 MW in 2004 (EIA, 2006).
PJM data puts installed capacity at 16,547 MW (PJM, 2006a). In addition, New Jersey has
approximately 1,200 MW of additional generation under construction, most of which will be fueled
by natural gas. However, this may be more than offset by nearly 2,500 MW in anticipated
deactivations (PJM, 2006a).
New Jersey had a summer peak demand of 20,835 MW in 2005. The winter peak was more than
a third lower at about 13,466 MW (PJM, 2006). According to EIA, net electricity generation was
around 55,882 GWh in 2004. Retail electricity sales in the state in 2004 were higher at about
77,593 GWh (EIA, 2006). Hence, New Jersey is a net importer of electricity.
Almost half of the actual generation comes from nuclear power (see Table G.9). Coal represents
a significantly greater percentage of actual generation, 18.5 percent, than capacity, approximately
12 percent. Although natural gas capable generation represents over 40 percent of capacity, it
accounts for less than 30 percent of generation (EIA, 2006). PJM and EIA data differs in the gas,
dual-fuel, and oil categories. Although some of this discrepancy may be due to differing criteria for
the dual-fuel category, PJM puts total capacity in these categories at about 1,500 MW less than
EIA.
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Table G.9: New Jersey Capacity and Generation, by Fuel Type
CAPACITY
PJM

ACTUAL GENERATION
EIA (Data for 2004)

FUEL TYPE
CAPACITY
MW

% of
TOTAL

CAPACITY
MW

% of
TOTAL

GENERATION
GWh

% of
TOTAL

Natural Gas

1,857

11.2

2,235

12.3

15,987

28.6

Dual-Fuel

5,41593

32.7

7,052

38.8

n/a

n/a

Petroleum

2,617

15.8

2,138

11.8

1,390

2.5

Other Gases94

n/a

n/a

21

0.1

49

0.1

Nuclear

3,984

24.1

3,972

21.9

27,082

48.5

Coal

2,087

12.6

2,124

11.7

10,322

18.5

Pumped
Storage95

n/a

n/a

400

2.2

-287

-0.5

Hydro

411

2.5

12

0.1

38

0.1

Other

176

0.1

11

0.1

0

0

Other
Renewables96

n/a

n/a

200

1.1

1,301

2.3

TOTAL

16,547

18,164

55,882

Source: (PJM, 2006a; EIA, 2006 [see Tables 4 and 5 for New Jersey]).
Between 2005-2016, summer and winter peak loads are expected to grow at annual average
rates of 1.3 and 1.1 percent, respectively. By 2016, PJM forecasts summer peak load to reach
24,134 MW, an increase of almost 16 percent. Winter peak load is forecasted to 15,144 MW, an
increase of about 12.5 percent (PJM, 2006). Both represent a higher percentage increase than
the Census Bureau’s projection for the state.
G.3.2.3 RGGI and Emissions
According to RGGI, New Jersey has almost 200 units that may be covered by the model rule.
Approximately 30 are retired or are not operating. Nameplate capacity for these facilities is about
15,500 MW (RGGI, 2006).
Per the MOU, New Jersey’s emission cap will be 22,892,730 short tons of CO2 (RGGI, 20065.
The RGGI estimates that total emissions in 2004 from covered facilities were 21,133,145 short
tons. The majority of emissions came from coal-fired units, with a single unit, Hudson 2,
responsible for over 15 percent of all covered emissions (RGGI, 2006).
93

