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ABSTRACT

Renewable portfolio standards ("RPS") have spread widely as states have made an effort
to promote electricity production from renewable energy sources, granting privileged market
access to eligible technologies and resources. One prominent public policy objective driving
their rapid adoption and expansion in recent years has been the desire to mitigate greenhouse gas
emissions from the power sector. Eighty percent of power sector CO 2, and thus one third of all
U.S. CO 2, comes from 620 conventional coal-fired power plants. Any one of the range of recent
proposals to mitigate U.S. GHG emissions will require dramatic reductions in the CO 2 emissions
from these plants. This constitutes the essential challenge of power sector GHG policy - in a
very real sense, nothing else matters.

With this in mind, I have reviewed four state RPS programs - Connecticut, Minnesota,
Colorado and California. I offer a thorough analysis of the available data regarding the
experience to date in each of these states as well as indications of future compliance activity. My
key finding is that the dominant policy approach imposes three key constraints on the RPS
market space - targets expressed only in units of bulk energy, aggressive quantities and
timelines, and restrictive program cost limits - resulting in the over-stimulation of terrestrial
wind at the expense of other renewable technologies often far better suited to displacing coal and
far more likely to experience dramatic improvements in cost and performance.

In order to enhance the efficacy of these programs as climate policies, the following
reforms are recommended: (1) create bands based on technological maturity and strongly favor
promising early-stage technologies; (2) express targets in metrics more appropriate to replacing
the grid's reliance on coal-fired plants; (3); establish compliance guidelines allowing market
participants to select higher-cost, early-stage technologies that promise a wider range of services
befitting their system requirements; (4) express cost constraints in terms of overall program cost
rather than per-unit price caps; (5) skew compliance schedules to smaller quantities from
targeted early-stage technologies at the front end, ramping up more rapidly at the back end; and
(6) optimize program costs and benefits by allowing some portion of compliance through
geographically unrestricted purchase of renewable energy credits, with the balance mandated
through purchases from strategic local resources.

Thesis Supervisor: Lawrence E. Susskind, Ford Professor of Urban and Environmental Planning
Thesis Reader: Henry D. Jacoby, Professor of Management, Sloan School of Management
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Introduction

Renewable portfolio standards ("RPS") are public policies requiring that a minimum

quantity of the wholesale electric portfolio in a given jurisdiction be derived from eligible

technologies utilizing eligible primary energy sources.' Lists of what qualify as RPS programs

can vary depending on what one sets as threshold criteria, but for the purposes of this paper I am

defining a renewable portfolio standard as a statute that mandates compliance at certain levels by

certain dates (for example, statutes in Vermont and Virginia would not qualify, since their

objectives currently exist only as voluntary goals). As of this writing, RPS statutes have been

enacted by twenty-five states and the District of Columbia, but efforts to pass a Federal RPS

have so far failed despite numerous attempts since 1997.

The technologies that are eligible to participate under the RPS statutes enacted to date

vary somewhat from one state to the next, with a core set of technologies common to nearly

every program (e.g., wind turbines) and others eligible in only a few (e.g., municipal solid waste

incinerators). The primary energy sources that can be used by these technologies also vary from

one state to the next, and in some cases the statutes designate as "eligible" primary energy

sources that not everyone would agree are renewable (e.g. waste coal). Indeed in some cases the

primary energy source is undeniably not renewable (an example is the eligibility of natural gas

fuel cells in Connecticut), but those cases are the exceptions. Hydroelectricity receives notably

varied (and generally unfavorable) treatment. Only Ohio and Texas grant unconditional

eligibility to hydroelectric facilities. All other programs impose various restrictions on size and

configuration, and in a few cases date of construction, with most programs disqualifying all but

small run-of-river hydro facilities.

'Some jurisdictions call them renewables portfolio standards, renewable energy standards, renewable electricity
standards, alternative energy standards and other variations on the same basic idea.



Standards can be applied to the production of wholesale electricity or as sourcing

obligations applicable to the sale of electricity to end-users. All of the current statutes operate by

placing minimum wholesale sourcing obligations on at least the regulated private-sector

providers of retail electricity (investor-owned utilities or "IOUs") and where applicable on

competitive retail power marketers; in a few cases the obligations extend to all retailers,

including co-ops and municipals (all commonly referred to collectively as load-serving entities

or "LSEs"). The standard could be expressed in any one of a number of relevant metrics, such as

the number of megawatts ("MW") of installed capacity, the percentage of a generating

company's installed generating capacity, the percentage of electric energy produced or the

percentage of electric energy sold at retail. The great majority of the current statutes express the

standards in terms of a percentage of electricity sold at retail, though two states (Texas and Iowa)

have standards expressed in the number of MW installed. There are numerous other features of

these statutes that can vary from one to the next, and Appendix A presents a tabular summary of

the key features of each program.

The topic of this paper - the relationship between renewable portfolio standards and the

battle against climate change - is often discussed, but one of the more thoughtful, robust and

balanced treatments of the topic is a 2003 study conducted for Resources for the Future.2 The

report presented the results of a theoretical analysis of the likely impact of a national RPS at

various levels, based on a digital model of the U.S. electric power system and compared to the

theoretical impact of a production tax credit mechanism and a carbon cap-and-trade mechanism.

What the authors could not easily have done was to analyze these questions based on actual

experience with real RPS policies, since (as they noted at page 6 of the report) the population and

2 Palmer, Karen and Dallas Burtraw. "Electricity, Renewables and Climate Change: Searching for a Cost Effective
Policy," prepared for Resources for the Future, May 2004



reach of such policies in 2003 was relatively limited, and of those policies that were in place very

few had been operating long enough to produce a meaningful amount of useful data. In the five

years since they conducted their study the population of state-level RPS statutes has grown by

over 2.5 times. While it is still early days for many of these programs, most of which extend out

to or beyond 2020, there is now a considerable amount of data available from many of the more

ambitious RPS programs, and that data provides the basis for the analysis presented in this paper.

It is not my intention to test Palmer and Burtraw's conclusions or to update their analysis, but I

do hope to expand on several of the themes touched on in their study, and to see if five additional

years of data and a much larger population of statutes can tell us anything new about some of the

issues they raised.

The thesis of this paper can be summarized as follows:

1) That the various state-level renewable portfolio standards have been enacted

not to promote investment in renewables per se, but through the promotion of

investment in renewables to achieve certain public policy goals;

2) That the public understanding of the goals established for these statutes is set

both through the letter of the statute and through the public dialogue that takes

place in and around the legislative process by which they are enacted into law;

3) That the principal public goods driving the adoption of these policies (and their

predecessors) have evolved over time, and that playing a leading role in

reducing power sector greenhouse gas emissions is a primary, in many cases

the primary, public policy objective put forward in recent years to justify their

enactment and/or expansion;



4) That it is possible, based on mainstream sources, to frame what would be

considered a meaningful contribution by the power generation sector to U.S.

climate change objectives and a timeline on which that contribution must be

made;

5) That current RPS programs as designed are likely to play at best a very

marginal role at an unnecessarily high cost in delivering the necessary

reductions in power sector greenhouse gases, with little in the way of long-term

technological development benefits to be expected, and are thus unlikely to

achieve one of the primary public policy objectives put forward to justify their

rapid expansion in recent years; and

6) That it is possible, through a reasonable package of refinements to the

prevailing policy model, to substantially improve the likelihood that they will

achieve those objectives.

The structure of the paper is straightforward and data-driven. In Chapter One I present an

overview of the shifting public policy agendas that have shaped the development of the dominant

policy model we see today. I trace the origins of the renewable portfolio standard back to the

energy conservation legislation of the late nineteen-seventies, and I place the punctuated

development of renewable electricity policies within the non-rational "policy entrepreneurship"

model, developed by political scientist John Kingdon, describing how government policy and in

particular government science policy is made. Finally, I provide some pertinent overall statistics

on the actual impact of RPS policies to date, including two general insights that will become

especially important later in the paper.



Chapter Two provides an overall framework within which I propose to define what

would be a meaningful contribution by the power sector to U.S. climate policy and a meaningful

timeline for that contribution. I do not claim that the reference scenario postulated here is in any

way definitive, but at the same time I believe it is entirely credible and fully within the

mainstream of public discussion on prospective U.S. actions to address climate change. It is

against this reference scenario that I propose to evaluate the materiality of the contribution likely

to be made by RPS programs as they are currently designed and operating.

Chapter Three provides a set of screening criteria for the selection of a sample of state

programs for more detailed analysis. Based on those criteria four state programs are selected:

Connecticut, Minnesota, Colorado and California. The market context, legislative evolution and

structure of each program are then analyzed in detail, and an assessment is provided of the

renewable resource potential accessible for compliance with each state's program.

In Chapter Four I provide a detailed analysis of the historical data for each state showing

actual trends in renewables development, both in-state and regionally, and I analyze publicly

available sources that give some indication in each case of prospective in-state and regional

developments. An analysis is presented of power sector CO 2 emissions trends for each state

since the passage of their respective RPS statutes. Finally, a detailed analysis is provided of the

state-by-state market drivers likely to be shaping the industry responses characterized earlier.

Chapter Five is a summary the findings across the four state case studies, synthesizing

those findings into an integrated package of six recommendations for reform of the policies. It

is my hope that this final chapter presents some useful insights into how one might evaluate RPS

policies going forward.



Chapter One

The Evolving Public Policy Agenda

Since they first appeared on the scene in the mid nineteen-nineties, renewable portfolio

standards have spread quickly across a large and diverse array of U.S. state electricity markets.

States in every region of the country have jumped on the bandwagon, and the pace of new

programs and amendments to existing programs remains strong. This year has seen the addition

of Ohio to the list of RPS states following the addition of four states in 2007 (New Hampshire,

Oregon, North Carolina and Illinois). Eight existing state programs were substantially expanded

in 2007, and a major expansion of the Massachusetts RPS (one of the earliest programs) was

signed into law in July 2008. A critical question posed in this thesis is "Why?" What public

policy objectives were behind the initial interest in these policies, and how have those objectives

evolved to support the recent strong level of interest?

Renewable portfolio standards emerged in two distinct waves over the past fifteen years. 3

The first wave occurred between 1994 and the 1999, coinciding with the wave of state electricity

restructuring. Indeed every RPS enacted during this period except for Minnesota's was

embedded in electricity restructuring legislation, and as we shall see, even the Minnesota RPS

was part of a larger regulatory give-and-take. Nine states enacted RPS programs during this first

phase. The popularity of electric restructuring declined precipitously from 2000 onward, and

with it, seemingly, went the impetus for RPS policies. Only one new RPS policy was enacted

between 2000 and 2004 (California in 2002, which was arguably not actually new4), but

beginning in 2004 the phenomenon burst back onto the scene. In the four years since 2004

3 Though not thought of as a renewable portfolio at the time, Iowa enacted a law in 1983 requiring utilities to install
105 MW of wind generation by 1999
4 In 2002 California revived the RPS that had been considered in 1995, because the approach chosen the first time
around - a public benefits charge on customers' bills to support renewables - was having little impact



fifteen states and the District of Columbia have implemented RPS policies, and many of the

earlier policies have been strengthened and/or substantially expanded. Remarkably, while every

one of the nine first-wave programs was embedded in some form of omnibus utility legislation,

all but three of the sixteen second-wave programs were enacted as stand-alone legislation

(Illinois, Ohio and North Carolina being the exceptions), including the only two examples to date

of successful RPS ballot initiatives (Colorado and Washington).

Renewables before the RPS - The Urge to Conserve

While the first RPS policies were implemented in the mid nineteen-nineties, their origins

can be traced back much further to the energy crises of the nineteen-seventies.5 The first major

public policy initiative promoting the development of renewable electricity was the Public Utility

Regulatory Policies Act ("PURPA"), which was passed into law by Congress in 1978. PURPA

was part of the National Energy Act of 1978 ("NEA"), one of a number of responses to the oil

and gas shortages that erupted during that decade, and its primary purpose was to promote the

conservation of domestic fossil fuel reserves. Another component of the NEA was the National

Energy Conservation Policy Act of 1978, which is often thought to have inaugurated the era of

policy support for efficiency and demand-side management ("DSM") programs in the U.S.

electric industry, though there had been state-level policy initiatives in California and Wisconsin

as early as 1975.6 DSM programs spread rapidly largely in parallel with but independent of the

evolution of renewable energy under PURPA, a trend that continues today with some exceptions

(for an example of RPS programs that combine renewables with efficiency see the discussion of

5 See e.g. Guey-Lee, Louise, "Renewable Electricity Purchases: History and Recent Developments," Renewable
Energy 1998: Issues and Trends, U.S. Department of Energy, Energy Information Agency, March 1999, pp. 1-44
6 For a good introductory reference to research on the history of efficiency and DSM programs in the U.S. electric
industry, see Loughran, David S. and Jonathan Kulick, "Demand-Side Management and Energy Efficiency in the
United States," The Energy Journal, 2004, Vol. 25, Issue 1, pp 19-43



Connecticut's RPS statute in Chapter Three). By 1993, 447 utilities were spending $3.2 billion

(1.7% of total revenues) on DSM annually over and above their expenditures for renewables.7

The primary beneficiaries of PURPA were cogeneration plants (as specifically defined)

and renewables, both of which were expected to reduce the need to consume finite fossil fuel

reserves in the production of electricity and thermal energy.8 Thus while the environmental

benefits of producing electricity using renewable primary energy sources did not go unnoticed,

the dominant public policy objective driving the adoption of the first legislated support for

renewable electricity production was conservation, more specifically the conservation of

domestic fossil fuel reserves and in particular natural gas. As summarized by the Federal Energy

Regulatory Commission in 1996,

"In enacting PURPA, Congress recognized that the rising costs and decreasing
efficiencies of utility-owned generating facilities were increasing rates and harming the
economy as a whole. To lessen dependence on expensive foreign oil, avoid repetition of
the 1977 natural gas shortage, and control consumer costs, Congress sought to encourage
electric utilities to conserve oil and natural gas. In particular, Congress sanctioned the
development of alternative generation sources designated as "qualifying facilities" (QFs)
as a means of reducing the demand for traditional fossil fuels. PURPA required utilities
to purchase power from QFs at a price not to exceed the utility's avoided costs and to sell
backup power to QFs." 9

Greenhouse gases and the theory of global warming were at that time little discussed outside of

the climatology fraternity and were not particularly relevant to the Act's passage.

By the late nineteen eighties oil and natural gas shortages were becoming a distant

memory. Both the oil shortage and the natural gas shortage had been artificially induced, in the

case of natural gas by years of stringent price caps that had stifled exploration and production,

7 Ibid, pg. 19
8 Cogeneration and combined heat and power ("CHP") are used interchangeably to refer to the re-use of thermal
energy that otherwise would have been wasted; the "waste heat" can be the result either of primary power generation
or of a thermal process, and the waste heat is used either for electricity production or for useful thermal applications
9 FERC Order 888, "Promoting Wholesale Competition Through Open Access Non-discriminatory Transmission
Services by Public Utilities, Recovery of Stranded Costs by Public Utilities and Transmitting Utilities," final order
issued 24 April 1996, pp 22-23



and in both cases supplies had once again become plentiful and cheap. But PURPA was on the

books and the pace of development gained momentum throughout the eighties, as a number of

states had mandated lucrative standard-offer contracts for PURPA-qualified facilities. In the

case of renewables, the main action was in California. Of the states to mandate standard-offer

PURPA contracts California was the only one aggressively to promote its renewables potential,

and by 1991 California was home to over 80% of the world's installed wind capacity.' 0

PURPA's reign effectively came to an end in the early nineteen-nineties. Dire

predictions for fossil fuel prices that had shaped most standard-offer PURPA contract rate

structures had failed to materialize, and those contracts had proved to be quite expensive, even

helping to drive some utilities into or close to insolvency. The urge to conserve had long passed,

and market-based reforms of formerly government-dominated economic sectors were all the

rage.'" The U.S. electricity industry was not immune. The Energy Policy Act of 1992 marked

the beginning of a new era for much of the U.S. power sector, in which vertical disaggregation

(often referred to as "unbundling") would be strongly encouraged and market-regulated

wholesale power prices embraced. A policy based on forcing vertically integrated utilities to

enter into contracts defined by state regulators was inconsonant with this trend, and utilities and

states that agreed to restructure could effectively be relieved of their PURPA obligations.

Virtually every state that had enthusiastically embraced PURPA little more than a decade earlier

eventually underwent market restructuring.

10 It is worth noting that PURPA functioned in essentially the same fashion as the feed-in tariff mechanism adopted
in many European countries to promote renewables beginning in the mid 1990s; states mandated purchase prices
based on an administratively determined "avoided cost" for conventional utility-produced power and relied on the
market to determine the quantity of resources that could be developed in response to those prices
1 See Yergin, Daniel and Joseph Stanislaw, The Commanding Heights: The Battle between Government and the
Marketplace That Is Remaking the Modern World, 1998



With PURPA (and conservation) no longer an effective driver, development of renewable

power projects in the U.S. ground to a halt. Figure 1.1 below shows the trend in cumulative

installed wind capacity in the U.S. since 1981. Figure 1.2 indicates that while some non-wind

development continued beyond 1990 (primarily small hydro), it too had ceased by 1995. The

Federal production tax credit ("PTC") for wind was enacted in 1992, but without a replacement

for the guaranteed market access provided by PURPA the PTC seems to have had little or no

immediate effect. The surge of PURPA-driven growth faltered in the early nineteen-nineties as

utilities, regulators and developers anticipated the onset of a new paradigm for wholesale power

generation.

1;
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Source data: U.S. Dept. of Energy, Energy Information Agency ("EIA")

Figure 1.1 - Cumulative U.S. installed wind capacity, 1981-2006



Renewable Portfolio Standards Arrive - As a Response to Electric Industry Restructuring

Renewables advocates, particularly the American Wind Energy Association ("AWEA,"

formed in 1974 in the wake of the 1973 OPEC Oil Embargo), began actively promoting new

policy ideas that would revive the fortunes of renewables in the face of the coming wholesale

competition while still claiming to be consistent with the rising market-driven ethos. 12 In

response, renewable portfolio standards emerged as a leading policy innovation. The first

serious debate over what would today be recognized as a typical RPS took place in California in

1995 during that state's restructuring deliberations, but the first RPS actually implemented was a

solar portfolio standard enacted by the Arizona legislature in 1996.13

While the subject of global warming had by this time entered the wider public domain

and become a fixture in the renewables advocacy literature, it was not strongly evident in the

legislative and public discussions taking place at that time around the adoption of these new

policies. Nor was there any urgency around conservation. And while acid rain and other power

plant-related air quality concerns were certainly touted by renewables advocates and on the

public agenda in the early nineteen-nineties, the main policy thrust on those issues was around

SO 2 cap-and-trade and NOx emission limits. 14 Instead, the overwhelming sense of the RPS

debate at the time was of the demand in some quarters for a quidpro quo in return for granting at

least tacit support for the move to market-based regulation of wholesale power prices and the

12 For the definitive advocacy piece from this period, see Nancy A. Rader (writing as a consultant to AWEA) and
Richard B. Norgaard, "Efficiency and Sustainability in Restructured Electricity Markets: The Renewables Portfolio
Standard," The Electricity Journal, July 1996, pp. 37-49
13 Iowa in 1983 mandated a small amount of wind generation and Minnesota enacted its proto-RPS in 1994, but
Arizona's was the first standard expressed as a minimum percentage of energy sold at retail - it was subsequently
withdrawn and replaced with the current policy in 2000
14See Judith A. Layzer. 2006. "Market-Based Solutions: Acid Rain and the Clean Air Act Amendments of 1990,"
The Environmental Case: Translating Values Into Policy, 2 nd ed. (CQ Press), 375-403. While reduced emissions of
NOx and SO 2 are indeed potential benefits of renewable power production, they differ from CO2 in at least one
essential feature - there exist proven means to control them at source that are currently more cost-effective than
alternative production technologies specifically as a mitigant for these pollutants



neutering of PURPA. Sacred cows were at risk and must be safeguarded. Renewables were not

the only candidate put forward for this purpose (legacy energy efficiency and low-income energy

assistance programs were also in the mix), but renewables had gained a foothold under PURPA

and were the environmental cause cl~lbre most directly threatened by wholesale competition.

As is evident from the data presented in Figure 1.1, this was a time when renewable

energy advocates in the U.S. were very much on the back foot, with renewables development

badly stalled and advocates of market-regulated wholesale electricity very much in the

ascendancy. It was during this time that RPS policies evolved their focus on bulk energy

produced and sold at retail, rather than installed production capacity or other pertinent industry

metrics. This aspect of the RPS phenomenon will become an important topic of discussion later

in the paper, but it would appear that there was an open question during this phase of policy

advocacy whether it was best that the standards be expressed in installed MW of capacity,

percentage of total kWh of energy sold at retail, or some other critical metric." Iowa, Minnesota

and Texas opted to express their standards in installed MW of production capacity, but every

other program enacted in that first wave, and every program since, has opted for a standard

expressed as a percentage of kWh sold at retail (including Minnesota, which converted its RPS to

an energy-only metric in 2007).

The bias among advocates toward an energy-based metric seems to have been rooted in

the assumption that the best way to ensure that the expected benefits are delivered is to measure

the raw quantity of non-eligible electricity production that is displaced by eligible electricity

production. In line with the times, there is a hint in the literature that this bias was driven as

much by mistrust of the regulated LSEs as it was by a thorough analysis of the actual

15 See e.g. Rader, Nancy and Scott Hempling, "The Renewables Portfolio Standard: A Practical Guide," report
prepared for the National Association of Regulatory Utility Commissioners, February 2001, pg. xi



mechanisms by which the expected benefits would be best delivered, but I would maintain that

either line of reasoning was flawed. In Chapters Four and Five I will address at length the

disadvantages of an energy-only metric as a mechanism for delivering the expected benefits. As

for the concern that the desired quantities of renewable energy would actually be produced, any

mistrust that may have driven the energy-only bias were perhaps understandable but in retrospect

were most likely unjustified, particularly in those markets that have subsequently come under the

management of Federally chartered independent system operators. (See Chapter Three for more

information.) As will be covered later, Minnesota's initial capacity-denominated standard was at

least as successful as any other RPS programs of that period, and the marked success of the

Texas program (still capacity-denominated) continues to reinforce that view. Nonetheless we

have today a suite of state RPS programs overwhelmingly expressed in terms of bulk energy sold

at retail, a fact the implications of which I will address in this paper.

As noted earlier, the dramatic downturn in electric industry restructuring at the start of

this decade seemed to spell the end of the RPS phenomenon, with the last truly new first-wave

RPS being enacted in mid 1999. With no new state electricity restructurings to tame, and with

new renewables activity stirring once again (see Figure 1.1 above), what Kingdon' 6 described as

a "policy window" that had been so productive for renewables policy advocates appeared to

close. Five years would pass before the enactment of the next new state RPS policy.

The March Resumes - A Policy Response to Climate Change and Energy Independence

The RPS phenomenon underwent a dramatic revival beginning in 2004. After five years

during which the spread of the RPS policy model had all but ceased, the year 2004 saw seven

states enact new RPS legislation. Over the next three and a half years eight more states and the

'6 Kingdon, John W., Agendas, Alternatives and Public Policies, Second Edition, 1995, Univ. of Michigan, Ch. 8



District of Columbia enacted new RPS policies, and a number of first-wave programs were

dramatically expanded. What had changed?

While the package of benefits touted by proponents remained relatively constant, the

crucial changes in the menu of urgent public policy issues between 1999 and 2004 appear to

have been the emergence of climate change and energy independence as political hot-buttons.

As noted earlier, global warming/climate change had long been part of the RPS sales pitch, but

its newfound value as a "hook" in promoting adoption of RPS policies is borne out in the

prominence of the issue in legislative, electoral and media discussions that have taken place

around these proposals since 2004. What had been simply one piece of the argument in the

nineteen-nineties, and one that went unmentioned in any of the nine legislative packages passed

at that time, now featured prominently in RPS deliberations in every new state, and it was the

central issue in many of those debates. Indeed Pennsylvania's inclusion of integrated coal-

gasification combined cycle plants as an eligible technology (even with no carbon capture and

sequestration) under its 2004 RPS statute has been justified on the basis that the primary goal of

an RPS is CO2 mitigation rather than the promotion of renewables per se, and that IGCC is a

gateway technology to low-carbon coal-fired generation. 17 Climate change remained (and

remains) a deeply divisive political topic capable of eliciting a visceral reaction from opponents,

and as such it was still not explicitly referenced in most states' legislation. But for the first time

it was explicitly referenced in the language of three of the new state RPS laws. As Richard

Cowart, chairman of the Vermont Public Service Board from 1986 to 1999, wrote in May 2006:

"The tide is finally turning on global warming policy in the US power sector. During the
1980's and 90's a number of regulatory policies and market reforms aimed at lowering
power bills and environmental impacts, but they rarely focused on an explicit objective to
lower the greenhouse gas emissions of the electric industry. Least-cost planning, DSM,
renewables policies, and restructuring have all had impacts on the carbon profile of the

17 See Dobesova, Apt and Lave, "Are Renewable Portfolio Standards Cost-Effective Abatement Policy?"



electric sector - but their climate impacts (positive or negative) were always downplayed.
During most of the 1990's, even mentioning that there were greenhouse benefits to
policy options like renewable portfolio standards or efficiency programs was often seen
as a political detriment." 18

The newfound potency of the issue is also reflected in the changing emphasis found in advocacy

material. AWEA's October 1997 fact sheet on RPS, for example, had focused almost entirely on

its virtues as a market-based mechanism that promoted renewables without impeding the march

of competition. Reducing greenhouse gas emissions warranted only a brief mention, well down

the list as but one of many benefits. In May 2007, by contrast, AWEA sponsored an open letter

from an impressive litany of U.S. corporations to Congressional leaders in support of Senator

Jeff Bingaman's proposed Federal RPS. The first two benefits touted in that statement were

national energy security and greenhouse gas reduction. Regarding climate change, the letter

stated prominently that an RPS "...is one of the most important and readily available approaches

to reducing greenhouse gases from the electricity generation sector." Climate change had really

arrived and, along with energy independence, opened a new policy window for RPS advocates.

Renewables Advocacy as Successful Policy Entrepreneurship

The history of public policy support for renewables in the power industry can be seen as a

good example of the policy formation model described by University of Michigan political

scientist John W. Kingdon in his 1995 book Agendas, Alternatives and Public Policies. Kingdon

co-opted an earlier theory dubbed "The Garbage Can Model of Organizational Choice,"' 19

modifying it for use in his empirical analysis of federal policy decision-making. Kingdon

s8 Presented at the American Council for an Energy Efficient Economy's Conference on Energy Efficiency as a
Resource, May 2006
19 See Kingdon, John W., Agendas, Alternatives and Public Policies (1995), in which he references Cohen, Michael,
James March and Johan Olsen, "The Garbage Can Model of Organizational Choice," Administrative Science
Quarterly 17 (March 1972): 1-25



described three "streams" - (1) problem recognition, (2) the formation and refining of policy

proposals, and (3) politics - each of which develops and operates independently of the other two.

The opportunity for policies to become enacted into law occurs when what Kingdon calls a

"policy window" opens. Such an opening appears with the coincidence of a particular problem

gaining currency among government decision-makers as something worth addressing; the

availability of prospective policy prescriptions seen as capable of addressing some aspect of the

problem; and a shift in the political Zeitgeist that lends the problem a sufficient level of public

urgency. Essential to the movement of a policy prescription through this process is what

Kingdon called a "policy entrepreneur," an advocate able to identify a policy window and, in

response, to define a given policy proposal as a viable solution to a given problem in a way that

is compelling to policymakers (what Kingdon refers to as "coupling"), all within the unknowable

timeframe during which the policy window will remain open.

Renewables advocates, most notably AWEA, have been remarkably effective over the

past thirty years as policy entrepreneurs (with the notable exception of the Federal RPS). The

package of benefits claimed for renewable power generation technologies (conservation of finite

energy sources, economic development, pollution abatement, energy independence) has

remained largely unchanged since the late nineteen-seventies (with the addition of global

warming in the nineteen-eighties). The relative efficacy of the measures promoted has

progressed as some of the technologies have matured, but the basic package of solutions hasn't

really changed all that much. But the emphasis has shifted over the years in response to

prevailing political winds and the dominant public policy agenda. When a policy window

opened in the late nineteen-seventies for policy prescriptions aimed at fossil fuel conservation,

renewables advocates were there with their contribution to PURPA. When PURPA faded in the



nineteen-nineties, and as the feed-in tariff approach that characterized PURPA lost favor

politically, renewables advocates successfully reformulated the same basic package of measures

into a policy prescription - the renewable portfolio standard - that could be said to be a market-

based approach to protecting renewables that was consistent with the rising political ethos of the

time. That policy window closed at the turn of the century, but when global warming and energy

independence emerged as hot-button issues over the past five years (importantly, each of the two

issues appealing most strongly to opposite sides of a polarized electorate), renewables advocates

once again successfully repositioned the RPS as an effective response to both concerns. How

effective renewable portfolio standards actually are as responses to these various issues can be

debated (this paper examines their efficacy as climate policies, and Appendix I presents a brief

discussion of claims regarding energy independence and economic development), but Kingdon's

key finding was that efficacy is not the primary consideration in the adoption or rejection of a

given policy prescription. Opportunity, availability and expediency are the primary

considerations, along with the essential role of the policy entrepreneur in "joining the streams."

Renewables policy entrepreneurs have successfully joined the streams at key junctures over the

course of several decades.

Meanwhile, Back at the Ranch...

As of mid 2008 the twenty-six renewable portfolio standards that have been enacted

apply to 48% of all electricity sold at retail in the United States.20 Given the impressive

(bimodal) expansion of the RPS as an instrument of power industry regulatory policy, how much

actual investment renewables has taken place, and where?

20 A simple tally of the sales for each state in which an RPS has been enacted would yield a higher number, but the
coverage rate stated here reflects excluded sales within each state based on the terms of the respective statutes
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Figure 1.2 New additions of non-hydroelectric renewable capacity in the U.S.

Figure 1.2 presents a picture of strong growth since the dawn of the RPS era. The first

observation one might make is that wind has strongly dominated investment in renewable power

generation since the first RPS statutes were passed. Over the past five years 97% of all new

renewable generating capacity installed in the U.S. was wind generation. The ISO/RTO

Council2 noted in October 2007 that 87% of all the renewable generation in interconnection

queues across the country was wind generation. (See Figure 1.3 below) I will address the

important implications of this phenomenon at length in the following chapters.

21 "ISO/RTO" stands, respectively, for Independent System Operator and Regional Transmission Organization,
which will be described in Chapter Three
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Figure 1.3 - ISO/RTO Council graph of renewables in interconnection queues

While the overall trend is one of sustained growth, a closer examination reveals a

recurring and potentially troubling pattern. I noted earlier that the enactment of the Federal PTC

in 1992 had little effect on renewables development until the advent of state-level RPS programs.

Conversely, the PTC has three times during the RPS era expired without immediately being

renewed - end of 1999, end of 2001 and end of 2003 - and each time it was belatedly reinstated

about a year later. The result each time has been a notable pullback in the pace of renewables

development. A strikingly coincidental pattern of interrupted progress is evident in the data

presented in Figures 1.1 and 1.2. The PTC is currently set to expire at the end of 2008, and

Congress has so far refused to extend it. As worrying for wind advocates, the leading proposal

to renew the credit would extend the PTC for wind only through the end of 2009.

A final observation I would make here has to do with the geographic distribution of

renewables investment. As shown in Figures 1.4 and 1.5 below, the rapid growth in new

renewables is taking place predominantly in states with access to the Great Plains wind resource,
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and to a lesser extent Washington and Oregon, a trend that has persisted strongly in spite of the

fact that total of the retail electricity sales subject to the RPS in those states has steadily declined

as a percentage of all retail electricity sales subject to RPS statutes. Again, I will be addressing

the potential implications of this phenomenon in the following chapters.
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Figure 1.4 - Non-hydro renewables investment, Great Plains/PNW states vs. all others
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Figure 1.5 - Great Plains/PNW as proportion of all RPS vs. proportion of non-hydro renewable capacity
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Chapter Two

Renewable Electricity Production and the Response to Climate Change

There is clearly a wide range of views regarding what should be done to reduce the net

production of greenhouse gases ("GHG") from human activities and the time frame over which it

should be done. It is not my intent in this paper to debate the science of climate change. This

paper rather takes as its premise that there is a significant threat of dangerous climate change;

that anthropogenic GHG (the production of greenhouse gases as a result of human activity) is a

leading contributing factor to that threat; and that the mitigation of anthropogenic GHG to some

specified level within some specified period of time is likely to stabilize the concentration of

GHG in the atmosphere at a level that is likely to avert some but not all of the most adverse

consequences. Put much more simply, this paper takes as its premise that we face a risk, most

likely man-made, of unacceptable proportions, and that there are feasible risk mitigation

measures that can, and therefore should be taken in response.

How High Is the Mountain?

Given this premise, a representative picture of the climate change "task" can be drawn

from relatively conventional sources. Perhaps the most conventional source, or at least the one

that most credibly bounds the prescription that may actually be enacted, can be found in the

range of Congressional climate change proposals recently under consideration. These proposals

are presented graphically in Figure 4.1 below.
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Figure 2.1 - Congressional climate change proposals

The range runs from a 50% to an 80% reduction from 1990 levels by 2050. Both

presumptive Presidential candidates have endorsed targets that fall within this range, with

Senator McCain having endorsed a target of 60% and Senator Obama supporting a target of 80%

below 1990 levels by 2050. Focusing on a horizon more relevant to the time period covered by

state-level RPS programs, most of these proposals require a return to 1990 levels by 2020 as a

precursor to achieving their ultimate objectives. It is this interim objective - a return to 1990

levels by 2020 - that I will use as a benchmark in assessing the role to be played by the power

generation sector.



Like nearly everything else about the electricity industry, the scale of its contribution to

total greenhouse gas emissions is enormous. In fact, power generation as a category is the

leading source of anthropogenic GHG. Of the 5.983 metric gigatons of CO 2 emitted in the

United States in 2006, 41% or roughly 2.46 gigatons were emitted as a direct result of the

production of electricity (transportation was second at 31% or 1.856 gigatons). [EIA data] For

an industry that makes such a massive contribution to such a complex and contentious problem,

the structure of its contribution is deceptively simple. Of the CO 2 emissions attributable directly

to power production in 2006, roughly 80% or 1.974 gigatons were produced by the burning of

coal in 620 power plants. These 620 plants were thus responsible for one third of all

anthropogenic CO 2 in the U.S. in 2006. Unfortunately, that constituent simplicity masks the

scale of the challenge - in 2006 coal accounted for 313 GW or roughly 32% of installed U.S.

generating capacity and 49% of all of the electricity produced. The replacement value of those

620 coal plants is on the order of $500-750 billion.22 To replace their productive capacity with

nuclear plants would cost at least twice that much.2 3 To replace the firm capacity provided by

these plants with an equivalent amount of firm capacity from wind power plants could cost $4.5

trillion or more.24

Yet replace them we must, or in some other way drastically reduce their CO2

contribution, if the U.S. is to stand any chance of reaching the overall GHG reduction objectives

I've postulated as a reference scenario. Given the size of power generation's contribution and

the fact that 80% of it can be traced to only 620 facilities, it is inconceivable that the power

22 Assumes a national average total cost for a new 1,000 MW pulverized coal plant, including interest during
construction, of approximately $2,000-2,500/kW
23 Assumes a national average total cost for a new 1,000 MW nuclear plant, including interest during construction,
of approximately $5,000/kW, based on comments by Thomas Christopher, CEO of Areva, Inc., at the 2008 MIT
Energy Conference; one can find lower estimates, but most recently cited estimates are at or above this level
24 Assumes that the existing coal fleet has a firm capacity value of 90% of nameplate, that the replacement wind
capacity will have an average firm capacity value equal to 10% of nameplate, and that wind will cost approximate
$1,500/kW to construct, including interest during construction



sector will not be tasked with at least a pro rata share of any U.S. commitment to reduce GHG

emissions. Using the EIA's 2008 Reference Case for power sector CO 2 emissions, and assuming

the sector bears merely a pro rata share of the targeted reductions in GHG, the green line on

Figure 4.2 below illustrates the CO 2 emission reductions that would be required of the power

sector in order for the U.S. to reach the stipulated 2020 objective (an 80% reduction below 1990

levels by 2050 would equate to CO 2 emissions in 2050 of approximately 360 million tons).

3000

2500

" 2000

0

1500

N

0 1000

500

0

Sgas
m coal

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source data: U.S. Energy Information Agency

Figure 2.2 - CO2 reductions from EIA 2008 Reference Case

With Figure 4.2 above as context, it is useful to consider one illustrative scenario. A fact

sheet issued by the Union of Concerned Scientists in April 2007 calculated the total CO 2

emission reductions in 2020 attributable to renewable generation installed between 1997 and

2020, assuming that all then-current state RPS objectives for 2020 were met. The UCS analysis

projected that nearly all of the growth in renewables would come from wind power. Based on



that analysis, and taking account of the growth in renewables already built into the June 2008

EIA Reference Case (again, nearly all from wind), the incremental reduction in 2020 CO 2

emissions from the Reference Case would only come to approximately 70 million tons.25 This

small incremental impact is due in part to the fact that the RPS targets included in that analysis

represented less than 10% of all electric production, but it is also attributable to the fact that

nearly all of the production displaced by the projected wind energy would be natural gas-fired, a

phenomenon that will be discussed in great detail in Chapters Four and Five.

To make the point in yet a different way, it is informative to look at the relative

effectiveness of displacing a marginal kWh of electricity from conventional coal plants and a

marginal kWh of electricity from comparable gas-fired plants (natural gas is the second largest

source of U.S. power generation at 20%). Displacing a kWh of conventional coal-fired

electricity eliminates approximately 2.45 times as much carbon in CO2 as does displacing a kWh

of electricity produced by a typical gas-fired combined cycle plant,26 implying that a renewable

technology capable of replacing coal-fired plants on the grid can be up to 2.45 times as

expensive as a competing technology likely to displace primarily gas-fired plants and still be a

more cost-effective approach reducing power sector GHG emissions. This comparison is a bit

simplistic - it is unlikely that any mix of renewables added to the grid would displace only coal

or only natural gas - but it is directionally useful.

In short, the mountain facing the power sector is the highest peak in the range, and it's

made out of coal. It is highly unlikely that any policy that promotes substitution primarily of

natural gas-fired or other types of non-coal-fired generation, regardless of how effective it is in

doing so, stands any chance on its own of achieving these objectives.

25 EIA Annual Energy Outlook 2008, Table 15
26 Assuming 35% thermal efficiency for the coal plant and 48% thermal efficiency for the combined cycle plant



The Interplay between RPS and Other Climate-Driven Policies in the Power Sector

Of course RPS policies are not intended to stand alone in dealing with this challenge. 27

Other prominent categories of policy initiatives motivated at least in part by a desire to reduce

GHG emissions from the power sector include policies intended to:

1) Increase end-use efficiency;

2) Subsidize directly the cost of producing and delivering electricity from renewable sources

(for example, through favorable tax treatment);

3) Establish a mandatory price for GHG emissions sufficient to drive the power sector to

switch from today's commercial fossil-fueled technologies to lower-carbon technologies;

4) Develop technology and related infrastructure (such as pipelines to transport liquefied

CO 2) to remove and sequester CO2 from power generation, particularly from plants that

rely on coal as the primary fuel; and

5) Support the construction of new nuclear power plants.

Each of these categories of policies interacts with RPS-style policies in importantly different

ways.

Increased end-use efficiency - Policies designed to increase investment in end-use efficiency

are intended to reduce the need to produce electricity from any source. As such they are largely

complementary to RPS policies, though they compete with renewable generation policies to the

extent that there is either an explicit or implicit limit on the public resources available to promote

both efficiency and renewables, as has generally been the case. Much work has been done to

27 A direct alternative to RPS policies is a feed-in tariff, or FIT, which is employed in a number of European markets
and is under consideration in some U.S. states. While RPS fixes the quantity and lets the market determine the
price, a FIT fixes the price and lets the market determine the quantity. Because the two approaches constitute
variations on the same theme, I have not addressed FIT separately here.



quantify the scope available to increase end-use efficiency and the associated cost, and while

there is a range of specific conclusions available from these studies, there is broad agreement that

substantial improvements in end-use efficiency can be achieved at costs that are well below the

total costs of the major renewable generation technologies, particularly in cost per ton of carbon

avoided.28 On the assumption that these efficiency gains can actually be realized and sustained,

it would be straightforward to conclude strictly on a cost basis that our first priority should be to

ensure that such opportunities are funded to the maximum extent before devoting resources to

other, less cost-effective initiatives such as renewables. Yet it is also clear that reductions in

end-use alone cannot be expected to deliver all of the GHG reductions posited in the reference

scenario without radical adjustments to standards of living. New low-carbon production will

also be required, and many of the most promising low-carbon technologies will likely need many

years if not decades to reach commercial viability without some external assistance, time we do

not have if the reference scenario is to be achieved. Thus the most compelling argument for

investing public resources in the development of renewable technologies, even if doing so diverts

limited public resources away from potentially more cost-effective efficiency measures, is that

doing so is necessary in order to accelerate their journey down the learning curve on the required

timescale.2 9

Direct subsidies to renewable producers - Like RPS programs, direct subsidies to renewable

producers, such as the Federal production tax credit, are intended to accelerate the

commercialization of the targeted technologies.30 In this sense, the simultaneous application of

28 See e.g. "Rhode Island Greenhouse Gas Action Plan," July 15, 2002, report of the Rhode Island Greenhouse Gas
Stakeholder Process, pg. 17, Table 3b
29 See e.g. Palmer, Karen and Dallas Burtraw, "Electricity, Renewables and Climate Change: Searching for a Cost-
Effective Policy," May 2004, pp 16-17
30 As with many other programs directed at renewables, these subsidies are also justified as economic development
initiatives, but the new-industry aspect and the GHG agenda differentiate them from run-of-the-mill jobs programs.



an RPS with policies like the PTC can be seen as doubling down on those technologies that are

targeted by both. A leading rationale for both approaches is a desire to compensate for the fact

that certain perceived environmental and social externalities are not currently reflected in the

cost of conventionally produced electricity. One would assume that a carbon tax or a cap-and-

trade driven carbon price would thus be seen to obviate the need for direct, technology-specific

subsidies like the PTC. Such subsidies typically must be renewed periodically, and this is a

rationale that is sure to be marshaled against their continued renewal if and when a carbon

pricing regime is implemented. The terms of most RPS policies, by contrast, extend well beyond

the expiration dates of the related subsidy programs and, in many cases, the obligations have no

sunset provisions once the final targets have been reached.

Another key difference between direct subsidy programs and an RPS is that, by using

taxpayer money to reduce the cost to produce electricity they act as a net disincentive to increase

efficiency. An RPS, by contrast, increases overall wholesale electricity costs and thus

complements programs to promote end-use efficiency.31 Even accounting for this differential

impact on end-use efficiency, however, these approaches tend to mutually reinforce each other in

important ways, as I will discuss in more detail in Chapter Four. As noted in Figure 1.1, the

introduction of the PTC in 1992 appeared to have little impact on the development of renewable

generation until the advent of RPS policies, and conversely the RPS policies alone appeared to

be inadequate to maintain the pace of new investment during those periods when the PTC had

been allowed to expire.

Carbon pricing policies - As discussed above, from an RPS perspective these can be seen as

a prospective, non-technology-specific replacement for direct subsidy programs. Instead of

promoting certain RPS-eligible technologies by making them less expensive, "carbon" (or GHG)

31 See Palmer and Burtraw, 2004



pricing policies do so by making competing fossil-fueled technologies more expensive. A key

difference between the two approaches is that, as shall become clear in Chapters Three and Four,

policymakers in many, perhaps most states that have implemented RPS programs have relied on

the Federal subsidy programs to contain the retail price impact of RPS compliance. A carbon

pricing policy will arguably diminish or eliminate that concern, albeit by making electricity

prices higher generally, a political barrier and a distributional equity issue that will have to be

dealt with in designing any future carbon pricing policy.

More generally, while carbon pricing by virtue of its reach may be a more complex policy to

design and implement, it is intuitively the purest and potentially most efficient approach to

reducing GHG emissions from any sector, and that advantage is arguably most apparent in the

power sector with its extensive reliance on coal combustion. Carbon pricing policies do not

attempt to pick winning technologies, instead advantaging technologies indiscriminately in

inverse proportion to the level of GHG emissions they produce. By internalizing to some degree

the externalities associated with GHG emissions, they increase the price of electricity thus

reinforcing policies designed to increase end-use efficiency. And, unlike most RPS programs,

they are not specific to the production of any one product or service for the grid, instead driving

up the cost of GHG-emitting sources for all products and services.

As a result, the interaction of carbon pricing policy with RPS policies is likely to be more

complex than in the case of efficiency or direct subsidy programs. While a carbon price will

tend to disadvantage all fossil-fuel-based generating technologies, it specifically disadvantages

coal and in so doing raises the cost of all services provided to the grid by coal-fired power plants.

In this sense it focuses economic resources most efficiently on one of the essential targets of

climate policy, but it is agnostic as to what technology replaces the services conventional coal-



fired power plants provide. If renewable technologies (or for that matter low-carbon coal or

nuclear technologies, which will be addressed below) capable of providing some or all of these

services are not ready to compete with advanced natural gas-fired generation, the immediate

consequence of a carbon price would likely be the replacement of coal with natural gas rather

than with renewables, or at best with a combination of renewables and natural gas. While the

resulting increase in demand for natural gas32 would inevitably drive the price to levels that

would make non-fossil or low-carbon coal alternatives competitive, the risk of economic and

social disruption that could ensue from an extended period of dramatically higher energy prices

(and the possibility of increased reliance on imported LNG) makes such an approach

problematic. Doubtless the development of renewable sources in general would benefit from the

imposition of a carbon price. Indeed a carbon price would mitigate the need for RPS policies, in

the case of certain technologies in certain areas obviating the need for an RPS altogether. But to

the extent that RPS policies, intentionally or otherwise, favor renewable technologies that are (i)

ill-suited to replacing the grid services provided by conventional coal plants; (ii) unable to

compete with advanced natural gas-fired generation in doing so except at extraordinarily high

gas prices; or (iii) able to do so only in combination with increased reliance on natural gas, they

will be ineffective in easing a carbon-price-driven transition away from conventional coal

technologies to renewables.

"Low-carbon coal" 33 technology development and new nuclear construction - I've lumped

these two categories together because each bears a similar relationship to RPS policies. Both

32 It is commonly observed that, in many areas, the expansion of intermittent sources like wind will initially reduce
reliance on natural gas, though not on gas-fired generators; the discussion here goes beyond this initial, marginal
impact to examine what if anything would challenge conventional coal under a meaningful carbon price.
33 By "low-carbon coal" I mean technologies to capture and sequester the CO2 produced by the combustion of coal
("CCS"), or other approaches to substantially reducing the atmospheric release of CO2 from coal-fueled electricity
production; I will use "conventional coal" to refer to any coal-fired power technology that does not specifically
control CO 2 emissions - this would include technologies, such as ultra-supercritical pulverized coal power plants,
that aim to improve conversion efficiency but otherwise do not control the resulting CO2 emissions



aim to utilize public resources to promote investments in low-carbon technologies capable of

expanding the supply of firm generating capacity as well as mitigating and/or replacing the

current fleet of conventional coal-fired power plants. Neither of these technologies is likely to be

commercially competitive with existing technologies in the foreseeable future without a very

material price on carbon. As suggested by the foregoing discussion, in a world of meaningful

carbon pricing these policies are intended to position low-carbon coal and nuclear to compete

with natural gas and certain renewable technologies/strategies 34 to replace the energy and grid

services provided by conventional coal-fired plants. Once again, the relevance of RPS policies

in this process will depend on their design. RPS policies designed to advance technologies best

capable of replicating those functions, particularly those able to do so without a reliance on

complementary gas-fired generation, would compete directly with policies promoting low-

carbon coal and nuclear in the race to replace conventional coal. RPS policies not so designed

are likely to abdicate to natural gas, nuclear and/or low-carbon coal the role of replacing our

reliance on conventional coal, without some other means to accelerate the commercialization of

firm, dispatchable renewable technologies.

Ranking Renewables as Targets of a Climate-Driven RPS Policy

As the foregoing discussion makes clear, RPS policies, to the extent that they are

intended to play a central role in achieving the required reductions in GHG emission from the

power sector, operate alongside and/or in conjunction with other current and prospective policy

approaches. The ways in which they interact with those alternative policy approaches, and thus

34 There is a case to be made for eventual replacement of the current grid architecture with a "smart grid" approach
that would combine intermittent renewables with high-voltage direct current transmission, firm renewables,
distributed renewables, low-carbon conventional generation and dynamic grid management technology, obviating
the need to replicate the grid services provided by conventional coal plants in the current architecture. However this
paper assumes that those grid services will continue to be required to a material degree for the foreseeable future.



their likely effectiveness in achieving the desired outcomes, are importantly dependent on the

design features of the RPS. More specifically, the effectiveness of RPS policies in achieving the

stipulated GHG objectives for the power sector will depend on how they interact with other,

related policies to promote not just the expansion of renewable generation technologies in

general, but the expansion of certain classes of renewable technologies in particular. In broad

terms, RPS programs that promote the following classes of renewable generation technologies

are likely to be most effective in achieving the stipulated power sector GHG reductions:

1) Technologies capable of providing the grid services currently supplied by conventional

coal plants; and

2) Promising technologies in an early stage of development that are expected to show

dramatic improvements in price and performance as a result of the privileged market

access that RPS programs provide.

Effectiveness is measured not only in quantity of GHG reduced, of course, but also in the

cost per ton of emissions eliminated. For each measure discussed above, assessing either the

quantity of reductions, or the cost, or both is to varying degrees a subjective exercise. In the

seemingly straightforward case of carbon pricing, for instance, a carbon tax fixes the value of

emissions but gives no definitive information about the quantity of reductions that will be

delivered, while a cap-and-trade approach fixes the quantity of reductions to be delivered but

gives no definitive information about the cost to do so. Ranking the cost-effectiveness of RPS-

eligible technologies is arguably even more difficult. It is possible to model the mix of

technologies likely to emerge based, inter alia, on assumptions about the cost to install them,

their marginal costs of production and their operating characteristics, and from that information

to estimate the marginal impact on GHG emissions and the related cost per ton. But each of



these assumptions can be highly subjective, particularly for those technologies with which there

is still little or no commercial experience, and especially in those cases the answers can be

expected to change dramatically as the technologies are more widely deployed. In short, a

definitive cost-effectiveness ranking of the GHG reduction measures discussed above is

impossible. Nonetheless, it is possible to draw some broad ranking observations from the recent

literature.

Perhaps the least contentious observation is that there is considerable scope for gains in end-

use efficiency at a cost per ton of avoided emissions lower than that of any of the major classes

of eligible renewables. A recent study sponsored by the Swedish utility Vattenfall and

conducted by consultants McKinsey & Co.35 has generated controversy over some of its

conclusions, and I do not mean to imply that I concur with those conclusions by referencing the

study here, but its quantification of the possibilities for GHG reduction through gains in

efficiency and its relative ranking of the cost-effectiveness of those opportunities against other

measures have not been seriously challenged. The study identifies various categories of energy

consumption from which it maintains that savings of 1.3 gigatons per year by 2030, or over 20%

of the current U.S. total, can be realized at no net cost to society. This specific conclusion can be

and is being hotly debated, but it is possible to disagree with this and many other aspects of the

study while still concurring that there is ample scope for GHG reductions through investments in

efficiency at a cost per ton well below that for renewables.

The next most cost-effective approach to reducing GHG emissions is almost certainly a

carbon pricing policy.36 Yet while this contention is true in theory, it must be tempered by the

dynamic relationship that should exist between a carbon pricing policy and other, related

35 "Reducing U.S. Greenhouse Gas Emissions: How Much at What Cost?" U.S. Greenhouse Gas Abatement
Mapping Initiative Executive Report, December 2007, page 20
36 Palmer and Burtraw, 2004, in particular Chapter 7, pp 61-62



policies, as I discussed briefly in the previous section. A carbon pricing policy, for instance, is

only likely to be effective if implemented in combination with other policies designed to promote

the timely availability of viable low-carbon alternatives. Failure to do so could result in the

intended costs being incurred without achieving the targeted emission reductions, or in the need

to set the price of carbon at a politically untenable level to achieve the targeted reductions.

The remaining policy categories are all intended to bring forward various specific

technologies. The contention that these are less effective than a carbon pricing policy is driven

not by the assumptions made about specific low-carbon alternatives, but by the expectation that a

government policy designed to "pick winners" is likely to produce a suboptimal resource mix,

whereas a well-designed carbon pricing policy should create the conditions under which the

market can determine the most cost-effective resource mix. Yet I have also argued that a carbon

pricing policy is only likely to be effective when combined with policies designed to accelerate

the development of viable alternatives. Thus it is not so much that these policies are less

effective than a carbon pricing policy, as it is that they are a necessary complement to carbon

pricing and would not otherwise be as effective on a stand-alone basis.

Of these, RPS policies in particular operate by granting privileged market access to eligible

technologies. Such policies cannot be justified on the basis of cost-effectiveness alone - few if

any of the eligible renewable technologies are likely (today or in the near future) to be as cost-

effective as a broad range of untapped opportunities to invest in increased end-use efficiency.

By extension, it is difficult to justify extending them to mature technologies - granting such

privileged market access to mature technologies does not promote cost-effectiveness but instead

creates a dependency on public assistance that is likely to persist indefinitely, and it can

unintentionally crowd out the development of earlier stage technologies, as will be discussed



later. Rather, they are justified to the extent that the privileged market access they provide leads

to the accelerated commercialization of appropriate technologies. (This is a crucial point and one

that will be central to the discussion of my conclusions and recommendations in Chapter Five.)

Appropriate renewable technologies, in turn, are those early-stage technologies that can most

cost-effectively facilitate the transition from a supply portfolio built around conventional coal to

a low-carbon supply portfolio. To do so they must replace, either alone or on close coordination

with other renewable and/or non-renewable sources, not only the energy that coal plants produce

but the full range of essential services coal plants deliver to most regional power grids.

Nearly all power plants connected to a power grid are expected to deliver some quantity of

energy to the grid during the course of a year. But delivering energy is only one of many

services performed by power plants in order to maintain a reliable, affordable supply of

electricity. In the U.S. as in most of the world's power grids, coal-fired plants are the primary

source of many of the most important non-energy services, including firm capacity for resource

adequacy, spinning reserve and capacity that can economically provide reactive power and

frequency regulation. (Appendix B provides a brief explanation of these and other ancillary grid

services) Other conventional technologies are also capable of providing some or all of these

services, most prominently gas-fired combined cycle plants and certain large hydro-electric

facilities,37 but none of these has been able historically to claim the unique combination of low

marginal cost of production, wide geographic spread, operational responsiveness and the ability

to stockpile fuel locally that coal-fired power plants have been able to offer.