PJM labels this “Gas/Other.”
EIA only.
95
PJM offers a generic category called “water.” Presumably, it includes pumped storage.
96
EIA only.
94
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New Jersey’s emissions were well below the MOU cap. In addition, PJM anticipates a significant
number of plant retirements in the near future. Hence, it may be surmised that the state will have
excess allowances to trade. However, this may be mitigated if additional generation is built within
the state. Also, a decrease in New Jersey generation may be replaced by an increase in
Pennsylvania generation (e.g., carbon leakage). Given Pennsylvania’s heavy dependence on
coal-fired plants, this could lead to an overall increase in emissions for the region.
As of September 15, 2006, New Jersey has not definitively stated what percent of its allocated
emissions under the MOU it will set aside for the public consumer benefit or strategic energy
purposes.
G.3.3 Maryland
Under the Healthy Air Act, Maryland must join the RGGI no later than June 30, 2007.
PJM’s Maryland and District of Columbia control zone is home to three primary transmission
owners. This area includes Washington, DC, as well as portions of West Virginia and northern
Virginia. It does not include the eastern shore of Maryland (PJM, 2006a; see also Delaware
above). Hence, projections do not correspond to state boundaries and are thus useful for trend
purposes only.
G.3.3.1 Electricity Market
Under the “Electric Customer Choice and Competition Act of 1999,” Maryland deregulated the
generation and sale of electricity within the state. Both investor-owned and cooperative utilities
were required to offer their customers a choice of energy suppliers. Municipal utilities were
allowed to opt-out of such competition (Maryland General Assembly, 1999). Maryland has four
investor-owned, five municipal, and four cooperative utilities. Two of the cooperative utilities, A&N
Electric Cooperative and the Somerset Rural Electric Cooperative are located primarily in Virginia
(Eastern Shore) and Pennsylvania respectively. The municipal utilities have opted-out of offering
customer choice for now (OPC, 2006). Unlike many of the other deregulated states in the RGGI
region, multiple energy suppliers are actively seeking to serve the residential market (PSC, 2006).
Although utilities were not required to divest their generation assets by law, many have done so,
either by selling off assets or creating affiliated companies (PSC, 2006a).
G.3.3.2 Generation Capacity, Peak Load and Fuel Mix
According to EIA, Maryland had a net summer capability of 12,499 MW in 2004 (EIA, 2006).
According to PJM, the Maryland/DC area has a summer capability of about 12,644 MW. In
addition, approximately 120 MW of additional wind capacity is under construction (PJM, 2006a).
PJM’s Maryland/DC area was estimated to have a summer peak load of 16,377 MW in 2005.
Winter peak load was estimated at 14,549 (PJM, 2006a). According to EIA, net generation in
Maryland was 52,053 GWh in 2004. Retail sales totaled nearly 66,892 GWh (EIA, 2006). Hence,
Maryland is a net energy importer.
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Table G.10: Maryland Capacity and Generation, by Fuel Type
CAPACITY
PJM97
FUEL TYPE

ACTUAL GENERATION
EIA (Data for 2004)

CAPACITY
MW

% of
TOTAL

CAPACITY
MW

% of
TOTAL

GENERATION
GWh

% of
TOTAL

Natural Gas

2,083

16.5

969

7.8

1,183

2.3

Dual-Fuel98

n/a

n/a

3,107

24.9

n/a

n/a

Petroleum

3,612

28.6

885

7.1

3,296

6.3

Other Gases99

n/a

n/a

152

1.2

413

0.8

Nuclear

1,375

10.9

1,735

13.9

14,580

28.0

Coal

4,897

38.7

4,958

39.7

29,216

56.1

Hydro

566

4.5

566

4.5

2,508

4.8

Other

111

0.8

n/a

n/a

0

0

Other
Renewables100

n/a

n/a

127

1.0

858

1.6

TOTAL

12,644

12,499

52,053

Source: (PJM, 2006a; EIA, 2006 [see Table 4 and 5 for Maryland]).
PJM data on fuel mix does not include a dual-fuel category (see Table G.10). Most likely, it
categorizes dual-fuel plants by the primary fuel consumed. In addition, the two data sets disagree
on the capacity of Maryland’s sole nuclear power plant. Nevertheless, even though the PJM and
EIA data are for partially different geographical areas, the two sets match fairly well, with less 150
MW of difference overall. Although coal only represents about 40 percent of capacity, it fuels the
majority of actual power generation. Although about 40 percent of the capacity uses natural gas
and/or oil, these fuels combined were responsible for less than 10 percent of generation in 2004
(EIA, 2006).
In 2015, PJM forecast the peak loads to hit 19,316 MW in the summer and 17,225 in the winter,
reflecting average annual growth rates of 1.7 percent and total growth of about 18 percent for
each (PJM, 2006a). This is roughly equivalent to the Census Bureau’s projected population
growth for the region.
G.3.3.3 RGGI and Emissions
According to RGGI, Maryland has 53 units that may be covered by the model rule. Approximately
6 are retired or are not operating. Nameplate capacity for the active facilities is about 9,500 MW
97