Among the renewable technologies qualified under the various RPS programs, each has its

own strengths and shortcomings as a substitute for the functions that coal-fired plants perform

37 Nuclear is the next largest source of firm, baseload energy in the U.S. after coal, but because of its extremely low
marginal cost of production and inherent lack of operational flexibility, nuclear is generally treated as: "must-run"
capacity and is typically not a major source of ancillary grid services.



for the grid, and each is in a somewhat different position to benefit from the privileged market

access provided by an RPS. Extrapolating from the foregoing discussion, Table 2.1 below

suggests a ranking of renewable or renewable-related technologies to be targeted by a well-

conceived RPS policy, on the basis that such a policy must be viewed as a complement to end-

use efficiency measures and carbon pricing in any integrated approach to achieving the stipulated

reductions in power sector GHG emissions.

The first four columns posit a grade (on a scale of 0-4) for each category of technology

against some of the key attributes that must be replicated, with a 0 indicating that the technology

has little or no capability in that area and a 4 indicating a very strong capability. The grading in

these columns is this author's judgment based on a broad review of the available literature.

Column 5 shows the sum of the values in Columns 1-4 for each technology, and it can be

thought of as the aggregate score for ability to replicate the services provided by coal-fired

plants. The sixth column is intended to grade each technology on the learning curve progress

that might be realized as a result of the privileged market access provided by an RPS policy.

This can also be thought of as a rating of the technology's maturity, with a low score indicating a

mature technology and a high score indicating an early-stage technology. The assessments

included in the sixth column are consistent with an analysis by the EIA in their Assumptions to

the Annual Energy Outlook 2008.

The ranking in Column 7 is based on the sum of the values in Columns 5 and 6, and as such

it is a simple aggregation of the two key scores - ability to replace conventional coal and ability

to benefit from privileged market access. A slightly more sophisticated methodology is used in

Column 8. In this column I have averaged the scores in Columns 1-4 and added the result to

Column 6. The two ranking methodologies do not produce dramatically different results



Table 2.1 - Ranking of Renewable Technologies by Likely Effectiveness as RPS Targets

1 2 3 4 5 6 7 8
Ability to

Firm replace
Potential capacity Load- coal (sum Learning Rank Rank

Technology scale value Dispatch following 1-4) opportunity (sum 5+6) (alternate)
Terrestrial

wind 4 1 1 0 6 0 11 11
Wave 1 1 1 0 3 4 10 8
Tidal 1 3 1 0 5 4 9 5
Solar

thermal 4 2 1 0 7 2 8 10
Solar PV 4 2 1 0 7 3 7 7
Offshore

wind 4 3 1 0 8 3 6 6
Anaerobic

MSW
conversion 1 3 3 3 10 2 5 9
Biomass 2 4 4 4 14 2 4 4
Thermal
storage
(w/solar
thermal) 4 4 3 3 14 3 3 3

Engineered
geothermal 3 4 3 3 13 4 2 2

Electric
storage

(w/wind or
PV) 4 4 3 3 14 4 1 1

Note: Eligible technologies not ranked include co-firing, conventional geothermal, small hydro, landfill gas and
CHP - I have assumed that these technologies are commercially viable with or without an RPS.

The intended interpretation of this table for the policymaker considering an RPS is that

the appropriate targets are those technologies in the middle range of the table - early enough in

their development and promising enough in their attributes to adequately reward the grant of

privileged market access, but not so early that they are unlikely to become relevant within the

time horizon contemplated in the policy. 38

The next two chapters present a detailed analysis of four state RPS programs. With that

analysis in hand, I will revisit in the final chapter the framework illustrated in Table 2.1 as one

basis upon which to evaluate the effectiveness of these programs, and to formulate

recommendations for strengthening RPS as a weapon in the battle against climate change.

38 Scientific discoveries can lead to abrupt changes in a given technology's prospects - see e.g. the recent
breakthrough by MIT's Daniel Nocera in the oxidation of the water molecule, which may lead to new technologies
in the storage of energy produced as electricity by photovoltaic cells - but this table reflects the current state of play.



Chapter Three

A Closer Look at Four State RPS Programs

A. Selection Criteria

In order to place these important questions in the context of actual RPS programs, I have

selected four state programs for closer examination. The criteria utilized to select these

programs are intended to identify a subset of programs that are likely to produce the best results

the current crop of state-level RPS programs can be expected to deliver. By "best" I mean those

results that most nearly match the shifting mix of public expectations that have been established

for RPS-style policies, as discussed in Chapter One above.

I have already touched upon the highly idiosyncratic nature of these state-by-state

programs. The manifest and florid variety of features found among these programs, as illustrated

in Appendix A, makes it challenging to delineate clear subcategories of any analytical

significance. Nonetheless, I have attempted to break these twenty-six programs down roughly

along several useful dimensions, accepting that there will inevitably be a lack of categorical

purity. These analytical categories are shown in Table 3.1 below.

Table 3.1 - Key characteristics of existing RPS programs

Geography
restricted?

State [1] Region Banded? [2]
Phase 1

CT No NEPOOL Y (26%+ rl, etc)
ME No NEPOOL No
MA** No NEPOOL No

Y (10%
NJ No Mid-Atlantic solar)

283.3%
MN No Midwest wind
TX Yes Midwest Y (10% unspecified)
WI No Midwest No
AZ Yes Southwest Yes (30%

Compliance
std.? [3]

Moderate
Weak
Moderate

Strong

Strong
Strong
Strong
Strong

Targets
[4]

Strong
Weak
Weak/Avg

Strong

Strong
Weak
Weak
Weak



NV Yes

NH
RI
DE
DC
MD
NY
NC
PA
IL
OH
CO
MT
OR
WA
CA
HI
NM

No
No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes/No [5]
Yes
No
Yes
No
Yes
Yes

IA Yes

DG)
Southwest Yes (solar, rl)

NEPOOL
NEPOOL
Mid-Atlantic
Mid-Atlantic
Mid-Atlantic
Mid-Atlantic
Mid-Atlantic
Mid-Atlantic
Midwest
Midwest
Mountain
Mountain
PNW
PNW
Pacific
Pacific
Southwest

Midwest

No
No
Y (10% solar by '19)
No
No*
No
Y (ag waste, solar, rl)
Y (many incl non-RE)
275% wind
No
No*
No
No
No*
No
No
No*

Moderate

Moderate
Moderate
Weak
Weak
Weak
Strong
Moderate
Weak
Moderate
Moderate
Strong
Weak
Mod/Weak
Moderate
Mod/Weak
Moderate
Weak

Strong

Strong

Weak
Avg/Weak
Average
Weak
Weak
Weak
Weak
Weak
Strong
Weak
Average
Avg/Weak
Moderate
Avg/Weak
Strong
Average
Average

Weak
* These states offer disproportionate incentives for non-wind renewable resources
** MA substantially amended, and presumably strengthened, its RPS in July 2008
[1] Yes: The program requires in-state resources or direct connection to state, or has significant in-state incentives

No: The program has no restrictions or allows resources and/or deliverability anywhere within a RTO or a large region
[2] Yes: Program features a significant (>10%) carve-out for solar, efficiency or other non-wind resources
[3] Weak compliance standard has multiple escape options and/or unusually low ACP-style buyouts

Moderate compliance standard has "typical" safety valves and/or ACP-style buyouts
Strong compliance standard has no clear escape options and/or unusually high barriers to avoidance

[4] Strong: Final target > 20%, final date s 2020, >90% of retail included
Average: Final target 15-20%, final date 2015-2020, 70-90% of retail included
Weak: Final target < 15%, final date > 2020, <70% of retail included

[5] Colorado is the only state with no geographic restrictions but grants a significant advantage to in-state resources

First Screening Criterion

Myfirst screening criterion was to select two programs each from the first wave and the

second wave of RPS programs, as described in Chapter One above. While the formally

articulated rationales for the first wave of programs may have differed somewhat from those

articulated for the second wave, that was not a significant consideration in setting this first

criterion, in part because it is my contention, as developed previously, that a relatively narrow set

of rationales has emerged to justify all of these programs. The significance of selecting two

Phase 2

Other



programs each from the two distinct waves of programs is rather to afford a comparison between

promising but more recent programs with limited history (i.e. those from the second wave) on

the one hand, and similarly promising programs with a longer history of actual implementation

(i.e. those from the first wave) on the other. Most of the programs from the first wave have been

in place for at least eight years and in some cases over ten years, many having proceeded through

one or more rounds of revision and refinement, and as such they should offer a certain amount of

valuable insight into how the industry responds to such policies.

Second Screening Criterion

My intent is to analyze only strong programs. Despite the highly individualistic nature of

these programs, upon closer examination it becomes apparent that there is some clustering of

attributes that complicates the task of isolating independent variables. As illustrated in Table

3.1, a disproportionate number of the programs with both strong targets and strong compliance

regimes are first-wave programs. There are at least two possible reasons for this: (i) these

programs have been in existence longer and may have been "tightened up" over time; and (ii) as

noted in Chapter One, all but one of the first-wave programs originated as an integral part of

market-based restructurings of the state electricity sectors. Thus the first-wave programs

arguably emerged from jurisdictions in which entrenched utility interests wield relatively less

political power, or are relatively more progressive, than those in which the second-wave

programs were enacted, most of which are states where market-based reforms have been

successfully suppressed or subverted by local utility interests. This difference between the two

sets of programs may diminish over time as the second-wave programs mature. Nonetheless, I

have designed my second screening criterion to mitigate as much as possible any related



consequences for the purposes of this paper. Thus I have selected only programs from each

wave that feature "moderately strong" or "strong" targets and compliance standards (which of

course quickly truncated my choice of programs from the second wave).

Third Screening Criterion

A second pattern that differentiates the first wave from the second wave is the extent to

which they feature explicit set-asides or "bands" for specific resource categories. Over half of

the first-wave programs (five of nine) feature banding, whereas less than 20% of the second-

wave programs (three of sixteen) feature such bands, and one of those that does (Pennsylvania) is

so unique, and so compromised by the eligibility of non-renewable resources as to be of little

relevance here. It is, however, also true that four of the remaining second-wave programs feature

bonus multipliers to be applied to renewable energy credits obtained from specific types of

resources, a feature not found in any of the first-wave programs; as a result, I have assumed that

there is broad similarity between the two waves of programs in the extent to which they feature

special set-asides for specific types of resources. The relative prevalence of banding per se

among the first wave of programs is therefore not expected to undermine materially the value of

information gained from experience with the first wave of programs in forecasting industry

response to the more recent second-wave programs. Also, as suggested in the foregoing

paragraph, second-wave programs may well evolve by amendment in the direction of the first-

wave programs.

Yet the impact of technology banding on these programs remains of interest for at least

two reasons. First, any difference in industry response indicated by first-wave experience with

banding may be significant in evaluating likely future developments, whether in response to



banding or to premium credits attributable to specific types of resources. Second, if experience

to date indicates that current approaches to banding produce significantly different industry

responses, that information may prove useful in considering other forms of banding, as I will do

later in this paper. Thus, in an attempt to draw out material consequences of banding, my third

screening criterion was that one of the programs selected from the first wave would feature

explicit technology bands and the other would not.39

Fourth Screening Criterion

Thefinal selection criterion I deployed was geographic diversity.40 There are two

reasons for doing so. The first was to isolate any potential impacts that might be evident owing

to differences in indigenous renewable resources available in each region of the country. Thus if

a consistent industry response is to be expected despite material differences in the types and

quality of indigenous renewable resources available, such a phenomenon may be observable in

the sample. Conversely, it may become apparent that industry response follows differences in

39 In selecting programs with banding, I am looking specifically at banding for non-wind technologies. Nearly all
states that have included technology bands have done so exclusively for non-wind technologies, presumably based
on the concern that wind would capture a disproportionately large share of the hoped-for market at the expense of
other promising technologies. The two exceptions (IL and MN) actually feature minimum requirements for wind. I
treated these programs as being non-banded, since the market share of wind to date among renewable technologies
in all states, and particularly in states like IL and MN with relatively strong wind resources, exceeds the minimums
established in these two programs.
40 Two factors I did not use as screening criteria are nonetheless worth mentioning. The first is whether or not the
state is part of a vibrant competitive wholesale power market. While this may be significant in the selection of all
new resources (though that remains to be seen), the RPS policies are universally designed to create a market (albeit a
protected market) specifically for renewable resources, and as such I have assumed that the industry responses
within these artificial markets will be largely the same regardless of the level of wholesale competition in the wider
market. Furthermore, as the discussion notes, there is some degree of correlation between the use of market-based
pricing and whether or not the state was in the first or second wave of RPS implementation, so that the first
screening criteria to some degree serves as a proxy for market structure. The second factor is geographic limitations
on eligibility. While there is quite a wide variability among the states in how they approach this issue, all of them
contain geographic limitations of some kind (Colorado does not limit eligibility but grants a 25% premium to in-
state resources), and every program but Colorado requires at least that renewable energy be physically deliverable
into the state or into the immediate transmission control area in which the state resides. Paradoxically, or perhaps
understandably, the smallest jurisdiction with a RPS (District of Columbia) recognizes the widest geographical
boundaries, accepting renewable credits from states as distant as Missouri, Wisconsin and Alabama.



indigenous resource availability. The second reason I selected for geographic diversity was to

illustrate the impact of these programs in the context of materially different mixes of existing

generation resources. Thus the consequences of adding 500 MW of wind generation in, for

instance, New England (with its disproportionately large amount of gas-fired combined-cycle

production) could well be quite different from the consequences of doing so in the Midwest

(with its disproportionately large amount of coal-fired production). By selecting programs from

different regions, I wanted to create the opportunity for such differences to emerge.

Conclusion

In summary, I have utilized four screening criteria in selecting state programs for further

study: (1) four programs have been selected, two from the first wave of programs and two from

the second wave of programs; (2) all programs selected feature "moderately strong" or "strong"

targets and compliance standards; (3) of the two programs selected from the first wave of

programs, one features banding and the other does not; and (4) geographic diversity.

Four screening criteria might seem excessive, however as the foregoing discussion

suggests, each criterion emerges naturally to some extent from the other criteria chosen. After

applying these criteria to all twenty-six programs I arrived at a set of four programs for further

study: Connecticut, Minnesota, Colorado and California.41 (See Table 3.2 below)

Table 3.2 - Characteristics of selected state RPS programs

Compliance
State Region Banded? standard Targets

Phase 1
CT New England Y (efficiency, CHP) Moderate Strong

41 For an independent confirmation of the strength of the RPS programs in the four selected states, see Environment
America's American Clean Energy Stars: State Actions Leading America to a New Energy Future (Nov. 2007),
which gives all four states' RPS programs it's highest rating.



MN Midwest

CO Mountain
CA Pacific

283.3% wind Strong

No*
No

Strong

Strong Average
Moderate Strong

*Miniscule solar set-aside; significant incentives for in-state and "community-
based" resources

B. Connecticut

Context

Connecticut restructured its electric utility industry in 1998, so that virtually 100% of the

state's generation resources are owned by non-utility independents. Connecticut is part of the

regional power market operated by the Independent System Operator of New England ("ISO

New England" or "ISO-NE"), a federally-chartered Regional Transmission Operator ("RTO").

As such, the mix of generating resources available to the state is essentially the mix of resources

available to all six states in the ISO-NE control area, which in addition to Connecticut includes

Maine, New Hampshire, Vermont, Massachusetts and Rhode Island.42 Of the six member states,

only Vermont has yet to establish a mandatory RPS. Figure 3.1 below shows Connecticut's

existing mix of generating resources (those designated by ISO-NE as contributing to

Connecticut's obligation to meet its Local Sourcing Requirement); Figure 3.2 shows the sources

of electricity produced in ISO-NE in 2006; Figure 3.3 shows the mix of generating capacity in

ISO-NE in 2007; and Figure 3.4 shows the load duration curve for ISO-NE for 2006.

42 New England is part of the Northeast Power Coordinating Council ("NPCC"), a cross-border reliability
organization that was formed by the U.S. and Canada following the Great Northeast Blackout of 1965 to improve
regional system reliability. In addition to the six New England states, NPCC includes New York State, Ontario,
Quebec and the Canadian Maritime provinces. The New England states formed the New England Power Pool
("NEPOOL") in 1971 to coordinate region-wide least-cost dispatch operations, and NEPOOL subsequently provided
the basis for the formation of ISO-NE when the region embarked on market restructuring in the late 1990s. As such,
ISO-NE continues to coordinate operations with, and has a certain limited amount of interconnection with the
surrounding NPCC regions of New York State, Ontario, Quebec and the Canadian Maritimes. In the late 1990s
FERC embarked on an initiative to promote competitive wholesale power markets based in large part around these
existing regional transmission compacts, and as a result ISO-NE became one of the first federally-chartered RTOs.

Phase 2
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Source data: 2007 Energy Plan for Connecticut, Connecticut Energy Advisory Board, Feb. 2007, pp. 17-18

Fig. 3.1 - Connecticut 2007 installed capacity, by fuel (100% = 6,824 MW)
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Fig. 3.2 - 2006 ISO-NE production, by fuel type
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Fig. 3.3 - 2007 ISO-NE installed generating capacity, by fuel type (MW and %)
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The combined nuclear, coal-fired and hydro-electric capacity of approximately 8,985

MW in ISO-NE is less than the minimum load of 9,200 MW shown in Figure 3.4, which means

that even when all of the region's traditional baseload resources are operating at full load they

are on the margin only a very small number of hours in the year. This explains why gas- or oil-

fired generation sets the wholesale price for electricity in New England over 90% of the time.

RPS Evolution

Connecticut's RPS mandate was first established by legislation in April, 1998. Like all

nine of the first wave programs, it constituted a part of a broader package of electricity-related

legislation; like all but one of the first wave programs it was embedded in the state's electric

restructuring law (Public Act 98-28, An Act Concerning Electric Restructuring). The original

RPS required that 6% of retail sales come from eligible renewable sources by 2000, ramping up

to 13% in 2009. It has been legislatively revised six times since originally enacted. Important

revisions included the removal of the effective exemption for standard offer service customers,

who constitute nearly all retail load in the state (P.A. 03-135 in 2003); the creation of a third

resource class to promote cogeneration and energy efficiency as eligible resources (P.A. 05-01 in

2005); and a requirement that renewable portfolio standards be developed for the state's

municipal-owned electric companies (P.A. 07-242 in 2007). The 2003 legislation substantially

relaxed the original targets; the 2007 legislation (specifically Sections 40-44) kept the existing

schedule but created additional, higher targets over a longer period of time. The current standard

is discussed in detail below.

The original legislation included no language regarding the legislature's intentions in

creating an RPS. Furthermore there was very little discussion of the RPS provision (Section 25)



during extensive debate on the House and Senate floors, where Section 25 and a related

provision (Section 44) establishing a Renewable Energy Investment Fund ("REIF") were

described as being intended to "reduce dependence on fossil, nuclear and other more polluting

forms of generation." 43 The only (very brief) debate in the House was not about Section 25 at all

but rather over the cost and advisability of the REIF.44 Section 25 did attract a brief exchange in

the Senate, but the debate revolved around ratepayer impacts and the advisability of embedding

such a major initiative in a larger piece of legislation. Intent was not a topic of discussion.

More recently, Governor M. Jodi Rell's 2005 Climate Change Action Plan set out a

Renewable Energy Strategy, 45 calling on the legislature to "promote the development of

renewable energy in Connecticut and in the region as a long-term GHG emissions reduction

strategy and encourage the renewable industry in Connecticut." The Plan went on to recommend

a substantial expansion of the RPS as the cornerstone of this Renewable Energy Strategy (the

proposed new targets were largely reflected in the subsequent 2007 legislation). The Plan listed

a handful of "co-benefits" from an expanded RPS (reduced air pollution; fuel cost savings;

increased energy diversity and security; and economic development), but climate change was the

central theme.

Targets and Eligibility

The current RPS has three classes of eligible resources. Class I includes solar; wind; new

sustainable biomass; landfill gas; fuel cells (including those using natural gas as fuel); ocean

43 See Connecticut General Assembly, Session Transcripts for the House and the Senate for 15 April, 1998; the bill
was overwhelmingly approved in both chambers that day and signed into law by Governor Rell on 29 April, 1998
44 The REIF was to support renewable technology R&D and was to be funded through a system benefits charge
added to customer bills - starting at a half mill in 2000 (approx. $15 million) and rising to one mill over four years.
45 Governor's Steering Committee on Climate Change, "Connecticut Climate Change Action Plan," 15 February
2005, pg 169 ff Electricity Sector



thermal, wave and tidal power; low-emission advanced renewable energy conversion

technologies; run-of-river hydro of no more than 5 MW capacity commissioned after 2003; and

Class I-eligible distributed generation installations. Class II includes trash-to-energy facilities

(including incinerators), certain other biomass not included in Class I and pre-2003 hydro

facilities of no more than 5 MW. Class III includes new cogeneration facilities with at least 50%

thermal efficiency; energy savings from conservation and load management; and commercial

and industrial heat recovery systems. The RPS requirements ramp up as follows:

- On and after 1/1/06: 2.0% Class I + 3% Class I or II
- On and after 1/1/07: 3.5% Class I + 3% Class I or II + 1% Class III
- On and after 1/1/08: 5.0% Class I + 3% Class I or II + 2% Class III
- On and after 1/1/09: 6.0% Class I + 3% Class I or II + 3% Class III
- On and after 1/1/10: 7.0% Class I + 3% Class I or II + 4% Class III
- On and after 1/1/11: 8.0% Class I + 3% Class I or II + 4% Class III
- On and after 1/1/12: 9.0% Class I + 3% Class I or II + 4% Class III
- On and after 1/1/13: 10.0% Class I + 3% Class I or II + 4% Class III
- On and after 1/1/14: 11.0% Class I + 3% Class I or II + 4% Class III
- On and after 1/1/15: 12.5% Class I + 3% Class I or II + 4% Class III
- On and after 1/1/16: 14.0% Class I + 3% Class I or II + 4% Class III
- On and after 1/1/17: 15.5% Class I + 3% Class I or II + 4% Class III
- On and after 1/1/18: 17.0% Class I + 3% Class I or II + 4% Class III
- On and after 1/1/19: 18.5% Class I + 3% Class I or II + 4% Class III
- On and after 1/1/20: 20.0% Class I + 3% Class I or II + 4% Class III

While existing resources are eligible for compliance with most Class I and Class II technology

categories, there were not a significant number of eligible resources pre-existing the RPS,

making the 27% requirement by 2020 one of the most aggressive in the nation. Geographic

eligibility is fairly broad - all five ISO-NE state programs allow retailers to purchase unbundled

RECs from any qualified resource46 located in or capable of delivering energy to NEPOOL.

46 RECs in ISO-NE are tracked by the New England Generation Information System ("NE-GIS"), a regional
database operated by NEPOOL that accounts for the generation attributes of electricity consumed within NEPOOL.



The inclusion of an "efficiency" tier makes Connecticut one of only six states that include

efficiency as an RPS-eligible resource. The 2007 legislation that amended the RPS also imposed

an obligation that "[r]esource needs shall first be met through all available energy efficiency and

demand reduction resources that are cost-effective, reliable and feasible." Not technically part of

the RPS, this new requirement nonetheless effectively means that Connecticut electricity retailers

are required to go well beyond the 4% Class III requirement for energy efficiency while the

Class I and Class II requirements under the RPS remain unchanged. 47

Compliance

Compliance standards under Connecticut's program are comparable to, though a bit less

stringent than those in the other four New England programs. All five ISO-NE programs employ

a form of alternative compliance payment ("ACP") as a way effectively to cap the rate impact of

the RPS. Such a provision is sometimes referred to as a "safety valve,", and in this respect the

New England programs are fairly typical nationally. As in all but the Maine RPS, Connecticut's

program provides no other avenue to avoid compliance, a relatively strong feature of the New

England compliance standards.

Uniquely in ISO-NE, Connecticut's ACP (actually referred to in the legislation as a

"penalty") is set at a fixed $55 for each MWh by which a retail supplier falls short of the

required volume of qualified RECs. While this level of buy-down payments puts Connecticut in

the middle of the pack nationally (see Appendix A), it is today slightly below the ACP level in

the rest of ISO-NE and, unless modified, that discrepancy will only grow wider. The other four

47 All six ISO-NE states have joined the Regional Greenhouse Gas Initiative ("RGGI"), the first regional program in
the U.S. to seek enforceable greenhouse gas emission limits; while Connecticut's RPS pre-dated RGGI and is thus
not directly grounded in that initiative, each of the five states with RPS programs has promoted the RPS as a central
policy feature of their plans to comply with their obligations under RGGI



state programs have harmonized their ACP mechanisms - they reached $57.12/MWh in 2007

and are indexed to inflation. In a tight market RECs can be expected to trade at prices close to

but not above the ACP level, and it is of course always possible that there will simply not be

enough RECs available, forcing LSEs to incur the ACP for some or all of their obligations (as

has already occurred in Connecticut and Massachusetts) without directly creating new qualified

sources of supply.48 A unique risk for Connecticut LSEs is that the effective cap for REC prices

in ISO-NE will be set by the higher ACP levels in the other member states. The implications

will be discussed at more length in Chapter Four, but if left unchanged this could leave

Connecticut LSEs priced out of an otherwise active ISO-NE REC market.

Access to Eligible Resources

Connecticut is not well endowed with indigenous renewable resources. While its RPS

law and its membership in ISO-NE enables Connecticut to look to the renewable resources

indigenous to the entire region, the situation there is not a great deal more encouraging. (See

Appendix C for a regional map of available renewable resources) Limited land-based wind

opportunities exist in the northwest quadrant of the state (a seminal 1991 study of U.S. wind

potential by Pacific Northwest National Laboratory 49 estimated the state's land-based resource to

be 571 MW, or enough to supply about 15% of the State's 2006 consumption, but a more recent

study50 estimated the total potential to be no more than 43 MW). Much more extensive

48 As in most states with similar buy-down provisions, the funds collected by the state are placed in a fund (in the
case of Connecticut, along with other funding sources) to be used for the promotion of related technologies or
projects; it must be noted, however, that the legislature in Connecticut has since 2002 raided the fund to the tune of
over $100 million to meet general revenue shortfalls and other unrelated uses. The Governor has pledged to restore
the funds in the spring of 2008.
49 "An Assessment of the Available Windy Land Area and Wind Energy Potential in the Contiguous United States,"
Elliott, D.L., L.L. Wendell and G.L. Gower, Pacific Northwest National Laboratory, August, 1991
50 "Technical Assessment of Terrestrial and Offshore Wind Generation Potential in New England," Levitan and
Associates, May 1, 2007, Table 8 (accessed via CL&P 2007 Integrated Resource Plan, page E-14)



terrestrial wind resources exist elsewhere in New England (primarily in northern Maine), but

development of those resources has been hindered by significant siting and transmission access

challenges. The region is blessed with good offshore wind resources, but development of those

resources has been similarly plagued by issues of siting (amply demonstrated by the Cape Wind

experience) and (in many but not all cases) remoteness, as well as by concerns with cost and

technological maturity.