This reflects the entire MD/DC control area, which includes parts of West Virginia and Virginia. This does
not include approximately 246 MW of oil generation on the Eastern Shore.
98
EIA only.
99
EIA only.
100
EIA only.
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(RGGI, 2006). RGGI’s list of facilities does not include the Rock Springs natural gas plant (680
MW), which features four combustion turbine units.
As a newcomer to RGGI, Maryland has not yet received an allocation of CO2 emissions. The
most recent emissions data for covered facilities available from RGGI is for 2002. In that year,
total CO2 emissions from covered facilities were estimated at almost 31,708,000 short tons with
about 90 percent coming from coal-fired units (RGGI, 2006). EPA data from 2005 puts emissions
at about 31,984,000 short tons (EPA, 2006). In both data sets, no CO2 emissions are listed for
Warrior Run, a coal facility that features partial carbon capture and sequestration.
Maryland’s heavy reliance on coal is reflected in its emissions. Emissions from Maryland covered
facilities exceed those from both New Jersey and Massachusetts, which have larger populations.
If the CO2 emissions cap is set close to historic emissions, then demand growth or the retirement
of generation capacity within the state may lead to carbon leakage to neighboring states like
Pennsylvania or West Virginia.
G.3.4 Pennsylvania
Pennsylvania is an observer to the RGGI process. PJM operates the transmission system of five
of Pennsylvania’s six primary transmission owners (PJM, 2006a). In western Pennsylvania,
Midwest ISO manages Penn Power’s transmission grid. Because the state falls under two
ISO/RTOs, it is difficult to get accurate, aggregate projections for the entire state for 2015. Thus,
data from the Pennsylvania Public Utility Commission (PUC) will also be included, as
appropriate.101
G.3.4.1 Electricity Market
A 1996 statute opened up electricity generation and retail supply to competition in areas serviced
by investor-owned and cooperative utilities. Utilities were allowed but not required to divest of
their generation assets. Municipal utilities could opt-out of electrical competition, provided they did
not service customers outside their historic service areas (PA General Assembly, 1995). The
Pennsylvania Public Utility Commission (PPUC) directly regulates the investor-owned utilities but
not the municipalities or cooperatives (PPUC, 2006). Pennsylvania has 13 cooperative, 11
investor-owned, and over 30 municipal utilities (EIA, 2004). The cooperatives combined their
efforts via the Pennsylvania Rural Electric Association,102 while the municipalities are members of
the Pennsylvania Municipal Electric Association.103
G.3.4.2 Generation Capacity, Peak Load and Fuel Mix
According to EIA, Pennsylvania had a net summer capability of 45,136 MW in 2004 (EIA, 2006).
In addition, about 1,000 MW of new generation is under construction, most of which will be fueled
by coal (PJM, 2006a). The PPUC puts capacity, as of April 2006, at 46,495 MW (PPUC, 2006a).

101

The Pennsylvania Public Utility Commission has aggregated much of the necessary data. However, it
only provides projections until 2010.
102
See http://www.prea.com/. This organization includes NJ’s single electric cooperative.
103
See http://www.pmea-pa.org/.
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Table G.11: Pennsylvania Capacity and Generation, by Fuel Type
CAPACITY

ACTUAL GENERATION

PPUC (2006)
FUEL TYPE

EIA (Data for 2004)

CAPACITY
MW

% of
TOTAL

CAPACITY
MW

% of
TOTAL

GENERATION
GWh

% of
TOTAL

Natural Gas

9,920

21.3

6,539

14.5

9,829

4.6

Dual-Fuel104

n/a

n/a

5,577

12.4

n/a

n/a

Petroleum

1,845

4.0

2,187

4.8

4,123

1.9

Other Gases105

n/a

n/a

110

0.2

581

0.3

Nuclear

9,419

20.3

9,229

20.4

77,459

36.1

Coal

22,599

48.6

18,662

41.3

117,181

54.6

Pumped
Storage106

n/a

n/a

1,505

3.3

-686

-0.3

Hydro

2,243

4.8

751

1.7

3,155

1.5

Other

342

0.7

0

0

21

0.0

Other
Renewables

129

0.3

578

1.3

2996

1.4

TOTAL

46,495

45,136

214,659

Source: (PPUC, 2006a; EIA, 2006 [see Tables 4 and 5 for Pennsylvania]).
The PPUC states peak load in 2005 was 28,850 MW. Approximately 1,021 MW of that was
attributable to Penn Power (PPUC, 2006a).107 PJM’s 2005 summer peak load forecast for its
portion of the state were slightly lower at 27,238 MW. It forecasted the winter peak was 24,447
MW (PJM, 2006a). According to EIA, net electricity generation was around 214,659 GWh in 2004.
Retail electricity sales in the state in 2004 were much lower at about 143,501 GWh (EIA, 2006).
Hence, Pennsylvania is a significant net exporter of electricity.
The PPUC data does not include a dual-fuel category (see Table G.11). Presumably, it assigns
the capacity to the primary fuel used. However, it notes in its listings that some plants use coal or
oil. Hence, some of the disaggregated dual fuel capacity may actually be included in the coal
category.
Nevertheless, Pennsylvania is heavily reliant on coal for its power generation. Coal fuels
represent more than half of actual power generation in the state. Nuclear provides more than a
third. Although around 20 percent can burn natural gas, it provides less than 5 percent of
Pennsylvania’s power (EIA, 2006).
104

EIA only.
EIA only.
106
PPUC does not include a pumped storage category. Presumably, this capacity is included in the hydro
number.
107
The PPUC does not differentiate between summer and winter peaks.
105
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The PPUC projects that peak load will increase about 1 percent a year from 2005-2010, going
from 28,703 MW to 30,236 MW (PPUC, 2006a). From 2005-2015, PJM projects that summer
peak load in its areas will grow at an average annual rate of 1.6 percent to 32,027 MW. Winter
peak load is projected to grow at average rate of 1.2 percent to 27,538 MW. This reflects total
increases of about 17.6 and 12.6 percent, respectively (PJM, 2006a). This is significantly higher
than the Census Bureau’s relatively small projection of 3.5 percent population growth.
G.3.4.3 RGGI and CO2 Emissions
The RGGI data about Pennsylvania is not entirely clear. It appears to have just approximately
200 units that would qualify by the model rule. Of these, about a dozen are retired, three are
“future,” and four are “deferred.” The RGGI data lacks nameplate capacity information for many
sites and has occasionally substituted net summer capacity. In addition, some generators lack
capacity information (RGGI, 2006).
As an observer to the RGGI process, Pennsylvania does not receive an allotment of emissions.
RGGI does not offer any emissions data for Pennsylvania for 2004, unlike most of the other
states in this report. RGGI estimates that, in the year 2002, total emissions from covered facilities
(operating in that year) were approximately 130,540,000 short tons (RGGI, 2006). By
comparison, this is greater than the cumulative regional emissions cap for the seven RGGI
participants. The majority of emissions came from coal-fired units. Interestingly, one unit at the
John B. Rich Memorial Power Station produced nearly 10 million tons of CO2 in 2002 for a
relatively small, 88 MW generator (RGGI, 2006). In addition, Pennsylvania has additional coalfired generation under construction (PJM, 2006a).
Pennsylvania’s excess generation capacity reveals a strong possibility for carbon leakage,
especially from the Mid-Atlantic states and New York. Because of the commonwealth’s heavy
reliance on coal, emissions reductions in the RGGI states through plant retirements or changed
dispatch might be more than offset by greater emissions from increased coal-fired generation in
Pennsylvania. For instance, the Seawaren plant in New Jersey may retire four of its dual-fuel
units (about 462 MW) in 2008 (PJM, 2006a). In 2004, these units emitted roughly 320,000 short
tons of CO2. If this retired dual-fuel capacity is replaced by new, additional coal-fired capacity in
Pennsylvania, then the effect on total CO2 emissions is unclear. For example, a single 94 MW
coal-fired unit at Pennsylvania’s Panther Creek facility produced over 465,000 short tons of CO2
emissions in 2002. It would take five units of that capacity to replace the retired Seawaren units.
Hence, while New Jersey could free up some of its emissions allowances through the retirement
of local plants, the total emissions for the region might actually increase. An increase in the costs
of generation within the RGGI states due to high emissions allowance prices might also
foreseeably promote further emissions leakage to net electricity exporters, like Pennsylvania.
Transmission constraints might mitigate the carbon leakage potential by requiring significant local
capacity within each constrained area. For example, transmission constraints in the lower Hudson
Valley have led NYISO to recommend deferring the retirement of the Charles A. Poletti plant (883
MW) in New York City until 2009 (NYISO, 2006). However, increased transmission capacity or
more transmission interconnections, both within the RGGI region and with its neighbors, would
allow more generation to move out of the area and hence, allow greater emissions leakage.
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