Among the more "conventional" renewable technologies, biomass for power generation

(using wood and wood waste) is the only other resource indigenous to New England in any

significant quantity and quality. Nearly every state in the region except for Rhode Island

possesses some quantity of high-quality biomass resource, but once again, most of the best

resource is concentrated in the northern reaches of the region, in Maine and northern New

Hampshire. Biomass development in southern New England has been hampered by issues of

scale and fragmentation among feedstock suppliers as well as local siting opposition, and while

northern New England has ample supply and a good installed base of biomass generation,

incremental development has been constrained by transmission access issues.

New England is one of the more promising regions for the development of tidal and wave

energy, but those technologies are still in their infancy, and the most promising sites are along

remote coastal areas of northern Maine and thus suffer from the same transmission access issues

as do most of the region's best wind sites. Connecticut's coastal waters are not notable either for

offshore wind potential or for wave/tidal opportunities.

Recognizing these regional resource limitations, Connecticut has turned to potential

resources that, while closer to home, are not universally considered "renewable" and are thus not

common to all RPS programs. Most notably, Connecticut is one of only eight states that grant



unqualified eligibility to waste-to-energy incinerators, a controversial but potentially valuable

source of RPS credits. Connecticut is one of only seven states nationally to make fuel cells using

natural gas an eligible RPS resource, a provision designed to encourage development of a

nascent in-state fuel cell industry. More progressively, Connecticut's RPS is one of a small

number that have included energy efficiency and cogeneration as qualified resources, and in fact

the 2007 legislation established a separate compliance tier for these resources. This is a feature

that may well be expanded in Connecticut and copied in other states with concentrated urban and

industrial centers and limited access to more commonly recognized renewable resources.5 1

C. Minnesota

Context

All of the Minnesota grid (except for a small enclave on the Canadian border) is part of

the Midwest Independent System Operator ("MISO"), a RTO that operates a wholesale power

market and oversees system reliability in all or part of fifteen Midwestern states plus the

Canadian province of Manitoba. Yet while Minnesota's power grid, like Connecticut's, is part

of a regionally operated wholesale power market, Minnesota's electricity industry has never

undergone restructuring, giving Minnesota a hybrid structure shared by many of the states in the

MISO control area. Thus the great majority of Minnesota's installed generation is still owned

and operated by vertically integrated electric utilities, of which by far the largest is Northern

States Power, a wholly-owned subsidiary of Xcel Energy.5 2 In addition, the electric utility sector

is unusually fragmented, with a high percentage of retail electricity provided by a large number

51 Ohio, the newest member of the RPS Club as of May 2008, established very aggressive targets for both efficiency
and cogeneration alongside its more modest renewable energy targets52 According to the EIA's 2007 State Electricity Profile for Minnesota, 83% of installed capacity in 2006 was utility-
owned, and 88% of electricity in 2006 was utility-generated.



of co-operatives and public power districts.5 3 As a result, while membership in MISO gives

Minnesota LSEs access to all regional resources and the RPS allows them to satisfy their

obligations with RECs from anywhere in MISO, the state's utility resource planning process

continues to reflect less of a regional focus and more of a traditional focus on the development of

in-state resources. 54
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Fig. 3.5 - MISO installed generating capacity, by fuel type (by NERC region)

3 Ibid. - IOUs supplied only 64% of retail electricity in 2006, with the balance supplied by 125 PPDs and 46 co-

ops; NSP/Xcel alone supplied 48%.
54 See, for example, pages 4-22 and 4-23 or Xcel Energy's 2007 Integrated Resource Plan.
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6%

280/

1 6500 7000 7500 8000 8500

s Coal

* Nuclear

0 Gas

E3 Hydro
I Other renew ables

s Oil/other

13%

Source data: EIA 2007 Minnesota State Energy Profile, Table 4

Figure 3.7 - Minnesota installed capacity, by fuel (100% = 12,651 MW)

100
· ^^

.3%



6% 2%

25%

i Coal

i Nuclear

o Gas
o Hydro

'i Renewables

1% OiVother

Source data: EIA 2007 Minnesota State Energy Profile, Table 5

Figure 3.8 - Minnesota generation (MWh), by fuel (100% = 53.2 TWh)

As can be deduced from Figures 3.5 and 3.6, MISO is very generously supplied with

production capacity. Given the amount of surplus capacity and the installed mix of technologies,

generation in MISO is dominated by coal and, to a lesser extent, nuclear generation, and

Minnesota's in-state resources very much reflect the regional mix (Figures 3.7 and 3.8). Load-

following coal units are on the margin in the region in the range of 90% of the time, with hydro-

electric and oil-fired generation used for needle-peaking service and gas-fired generation used

increasingly to firm up intermittent renewable production.

RPS Evolution

The roots of Minnesota's current RPS program are unique. Like all first-wave RPS

programs, Minnesota's was initiated as part of a larger electricity-related legislation package. In



Minnesota's case it was not restructuring, but rather the disposition of nuclear waste that gave

rise to the initial renewable energy mandate. The state legislature in 1994 passed the Radioactive

Waste Management Facility Authorization Law, which required Xcel to build or contract for 425

MW of wind and 125 MW of biomass generation by 2002 in exchange for the right to build a

temporary dry-cask storage facility for spent fuel from their Prairie Island nuclear plant. The

1994 legislation was twice amended, in each case ratcheting up Xcel's renewable energy

obligations (in 2001 increasing the mandated wind capacity to 825 MW by 2006, and in 2003

adding an incremental obligation of 10% of retail sales by 2015) while also placing a "good

faith" renewable energy obligation on other Minnesota LSEs.

In February 2007 the legislature enacted stand-alone, wide-ranging RPS legislation (S.F.

4). The new law replaced all previous objectives with energy-only, retail sales-based

obligations, ratcheting up Xcel's obligation yet again and placing binding obligations on all retail

suppliers in the state. It also provided for compliance through the use of tradable credits, which

must be certified by the Midwest Renewable Energy Tracking System ("M-RETS").

The intent of the original renewable obligation in the 1994 law was not stated explicitly

in the legislation, though it seems clear that it was meant as a quidpro quo for allowing

continued local storage of spent nuclear fuel.55 Nor was there an explicit statement of intent in

any of the subsequent legislation, including the sweeping 2007 RPS law.56 The bill was the

5s "Of far greater importance...is a unique 'quid pro quo' law regarding storage of spent nuclear fuel. A law passed
in 1994 allows Northern States Power...to store nuclear waste in dry caskets near one of its nuclear power plants in
exchange for a commitment to develop new wind capacity." EIA Renewable Energy 2000: Issues and Trends,
"Forces Behind Wind Power," Louise Guey-Lee, pg. 100
56Numerous public statements by legislators, advocates and Governor Tim Pawlenty surrounding passage of the
2007 legislation consistently cited three primary expected benefits: reduced national and regional reliance on
imported energy, local economic development, and reduced greenhouse gas emissions to combat climate change.
For example, "'Together we believe that [the February RES law and a May energy efficiency bill] will reduce
greenhouse gas emissions from electricity in Minnesota by over 40 percent,' says Sen. Ellen Anderson, DFL-St.
Paul and a co-author of the energy efficiency bill." (Minnesota Public Radio, May 23, 2007); see also "'Right now,



subject of an extended debate on the floor of the Minnesota Senate on February 7, 2007, during

which it was noted by the sponsors that the bill was the result of "100 to 200 hours" of

stakeholder deliberations, including utilities, environmental groups and the Chamber of

Commerce, among others.57 The reasons stated in support of the legislation were (i) the need for

Minnesota to "resume" leadership in the development of clean energy; (ii) to address climate

change; (iii) other air and water pollution benefits; (iv) in-state economic benefits from the

development of a renewable energy industry; and (v) a perceived need to make Minnesota less

dependent on other states and other countries for its energy supplies. While a number of

concerns were raised in debate regarding unquantified costs (direct rate impacts, the need to

build more conventional plants to support intermittent wind power, other poorly understood

consequences), unquantified benefits (CO 2 reduction, jobs) and the potential negative impacts on

the development of energy-intensive industries in the northern part of the state, the bill was

recommended for passage by a vote of 61-4. The debate clarified the particular emphasis placed

on wind in the legislation - while Minnesota has very good wind resources, it would appear that

the more important underlying motivation was the economic boost that an in-state wind industry

would give to farmers in the southern tier of the state. This possibility appeared to trump any

concerns expressed by the energy-intensive mining and industrial interests in the state's northern

tier. It was also apparent during the debate that the then-recent loss of a wind turbine

manufacturing facility to Pennsylvania was a prominent concern among some proponents.5 8

Minnesota imports more electricity than any other state. We need to keep more of our money at home,' said [RES
law] sponsor, Rep. Aaron Peterson, DFL-Appleton." (Minneapolis-St. Paul Star Tribune, February 19, 2007).
57 Source: video of Minnesota state senate proceedings for February 7d, 2007, accessed on the Senate's web site.
The bill was formally passed by acclamation by the senate the following day, February 8th.

58 Gamesa, a Spanish wind turbine manufacturer, had recently announced a decision choose Pennsylvania over
Minnesota as the location for it's first North American wind manufacturing facility, citing the lack of a mandatory
RPS in Minnesota as compared to the RPS that Pennsylvania had recently enacted.



Targets and Eligibility

Xcel continues to attract special consideration with the most stringent requirements, but

the targets for all suppliers are among the most aggressive of any state in the nation:

Table 3.3 - Minnesota's current RPS targets

Year Xcel Energy All other LSEs

[2006 950MW]
2010 15% 7%
2012 18% 12%
2016 25% 17%
2020 30% 20%
2025 30% 25%

The legislation further specifies that for Xcel alone, of the 30% obligation in 2020 at least 5/6ths

of it (or 25% of the total) must come from wind. Xcel makes up about 48% of 2006 state retail

sales,59 thus holding Xcel's share of retail sales constant, the 2025 statewide target would equate

to 27.4% of retail sales, of which at least 11.9% must come from wind. Existing resources are

eligible under the RPS, and most of the existing biomass generation pre-existed the 1994 proto-

RPS. But non-hydro renewables constituted only 5.7% of all generation in 2006, and since the

great majority of that was developed after enactment of the proto-RPS legislative mandate in

1994, it is still fair to say that Minnesota's RPS targets are among the nation's most aggressive.

Wind and biomass were the only originally qualified resources, but the 2007 legislation

expanded eligibility to include other "conventional" renewables (solar PV; solar thermal; landfill

gas; anaerobic digestion; "low-impact" hydro; and fuel cells using renewably-derived hydrogen)

and some less conventional options (combustion of municipal solid waste; co-firing of biomass

with coal; mid-sized hydro; and fuel cells using non-renewably sourced hydrogen). 60 Eligible

59 Source: EIA 2007 Minnesota State Energy Profile, Table 560 Fuel cells using fossil-derived hydrogen are eligible only until December 31, 2010; hydro-electric facilities of up
to 100 MW capacity are eligible, a somewhat higher limit than in other RPS programs.



resources must be qualified under M-RETS, which effectively means that they can be located

anywhere within or be deliverable to the MISO control area.

Compliance

Minnesota's RPS provides no specific mechanism for alternative compliance, nor does it

provide specified penalties for non-compliance, providing instead that the Public Utility

Commission is authorized to compel utilities to comply or to pay a penalty based on an imputed

cost to comply. With no specific bases upon which LSEs can be excused from their obligations

under the RPS and no explicit provisions for alternative compliance, Minnesota's program could

be said to be one of the strictest state policies. However the lack of specific penalties for non-

compliance, coupled with the broad authority granted to the PUC to modify or delay the

obligations under vaguely defined circumstances, 61 introduces a degree of uncertainty as to just

how robust compliance will be over time.

Access to Eligible Resources

Minnesota has one predominant indigenous renewable resource - wind. (See Appendix D

for a renewable resource map of the state) The western tier, and in particular the southwestern

quadrant lie within the eastern edge of the massive wind resource that blankets the North Central

Plains region. The 1991 PNNL study referenced previously estimated the in-state wind resource

potential at 657 TWh, nearly ten times the state's 2006 electricity consumption of 66.77 TWh.

The State also possesses a good biomass resource, located primarily in the northeastern quadrant

61 The PUC is empowered to modify or delay the obligation to comply based on a number of considerations,
including, inter alia, "significant" rate impacts, transmission limitations or reliability impacts "beyond the control of
the utility." The legislation does not attempt to quantify what would be considered significant, and the sponsors
declined to offer any guidance during final debate on the bill on the legislative intent behind the usage of the term.



known as the Iron Range. The exploitation of these resources has been well supported to date -

farming interests dominate the western and southwestern parts of the state and have so far been

welcoming of the economic rent available from wind farm development, and the paper mill and

mining industries in the Iron Range historically have exploited local biomass and hydro

resources where commercially feasible to do so. Outside of the industrial loads located in the

Iron Range, electricity demand is concentrated in the Minneapolis-St. Paul metropolitan area in

the east-central part of the state, and the existing electric infrastructure has developed around

those two load centers. The western and southwestern concentration of the primary resources

available to satisfy the RPS obligations will necessitate considerable new investment in high-

voltage transmission facilities.62

D. Colorado

Context

Colorado is the only one of the four selected states that is not part of a RTO. 63 The

state's grid operates within the Western Electricity Coordinating Council ("WECC"),64 but it is

operated by the state's vertically integrated utilities as a regulated cost-of-service monopoly,

much as it has been since the first half of the last century.65 While the grid is interconnected to

and synchronized with the WECC system, its resource planning and deployment centers on the

62 See "Final Report - 2006 Minnesota Wind Integration Study," Appendix A dated November 30, 2006 (prepared
by EnerNex in collaboration with MISO)
63 Public Service of Colorado and thirteen other transmission-owning utilities in WECC participate in WestConnect,
which was originally formed as a candidate to become the RTO for much of the WECC region; when FERC
retreated from its push for wholesale markets the WestConnect members suspended formation of an RTO, but
WestConnect continues to function as a sort of informal wholesale market.
64 WECC is the Regional Reliability Organization that, pursuant to the Energy Policy Act of 2005, oversees system
reliability for virtually all of the Mountain West and Pacific regions of the U.S., along with the Canadian provinces
of Alberta and British Columbia.
65 State law requires that new resources be procured through open competitive tender, but the process is tightly
controlled by the vertically integrated utilities, which exercise considerable market power - in 2006, regulated
utilities owned 72% of the state's generation capacity and produced 83% of the state's electricity.



vertically integrated in-state utilities over which the Colorado Public Utilities Commission

exercises regulatory control. Colorado and Eastern Wyoming essentially comprise the Rocky

Mountain Power Area, a transmission-delimited sub-region within WECC. In 2005, installed

capacity in WECC was 156,815 MW, of which 11,088 MW was located in RMPA.66 (See

Appendix E for a schematic of the resource mixes in each of the WECC sub-regions) The

RMPA market is dominated by Public Service Company of Colorado ("PSCo,"owned by Xcel

Energy, also the largest LSE in Minnesota). In 2006 PSCo supplied 55% of all retail electricity

in Colorado, with the balance provided by one other investor-owned utility and 58 public power

companies and rural electric co-operatives. 67
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Fig. 3.9 - Colorado installed capacity, by fuel (100% = 11,156 MW)

66 WECC Summary of Estimated Loads and Resources, January 1, 2006
67 "State Electricity Profiles 2006," EIA, November 21, 2007
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Source: Colorado Energy Forum
Figure 3.12 - Historical fuel mix by net generation

As can be derived from Figures 3.9 through 3.12, base-load coal is the marginal

generation in Colorado (and the rest of the RMPA) approximately 70% of the time, with

intermediate-load gas generation dominating the remaining hours.

RPS Evolution

Colorado is one of only two states in which the RPS program was first established

through a ballot initiative (the other being Washington). Colorado voters passed Amendment 37

in November 2004 by a vote of 53.4% to 46.6%, requiring investor-owned utilities to derive 3%

of their energy from qualifying renewable sources by 2007, rising to 10% by 2015. The

initiative also imposed a limit of 2% on any resulting increase in residential electricity bills. In

2007 the legislature passed H.B. 1281, An Act Concerning Increased Renewable Energy

Standards, which expanded the RPS requirement for IOUs and imposed a lesser requirement on
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all co-ops and those municipals with more than 40,000 customers. The effect was to expand the

coverage of the RPS from roughly 58% to 94% of retail electricity sales in the state. The ballot

initiative included utility rebates for customer installation of distributed generation, which the

2007 legislation retained.

The legislation's stated intent was "...to save consumers and businesses money, attract

new businesses and jobs, promote development of rural economies, minimize water use for

electricity generation, diversify Colorado's energy resources, reduce the impact of volatile fuel

prices, and improve the natural environment of the state...." 68 This largely reflects the

arguments for the original RPS articulated in the 2004 ballot initiative, though that language was

more explicit in referencing CO 2 emissions reduction. 69 The 2007 expansion of the RPS was

considered a centerpiece of "The New Energy Economy" touted by Governor Bill Ritter during

and after his successful 2006 campaign. 70 The press release issued by the Governor's office

upon signing of the legislation stated that it would "improve our economic security, our

environmental security and our national security...breathe new economic life into rural

Colorado...create new jobs, and...say to the rest of the world, 'Colorado is open for business in

what will be one of the most important industries of the 21st Century."' While these references

imply that energy security and economic development figured more prominently than climate

change in the evolution of Colorado's RPS than it had done in Connecticut and Minnesota, the

2007 RPS legislation also featured prominently in the Governor's November, 2007 Climate

Action Plan: A Strategy to Address Global Warming.

68 Analysis of the 2004 Ballot Proposals, Legislative Council of the Colorado General Assembly, Research
Publication No. 571-1, pg. 39
69 Ibid., pp. 15-16
70 See, e.g., the lead editorial "Key issues left for the legislature" in the March 19, 2007 Denver Post.



Targets and Eligibility

Colorado's RPS is has a number of unique features. It is the only state program with no

geographic limitations whatsoever on resource eligibility, though it includes a number of features

designed to promote compliance through the development of in-state and, in particular,

customer-sited resources. Specifically, credits produced by in-state resources receive a 125%

multiplier, and a 150% multiplier applies to credits from community-based resources of 30 MW

or less. The legislation allows for tradability of credits but does not specify any established REC

tracking organization or mechanism.

Table 3.4 - Schedule of Colorado REC purchase obligations

IOUs* Co-ops, Munis
(munis w/>40k customers)

2007 3% 0%
2008 5% 1%
2011 10% 3%
2015 15% 6%
2020 20% 10%

*4% of the renewable energy procured by IOUs must be from
solar, half of which must be customer-sited facilities

Eligible resources include solar (PV and thermal), wind and geothermal; low-impact

hydro; landfill gas, biomass and co-firing of biomass with coal; fuel cells using renewably-

produced fuel; and "recycled energy," which as defined is effectively CHP. The legislation also

allows compliance using "verified generation savings" obtained under contract from energy

efficiency measures. For co-ops and munis only, a 300% multiplier applies to RECs from solar

facilities commencing operation prior to July 1, 2015. The RPS does allow compliance using

existing resources, but prior to 2005 only 0.5% of generation in the state was from non-hydro



renewable sources, and of the 2.5% of the state's supplies that come from hydro production, less

than a third (27%) comes from RPS-eligible facilities.7'

Compliance

Colorado's RPS compliance regime is among the most stringent in the nation. No

provisions are made for alternative compliance payments, and failure to comply due to

circumstances "beyond the control of the retail utility" is excusable only prior to 2010. The PUC

is empowered to assess penalties for non-compliance, in the form of customer bill credits equal

to an imputed cost that would have been incurred to comply, and further penalties may be

assessed as well. These strict compliance rules must be considered in light of the legislation's

provisions limiting rate impacts resulting from compliance with the RPS. Increases in residential

electric bills are limited to 2% for IOU customers and 1% for co-op and muni customers. While

such safety-valve mechanisms are common among the state RPS programs, there is some

evidence (as will be reviewed in Chapter Four) that it represents less of a constraint on

renewables development in Colorado than is the case in other state programs with similar

provisions.

Access to Eligible Resources

Colorado's renewable resource potential is substantial (see Appendix F). The eastern

half of the state lies in the western edge of the Plains wind resource - the 1991 PNNL study

estimated in-state wind potential at 481 TWh, a bit less than ten times the state's 2006

consumption of 49.8 TWh, and The Renewable Energy Atlas of the West estimates the wind

71 EIA Existing Capacity by Energy Source, Existing Generating Units in the United States by State, Company and
Plant, 2004



potential to be 601 TWh.72 The southern tier of the state contains good solar and geothermal

potential (though the geothermal potential is largely undevelopable using current technology),

and there is reasonable biomass potential particularly in the northeastern quadrant. The

Renewable Energy Atlas of the West estimates Colorado's solar potential at 83 TWh, or roughly

one and two thirds times the state's total 2006 consumption. There is also an appreciable amount

of unexploited low-impact hydro potential scattered throughout the central and western parts of

the state.

In December, 2007 a task force established by the Colorado State Senate issued a report73

identifying Renewable Resource Generation Development Areas (GDAs), defined as "a

concentration of renewable resources within a specific geographic region that provides a

minimum of 1000 MW of developable electric generating capacity that could connect to an

existing or new high voltage transmission line." The task force identified eight wind and two

solar GDAs. Considering only these more concentrated resource sub-regions, the wind GDAs

are estimated to contain 96 GW of developable potential (compared to Colorado's peak demand

of 11 GW), while the estimate of concentrating solar power (CSP) potential identified in the two

solar GDAs ranged from 26 GW to at least 275 GW. The task force did not identify sufficient

concentrations of small hydro, biomass or geothermal potential to be able to establish GDAs for

those technologies, but its report mapped extensive local opportunities for development of each

of these sources. While other states may surpass Colorado in absolute potential in each category

of renewable resources, the aggregate indigenous renewable energy potential is unusually diverse

and equal to many times Colorado's current and forecasted electricity requirements.

72 Renewable Energy Atlas of the West: A Guide to the Region's Resource Potential. Western Resource Advocates
et al., 2002
73 See Connecting Colorado's Renewable Resources to the Markets: Report of the Colorado Senate Bill 07-091
Renewable Resource Generation Development Area Task Force, December 21, 2007



E. California

Context

California is one of only two jurisdictions in the WECC that operate a wholesale

electricity market (the Canadian province of Alberta being the other). Most of the State's grid is

operated by the California Independent System Operator ("CAISO"), a federally-chartered

wholesale market operator that operates entirely within the boundaries of the State of California

(CAISO's control area covers over 80% of the load and 86% of the generating capacity in

California). The balance of the state's grid is operated by a collection of municipal-owned

utilities, public power districts and rural electric co-operatives. Over five years have passed

since the nightmarish period when California became synonymous with wholesale electricity

market failure, and while various state agencies and the ISO continue to work through legacy

issues the market has been relatively stable over that period.

The California market was restructured in 1998. While several of the publicly-owned

utilities own generation and some generation was retained by the IOUs under the restructuring,

most generation in the state is today owned by independent companies. 74 Five LSEs account for

approximately 80% of all retail sales, divided among three IOUs (Pacific Gas & Electric,

Southern California Edison and San Diego Gas & Electric, all three of which are members of

CAISO) and two municipals (Los Angeles Department of Water & Power and Sacramento

Municipal Utility District, neither of which are members of CAISO).

California has historically relied upon significant amounts of out-of-state generation to

meet demand, from other sub-regions of the WECC with a much different mix of resources (see

74 In 2006, independents owned 58.3% of installed capacity and generated 53.7% of the electricity produced; Los
Angeles Department of Water & Power is a vertically-integrated, municipally-owned utility that owns substantial
amounts of generating capacity.



Appendix E). The combination of these two features makes California's wholesale power

situation unique. While the state has very little indigenous coal-fired generation and no plans to

develop any more, a significant percentage of the State's baseload requirements are met by large

coal-fired plants located to the east and north of the State. In addition, major high-voltage DC

and AC interties operate between California and the Pacific Northwest, arbitraging seasonal

differences in demand between the two regions. These interties bring large amounts of

hydroelectric energy south during Southern California's summer peak and send surplus fossil,

nuclear and hydro generation north during the Pacific Northwest's winter peak. (See Appendix

H) Figure 3.13 below shows the breakdown of resources available to meet CAISO demand on

the 2006 summer peak day. Imports accounted for at least 20% of peak day supply in 2006, and

coal and large hydro accounted for nearly 60% of total imported energy in that same period.

Source: CAISO 2007 Summer Loads and Resources Operations Assessment, March 8, 2007

Fig. 3.13 - CAISO resources available to meet 2006 summer peak day demand

75 California Energy Commission, 2006 Net System Power Report, page 3, Table 1

Resource Breakdown
July 24, 2006

50,000

40,000

30,000

10,000

0

HE1S

40NDO 08%

PEAKER 4.3%

HYDRO 14.0%

QFs 99%

INTERTES 19.2%

THERMAL 42.8%

NUCLEAR 9.0%

:i: *i L W LU UJ W uT T I I T T T T I



Figures 3.14 through 3.17 below show the California Energy Commission's best estimate

of the mix of generating resources available to California in 2006, based on their assessment of

the likely mix of resources imported over the state's interties with the rest of the WECC.

Source: CEC 2007 Integrated Energy Policy Report

Figure 3.14 - 2006 California load duration curve
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These data show that while natural gas fired generation is on the margin in California nearly all

of the time, the system is far more reliant on coal than would be indicated by looking only at the

in-state resource mix.

Evolution of the RPS

The concept of an RPS as we know it today arguably originated in California during the

state's restructuring debate in the mid 1990s.77 This early experience with the design of post-

restructuring renewable energy policy was reviewed in detail by Wiser, Pickle and Goldman, 78

but suffice it to say that the California PUC (in their 1996 restructuring order) rejected the RPS

concept, choosing instead to promote renewables with funds raised through a distribution

surcharge.

77 Wiser et al., "The Experience with Renewable Portfolio Standards in the United States," Electricity Journal, May,
2007, pg. 8; also Wiser, Ryan, Steven Pickle and Charles Goldman, "California Renewable Energy Policy and
Implementation Issues: An Overview of Recent Regulatory and Legislative Action" (1996)
78 Wiser et al., "Renewable Energy Policy and Electricity Restructuring: A California Case Study," Energy Policy,
May, 1998, pp.465-475
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The California legislature revisited renewable electricity policy in 2002, enacting a stand-

alone RPS law (S.B.1078) that took effect January 1, 2003. This original RPS required

applicable LSEs to source 20% from renewables by 2017. The law was amended in 2003,

primarily to ease compliance obligations while the state's crippled IOUs worked to stabilize their

financial condition. It was substantially amended again in 2006, also in stand-alone legislation

(S.B.107), substantially accelerating the timetable. This last amendment also clarified the

eligibility to include out-of-state resources capable of delivering electricity to California, and it

established the right to trade RECs under the auspices of the Western Renewable Energy

Generation Information System ("WREGIS").

California's 2002 legislation was the first of the stand-alone RPS laws enacted. The

language of the legislation sets out a rather encyclopedic list of benefits as constituting the

legislature's intent- diversity of energy sources; increased supply reliability; stable electricity

prices; improved public health; cleaner air; improved environmental quality; sustainable

economic development; new employment opportunities; reduced reliance on imported energy;

and reduced reliance on fossil fuels are all listed as expected benefits.7 9 Notably, climate change

mitigation was not explicitly mentioned. A somewhat different sense of the motivations behind

California's pioneering adoption of stand-alone RPS legislation can be gleaned from a review of

the state's leading newspapers during the eighteen months leading up to passage of S.B. 1078.

California was struggling to emerge from the crippling energy crisis that had unfolded in the

state beginning in 2000, and a concerted push to develop renewable supplies was promoted by

renewables advocates as one way to ensure that the emergency would not be repeated. While the

1996 restructuring law provided funding to promote development of renewables, advocates were

79 Article 16 (commencing with Section 399.11) of Division 1, Part 1, Chapter 2.3 of the Public Utilities Code, as
added by S. B. 1078, Ch. 516, September 12, 2006



frustrated that progress had been negligible owing to the lack of any mandatory purchase

obligation on the state's LSEs.80 The San Francisco Chronicle editorialized aggressively in

support of the legislation on April 27, 2002 and again on July 20, 2002, in both cases citing (1)

the need to reduce the state's reliance on imported natural gas and (2) the need to reduce CO 2

emissions as the main reasons why the legislation should be enacted.

The dramatic acceleration of the RPS in S.B. 107 contained no new language regarding

intent, but by 2006 the issue of climate change had become a far more prominent driver of the

RPS phenomenon. Upon signing S.B.107 into law, Governor Arnold Schwarzenegger's

September 26, 2006 press release referred only to climate change to justify its expansion the RPS

targets. The signing, along with two other pieces of legislation dealing with carbon capture and

sequestration, was timed to take place during the same week as the signing of California's

landmark greenhouse gas law. And in a lengthy front-page article in the same week,81 the San

Francisco Chronicle referred to the legislation as "a key component of California's push to

reduce greenhouse gas emissions," with no reference to any of the long list of goals included in

2002's S.B. 1078. More recently the California Energy Commission's 2007 Integrated Energy

Policy Report (page 102) states that the two policy goals driving renewable energy development

are "reducing greenhouse gas emissions and managing cost and risk to ratepayers."

Targets and Eligibility

While the administrative details of the California RPS are famously complex (the

October 2007 ISO/RTO Council report Increasing Renewable Resources, at page 31, stated that

80 See, e.g., "Without the requirement for the utilities to buy renewable power, we are not optimistic that the
Governor's goals can be met...The Energy Commission's plan provides incentives to producers, but the problem
we're facing is that there are no buyers for renewable power." Matt Freeman, staff attorney for The Utility Reform
Network (a leading advocacy group) quoted in the July 28, 2001 S.F. Chronicle, pg. A2..81 "State red tape trips up green energy efforts," S.F. Chronicle, September 26, 2006, pg. Al



"California has perhaps the most complex Renewable Portfolio Standard in the nation"), the compliance

targets are quite simple, perhaps overly so. The 2002 law mandated that LSEs source 20% of

their wholesale electricity from eligible renewable sources by 2017, with no interim milestones

established. The accelerated target established in 2006 mandates that LSEs increase the amount

of wholesale power purchased from renewables each year by at least 1% from the level in 2001,

such that the final target of 20% from renewables is met by 2010 (the jurisdictional LSEs

purchased approximately 10% of their power from eligible renewable sources in 2001). Again,

no interim milestones were set, though they would admittedly have been somewhat superfluous

given the extraordinarily compressed timeframe between the enactment of the law and the final

milestone date. On signing the bill, Governor Schwarzenegger set a further goal of 33% from

renewables by 2020, a target that is currently non-binding but that state agencies are treating with

some seriousness.8 2

Eligible sources include all of the conventionally recognized technologies, plus

wave/tidal power, geothermal and non-combustion conversion of municipal solid waste.

Eligibility is monitored by WREGIS, which was developed largely at the behest of the California

Energy Commission and began operating in June 2007. Resources anywhere in the WECC are

eligible as long as their power is deliverable into California, though interestingly renewable

resources outside of CAISO must be firm, not intermittent. Efficiency and CHP, which are

otherwise aggressively promoted in California, are not eligible resources under the RPS.

One completely unique aspect of California's RPS program (at least among the state

programs in the U.S.) is the "least cost/best fit" criteria that is mandated by the 2002

82 See e.g. "Feasibility of 33 Percent by 2020," California Energy Commission 2007 Energy Report,", pg 109; the
33%-by-2020 goal had originally been proposed by the CEC in their 2004 Integrated Energy Policy Report.



legislation.83 I will discuss the potential significance of this feature at more length in Chapters

Four and Five, but it is worth noting here that California is the only state that not only allows, but

requires that the LSEs rank-order proposed renewable resources not only according to cost but

also according to the degree to which their specific attributes fit with the individual LSE's

system requirements. The primary attributes to which this criterion applies include (1) the

dispatchability and firm capacity value offered by the resource and (2) the investment in

transmission that will be required to integrate the resource. The potential implications of such a

requirement, when considered alongside the import prohibition on intermittent resources, and the

degree to which these are already affecting renewable development, will be matters of interest

later in the paper.

One weakness of the California program is the percentage of retail sales covered. The

mandate applies to IOUs as well as several classes of competitive retail power marketers, but

municipal utilities and public power districts are only encouraged to develop their own standards.

The net effect is that the mandatory standard applies only to about 64% of 2004 retail sales.84

Compliance

The California compliance regime is not its strongest feature. On the positive side, no

provisions are made for alternative compliance payments, and the CPUC is empowered to

administer penalties for non-compliance. Yet no specific penalties are prescribed, nor are they

mandated. The CPUC in June of 2003 set a non-compliance penalty of $50/MWh, capped at $25

million per utility per year and not indexed to inflation. Also, LSEs are excused from

83 Div. 1, Part 1, Chapter 2.3, Section 399.14(B) of the Public Utility Code; see "Renewable Resources Development
Report" (CEC, November 2003) page 121 for a good description of the requirement
84 Source: The Union of Concerned Scientists' Renewable Electricity Standards Toolkit, California Renewable
Portfolio Standard Summary: http://www.ucsusa.org/assets/documents/clean_energy/Califoria.pdf



compliance if they are not creditworthy, a vestige from the dark days of the energy crisis and less

of a factor today.

A further weakness of the compliance regime, and another unique feature of the

California RPS, is that utilities are allowed to recover from customers renewable procurement

costs only up to the cost of a proxy plant, called a Market Price Referent ("MPR"). The MPR's

economics are established by the CPUC in consultation with stakeholders. The most recent

MPR was set in December, 2006 (CPUC Resolution E-4049) and reflects a gas-fired combined-

cycle plant. To the extent that the LSEs are required to pay a price above the MPR to obtain

renewable supply, they are eligible to receive Supplemental Energy Payments ("SEP") from the

state's System Benefits Charge fund to cover such above-market costs.85 Most resources offered

to date have been priced above the MPR, and it is not at all clear that there will be sufficient

funds available to compensate the LSEs for the costs they will incur to meet the 2010 milestone.

A further concern expressed by some is that the CPUC's process for allocating SBC funds is

overly complex and an obstacle to progress. 86 Additionally, there is ongoing debate over

whether or not the MPR's economics have been determined appropriately, including questions

about the extent to which they fairly reflect applicable transmission costs, fuel price volatility

and whether or not they should include prices for environmental externalities. Taken together,

the MPR/SEP structure introduces a unique and material level of administrative complexity, and

therefore uncertainty, into California's otherwise extremely aggressive RPS program.

85 Through 2012 the program is to be funded at $135 million per year through a charge on customers' bills, at least
51.5% of which is to be made available to reimburse LSEs for above-market costs for renewable supplies.
86 "Does It Have To Be This Hard? Implementing the Nation's Most Complex Renewables Portfolio Standard," R.
Wiser, K. Porter, M. Bollinger, H. Raitt, The Electricity Journal ,October, 2005



Access to Eligible Resources

Like Colorado, California possesses a diverse wealth of indigenous renewable resources.

(See Appendix G - see also the California Energy Commission's November 2003 "Renewable

Resources Development Report") The southeastern quadrant of the state is home to some of the

nation's richest solar resources, with enough exploitable solar potential alone to supply several

times the state's 2006 consumption of 263 TWh. Much of the state, with the exception of the

Central Valley and the far northwestern corner, offers good geothermal potential, and while a

great deal of the conventional geothermal potential has already been developed, the incremental

potential for advanced geothermal technologies is substantial. California's coastal waters

possess some of the highest offshore wind potential in North America, particularly along the far

northern coast, as well as some of the continent's best wave power potential. Ironically, while

land-based wind has a long history of development in California, the state's terrestrial wind

potential is modest compared to the best interior regions. The 1991 PNNL study estimated

terrestrial wind potential at 59 TWh, a little more than 20% of the state's 2006 total

consumption. The best terrestrial resources are concentrated in the mountain passes to the north

and west of Los Angeles, many of which have already been extensively developed.



Chapter Four

Evaluating the Efficacy of RPS Policies

A. Framing the question

At the risk of stating the obvious, the answer to the question of whether or not RPS

policies are succeeding depends critically on how one defines success. While it might be quite

easy to define success for the policy entrepreneurs who promote these policies in order to

encourage the adoption of specific technologies, it is not their definition of success that is of

interest. It is true but uninteresting to say that increased investment in one or more renewable

electricity generation technologies is an indicator of success for a renewable portfolio standard.

The question I wish to answer is whether or not the programs are succeeding in achieving the

public goods that drive public support for the rapidly spreading adoption and continued

expansion of these programs.

I have discussed in general the rationales given for RPS programs across the various

states in which they have been created, and I have reviewed in detail the rationales behind the

creation of and ongoing support for RPS programs in four selected states. While the form and

substance of the various state programs has varied widely, nearly all of these programs have been

justified officially (through the relevant legislative, ballot or regulatory language and the formal

legislative debates, if any, preceding their adoption) and unofficially (through public statements

by the elected officials and non-governmental organizations promoting them) on the basis of one

or more public policy goals drawn from a reasonably consistent menu of options. As is apparent

from the public debate surrounding specific projects and programs that have been proposed in

response to these policies, certain rationales and their proponents have been more effective than



others in shaping the public expectations for what the policies will achieve. The rationales for

many of the programs have evolved over time and in so doing, have informed amendments (in

some cases multiple amendments) to the original policies. While one set of policy goals may

have been most influential in the origins of the earliest RPS programs, it is the current mix of

pressing problems on the energy and environmental policy agendas, and the success of various

interest groups in coupling RPS-style policies with the policy windows thus created, that are

today driving the rapid advance and continued evolution of such policies at the state level.

I reviewed in Chapter Two the evolution of the policy agenda toward the current mix of

three high priority goals - combating climate change, capturing green jobs and investment, and

promoting energy independence - and I have argued that combating climate change has become

the most prominent among these in recent public debates around the expansion of these policies.

How do we evaluate the past effectiveness and likely future effectiveness of RPS-style policies

in meeting the expectations that have been created for them?

B. Establishing the criteria

I have shown that there are three leading policy goals that are being used to drive

continued support for and public expectations of state-level RPS policies:

1) Green jobs and economic development - that promoting investment in electricity

production using renewable resources will result in a positive net impact on local (that is, in-

state) job creation and economic growth;

2) Energy security - that promoting investment in electricity production using renewable

resources will reduce dependence on imported energy (nationally) and/or reliance on volatile



energy sources not under local control (state by state), and that in so doing it will result in lower

and/or more stable energy prices; and

3) Global climate change - that promoting investment in electricity production using

renewable resources is a timely and essential component of a cost-effective program to mitigate

the risk of dangerous anthropogenic climate change; indeed it is consistently cited as the central

feature, at least in the near term, of our response to this issue in the power production sector.

While the principal subject of this paper is the effectiveness of RPS policies in achieving

the goal of combating climate change, it is important to recognize that the first two goals

continue to feature prominently in many official pronouncements and public statements made in

support of RPS policies and of the projects and programs promoted in response to them. Indeed,

it is almost certainly the case that some of those supporting these policies and programs do so

solely out of an interest in promoting job creation and/or energy independence and are not at all

motivated by climate change. No critique of RPS-style policies would be complete without

acknowledging this. For that reason I have included in Appendix I a brief and admittedly

subjective discussion of the likelihood that these policies have had or will have any significant

beneficial impact in the areas of incremental local jobs creation, national energy security or

regional control over energy supplies. A more thorough treatment of these questions is beyond

the scope of this paper. But as I demonstrated in Chapter One, the adoption of renewable

portfolio standards is increasingly being promoted as the primary near-term means for reducing

GHG emissions from the production of electricity. In Chapter Two I presented a brief analysis

of the nature and magnitude of the GHG challenge in the electricity sector against which a given

measure must be gauged as being material or effective. As currently structured, how effective

have the various state RPS policies been, and how effective are they likely to be?



To help answer that question, this Chapter will explore the following questions:

1) How much and what types of new renewable electricity supplies have been and

are projected to be developed in response to the current crop of RPS policies?

2) What progress on CO 2 emissions is discernable from progress to date?

3) What market factors might be shaping the industry responses to these policies?

C. How much and what types of renewables are being developed?

To determine the nature and extent of historical market activity in response to the four

selected programs, I have extracted data from a number of public sources regarding the growth in

eligible renewable resources roughly from the onset of the RPS phenomenon up to the present.

These sources were primarily reports published by the U.S. Department of Energy's Energy

Information Agency, reports and presentations from the relevant regulatory agencies in the

respective states, and data published by the applicable ISO/RTOs. The data has been assembled

in a manner consistent with the market definitions that emerge from the analyses presented in

Chapter Three.

Forecasting what will be built in the future is obviously a far more speculative

undertaking. An examination of the integrated resource plans ("IRP") for investor-owned

utilities in each of the four states examined in Chapter Three provides one source of information

about what is expected to be developed going forward. I have reviewed the most recent plans

filed by one or more key IOUs in each state and extracted what information they provide

regarding expected future renewable electricity resources. In addition, some of the relevant

ISO/RTOs have published resource plans that identify renewable resources that they believe,

based on their database of interconnection requests, will be developed to satisfy the demand for



eligible RECs. Regulatory agencies in some states also publish analyses projecting future

renewable resource additions, and I have incorporated that data where available.

Beyond published data on actual and proposed activity, prevailing market prices as

determined by the market profiles summarized in Chapter Three should also help to explain

developments to date and to illuminate what might be developed in the future. While an RPS by

its nature establishes a protected market for the eligible technologies, virtually every RPS to date

has included some form of stated or implied constraint on the social costs of compliance. For

each state, therefore, I have looked at how the indigenous resource characteristics, any specified

resource preferences, and the various forms of price ceilings might be interacting with local

market prices to drive what quantity and what types of renewable resources are being developed.

Finally, the experience to date with the first-wave RPS programs in Connecticut and

Minnesota provides some insight not only into what might be expected in those states going

forward, but it may also afford some insight into what to expect from the second-wave programs

in, respectively, California and Colorado. I have attempted to extrapolate some trends for future

activity from the activity to date in response to the two first-wave programs in my sample.

Connecticut - Experience to date

Connecticut has now passed the first three annual compliance milestones under the

current RPS. According to the DPUC's final 2005 compliance report,87 all LSEs in the state

succeeded in acquiring sufficient RECs from qualified sources to meet the 1/1/06 requirement.

The 2006 compliance report88 shows that both of the largest LSEs in the state met the 1/1/07

87 "DPUC Investigation into Renewable Portfolio Standards Compliance for 2005," Connecticut Department of
Public Utility Control Docket No. 06-09-17, July 25, 2007
88 "DPUC Investigation into Renewable Portfolio Standards Compliance for 2006," Connecticut DPUC Docket No.
07-09-14, April 2, 2008



requirement for Class II credits but fell short of the required Class I credits, resulting in penalty

payments of nearly $3.5 million. Data for 2007 is not yet available, however the data in Figures

4.1, 4.2 and 4.3 would indicate that no significant new eligible resources became available either

in Connecticut or elsewhere in ISO-NE during 2007 (33 MW of new wind entered service in

Maine), implying that a market that was incapable of delivering sufficient Class I RECs in 2006

failed to do so again in 2007, particularly given the significantly higher target set for 1/1/07.

More importantly, these figures show little or no evidence of a market response in the form of

new eligible resources, in Connecticut or elsewhere in New England, since the establishment of

Connecticut's RPS in 1998. The DPUC's compliance reports make it clear that virtually all

RECs procured by Connecticut LSEs to date have been from existing facilities (primarily landfill

gas, municipal solid waste, biomass and small hydro), though some credits were created as a

result of upgrades to existing facilities.
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Recognizing the challenges facing developers of new in-state renewable resources, the

legislature created Project 100 in 2003, which required the state's two investor-owned utilities to

enter into long-term contracts with 100 MW of new renewable projects in the state by 2008 (that

requirement was subsequently expanded to 150 MW by 2010). The hope was that the

availability of long-term contracts with incumbent LSEs would provide sufficient impetus to

spur successful projects. Two rounds of solicitations have been conducted under Project 100,

resulting in 124 MW of eligible projects being awarded contracts, yet recent publicly available

information indicates that these projects are not progressing as expected (see below for more

details).89 Growth in on-site solar photovoltaic installations, which qualify as Class I resources,

has been one of the few encouraging areas of new activity, growing steadily from zero in 2001 to

a projected 9.5MW by the end of 2007.90 In general, however, new renewable resources have so

far largely failed to materialize in ISO-NE despite the fact that the demand for RECs created by

the very aggressive RPS obligations on Connecticut LSEs, as well as the less onerous

requirements in Massachusetts and Maine, has been visible to the market for at least five years.9 1

Connecticut - Projected development

Connecticut's two large IOUs, Connecticut Light & Power and United Illuminating,

submitted a joint IRP in January, 2008. While the IRP (at its Appendix E) presents a general

discussion of local and regional resource availability, it defers to the Connecticut Department of

Public Utility Control's docket regarding Round 2 of Project 100 for specific in-state resource

89 Connecticut Light & Power/United Illuminating Co. 2008 Integrated Resource Plan for Connecticut, January 1,
2008, pp. E-2 through E-4
90 2007 Energy Plan for Connecticut, Connecticut Energy Advisory Board State Energy Plan, February 6, 2007
91 The aggressive targets in Connecticut's 1998 RPS gained real teeth only when the obligation was expanded in
2003 to cover Standard Offer Service retail sales.



projections and to ISO-New England's 2007 Regional System Plan for regional resource

projections.

The DPUC's Docket No. 07-04-27, published January 30, 2008, documents the results of

the second round of bids under Project 100 (Round 1, in 2006, produced a single 15 MW

wood/wood waste fired project which has been delayed until at least 2010). Eleven projects

were bid with a total of approximately 175 MW of capacity. Of these, three projects totaling

approximately 70 MW proposed using wood/wood waste/agricultural waste as fuel, one was a

proposed 30 MW landfill gas project, and the remaining seven projects were fuel cell or fuel

cell/CHP projects totaling approximately 74 MW. The DPUC selected the three

wood/agricultural waste projects, the landfill gas project and all but three of the fuel cell projects,

for a total of 109 MW of capacity, which combined with the 15 MW of (delayed) capacity

selected in Round 1 leaves 26 MW of capacity to be awarded in Round 3 to reach the mandated

150 MW. The selected project sponsors proposed on-line dates ranging from July, 2008 to

October, 2009, implying that most if not all of the projects should be well along in development

and/or construction at this date. Yet the CL&P/UI IRP notes that the fuel cell projects will not

likely be viable at REC prices at or below the effective cap set by the penalty payment provision

in the state's RPS law, and (according to the ISO-NE Generator Interconnection Queue) as of

May 31, 2008, two of the wood/agricultural waste projects have pushed their on-line dates back

to 2010, and neither the third wood/ag waste project nor the landfill gas project have yet filed an

interconnection application. In short, currently available information paints a rather

discouraging picture of the prospects for new renewable resources coming on-line in Connecticut

in the foreseeable future. Those that are foreseen are comprised exclusively of natural gas fuel

cells and various forms of waste biomass.



Looking to the ISO-NE 2007 Regional Resource Plan,92 the picture is a bit more

encouraging. Table 8-5 of the Plan (page 71) identifies the following resources with active

applications in the Generator Interconnection Queue:

Table 4.1 - ISO-NE Generator Interconnection Queue (October 2007)

Assumed Capacity Estimated Annual
Type (no.) Size (MW) Factor (%) Projection (GWh)

Hydro (3) 26 25 57
Landfill gas (3) 15 90 118
Biomass (8) 326 90 2,569
Wind onshore (19) 1,526 32 4,269
Wind offshore (1) 462 37 1,295
Fuel cells 67 95 558

Total (35) 2,467 8,866

The queue was updated on May 31, 2008, including an additional 1,653 MW of

renewable project interconnection applications, of which 111 MW are biomass, 48 MW are

landfill gas and the remaining 1,494 MW are wind (though 900 MW are from an offshore wind

project with no site yet identified). It would appear that at least one biomass project of 56.4 MW

has been withdrawn from the queue as well. The latest expected on-line date listed for any of

these projects is December 2013, with most listed as expecting to come on-line in the 2008-2010

time frame.

On this evidence it would appear that prospective development activity has picked up

considerably. ISO-NE notes that, if all of these proposed projects were to proceed as planned,

they would generate more than enough RECs to satisfy the aggregate projected New England

market for RECs in 2012 (estimated by ISO-NE at 5,881 GWh based on current RPS targets) and

would fall about 19% short of the currently projected 2016 market (10,986 GWh). The Plan

notes, however, that this does not take into account the "creep" in demand (due to overall

92 "2007 Regional System Plan," ISO New England Inc., October 18, 2007



demand growth) under some of the state programs for credits from existing resources, which is

likely to outstrip the base of existing resources and could result in a greater need for new sources

of RECs. The Plan goes on to note (at page 71) that, "In the past, the region has experienced the

withdrawal of a significant portion of projects in the queue before the projects were built."93 In

other words, the interconnection queue is a poor predictor of actual resource development.

And indeed there are reasons to be cautious when considering the size and nature of the

turnaround signaled by the interconnection queue. First is the apparent importance of REC

revenues to land-based wind projects in the region. The current high price level for RECs has

had limited impact on the pace of development, implying that it is a market that will clear only

under scarcity pricing conditions. It is always possible, of course, that with sufficient investment

in transmission the market will clear at lower prices more reflective of supply/demand

equilibrium. But the combination of a mature, capital-intensive technology with a market in

which the barriers to entry are infrastructure and regulation carries the risk of abrupt swings

between scarcity and oversupply, with the associated downside and volatility. As we shall see,

Minnesota and Colorado are terrestrial wind markets with a larger potential resource base, where

expansion of transmission infrastructure is likely to be less contentious and where the market for

land-based wind appears to be less reliant on high REC revenues. Connecticut already saw a

period of volatility between 2004 and 2007 when regulators expanded and then contracted the

definition of eligible resources. Concern about the potential for future volatility and the

difficulty in hedging that exposure may be one factor holding back investment. 94

93 ISO NE notes that from the establishment of the queue in November 1997 through May 2007, a total of 229
projects had submitted interconnection requests with a total nameplate capacity of 55,340 MW; of these, 41 have
been completed with total nameplate capacity of 10,340 MW, 98 projects totaling 34,500 MW have been withdrawn
and 90 projects totaling 10,500 MW remain "active"
94 The Massachusetts legislature in July 2008 passed a wide-ranging overhaul of that state's efficiency and
renewable energy policies, including provisions relating to long-term contracts for eligible resources that may
provide a template for addressing these concerns, but Connecticut's experience with Project 100 is not encouraging



Caution is also warranted due to the uncertain status of the Federal PTC. This is an issue

generally, but the concern is most acute in regions like New England where success has been

slow in coming. CL&P/UI noted in their recent IRP that their compliance strategy is reliant on

an extension of the PTC through at least 2015. Yet as I've noted elsewhere, the PTC is currently

due to expire at the end of 2008 and the leading proposal before Congress to renew the program

would extend support for wind only through 2009.

A third obstacle to a significant turnaround in renewables in the region is transmission.

Again, while this challenge is not unique to New England, the quantity of new transmission is

particularly large given the location of the best terrestrial wind resources in the northern-most

reaches of the region. This relates to the final note of caution, which is that the prospective

ramp-up in renewables development is heavily weighted toward terrestrial wind. The October

2007 queue implies that 81% of the new renewable capacity and 63% of the energy will come

from wind projects, and the updated May 2008 queue would seem only to increase the reliance

on new wind to about 85% of all new capacity, including a significant increase in reliance upon

offshore wind. The best of New England's terrestrial wind resources are indeed of excellent

quality, as good as anything to be found in the upper Midwest, but a review of Appendix C

makes it clear that the theoretical quantity of these high value resources is limited and quite

diffuse. 95 Many of the best resources are on ridge lines that will be difficult to access and

challenging to permit, and as will be discussed later New England terrestrial wind construction

costs have so far been significantly more expensive than in other regions of the country, at a time

95 A seminal 1991 study by Pacific Northwest National Laboratory identified less that 11,000 MW of exploitable
terrestrial wind potential in New England. ISO-NE commissioned a study of the region's wind potential by Levitan
& Associates, released in May 2007, which claimed a total potential of 93,821 MW, including 33,974 MW of
offshore wind potential. However unlike the 1991 PNNL study, the Levitan study did not screen for environmental,
recreational, land use or other restrictions that would constrain the total to that which is realistically exploitable. It
also includes 8,295 MW of "deep offshore" potential, which is not developable within the queue's time horizon



when wind construction costs in general are on the rise.96 All of these factors represent

challenges to the economics of the transmission investments that will be required. The queue

includes a significant amount of offshore activity, and as Appendix C makes clear, deep offshore

wind is indeed New England's richest vein of renewable resources. While it seems likely that

these resources will be extensively exploited, deep offshore wind is an early-stage technology

that will require even higher per unit prices to clear the market, at least initially, and cannot be

expected to contribute large quantities of energy in the immediately foreseeable future. As will

be discussed extensively later, there are hints in each of the other three states of avenues that

could prove to be more productive in such circumstances, but the current designs of New

England's RPS programs within the prevailing market constraints leave them little room for

maneuver. This will be a key theme in my conclusions and recommendations in Chapter Five.

One final point can be made regarding Connecticut LSEs in particular. I noted earlier

that Connecticut's RPS includes an ACP-like penalty mechanism that is not synchronized with

those in the other New England state programs, meaning that it falls farther behind each year by

the annual inflation adjustment included in those programs. For this reason, Connecticut LSEs

will be last in line for RECs in a tight market, and a market that remains tight despite the ever-

increasing ACPs in the other New England states is unlikely to provide an adequate stream of

RECs at prices below the $55/MWh effective ceiling fixed by the Connecticut program. Thus,

without a substantial revision to Connecticut's compliance regime, the REC obligations of the

Connecticut LSEs may not provide adequate financial incentive for substantial new

96 See, e.g., the DOE's May, 2008 "Annual Report on U.S. Wind Power Installation, Cost and Performance Trends:

2007," pp. 21-23, which documents a 27% increase in installed project costs between 2003 and 2007 on top of a
near doubling of wind turbine costs over the same period; the report further notes that the increase in turbine costs
appears to have accelerated in 2007, a phenomenon that is yet to be reflected in recent installed plant costs. The
report also documents installed project costs for New England that are 40-50% higher than the national average.



development. As noted in the CL&P/UI IRP (its Appendix E, page E-7), the result could be

significant costs to Connecticut ratepayers with little to show in the way of new renewable

energy development.

Minnesota - Experience to date

Minnesota's experience with its RPS provides a stark contrast with Connecticut. As can

be seen from Figure 4.4, the development of new renewable resources in Minnesota has tracked

remarkably well with the requirements established in the original 1994 legislation. The

development of new resources has been dominated by wind, consistent both with the

requirements of the 1994 legislation and with the indigenous resources available to Minnesota

developers.
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Figure 4.5 presents the data (including the trend in new renewable resource development

in the surrounding region) in the context of the current RPS targets.97 The trend in new wind

development in Minnesota is encouraging relative to the state's current wind energy target,

though it will have to pick up speed if the target is to be met with in-state resources. The trend in

all non-hydro renewables suggests that non-wind renewable resource development is lagging

considerably what would be required to meet the overall RPS targets, and the current rate of in-

state wind development would not appear to be sufficient to make up the difference.
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Fig. 4.5 - Minnesota and regional renewable resources vs. current RPS targets

Nonetheless, given that Minnesota is currently the only state in the applicable region to have

adopted significant RPS obligations, the regional resource development trends give reason to

believe that Minnesota LSEs will have access to sufficient eligible resources to satisfy at least

97 The region used for this graph is the West North Central census division, comprising Minnesota, Iowa, Missouri,

Kansas, Nebraska, South Dakota and North Dakota, consistent with the regional aggregation used by the EIA.
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their near-term RPS obligations. Regional development of new wind generation, which cannot

be attributed to RPS-style mandates in the other states in the region, is on track to outstrip

significantly Minnesota's RPS targets. This trend, the exploitation of a regional wind resource

potential far in excess of indigenous demand, will be re-visited in Chapter Five.

Minnesota - Projected developments

The Generator Interconnection Queue for MISO, the RTO in which Minnesota's grid is

located, shows by far the largest quantity of proposed new renewable resources (in MW of

capacity) of any of the RTO-managed regional markets (notably, it is also the market with the

largest amount of new coal-fired capacity in the queue). MISO's queue in October 2007

included nearly 40,000 MW of new renewable power resources, with CAISO (California) and

ERCOT (Texas) virtually tied for second at less than 30,000 MW. 98 However unlike CAISO

(which is examined below), virtually 100% of MISO's renewables queue is comprised of wind

projects (the same is true for ERCOT - another RTO with a strong exposure to the Plains wind

resource - where the renewables queue is literally 100% wind).

MISO's very large lead in the quantity of prospective new renewable resources is

particularly noteworthy for one reason - among those RTOs in which one or more states have

established RPS programs MISO has the lowest weighted-average percentage, by a considerable

margin, of total energy sales covered by RPS obligations in 2015. 99 Clearly the heightened

interest in new renewable power project development in the MISO state markets, virtually all of

it wind, is being driven by something other than current native RPS obligations. A clue to what

that might be can be found in another statistic found in the ISO/RTO Council report - an

98 See "Increasing Renewable Resources: How ISOs and RTOs are Helping Meet This Public Policy Objective,"
ISO/RTO Council, October 16, 2007, page 6, Figure 2. A May 2008 slide presentation by MISO officials indicated
that wind projects in the queue had risen to "over 60,000 MW."
99 Ibid, page 8, Table 3 - only SPP and AEISO are lower, neither of which have any indigenous RPS programs
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unnamed source (most likely the American Wind Energy Association) is cited as estimating the

MISO wind potential at approximately 400,000 MW, compared to the renewables queue of

"only" 38,000 MW and an internal aggregate RPS target of far less than 10,000 MW. The 1991

PNNL study estimated that North and South Dakota and Kansas alone have 377,000 MW of

exploitable wind potential.

As for Minnesota in particular, the story is very much consistent with the rest of MISO.

Northern States Power, the Minnesota utility affiliate of Xcel and the largest LSE in the state,

filed their 2007 Resource Plan in December 2007. The Plan (at page 1-13, Table 1-4) projects

expected resource additions through 2022, which include the following renewable resources:

Table 4.2 - Projected Xcel renewable resource additions

Year Type Size (MW) Project

2008
2009 Wind 100 n/a
2009 Wind 209 C-BED*

Great Meadows
2009 Wind 100 (Xcel)
2010 Wind 200 n/a
2011 Wind 200 C-BED
2011 Wind 200 n/a
2012 Wind 200 n/a
2013 Wind 200 n/a
2014 Wind 200 n/a
2015 Wind 200 n/a
2016 Wind 200 n/a
2017 Wind 200 n/a
2018 Wind 200 n/a
2019 Wind 200 n/a
2020 Wind 200 n/a
2021
2022 Wind 100 n/a

*Community-Based Energy Development, a specifically identified class of resources in the MN RPS law

Note that Xcel has simply presumed the availability of the necessary quantity of wind capacity at

regular intervals, with all but three of the projects yet to be identified. Given the vast potential

resource at their doorstep, and the pool of nearly 40,000 MW of specific renewables projects
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identified in the MISO queue, this is a luxury that LSEs in some other regions could only dream

about. Even here, however, Xcel notes that the ability to procure the required amount of wind

generation while staying within the rate increase limits implied under the RPS law is contingent

upon the extension of the Federal PTC through at least 2015. Given the robust level of

development activity and the massive wind resource indigenous to the MISO region, one might

be tempted to regard this caution from Xcel with an ounce of skepticism, but (as noted above)

the recent history of wind development activity even in the Plains states shows a clear pattern of

curtailment whenever Congress has failed to renew the PTC.

Minnesota Power, the much smaller IOU that serves a predominantly industrial customer

base primarily in the Iron Range in the northeastern part of the state,100 provides a bit more

specificity in their 2008 Resource Plan filed in October 2007. Of their 2006 retail sales of 9,078

GWh they produced/procured 786 GWh from existing hydro and biomass resources (recall that

the state's indigenous biomass potential is concentrated in this region) and 345 GWh from

existing wind, putting them well ahead of their projected 2010 requirement of about 700 GWh.

They identified five specific Minnesota wind projects due on-line by the end of 2008 providing

an additional 175 GWh, additional unspecified Minnesota and North Dakota wind projects

providing a further 900 GWh by 2014, and an Iron Range biomass plant providing 380 GWh by

2011 (see pages 4 and 26 of the 2008 Resource Plan). As is shown in Figure 4.6 below, these

additions would put Minnesota Power in a position to meet their 2025 RPS requirements as early

as 2014.

'00 Xcel supplied 55% of 2006 retail sales, and Xcel and MinnPower together supplied 70%.
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Figure 4.6 - MinnPower's plan to fulfill their RPS obligations through 2025

While Minnesota Power's projected new renewable resource additions are also dominated by

wind, approximately 20% of their planned additions are from biomass, bringing to approximately

45% the proportion of their planned 2014 renewable supply portfolio supplied by hydro and

biomass. This is consistent with both their locally available resource potential and with the

characteristic base-loaded profile of their heavily industrial native load, but it does set their plan

apart from Xcel's plan for the same period, albeit for a load less than a third the size of Xcel's.

Colorado - Experience to date

As a Phase 2 RPS Colorado's experience with its program is more limited than was the

case in Connecticut and Minnesota. Nonetheless, the data presented in Figure 4.7 indicate a

rather clear and immediate response to the targets that were established in 2004 and expanded in
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2007, a response that is comprised virtually entirely of new wind resources. New renewable

resources established since 2004 provided enough eligible generation for Colorado LSEs to meet

the 2007 obligations entirely with in-state resources. More impressively, 776 MW of new wind

capacity was added in 2007,101 tripling the amount of wind generation on-line at the end of 2006

and putting Colorado on track to meet its 2011 targets well ahead of schedule and entirely from

in-state resources. Regional development of new renewable resources (again, predominantly

wind) has also been strong during this period, in a region where most states have yet to

implement RPS-style policies. The end result is that Colorado LSEs will likely have access to a

pool of eligible generation well in excess of their requirements from which to comply with their

near-term targets. As with Minnesota, however, the robust wind response has not been matched

by a comparable level of development of non-wind renewable resources.

7.00

3 9 9000 .... ..... 2 2 0 0 4 2 0 0 5 ..... ... .4.00

-4- .ballot initiative: --,- ,currentrps -actua1w winid_

Source: EIA1.000.00

l1 Final EIA data for 2007 is not yet available, but the DOE's "Annual Report on U.S. Wind Power Installation,
Cost and Performance Trends: 2007," released in May 2008, draws on several sources for this figure.
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Colorado - Projected developments

Unlike the other three states studied, Colorado does not operate or participate in a

functioning regional wholesale power market. For this reason, what will be built in response to

Colorado's RPS will be determined by the regulatory process between the Public Utilities

Commission and the IOUs (essentially Public Service Company of Colorado) and from the

investment/procurement decisions of the state's public power companies and co-ops. Public

Service Company of Colorado ("PSCo"), who supplied nearly 60% of all retail electricity in

2006, filed their 2007 Resource Plan on November 15, 2007, supplemented by their 2008

Renewable Energy Standard Compliance Plan on November 23, 2007. In that Plan they noted

that new wind production capacity installed by the end of 2007 will be sufficient for them to

meet their non-solar RPS obligations through at least 2020, yet the Plan proposed addition of

1,800 MW of incremental wind capacity between 2010 and 2020:

Table 4.3 - PSCo 2007 Preferred Resource Plan Renewable Resource Additions (in MW of capacity)

On-site CSP*
solar Solar Biomass Geothermal Wind

2008 16
2009 4 4
2010 1 100
2011 2 25 100
2012 1 100
2013 2 100
2014 1 200
2015 2 200 200
2016 0 200 20 200
2017 0 200
2018 1 200
2019 1 200
2020 200

Total 32 425 4 20 1800
*Concentrating solar power
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The Plan is also noteworthy for the fact that it recommends the addition of far more solar

capacity than would be required to meet the 4% minimum set-aside established in the 2007 RPS

legislation, including 200 MW blocks each from two different CSP plants with thermal storage.

PSCo bases these recommendations (along with a number of other non-renewable resource

related recommendations) on two primary objectives - to reduce exposure to the use of natural

gas for power generation and to reduce CO2 emissions. They also note that the plan will give

them greater access to firm, dispatchable renewable resources (such as CSP with thermal

storage) than would be achievable by minimum compliance with the RPS targets.

PSCo proposes to drive the development of these forecasted resources through PUC-

approved requests for proposal with full cost-of-service rate recovery, on the expressed condition

that the accelerated schedule of renewable resource development can be delivered while

remaining within the 2% rate impact ceiling established by the RPS legislation (one key stated

assumption being an extension of the Federal PTC through 2015). In other words, whereas in

New England the cost ceilings appear to be constraining expansion of renewable resources in

compliance with regional RPS programs, in Colorado the legislatively-mandated rate impact

limit may actually be creating headroom for the state's largest LSE to go above and beyond the

minimum RPS targets, in both quantity and technology mix, in order to achieve other objectives.

PSCo is proposing to utilize the IRP process and the traditional command-and-control structure

of Colorado's market to push for this more aggressive approach to RPS compliance.

California - Experience to date

As the oldest of the Phase 2 programs, California has a little over five years of experience

with its RPS but less than two years of experience with the newly-accelerated targets. While the
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data presented in Figure 4.8 below show some signs of an emerging market response since the

acceleration of the program in 2006, the overall trend is far less marked than we've seen in

Minnesota and Colorado. The picture is rather more one of a stubborn continuation of the stasis

that gave rise to the new RPS legislation in 2002 and again in 2006 (in fact, California renewable

production rose steeply from 7.8 GWh in 1983 to its peak in 1992 at 27.2 GWh and has

essentially been treading water ever since). 10 2 While 2007 saw Minnesota's installed wind

capacity grow by 45% and Colorado's installed wind capacity nearly triple, California's grew by

less than 3%.103 This may be due in part to the fact that California's indigenous terrestrial wind

resource is far more modest than the wind potential in those two states, combined with the

possibility that a significant proportion of the best land-based wind resources in California have

already been developed (note that absolute 2007 wind production in California was greater than

in Minnesota and Colorado combined, despite the much more impressive rate of new resource

development in those two states over the past ten years).

102 See "Renewable Resources Development Report," CEC, November 2003, pg. 31, Fig. 4
103 See "Annual Report on U.S. Wind Power Installation, Cost and Performance Trends: 2007," DOE EERE, May
2008, Table 2
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Fig. 4.8 - California and regional renewable development vs. California's RPS targets

A slightly stronger development trend is evident regionally but, unlike the cases of

Minnesota and Colorado, many of the states in California's immediate vicinity have instituted

their own RPS programs, meaning California is not as free to look outside to procure the

mandated renewable resources.

Given the aggressive 1980s development of California's wind and geothermal potential,

the immaturity of the technologies necessary to develop some of the more promising categories

of unexploited indigenous resources, and viewed against the sheer scale of the challenge

California has set for itself, it is perhaps not too surprising that a marked incremental market

response to the RPS has yet to show up in the data. Regardless of the reasons behind it,

however, the recent trend in new renewable resource development has lagged far behind the pace

that will be necessary if the state's LSEs are to stand any chance of meeting the 2010 threshold

established in the current RPS.
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California - Projected developments

Given the complexity of California's RPS and the multitude of agencies and major LSEs

involved, zeroing in on a prospective view is challenging, and yet the picture that emerges of the

evolving response to California's RPS, particularly under the circumstances described above,

presents perhaps the most intriguing case study of the four selected states.

One consistent feature of all forward views presented is a dramatic increase in new

renewable resources just prior to the 2010 RPS milestone date, following nearly fifteen years of

essentially no growth. One might understandably view this with a certain amount of skepticism.

The main impediment to development, identified by all three IOUs in their most recent resource

plans, is a pressing need for significant amounts of new or expanded transmission infrastructure

between numerous undeveloped pockets of concentrated renewable resources and the major load

centers. California state agencies are working with the Federal Energy Regulatory Commission

on innovative funding approaches for new, renewables-focused transmission infrastructure under

the California Renewable Energy Transmission Initiative, but it remains to be seen how quickly

progress can be made on this front.

While all three IOUs have raised concerns about their ability to meet the 2010 milestone,

all have put forward plans to do so. Figures 4.9 and 4.10 below show the forecasts for

incremental renewable resources through 2015 presented in RPS Compliance Reports submitted

on August 1, 2007 by, respectively, Pacific Gas &Electric and Southern California Edison, the

first and second largest LSEs in the state. The views presented were consistent with the history

of renewables in California up to that time, with wind and geothermal expected to remain the
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dominant sources. Wind overtakes geothermal over time, solar thermal comes into play after

2010 and PV solar plays only a very small role during this period.
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Figure 4.9 - PG&E's 2007 Renewable Resource Procurement Plan
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Figure 4.10 - Southern California Edison's 2007 Renewable Resource Procurement Plan
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While these data were submitted only about a year ago, a closer look at other and more

recent data tells a much different story. Figure 4.11 below shows the mix of resources

represented in the CPUC's January 2008 inventory of approved, pending and short-listed RPS-

eligible contracts. Once again the steep ramp-up in new resources can be seen just prior to 2010,

but here the growth in wind and geothermal falls off significantly after 2010, with solar (both

solar thermal and PV) playing a much more significant role beyond 2010. The context for this

shift is the fact that all three IOUs proceeded with their most recent round of renewable resource

solicitations during the intervening period, and the result appears to be a rapidly shifting mix of

resources emerging from the market.

IOU Actual and Forecasted RPS Generation
by Fuel Type
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Fig. 4.11 - CPUC January 2008 forecast of renewable resource additions

112



This phenomenon can be seen in the data presented in Figures 4.12 and 4.13 below,

which are based on aggregated capacity ratings of projects with proposed on-line dates as late as

2015.
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Figure 4.12 - Recent evolution of renewable resources in development

Fig. 4.12 shows the prospective resource mix (as a percentage of total capacity in MW)

derived from two sources - CAISO's Generator Interconnection Queue and the CPUC's January

2008 inventory (which reflects a somewhat older subset of the projects included in the CAISO

queue, since projects must have progressed to the contract stage to be included in the CPUC

database). I have parsed the CAISO queue into three blocks - the queue as it stood in October

2007, the queue as it stood in June 2008, and the subset of projects added to the queue only since

the beginning of October 2007. In so doing I have suggested an evolution of the prospective

resource mix over a relatively short period of time, with the CPUC data representing the oldest

cut at the prospective market, the October 2007 queue representing an intermediate view of the
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overall prospective market, the June 2008 queue representing an up-to-date view of the

prospective overall market, and the post-September 2007 queue entries representing only the

most recent prospective market data (corresponding roughly to the period following the 2007

IOU renewables solicitations). What emerges is a clear shift from a market dominated until very

recently by wind and geothermal, to one that is increasingly dominated (prospectively) by solar,

including a surprisingly large tranche of utility-scale PV.

Source data: EIA and CAISO Generator Interconnection Queue

Figure 4.13 - Resource mix of recently proposed projects

This point is made even more clearly in Figure 4.13, which compares the mix of

resources installed in California at the end of 2006, those added to the CAISO queue between

January 2007 and September 2007, and those added to the queue between October 2007 and June

2008. The apparent market shift from wind and geothermal to the two solar technologies is quite

striking.
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Exactly why this marked shift in resource mix is occurring is difficult to say with

certainty, since the specific materials associated with the IOUs' resource solicitations are

protected by confidentiality. Yet statements in the recent resource plans and other reports

submitted by the IOUs, as well as in recent reports by the various California agencies, allow for a

certain amount of informed speculation. As noted earlier, California's RPS program is unique in

stipulating a "least cost/best fit" ranking criterion in the selection of resources; "best fit" was

defined in the CPUC's June 19, 2003 decision implementing the 2002 RPS law as being "the

renewable resources that best meet the utility's energy, capacity, ancillary service and local

reliability needs." It is also unique (and more explicit) in denying eligibility to out-of-state

resources that are "intermittent" (i.e. non-firm and non-dispatchable). The key concerns behind

these unusual provisions seem to be California's recent, catastrophic experience with a policy

design badly out of synch with its needs and a desire to extract maximum value out of precious

existing and incremental transmission investments.

The recent resource plans filed by the LSEs note that there are two basic dimensions to

solving the transmission problem - one, of course, is construction of new transmission

infrastructure, but the other is to grant priority to those resources that optimize the utilization of

all transmission, both existing and new. This is certainly the intent of the "least cost/best fit"

provision of the RPS. Recognizing the difficulties California has had in realizing major new

investment in transmission (noted by all of the LSEs and the state agencies as the single greatest

impediment to meeting their RPS obligations), state agencies seem to have embraced the idea

that direct cost of energy is a necessary but insufficient selection criterion. In addition to

evaluating the direct cost of energy, the IOUs are indicating (and the agencies appear to be

accepting) an intent to attach a valuation premium to resources in direct proportion to their
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ability and willingness to schedule production in a manner that optimizes the utilization of the

existing transmission network and maximizes the value of planned expansions.

A similar rationale was evident in the specific mix of resources put forward in Public

Service Company of Colorado's proposed renewables resource plan, but California is the first

functioning wholesale power market where we've seen specific market design features pushing

in this direction. Several unusual aspects of California's situation may be driving this. As has

been noted, a great deal of intermittent wind generation has already been developed in

California, and while there is undoubtedly more potential for land-based wind development,

much of it may be either too dispersed or too inconsistent on its own to warrant higher

prioritization in the transmission investment queue. Chapter Four described the extent to which

the state is also highly reliant on imports from elsewhere in the WECC via a limited number of

constrained transmission interties. State energy planners would understandably be reluctant to

compromise the utilization of that critical infrastructure with a large addition of non-firm, non-

dispatchable supplies. Finally, as has been noted, California is unusually well endowed with

solar potential, concentrated in the southeastern region of the state. The operational

characteristics of this resource, with its higher capacity value, its greater predictability, the

proximity of its production to peak demand hours and (in the case of solar thermal) the near-term

prospects for using thermal storage to make it truly dispatchable all serve to enhance its "best fit"

status (geothermal and biomass can be similarly "best fit," but Figure 4.11 seems to imply that

California has already developed nearly as much of its geothermal and biomass potential as is

commercially feasible using currently available technology). It remains to be seen whether or

not these massive new solar resources can be delivered at prices that are justified by their

premium attributes, but the available data would seem to indicate that the market, and the major
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buyers, believe that they can. As the CPUC commented in their January 2008 Renewables

Portfolio Standard Quarterly Report (page 6),

"Solar energy has historically been a high-cost resource due to supply chain production
constraints and other factors. However, its on-peak energy production and relatively
consistent capacity are valuable, and increased developer activity is expected to drive
prices downward. As prime wind resources are developed, leaving resources with lower
capacity factors and higher prices, the price gap between wind and solar energy may
narrow, making solar facilities more attractive and further boosting solar development."

A key consideration once again is the impact of those provisions of the RPS designed to

limit ratepayer impacts. Will the CEC and other state agencies be willing either to establish

Market Price Referents that reflect the full value of these premium attributes, or to increase the

System Benefits Charge in order to fund Supplemental Energy Payments sufficient to cover the

difference between the existing MPR and the delivered prices? Thus the peculiar features of

California's RPS begin to make visible, perhaps most clearly among the four state programs, the

balance that must be struck between the total value (as a power supply resource) of the

renewable resources developed in response to these programs and the social costs that will be

necessary to realize them.

D. Power Sector CO 2 Emission Rates - Has the Needle Moved?

Before I move on to an analysis of the market factors that appear to be shaping these

responses to each state's RPS program, it is worth asking what impact, if any, is discernable in

power sector CO2 emissions for each state. It must be acknowledged in doing so that these

programs are still early in their lifecycle, and it would be unreasonable to expect that they would

have yet produced dramatic reductions in GHG emissions. Nonetheless, the foregoing

examination demonstrates that there has been measurable progress in some of the states, almost

exclusively in the form of terrestrial wind power, and it is fair to ask what impact has been made.
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Figure 4.14 below presents the trends in power sector CO 2 emissions in each state, with the load

growth impact deducted and charted from the year of initial passage of their respective RPS

programs through 2006, where the initial value of 1.0 for each state corresponds to the power

sector CO 2 emission rate for that initial year.

1.4
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1

0.8

0.6 -

0.4

0.2

0

Source data: EIA

Figure 4.14 - State-by-state CO2 emission trends (deducting load growth)

It is worth referring back to Figures 4.1, 4.4, 4.7 and 4.8 when studying this chart. No

consistent pattern is evident across the states in either direction. Connecticut's emissions

actually trend upward more or less in synch with the slight increase recorded in in-state

renewable production, and they trend strongly downward during a period when in-state

renewable production was also trending strongly downward, a counter-intuitive result but one

that more likely reflects the relatively inconsequential amount of in-state renewable production

in any year relative to other influences. California's data is inconclusive, and it is heavily
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influenced by the amount of snowpack in the Sierra Nevada and Cascade ranges available for

large hydro production in any given year, but given the very small amount of new renewable

activity over the period it would be difficult to draw any conclusions from this sample.

Colorado's emissions remained nearly flat from 2004, but new renewable production only began

in earnest during 2006, so it would be valuable to revisit this analysis once 2007 and 2008 data

become available. Only Minnesota's data seems to suggest some relevant movement, with a

steady decline in emissions beginning in 2003 and continuing through 2006. While there was

some new wind development from 1994 through 2002, a period during which there was a fairly

steady increase in emissions, the ramp-up in new wind production really began in earnest in 2003

and has continued since that time, corresponding with the period of declining emissions. To the

extent that there is any causal relationship between the two phenomena, it is worth noting that

Minnesota is also the only one of the four states in which the marginal generation, which wind

always displaces because of its operating characteristics, is coal-fired for most of the hours of the

year. An examination of the source-by-source emissions for Minnesota over this period reveals

that coal-fired generation did indeed decline commensurately. The potential significance of this

was discussed in Chapter Two and will be revisited in the next chapter.

E. Market Factors Shaping Industry Response

Connecticut

The average 2006 retail price of electricity in Connecticut was 14.83 cents/kWh, fourth

highest in the country. [EIA data] Average 2007 wholesale prices in ISO-NE ranged from $65-

$69/MWh, also among the highest in the country. [Berkeley National Laboratory data] Results

from the pioneering recent forward capacity auctions indicate little near-term capacity pressure
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in the region, meaning that these high market prices are driven almost entirely by the

combination of the amount of time that gas-fired generation is on the margin, as presented in

Chapter Three, and the high delivered price of natural gas in New England relative to other

regions. The other primary revenue component for renewable energy producers in a market such

as ISO-NE is the market for Renewable Energy Credits. The market price for Connecticut RECs

was trading in December 2007 at just below the $55/MWh ceiling price set by the penalty

provisions in the RPS. [Evolution Markets data via EIA] Based on the average regional prices,

therefore, a renewable energy producer in New England might expect to receive approximately

$122/MWh on average, far higher than is available in less lucrative wholesale markets such as

the MISO market in which Minnesota operates (see below for a comparable analysis for

Minnesota). At a time when wind power developers in these less lucrative markets have seen

strong initial successes, the obvious question is why developers in New England have so far

failed to exploit the region's inventory of high-quality wind resources to any significant degree.

While the size of the indigenous wind resource in New England is not as great as in some

other regions, a glance at Appendix C shows that very high quality wind resources can be found

in northern Maine, parts of western Massachusetts and, of course, offshore. The best of the

region's windy areas are comparable to anything that can be found in the Great Plains region.

Thus, at least for the best early-stage projects, the dramatic difference in success rates cannot be

attributed to a difference in resource quality. Available data indicates a considerable difference

in construction costs between New England and other regions, but the average regional

wholesale energy price plus the scope for above market pricing created by the ACP provisions in

the region's RPS programs would seem to be more than adequate to accommodate these higher

construction prices. According to data compiled by the Berkeley National Lab, construction
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costs for wind projects in New England in 2006 and 2007 were approximately 40% above the

national average and a bit more than 50% higher than in the region around Minnesota. Yet the

average wholesale price in ISO-NE ($67/MWh) was approximately 40% higher than the average

wholesale price in MISO ($48/MWh), and the combination of average wholesale price plus REC

price in ISO-NE ($122/MWh) is comfortably more than twice what appears to be the comparable

number for the Minnesota market ($53/MWh). We evidently must look elsewhere for the

explanation.

The answer appears to be driven by transmission. ISO-NE operates on the basis of

locational marginal pricing, which means that prices in different sub-regions are set based on the

location of supply relative to the location of demand, and the capacity of the transmission

network to distribute one to meet the other. In other words, if there were unlimited transmission

capacity throughout the region, then local wholesale power prices in Boston would be the same

as they are in rural Maine. Conversely, if there is more supply in some sub-regions than there is

demand; and more demand in other sub-regions than there is supply; and transmission capacity

between these sub-regions is limited; then local prices will vary to reflect the transmission

system's limited ability to redistribute surplus supply from some sub-regions to fill supply

deficits in other sub-regions. This is very much the case in ISO-NE, where the transmission

system is constrained from north to south. Thus, while the average wholesale price in ISO-NE

may be in the range of $67/MWh, the local wholesale price in central Maine was lower than the

average ISO-NE price by $6/MWh on average, and in Northern Maine the price was discounted

on average by over $10/MWh. [Data provided by S. Knight of CPV, Inc.] Without major

investments in new north-to-south transmission capacity, any significant addition of supply in
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northern Maine would further depress the local wholesale price, 104 leaving wind power producers

in that sub-region with a combined energy-plus-REC price up to 10% below the $122/MWh that

is implied by the regional average wholesale price.

It is worth noting that energy is only one of several products traded in the ISO-NE

market. As noted earlier, there is now a forward market in ISO-NE for capacity, but the most

recent auction prices signal a weak market for capacity in the near term. Furthermore, wind

projects are able to offer firm capacity equal to only a small fraction of their total installed

capacity, which means that a capacity market would do little to enhance the revenue expectations

of a wind producer almost regardless of the market price.

As noted in Chapter Three, the only other (currently) commercially exploitable

indigenous resource of any significance in New England is biomass for power generation.

Unlike wind, biomass generators are able to offer high levels of firm capacity, and they can be

designed to supply a range of other system benefits such as dispatchability and voltage

regulation. But as has been noted, recent ISO-NE market prices for these non-energy services

have been weak, and other providers of such services (such as simple-cycle gas-fired combustion

turbines) are able to do so more cheaply than can biomass generators. Because all five of the

RPS programs in New England operate on an energy-only basis, with no explicit preference for

or value attributed to eligible resources capable of providing essential non-energy services,

buyers have the option of satisfying their RPS obligations with energy purchased from what is

today the cheapest source (wind plants) while procuring their non-energy requirements from

non-renewable sources. Depending on what one is prepared to assume about future gas prices,

the particular gas-fired capacity that will be built to complement the wind resources, and the

04 The ISO NE 2007 Regional System Plan states that the amount of new generation that can be added to the system
behind the three Maine trading hubs is currently less than 700 MW.
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manner in which it will have to be operated, this can be seen to be the lowest all-in cost approach

to compliance. On the evidence provided by the portfolio of prospective projects found in the

ISO-NE interconnection queue, it would appear that greenfield biomass developers in New

England are struggling to compete with this bifurcated option and cannot compete with wind on

an energy-only basis.

The potential implications of these features of the New England market for compliance-

driven retail price impacts are worth considering. As has been noted previously, virtually all

states have attempted to impose limits on the magnitude of retail price increases resulting from

compliance with RPS programs. In those states where this limit has been expressed explicitly as

a percentage increase in retail electricity bills the permissible increases have been in the range of

1-3%. A very cursory analysis of the New England situation leads to a potentially different

conclusion. Given Connecticut's average retail price for electricity of 14.83 cents/kWh, a 2%

increase in retail prices from RPS compliance activities would be 0.30 cents/kWh, or

$2.97/MWh. If ISO-NE were to see RPS-driven production reach a 20% market penetration, the

implied ceiling on the subsidy available to eligible resource owners would be $14.85/MWh, as

against the current ceiling of approximately $60/MWh and the December 2007 traded market

price of approximately $55/MWh. Clearly if the premium required to induce exploitation of the

region's indigenous renewable resources remains where it is today, the retail price increase

resulting from compliance with the final targets contained in the various RPS programs could,

ceteris paribus, approach 10%. Alternatively, an RPS-driven subsidy for eligible resources

limited to a more modest 2% retail price impact (consistent with legislative expectations

expressed elsewhere) would appear to fall well short of what is needed to induce any significant

amount of indigenous land-based wind resource development, and offshore wind and biomass
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would seem to only be further out of reach. While prospective investment in new transmission

infrastructure targeted specifically at unlocking the region's best renewable resources may

significantly alter this equation, those investments are substantial in their own right relative to

the size of the available resource, as noted previously, and they will have their own adverse

impact on regional retail prices.

Minnesota

The average 2006 retail electricity price in Minnesota was 6.98 cents/kWh, the sixteenth

lowest in the nation. Average 2007 wholesale energy prices in Minnesota's upper Midwest

region ranged from $44-52/MWh, some of the lowest wholesale prices in the nation.

Additionally, given the ample supply of capacity available in the MISO market, there is limited

market value attributable in the near term to incremental capacity additions in the region. Low

energy prices in the region are attributable to the large number of hours that coal-fired generation

is on the margin, as was discussed in Chapter Three.

As in Connecticut and the other New England RPS programs, Minnesota's RPS as

revised in 2007 allows compliance through the purchase of tradeable RECs, and the market price

for these RECs can provide an indication of the compliance-driven subsidy over and above

wholesale market prices available to developers of eligible resources. There is no formal

compliance REC market in Minnesota, so the market value of renewable energy attributes must

be derived from other sources. There is a voluntary Midwest market for RECs that at the end of

2007 indicated a value of approximately $5/MWh, compared with the contemporary Connecticut

REC market price that was near its $55/MWh ceiling. As noted earlier, the Minnesota RPS

imposes no explicit ceiling on retail rate impacts nor does it effectively limit the cost of
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compliance through an alternative compliance payment mechanism. However the legislation

does empower the PUC to limit the cost of RECs administered by M-RETS and to excuse non-

compliance in the event that compliance would result in a "significant" adverse retail rate

impact. Picking the middle of the customary range, I will assume that anything above 2% would

be considered significant. Given the average retail price of 6.98 cents/kWh, a 2% price increase

would amount to 0.14 cents/kWh or $1.40/MWh. Using the final (implied) statewide target of

27.4%, the implied compliance-driven subsidy to producers would be capped at $5.11/MWh,

roughly consistent with the recent REC market prices in the voluntary Midwest market.

Commentary by Xcel/Northern States Power and Minnesota Power in their most recently filed

resource plans indicate that the cost of compliance to date and the anticipated costs of

compliance going forward appear to be below what they believe the PUC would consider

significant.'0 5 All of these indicators point to a market in which producers of RPS-eligible

electricity can expect a compliance-induced premium over wholesale energy prices of

approximately $5/MWh (in 2008 $s) for the foreseeable future. Given average wholesale energy

prices in the range of $48/MWh in the upper Midwest region, the implied average market-

clearing price for eligible resources is in the range of $53/MWh.

I have noted that Minnesota's primary indigenous renewable resources are wind and

biomass, with wind being by far the dominant resource available. Recent history shows a strong

response by wind project developers, despite the relatively low market price environment created

by the combination of MISO's existing mix of generating resources and the compliance regime

established by Minnesota's RPS law. This may be driven in part by low construction costs.

Berkeley National Lab's construction cost data shows wind project construction costs in the

105 Again as noted earlier, Xcel explicitly conditioned this expectation on the assumption that the supplier subsidy
provided by the Federal PTC would continue to be available through at least 2015.
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upper Midwest in 2006 and 2007 to be the lowest in the nation, less than 70% of the cost for

wind projects in New England during the same period. Minnesota's large inventory of excellent

wind resources, located in areas highly receptive to their commercial development, is no doubt a

contributing factor as well. And while MISO operates a LMP market similar to ISO-NE, adverse

basis differentials (that is, discounts to the average regional price noted above) between the

wind-rich region in the southwest corner of the state and the Minnesota Hub (near

Minneapolis/St. Paul) are relatively modest and only serve to make the success of wind

developers in that sub-region all the more noteworthy. That being said, a major transmission

investment program is under development in Minnesota to address infrastructure constraints that

would limit further development of the most promising areas.

The data on new biomass developments tells a different story, with no significant new

capacity added and very little new capacity listed in the MISO interconnection queue, despite the

existence of a high-quality resource base in northern Minnesota and elsewhere in MISO. As in

Connecticut, Minnesota's RPS is an energy-only standard, with no stated or implied preference

for resources that can provide essential non-energy grid services. Xcel/Northern States'

compliance plan reflects the bifurcated compliance approach described in the Connecticut

discussion above, with increased reliance on wind complemented by an increased commitment to

gas-fired combustion turbines to provide the non-energy grid services that wind cannot provide.

This may be due to a decision by Xcel to take a minimum-cost approach to compliance, and/or it

may be driven by transmission constraints limiting access to the prime biomass resource base in

the northern tier of the state, but it is noteworthy that Minnesota Power's compliance plan points

in a slightly different direction.
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Minnesota Power's resource plan projects that 20% of their incremental compliance

requirements will be met with biomass-fired generation. This may be partially driven by the fact

that the state's best biomass resources are concentrated in the retail areas dominated by

Minnesota Power. But it would also appear that Minnesota Power has chosen to take advantage

of the modest premium required to access the regional wind resource, proposing to blend into

their compliance plan somewhat more expensive biomass resources capable of supplying

essential non-energy grid services while remaining within what they believe the PUC would

consider a "significant" overall retail rate impact. While Minnesota operates within the

competitive MISO wholesale power market, I've noted that the state's electric sector was never

restructured, which means that the Minnesota market retains some of the features of a traditional

cost-of-service-regulated utility market. Xcel/Northem States' compliance plan is consistent

with a low-cost supplier strategy, a strategy that would in turn be consistent with a view that their

highly concentrated, predominantly urban retail base may become exposed to competitive

pressure over the term of the compliance period. Minnesota Power, on the other hand, has

proposed a plan that capitalizes on what they project to be a modest premium associated with a

blended compliance approach; the cost pass-through features of the hybrid Minnesota electricity

market; and the lower risk of competitive challenges in their sparsely populated retail markets to

achieve a compliance approach that is presumably slightly more expensive in the near term but

prospectively more sustainable in the long term.

There is admittedly a significant amount of speculation in this analysis. The conclusions

I've drawn however, particularly regarding Minnesota Power's compliance strategy, gain greater

credence after examining the industry's response to market factors in Colorado.
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Colorado

The average retail price of electricity in Colorado in 2006 was 7.61 cents/kWh, below the

national average of approximately 8.9 cents and exactly the median national price. Average

2007 wholesale power prices in the Mountain region ranged from $54-$56/MWh. Unlike

Minnesota and Connecticut, there is no traded wholesale market in Colorado, for energy or any

other grid services, rather all wholesale power is either self-generated by the LSEs or purchased

by them under contract from third-party producers. In the case of the IOUs (predominantly

PSCo) the costs associated with both approaches are vetted by the PUC and, when approved,

passed through in retail rates along with a regulated rate of return on invested capital. The co-

ops and municipally-owned utilities are self-regulated but follow a similar rate-setting procedure,

absent the rate of return. Thus the "market factors" affecting the development of renewables in

Colorado are not so much driven by a market as they are driven by the integrated resource

planning process and the regulatory bargain that can be struck between the regulating entities and

the LSEs. The relatively low average wholesale price reflects the fact that Colorado's generation

mix is still heavily weighted toward coal. The fact that it is slightly higher than the Minnesota

wholesale market may reflect the much larger role natural gas plays in Colorado's generation

mix. The difference might be greater but for the fact that Colorado's wholesale prices are set on

a blended cost-of-service basis rather than by hourly bids submitted by the marginal generator.

While the RPS law allows compliance through the purchase of tradeable RECs, no

market or market administrator is specified. As a result, there is currently no discoverable

compliance market price for renewable attributes in Colorado. A voluntary REC market that

operates in the West indicated a market value at the end of 2007 of nearly $13/MWh, more than

twice what it was in the voluntary Midwest market though still well below the Connecticut REC
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market. Colorado's RPS imposes an explicit cap of 2% on the compliance-driven retail rate

increases that will be granted to the IOUs. Given the average wholesale price, a 2% increase

would equate to 0.15 cents/kWh or $1.52/MWh. Given that the state's final RPS target is 20%,

the implied ceiling on pricing for renewable attributes is approximately $7.60/MWh. Using the

average wholesale price of $55/MWh, the ceiling price for eligible resources under Colorado's

RPS could be said to be approximately $62.60/MWh. As will be discussed below, Colorado's

largest LSE foresees the ability to exceed their RPS obligations by a considerable margin at a

cost that is at or below the 2% ceiling.

Colorado's primary eligible resources are dominated by wind, with a very significant

solar potential as well and a much smaller biomass potential (with a promising geothermal

resource that is not exploitable with current technology). I have documented the robust early

response by wind developers to Colorado's RPS, and in the case of wind the indigenous resource

economics and market pricing circumstances are very similar to Minnesota. Construction costs

for wind projects in 2006 and 2007 in the Mountain region were right at the national average as

compiled by Berkeley National Lab, about 10% higher than in Minnesota and about a 28%

discount to New England. Given Colorado's vast wind potential, and assuming a substantial

investment in new transmission infrastructure, the state could easily supply its RPS goals several

times over with wind without exhausting its inventory of premium wind sites, and apart from a

very small set-aside for solar in the RPS law there is nothing preventing the LSEs from doing so.

As noted earlier, however, the compliance plan recently filed by PSCo takes a different

approach. Based on the wind project economics they are seeing, PSCo is proposing to the PUC

to use the headroom provided by the 2% rate ceiling not only to go well beyond the current RPS

targets (with nearly three times as much wind energy as they would require), but also to diversify
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their renewable portfolio into other, currently more costly resources. In the case of Colorado this

means solar, specifically utility-scale concentrating solar power plants with thermal storage

systems. The plan is still dominated by wind, but they propose to source about a third of their

renewable energy by 2016 from dispatchable CSP, along with a much smaller percentage from

new geothermal and biomass plants, while keeping the resulting increase in retail rates within the

2% cap set by the legislature. PSCo's stated rationale for this more costly diversification is to

advance the maturity of, as well as their operational familiarity with, technologies that they

expect to offer premium attributes beyond those offered by wind power. An additional

motivation may well be that Colorado, unlike Minnesota, has over the past ten years significantly

increased its exposure to natural gas as the marginal fuel for generation. While the targeted wind

development is explicitly intended to mitigate that exposure by displacing gas consumption, the

wind plants will still need to be supplemented by gas-fired plants (both existing and new) for

reliability and other grid services. By contrast, the firm capacity and dispatchability offered by

the CSP with thermal storage, biomass and geothermal plants are very likely attractive precisely

because they go even farther than wind in reducing the state's exposure to natural gas. This

response to market forces, which I've suggested is also the one being pursued by Minnesota

Power using indigenous biomass, is again one that leverages an even more traditional command-

and-control electricity market and an equally attractive wind resource, while treating the

legislatively-imposed rate cap (which in this case has been made explicit) as an opportunity

rather than a constraint.

California
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The average 2006 retail price in California was 12.82 cents/kWh, eighth highest in the

country. Average 2007 wholesale power prices were approximately $59/MWh, also among the

highest in the country. California's wholesale market most closely resembles that of New

England in structure, and as in New England gas-fired generation is on the margin nearly all the

time. California's lower wholesale price relative to New England is most likely driven by a

difference in the average delivered price of gas to the two regions.

California's RPS does not currently permit compliance through the purchase of

unbundled RECs, so there is no REC market to provide a clear market signal for the premium

available to eligible resource providers over and above the prevailing wholesale power price. 106

Nor does the California RPS use a stated or implied ceiling on the retail price impact of

compliance to control the cost of the program. True to its reputation for complexity, the

California RPS utilizes the completely unique and administratively burdensome MPR/SEP

mechanisms described in Chapter Three. In short, the MPR is a proxy for the marginal fossil-

fired generating capacity on the system (currently a gas-fired combined cycle plant), and the SEP

(funded by the revenues collected through a system benefits charge added to customer bills) is

available, at the discretion of the CPUC, to cover the difference between an LSE's cost to

purchase supply from an eligible resource and the hypothetical cost to purchase from the MPR.

On this basis it could be said that the system benefits charge collected to fund the SEPs, plus any

difference between the hypothetical price of supply from the MPR and the prevailing wholesale

power price, constitutes the current ceiling on the retail price impact of compliance with the

RPS. The system benefits charge currently stands at an average of approximately 0.25

cents/kWh (2% of customers' bills), of which "at least 51.5%" must be used to fund renewables

106 It was noted earlier that the WREGIS REC market went live in mid 2007 thanks in large part to the efforts of
California's CEC; the CPUC is monitoring the market and has yet to allow compliance via the purchase of RECs.
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contract costs in excess of the MPR. At California's final RPS target of 20%, the SBC is

sufficient to fund a subsidy of 1.25 cents/kWh or $12.50/MWh if 100% of the funds collected are

utilized to subsidize above-market RPS compliance purchases. The hypothetical price of supply

from the current MPR varies depending on the length of the contract in question and when the

plant is expected to come into service. The CPUC in September of 2007 set values ranging from

$78.90/MWh to $94.68/kWh, but for simplicity of comparison the MPR value for a 15-year

contract commencing in 2011 (roughly the middle of the matrix) was $83.07/MWh. The

California Energy Commission, in its 2007 Energy Report,'0 7 notes that the quantification of the

benchmark established by the MPR is heavily dependent on the discounting methodology used,

and the CEC advocates a methodology that would add from $3 to $16.75 per MWh to the MPR

benchmark (the adder for a 15-year contract commencing in 2011 would be $8.35/MWh).

Using the CPUC benchmark, and assuming that all of the funds collected under the system

benefits charge are available to reimburse the above-market costs for eligible resources, the

market clearing price for renewable providers is currently approximately $95.57/MWh (at the

high end, the MPR price for a 20-year contract commencing in 2015 is $94.68/MWh, resulting in

a market-clearing price of as high as $107.18/MWh). As is clear from the CEC discussion

referenced above, California's MPR methodology is open to a wide range of interpretation, with

the CEC's preferred approach leading to a market-clearing price as high as $123.93/MWh for a

20-year contract commencing in 2015.

Operating alongside these market price signals, however, is the qualitative "least

cost/best fit" mechanism that was described earlier. This mechanism directs LSEs to rank

eligible projects in order of how well they "fit" with the LSE's particular system requirements.

As we have seen, despite the very high apparent market clearing price for eligible resources

107 California Energy Commission, 2007 Integrated Energy Policy Report, CEC-100-2007-008-CMF, pp 141-142
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relative to Colorado and Minnesota, California's actual renewables production has stayed

stubbornly in the range of where it has been since 1991. The LSEs, the agencies or both appear

to have determined that the best way to break this logjam is to use the least cost/best fit criteria to

drive prioritization of projects based on the optimal use and build-out of the transmission system,

rather than expect transmission planning to be driven simply by the location of the projects

offering the lowest energy prices. And based on the most recent round of renewable

solicitations, the market appears to have responded with far more solar and far less wind than

had characterized the prospective industry response only a short while ago.

California's solar resource potential is far greater than its land-based wind resource

potential, but wind and conventional geothermal (which California also has in abundance) have

until recently been the dominant resources in the renewables mix. Unlike the terrestrial wind

resource (which is distributed in pockets across various sub-regions of the state), solar potential

is highly concentrated in the southern and southeastern sections of the state. Solar (particularly

CSP coupled with thermal storage systems) offers more firm capacity value, much less

intermittency, better load-following characteristics, more dispatchability, a closer and more

reliable fit to the daily demand profile - and as a result it adds less strain and provides more

benefits to grid operators in California than does wind. These benefits to transmission planning

appear to be expressing themselves in the LSEs' rank ordering of proposed projects.

Furthermore, the market-clearing price for eligible resources, to the extent that it can be pinned

down, certainly appears to be at the high end of the range, though perhaps not quite as high as in

Connecticut. But solar has until now been a considerably more expensive option, and while least

cost/best fit provides qualitative guidance it does not set aside a specific market for "better fit"

but more expensive eligible resources. Thus it remains to be seen whether or not the current
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generation of resources under consideration by the LSEs will be able to clear the market as it

stands. If not, will the agencies revise or relax the current market constraints in a manner that

will allow them to do so?
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Chapter Five

Conclusions and Recommendations

As expected, the close examination of four state RPS programs over the last two chapters

has afforded a more nuanced view of the state-level RPS phenomenon than can be gleaned from

a cursory survey. The opportunity to do so has only recently become available, as some of the

more ambitious state programs have now had the chance to accumulate multiple years of

experience in practice. The information provided points toward possible opportunities to refine

the renewable portfolio standard as an important policy tool for achieving the reductions in

power sector GHG emissions that will be required if the U.S. is to stand any reasonable chance

of achieving the goals embedded in most mainstream climate assessments.

A cursory survey of RPS, such as the one I presented in Chapter One, presents a picture

of uneven progress and, where there has been progress, what I will characterize as a "lowest

common denominator" approach to renewables development, at least when the phenomenon is

assessed in terms of its efficacy as a central feature of power sector climate policy. The

combination of aggressive targets and timetables; objectives framed almost exclusively in terms

of the quantity of energy produced; and a desire to limit compliance-driven retail rate increases

generally to 1-3%108 has led to a near-monopoly of early compliance activities by terrestrial wind

power.

Of the major categories of largely untapped and eligible renewable resources, terrestrial

wind power is clearly the most mature. As a result, with the exception of opportunities to

0os To put the cost limits described here in perspective, the German Renewable Energy Sources Act is seen as a very
successful example of the feed-in tariff ("FIT") approach to renewables policy support, with significant growth not
only in wind but in solar PV and other renewable technologies. In 2005, FIT-subsidized renewables production
constituted just over 7% of all German electricity and resulted in a retail rate increase of 3%; the equivalent retail
rate impact for the 20% penetration targeted for 2020 would be just under 9%.
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expand incrementally more traditional eligible resources (such as small, low-head hydro and

landfill gas) terrestrial wind in many regions offers the least costly and most immediately

accessible means by which LSEs can fulfill the energy-denominated RPS obligations that have

been imposed upon them. This is particularly true when the advantages bestowed upon wind

development by most RPS programs are coupled with direct producer subsidies like the Federal

PTC. Yet while a focus on the expansion of land-based wind power production is likely to

produce measurable reductions in power sector GHG emissions, the expected reductions are

quite marginal when viewed against the total reductions likely to be required of the power sector

and the timetable on which those reductions must take place. Given the magnitude of the task

presented, no measurable contribution should be dismissed as unimportant. Nonetheless, a

review of the sources of power sector GHG emissions makes it quite apparent that the ultimate

objective will not be reached without largely or completely replacing the role of conventional

coal-fired power plants. It turns out that that role is multi-faceted and cannot adequately be

captured in the number of kWh they produce, prodigious though that number might be.

The most cost-effective approaches available to reduce the need for conventional coal

plants are ones that eliminate the need for their services altogether, through investment in a broad

range of untapped opportunities to improve efficiency and reduce consumption. But as attractive

as many efficiency opportunities are, we cannot conserve our way out of our reliance on

conventional coal plants. Low-carbon supply options will be required, most likely a very large

quantity of them, capable either alone or in combination of replicating the multi-faceted role of

conventional coal plants.

Two basic strategies have been suggested to facilitate this transition - one is to make the

low-carbon alternatives less expensive, and the other is to make conventional coal more
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expensive - and they are not mutually exclusive. A carbon pricing scheme is likely to be more

coldly efficient in bringing forward the optimal mix of replacement technologies, but without

complementary policies designed to promote the commercialization of specific acceptable

alternatives, a carbon pricing approach risks unintended consequences and a chaotic and costly

transition period. An RPS can be a powerful tool in the timely development of renewable

alternatives, by granting privileged market access to appropriate technologies. Appropriate

renewable technologies are those likely to compete, either alone or in combination with other

measures, directly with advanced natural gas plants, low-carbon coal technologies and nuclear

power in the race to replace the role of conventional coal plants. Furthermore, the privileged

market access afforded by an RPS is likely to be of greatest value in accelerating the progress of

early-stage technologies toward competitiveness with conventional coal in a carbon pricing

world, and of least value when extended to mature technologies.

Table 4.1 presented a ranking of the leading RPS-eligible renewable technologies against

these two fundamental criteria - ability to compete for the role played by conventional coal

plants, and relative stage of technological maturity - leading to a framework for evaluating the

effectiveness of various RPS programs in addressing the essential challenge in power sector

climate policy. Terrestrial wind power, the main beneficiary so far of the state-by-state RPS

phenomenon, ranks very poorly on both criteria. The singular focus on energy production that

characterizes nearly all state RPS policies, combined with a bias toward dramatic results and a

mandate to limit rate impacts, has created what I will refer to as the "iron triangle" of current

RPS policy design, a privileged market space into which only terrestrial wind currently fits. This

has led to an overstimulation of interest in terrestrial wind power at the expense of renewable

technologies that are less likely to deliver large amounts of affordable energy in the near term,
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but are better suited as replacements for conventional coal plants in the longer term, and are

more likely to experience significant advances in cost and performance as a result of the

privileged market access an RPS can provide.

Aggressive
and timing

y-only target
:s

Figure 5.1 - The "Iron Triangle" of current RPS design - bulk energv. lots of it. fast. and chean

Another trend that emerges from a general survey of the RPS landscape is regional

variation in new market penetration by eligible technologies. While statistics on the overall rate

of growth in renewable power production are impressive, nearly all of this growth (at least for

grid-connected production) is from land-based wind, and nearly all of that growth is taking place

in those states with access to the Great Plains wind resource. Perhaps more surprisingly, with the

exception of Texas these states represent markets where the market-clearing price threshold for

renewables is heavily weighted by coal and is thus far below the price ceiling available in

regions like New England and California, where progress has been notably slower. From the
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perspective of climate this trend is not necessarily problematic - the geographical distribution of

GHG mitigation measures is irrelevant. Indeed, production from any renewable source in these

markets is more likely to displace coal-fired production than would be the case in many other

markets. But state-level RPS policies are almost universally designed to forbid compliance

through the purchase of RECs from sources not capable of physically delivering energy to the

local grid. Because of this, there is a risk that the pace of development of some of our best

renewable resources may be constrained, with the commensurate risk that the mandated

development of less impressive regional resources elsewhere will continue to struggle, while

overall the advance of renewables may be less cost-effective than would otherwise be the case.

While this broad analysis points to general concerns with the climate-related efficacy of

current RPS programs, the detailed analyses of four state programs presented here identify

several more encouraging developments and point toward potentially productive refinements.

Rather than organize these observations in a state-by-state manner, I will present them topically,

synthesizing the contributions from the various state analyses as I go. As will become apparent,

these suggested refinements should not be viewed individually but rather in combination with

each other. Indeed, each subsequent recommendation follows to some extent from the foregoing

recommendations.

1. Introduce technology bands, with a bias toward early-stage technologies. This is the

most basic of the recommended reforms, though it is intimately related to several of the follow-

on recommendations. The idea is simple enough in concept - renewable technologies that are

otherwise considered desirable (see below) would be placed into two or more bands, or tiers, on

the basis of an assessment of their technological maturity. Those in an early stage of

development and likely to experience significant cost and performance improvements with each
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doubling of production (known as the progress ratio) would be allotted the greatest share of the

mandated portfolio obligations. (Importantly, those obligations would not be denominated in

bulk kWh but rather in something such as firm capacity value, or the percentage of the total

program cost envelope allocated, a key point that I will develop under a subsequent

recommendation) LSEs would face far smaller procurement obligations for more mature

technologies, and the procurement obligations for the most mature technologies would be phased

out altogether over a fixed period of time, the rationale being that, once a technology has

evidenced the transition to the low progress ratios that characterize mature technologies, it is

unlikely to benefit from the opportunities created by an RPS policy regardless of whether or not

it has achieved parity with competing technologies.

The challenge in practice, of course, is that assignment to tiers by relative technological

maturity would have to be done administratively. Such an assessment would be vulnerable to

political pressure from mature technology advocates, and the assessment of future progress ratios

for any given technology at any given point in its development is far from an exact science.

Perfection in this case would be the enemy of the good, however, since a broadly valid

classification is achievable, and the allocation of technologies to bands can be revisited on a

regular basis. Political lobbying cannot be neutered completely, but its impact can be blunted as

it is in many similar cases, by delegating the assessments to professionals in the state regulatory

agencies rather than relying on a legislative allocation.

Connecticut's decision to create multi-tiered RPS eligibility, similar in principle to many

other state programs, is a step in the direction recommended here. Colorado's program also

creates a specific set-aside for a certain subset of renewable technologies. But the approach

taken, not only in Connecticut and in Colorado but in many other states as well, falls short of
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what I am recommending in important ways. Connecticut's main tier (Class I) gives preference

to the "cleanest" technologies (except, arguably, natural gas fuel cells), but it mixes mature

technologies (terrestrial wind, landfill gas, low-head hydro) indiscriminately with early-stage

technologies (deep offshore wind, solar PV, wave/tidal, advanced biomass). It also denominates

compliance in bulk kWh of energy, and it establishes an ambitious goal of procuring 20% of all

energy by 2020 from eligible resources with comparably ambitious interim milestones. As a

result, compliance is likely to be dominated by mature technologies capable of producing large

amounts of energy relatively cheaply by the legislated milestone dates, regardless of what other

attributes those technologies may or may not possess. In the process, the program will

effectively suppress the development of early-stage technologies that could have benefitted

tremendously from the opportunity, but that would not be expected to become major contributors

of affordable energy production until the latter years of the program. To put it differently,

building 5,000 MW of new land-based wind capacity in New England will have only a very

marginal impact on the commercial feasibility of building the next 5,000 MW of land-based

wind, and if that first 5,000 MW of wind is not commercially viable on a stand-alone basis once

a carbon price is actually implemented, the viability of the next 5,000 MW is unlikely to be

much different. By contrast, building 500 MW of deep offshore wind (New England's primary

high-quality renewable resource), while currently a more costly option per kWh of energy

delivered, would be expected to have a significant impact on the commercial feasibility of

building the next 500 MW, which would in turn most likely have a significant impact on the

commercial feasibility of the next 1,000 MW, and so on. What is today a much more costly

option would experience dramatic improvements in cost and performance as a result. If

Connecticut has a choice of how to spend the envelope of funds effectively allocated to its RPS
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policies, it would seem far more beneficial in the long term to spend them disproportionately

(though perhaps not exclusively) on a technology like offshore wind.

Colorado's approach is somewhat better in setting aside a market specifically for a class

of early-stage technologies (solar). But the set-aside is quite small, and the impressive overall

program targets (again denominated entirely in units of bulk energy) combined with the program

cost ceiling (overall retail rate increases of no more than 2%) imply that that the targeted

investment in development will be dominated overwhelmingly by mature technologies, primarily

wind. As we have seen, the largest Colorado LSE has taken the initiative, afforded by the

combination of Colorado's very attractive wind resource and the Federal PTC, to advance the

development of an early-stage technology (solar thermal with thermal storage) that is expected to

be a very valuable grid resource in the future. But they are pushing the letter of the policy design

to do so, and they are relying on the state utility regulators to approve the associated increased

costs, albeit costs that they forecast will be within the legislatively-mandated cost envelope.

Colorado has a tremendous terrestrial wind potential, and based on the evidence presented in

Chapter Four it is evident that very little assistance from the RPS, if any, is required to promote

its development. PSCo seems to understand that allocating a much larger percentage of the RPS

program cost envelope to a currently more expensive but potentially more valuable early-stage

technology, one that may not contribute large volumes of energy production until the program's

latter stages, will pay greater dividends in the long run. Policymakers should take heed.

Indeed, the United Kingdom is already implementing exactly this type of reform. 109

Britain has had a RPS-style policy, called the Renewables Obligation, in place since 2002. In its

2007 Energy White Paper the Government noted that the budget expenditures to promote

109 See H.M. Government, Department of Trade and Industry, "Meeting the Energy Challenge: A White Paper on
Energy," pp 143-168.
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renewables were being monopolized by land-based wind projects, the quality of the land-based

wind resources being developed was declining as penetration rates increased, and there was no

apparent value being created in the form of material improvements in cost and performance. In

response, the Government proposed to create technology bands, with technologies grouped

according to their relative technological maturity, and to shift the emphasis of the Renewables

Obligation program away from mature technologies like land-based wind and toward the support

of the least mature technologies.

2. Replace (or supplement, as with California's "least cost/best fit" overlay) the energy-

only denominations of the RPS targets with one or more metrics that combine energy with

attributes like firm capacity, dispatchability, peak coincidence, potential scale and others

necessary to facilitate a transition from conventional coal plants to renewable alternatives. This

type of reform was alluded to in the foregoing discussion on technology bands, and it is

important to see them as complementary. While it is important to shift the emphasis of RPS

policies away from bulk quantities of energy and toward targeted allocations of program funding,

it is equally important that the allocation criteria be based not only on relative technological

maturity, but also on the inherent grid service capabilities of the various technologies. In this

case the denomination of choice for compliance would not be bulk kWh hours of energy alone,

or at all, but rather a blend of attributes that might include, inter alia, firm capacity value,

dispatchability, load following or peak coincidence, in addition to or instead of total production

of energy. The particular mix of attributes would reflect the particular system requirements of

each LSE, in collaboration with state regulators if so desired. The long-term strategic appeal of

such an approach is suggested in the responses by Minnesota Power and PSCo to their respective

state RPS policies. It is expressed more directly in California's "least cost/best fit" policy
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provision, the innovative responses to which are only now beginning to take on significant

dimensions. California's specific approach is famously complex, but I would contend that that

need not be the case.

I have already discussed the importance of this type of feature in promoting those

renewable technologies that are best fit for the purpose of replacing conventional coal plants. A

related but more immediate potential benefit also emerges from the California case study.

Transmission has been identified literally everywhere as a critical impediment to further

development of renewable resources, in some regions (like California and New England) being

more difficult and potentially more costly than in others (like Minnesota and Colorado). What

the California policy seems to acknowledge are the inherent benefits to transmission expansion

from prioritizing those resources that are more concentrated, with higher firm capacity value,

more dispatchable and with greater peak coincidence. Such resources are likely to require less

transmission investment per MW of capacity, see higher rates of transmission utilization and

allow for more optimal asset management when operated in conjunction with conventional

generation that is sharing the same transmission and distribution facilities. Each of those

attributes contributes to a lowering of the bar that must be cleared for approval of and investment

in any major new transmission asset. So in addition to promoting those technologies best suited

to tacking the central challenge of power sector climate policy, this reform may well also

accelerate removal of the main obstacle to more rapid development of our renewable resources.

That's at least one aspect of policy on which the LSEs and the state agencies in California seem

to concur, and it is also evident in Colorado's promotion of Generation Development Areas. I

can see no reason why the same benefits would not accrue to transmission planners elsewhere.
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3. Be prepared to buy less and pay more per project today, in order to get more for less

in the future. This reform flows naturally from the first two reforms discussed above. The value

of this specific policy refinement comes most clearly into relief when comparing Connecticut's

experience with those of Minnesota and Colorado. In the case of those two states, and most

explicitly in the case of Colorado, the particular combination of a tremendous (and readily

developable) regional wind resource with a fairly typical view of program cost limits (and,

importantly, the Federal PTC, the value of which may soon be replaced by a carbon pricing

policy) has created the opportunity for some enterprising LSEs to propose paying somewhat

higher prices today to promote a limited quantity of projects based on early-stage technologies

with the potential to provide a wider range of grid services in the future.

Connecticut, like most states in the Northeast, faces a far more difficult situation.

Despite a much higher market-clearing price threshold, these states have struggled to induce

significant new investment in renewables. While massive new transmission investments may

reveal that there is ample room for terrestrial wind development at these price levels, the much

higher costs experienced to date by terrestrial wind developers in the region, the much smaller

and more dispersed terrestrial wind resource in the region, and the open question of how the new

transmission will be paid for, all combine to favor a more modest expectation. By contrast, the

region possesses one of the country's premier deep offshore wind resources, in both size and

quality, but offshore wind is a far less mature technology, currently costing much more per kWh,

than is the case for terrestrial wind. The current program cost ceilings in the region, expressed in

dollars per unit of energy purchased, are already at levels that, were the programs objectives to

be fully met at current prices, would result in retail rate increases several times as high as the rate

limits enforced in most other states. Yet given the maturity of the dominant renewable resource
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identified in the ISO-NE interconnection queue (i.e. terrestrial wind), it is unlikely in this

scenario that renewable production costs would decrease dramatically simply as a result of the

commercial experience that would be gained through RPS-driven development.

The answer for New England, and other regions like it, may not lie in looking for ways to

unleash large amounts of bulk energy from mature technologies while staying within what are

already relatively high per kWh price caps. The answer, instead, may lie in paying even higher

per unit rates today for a smaller quantity of energy from more promising early-stage

technologies. Setting smaller interim kWh targets for deep offshore wind and advanced biomass

CHP could pay tremendous benefits down the road by accelerating commercialization of New

England's premier untapped resource. Deep offshore wind also allows greater concentration of

facilities, promises higher firm capacity value, more predictability and better peak coincidence.

Biomass CHP has high value as a replacement for baseload conventional coal plants. The cost of

the revised programs would be kept constant as a result of lower interim bulk energy targets. In

so doing, early-year program resources that would have been spent subsidizing bulk energy

purchases from mature technologies can be shifted toward initially paying more per unit for

fewer kWh, from projects featuring earlier-stage technologies (a la Recommendation #1)

promising to deliver a wider array of system benefits (a la Recommendation #2). The programs

would be expected to take longer to gain momentum, but the long-term outcomes are potentially

far more valuable. The alternative, at least for states like Connecticut, seems akin to the banging

of one's head against a wall with little to be gained from finally breaking through. While the

suggested policy refinement would codify a trend that may already be emerging in other regions

(e.g. Colorado), it could be the key that finally unlocks long-term value in regions like New

England that have struggled to gain traction with their RPS policies as currently designed.
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4. If and when imposing RPS program cost ceilings, replace per-kWh alternative

compliance payment mechanisms with some form of overall program cost envelope, such as a

limit on compliance-driven retail rate increases. This reform is really an adjunct to

Recommendation #2. The ACP mechanism so common among many programs, particularly

those in the Northeast and Mid-Atlantic, at first blush offers the prospect of greater simplicity.

After reviewing the four state programs in detail, however, this mechanism appears to suffer

from two shortcomings. First, it absolutely forecloses on the opportunity to develop promising

early-stage technologies by subjecting them to per kWh price ceilings that reflect the expected

cost of far more mature technologies. A cost limit expressed in aggregate rate impacts gives

regulators and LSEs the leeway to pay above-average rates for a small amount of energy from

early-stage technologies while paying below-average rates for a larger amount of bulk energy

from mature renewable technologies. Again, we've seen examples in Colorado and, possibly, in

Minnesota of LSEs doing exactly that.

The second inherent shortcoming in the ACP mechanism is that it operates immediately

to restrict the quantity and quality of renewable production, by expressing the limit in every kWh

purchased. An overall cost envelope, by contrast, allows higher prices to be paid in early years

for initial quantities of renewable production without breaching limits, and as renewable

production costs hopefully decline with increasing volumes, greater quantities of the same

resource can be purchased in the future without adjusting the caps. When the ACP approach is

combined, as it is in New England, with inherently high-cost energy even from mature

technologies, the trap that is created is that LSEs are locked buying large quantities of energy

from mature renewable technologies unlikely to experience significant improvements in cost

over time. As a result, they incur prices near the cap today that are likely to remain at or near
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those levels for the duration of the program. By converting to an overall cost envelope and

combining it with lower interim targets as suggested in Recommendation #3, LSEs and

regulators are free to experiment in the early part of the program with a mix of technologies,

from early-stage to mature, in order to maximize the program's long-term benefit.

5. If and when imposing RPS program cost ceilings, scale back energy volume targets

and replace them with lower energy and capacity targets that can fit within the same envelope,

particularly in the early years of the program. This is essentially a corollary to

Recommendations #2 and #3, and indeed it was suggested in the respective discussions.

Imposing procurement obligations for early-stage technologies and/or technologies that promise

a wider array of system benefits will in most cases require the payment of higher prices per kWh

purchased. Keeping overall program cost limits at roughly the same level, a level that has to date

proven broadly popular with state legislatures, implies that lower interim volume targets would

need to be set. While the initial result, in quantities of early year renewable production, may be

less dramatic, I have already made the case at length that the long-term program outcome would

be greatly enhanced, by accelerating the commercialization of technologies that are currently

being squeezed out of most state compliance activities, and by encouraging the

commercialization of technologies better suited to replacing conventional coal than those that

currently dominating most regions' RPS-driven renewables development.

While none of the four states studied presents an example of this type of policy reform,

the direction in which California is heading suggests such a possibility. At the end of the

California discussion in Chapter Four I asked rhetorically whether California state agencies

would be prepared to accommodate the higher unit prices that would almost certainly be required

to develop successfully the early-stage, multi-faceted technologies that are coming to dominate
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the California renewables queue. To the extent that they will do so, the next question that arises

is whether or not they will be prepared to accept the higher total program costs resulting from a

combination of higher than expected unit prices with the same, aggressive unit quantities and the

same, aggressive schedule. It is always possible that they will take this additional step as well,

but I would argue that it is not necessary to do so. If, as I have argued, the near-term

acceleration of early-stage technologies leads to a rapid improvement in cost and performance, in

line with historical learning curve experience, then policymakers should be comfortable with a

compliance timeline that is a curve rather than a straight line, with lower targets in the early

years followed by more aggressive targets in later years.

6. Allow some level of compliance through the purchase ofRECs from non-local sources,

while focusing local compliance activities on indigenous early-stage technologies. This is

potentially the most controversial recommendation, since it will be seen to conflict with those

whose primary agenda in supporting RPS is to promote local investment and/or regional energy

self-sufficiency. But it does not have to be so, and indeed I would argue that if such a reform

were implemented in concert with the foregoing recommendations it would produce a more

sustainable local renewables industry by concentrating local investment on the highest quality

and most abundant local resources.

From a climate policy perspective the logic of this approach is unassailable. As we saw

in Chapter Three, high-quality pools of renewable resources are unevenly distributed across the

country, such that the optimal distribution of investment in renewables development would result

in the deployment a varied portfolio of technologies to exploit different pools of resources in

different regions. This is often cited as one of the primary benefits of a national RPS, but there is

149



no fundamental reason why the web of state-level programs couldn't achieve much the same

end.

Experience to date across the range of RPS programs only tends to confirm this.

Terrestrial wind is currently the highest profile and most commercially exploitable renewable

resource using existing technology, and as a result it has been the primary focus of attention in

nearly every state RPS program. Nonetheless, the RPS era has seen the great preponderance of

successful wind development occurring in those states with access to the Plains wind resource,

despite the fact that the prices to clear the renewables markets in those states are considerably

lower than in regions that have had far less success. Even if the premium price markets can

manage to break through the current barriers to land-based wind, they will never be able to

produce as much electricity from land-based wind, at as low a price, and with as much

predictability and firm capacity value as can be developed in the Plains states. And yet, looking

for instance at the four states examined here, the current ISO-NE interconnection queue implies

that the lion's share of the public resources local legislators are prepared to invest in renewables

development will be spent subsidizing land-based wind production at prices considerably higher

than what can be realized in Minnesota and Colorado.

This is not to say that RPS policies in regions outside of the Great Plains should not

encourage some terrestrial wind development. But it seems counter-productive to spend

considerably more than necessary to promote a technology with limited local prospects, in the

process diverting precious public resources away from the commercialization of technologies to

exploit the region's most plentiful renewable resources. As an example, allowing Connecticut

LSEs to comply with some portion of their near-term RPS obligations through the purchase of

RECs from Midwestern wind developers could produce a number of salutary effects. First,
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while development of the best of New England's terrestrial wind would no doubt still take place,

the creation of a wider market for RECs from Plains wind projects should promote a more

aggressive development of that vast resource than would otherwise be possible. Second, while

expanding LSE compliance options should lead to increased competition and lower average REC

price, the creation of a deeper, more diversified REC market should also produce an offsetting

benefit by dampening REC price volatility. Third, as we saw in Chapter Three (and reinforced in

the discussion around Figure 4.14), wind power produced in the region stretching from the

Mississippi to the Rockies is far more likely to displace conventional coal plants than in almost

any other part of the country, both because of the quantity and quality of the wind resource and

because of the amount of time that coal is on the margin in the region. Fourth, because the

LSEs' costs per kWh for that portion of their compliance obligation would be considerably less

than it is today, more program funding would be available to promote the development of the

best of New England's indigenous renewable resources. Policymakers could stipulate that a

major share of compliance purchases may only be made from a specified band of early-stage

technologies exploiting key regional resources, with lower interim kWh targets than currently

imposed ramping up to comparably aggressive targets in the back end of the program. Adopting

this approach is likely to accelerate the development of the targeted resources into major sources

of regional energy supplies. At the same time, there would be a greater likelihood that the region

will become a center for the commercial development of such technologies than would be the

case for other technologies with brighter prospects elsewhere. In short, this reform is not only

sensible climate policy, but it is also sensible economic development policy.

The objection will be raised that this conflicts with the goal of promoting regional self-

reliance. Even if one accepts that such a goal is achievable in most regions of the country, there
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remains the question of whether the benefits of greater self-reliance would be justified by the

cost. But leaving that debate for another day, if regional energy self-reliance is a policy goal, it

is best promoted by the commercial development of a region's most plentiful and attractive

resources. On the other hand, promoting self-reliance based on technologies and resources that

are far more plentiful and far more cost-effectively deployed in other regions of the country

seems at least as likely to impede local economic development as to enhance it. Virtually every

region of the country is blessed with at least one indigenous renewable resource with the

potential to enhance energy self-reliance without fostering an energy cost disadvantage with

other regions. 10 The primary exception is the Southeast, which lacks any notable renewable

resource base. Indeed, the southeastern states have largely for that reason been the greatest

obstacle to the establishment of a national RPS. But in spite of this, or perhaps because of it, the

states in the rest of the country need not wait for a national RPS to reap the benefits of a more

wide open set of renewables policies that leverage each region's most attractive resources.

I have pointed to the potential economies in transmission infrastructure to be gained from

a focus on only the most concentrated, highest-value resource pools. In order for states to fully

benefit from opening their RPS programs to inter-regional compliance markets, they should

consider diverting some or all of the headroom thus created to the formation of regional or multi-

regional compacts for the construction of long-distance HVDC transmission infrastructure. This

would allow states to access not only the RECs but also the physical production from the

country's best pools of renewable resources. Regardless of the possible merits of the idea,

however, such a recommendation is beyond the scope of this thesis and is thus best left for others

to pursue.

110 See, e.g., Palmer and Burtraw, "Electricity, Renewables and Climate Change," May 2004, Table 6 and related
discussion.
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Each of these six recommendations throws up a number of questions that warrant further

consideration. The objectives here, however, were:

1) To establish the role played by climate change risk mitigation as a primary policy goal in

the establishment of state-level RPS programs;

2) To establish a context for what would constitute a meaningful contribution by the power

sector to climate change risk mitigation;

3) To analyze in detail the design and experience with a selected group of state RPS

programs in order to evaluate their fitness to deliver the meaningful contribution claimed

for them by many of their proponents; and

4) On the basis of the findings of that analysis, to recommend a set of specific policy

refinements that could significantly enhance the efficacy of these policies in this regard.

I have found that strengths and weaknesses in the design of RPS programs as weapons in the

battle against climate change have begun to emerge from the vital process of experimentation

that is taking place in the laboratory of the states. The great benefit of that process is the

opportunity it offers for periodic reassessment and improvement. Some of the more

ambitious state programs have now accumulated enough useful experience to provide the

basis for the analysis presented here. That analysis points to the package of reform presented

above, each supported by specific findings in this report, as promising opportunities to ensure

that renewable portfolio standards can actually deliver the goods.
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Summary of U.S. State RPS Program Features
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[1] Where I have not listed a name for the legislation, there either was none or it was some variation on "a renewable portfolio act;" I've listed names only where they provide some valuable insight

[2] Stated intended benefits: 1. Economic development/employment; 2. Improved air quality/environment; 3. Energy security; 4 Diversity/reliability/in-state resources; 5. Lower prices/price stability;
6 Public health; 7. Climate change; 8. Conserve water; 9. Lower cost/create mkt for renew; 10. T&D benefits; 11. Conserve non-renew; 12. Improve the rl of non-renew energy; 13. Social equity

[3] Escape options: 1. Prices above approved mkt plus funds available from SBF; 2. Retailer compliance payments (per MWh); 3. Wholesale supplier compliance payments (per MWh); 4. Large
industrial loads; 5. Insufficient availability; 6. Unavailable at "reasonable" (e.g., avoided) cost; 7. Aggregate retail rate impact (e.g. must be less than 1%)

[4] Geographic eligibility: 1. In-state resources only; 2. In-state or physically interconnected; 3. Deliverability to state; 4. Deliverability to region or control area; 5. No restrictions
[5] Separate set-asides: 1. Distributed generation; 2. Residential installations; 3. Solar; 4. CHP; 5. Efficiency/Conservation; 6. "Clean" renewables (e.g., not hydro, not MSW); 7. Wind;

8. Community-based; 9. Existing resources; 10. Geothermal; 11. biomass; 12. Livestock waste; 13. Voluntary green energy sales; 14. Premiums paid for in-state resources

[6] DE's compliance payments escalate from a very low level ($25/MWH) for the first year of non-compliance, to increasingly onerous levels ($80 in the third year)
[7] The State of Hawaii and the DOE have entered into a non-binding MOU that Hawaii will target 70% from renewables by 2030
[8] ME, MA, NH and RI ACPs each start at $57.12/MWh in 2007 and escalate annually with inflation
[9] Data shown applies only to Xcel; MN established a separate, less stringent schedule for the other two IOUs and the coops, but Xcel supplies over 2/3 of all retail electricity in the state
[10] SBC = System Benefit Charge; the specific name varies, but it refers to a charge added to customer bills to fund a specified public benefit, such as development of renewables

[11] ACP = Alternative Compliance Payment; refers to the amount the retail electricity provider can pay to meet the RPS obligation without actually supplying energy from a renewable source



Appendix B

Description of Bulk Power Grid Ancillary Services

The following pages have been excerpted from the North American Electric Reliability
Council's "Reference Document: Interconnected Operations Services," prepared by the
Interconnected Operations Services Subcommittee, Draft 2.2, 12 March 2001, pp 1-11.

The full document can be accessed online at http://www.nerc.com/docs/pc/IOSrefdoc.pdf.
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Refermee Document Overview
Interconnected Opaionsm Services

Section 1. Overview

1.t Scope and Purpose

This Intemometed Operations Services (108) Reerence Document was developed by the
Itercaneeted Operations Services Subcomnittee in reapowe to adirective Rom the NERCOperating
Comunittee in Nomb 2000. This 10S Retrrne Document:

* Definesend describes thecharacteristics of INWIRMlNCIr OPERATIONSS•vICE.S(lOS)

* Describes the necesity of 1M8 s'reliability building blocks' provided by gerators(and sometimes
ladm) for the purpose of maintaining BIuu ELECrlUC SYSTM reliability.

* Explains th relationship between OIRATIN AUTIUI_.t antd IOS SUPPUERS in the provision of
uS.

* Frovides sample sandeals thatoould be used to deffle the possible obliltions of OPERATIN
AUtIncms and 108 SwtPuS•s in the provision of IOS

* esribes srumple ethods b performance meuremet in the provisia of 108

* escribes sample methods Ibt the ertifiation of 1)S RcOURCES.

1.2 Definition of Terms

The dnitions of US describdl in this 1S0 Retrree Document ae s follows:

RrUitATION. The provision of Smemation and load response capability, including capacity, energy, and
MANIUVERABILwLY, that responds to autonmic controls issued by the OPRATImO AUTHORITY.

LOAD IFLLOWIIC. The provision of prration and load resp•one capability, includingeapacity,
energ, and MANWVERABiMLt Y,that is dispatched within a cleduling peiod by the OPE.AunNo
AtnrarrM.

COmNtIGENCY RIUsRVL The provision of capacity deployed by theOPnERATlN AUicRIY to reduce
ARGA CONTRa ERROR to meet the Distudbae Caotrol Standa (DCS) and other NERC and Regional
Reliability Council contimepncy requiremnts. C mNolNCY RWsRVt• we coamped of CHmoNo1~ NCY
Ra•vSPsrv amolaand CON*ThOHNCY REKVlBSUMPPLMENTAL,

RrACTIVE POWERSnMSPLYv PM GENMATmN SotRaC Tlh provision of reactive capacity, reactive
energ, and respoasivens from 108 RMu•ncES, available to control voltaps and suppost operation or
tle BUtLKELECIIC SYs•M.

FPUQutE•N RsPONSL Tie provision of capacity from 10 RO•UCES that deploysautomatically to
abilize eqIuency followinga siptirant and suslained fgquency deviation on the ITR dBwNN~ui•tON.

SYSTL bLACx 'ramT CAPAmLrv.The provision of pneuting equipment that, Illowing a system
blackout, is able to: I) start without an outside electrical supply, and 2)energize a defired portion of the
tranmision system SvYsMu BULAC STARl CAPAMBILrY ser~ to provide an initial ma p supply
murce Ibrother qytem capacity one part ofa broader refsation pacess to reenrgi the
taamission system.
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Reference Document Overview
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he six IOS above are a coa set of lOS, but are not neccumrily an exhaustive list of S, Other BtL.
ELEC'RIC SYSThM reliability services provided by raatoersor leads could potentially be defined a
US.

Hx following islated terms are sed in this lOS Rcfennce Docuaent;

BIILK ELECFRCTit SYEM.Ib ah eptC ofelecric p•nating plmts, transmission lincsand related
equipment, The term ney rfer to those facilities within on electric utility, or within a group of utilities
in which the transmisamn facilities are interconnected.

CoNrImNICY RmvERV- SmmIYrG The portion of COmm3aENC RESERVE provided from UMS
RS URnCES consisting of:
SGeneration synchmonized to the systemand fully available to s load within Ts n•nutes of the

conlinency event; or
* Lad fully removable from the sytcm within Trs minutes of the contingncy event.

CoNrrm .nrcv Rsrtavr -St IrEn. AL. The portion of CODmti ENCy RSERVE pIvided from
10S RouucESconsiting of:
* CGeration (syncJronizrd or capable of being synhronized to the systen) thit is fully available to

serve load within Trs minutes of the cotingency event; or
* Load fully removable from the systm within Tts minutes of the contingecy event.

CONTROL AREA, An electrical sytem bounded by inteaomection (tie-line) metnng and telemetry. It
controls pneration directly to nmaintain its inierclhan schedule with other CONOTOL AREAS and
contributes to frequency repulation of the WIrERCONN•CCoN,

Dcnwv.. To authorizte present and future status nd loading of reources. Variations of the word used
in this 10 Rekrence Docunent include DEM•YtENTand DELOYED.

DnAMIC T wRAmNFRL The provsion ofthe real-time monitoring, teleueterin% conmputer sotwre,
huadwae, communications, engincering encrg acounting (including iadverient intcrchnp), and
administration •cquiand to elctronically move all or apoition of the al energ srvic associated with
a rnrator or load oul of one Conuoit. AREA into another,

INTERWONN ECTr OrRATIONS SuSrvat (10S). A service (exclusive of asic energ and tranmission
services) that is ucquired to support the reliable operation of intecomected BULK ELwnucRC SYS¶s,

INTERCONN frrlON, Any on of the three majar electric system networks in Noath America: Eastern.
Westem, and ERCOT.

IOS S•MunLr An entity that offers to provide, or provides, one or more 106.

IOS RrsotPaE, The physical cleces(s) of the electric system which is (are) capable ofpiuviding an
UtS, Examplesof an 10$ RE•sURCE may include one or more neating units, or a portion threof, and
controllable loads.

MANE!•v RABII.rr .The abilityof an lOS RESORC•tm to chang itsrcal- or reactiv-power output over
time, MANULVERARILI. Y ischaracterized by the ramnp ate (c.g, MW/minute) ofthe 10S ResOunctand,
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Intconected Operations Services
for REOULAMAON, its acceleration rate (eg&, MW/minute2)

OMrATING AUTHORmT. An entity that:
I. Has ultimate accountability for a defined portion of the BuLu EL•CMuC SYS-1M to meet one

or more of three reliability objectives - aneratio/demand bIlance, transmisim security,
ad/or emergency prepaedness; and

2. hb aountable to NERC and one or more Regional Reliability Councils tbr complying with
NERC and Regioal Policie ;and

3 Has the authority to control or direct the operation of merating resources, transmniion
6cilities, or loads, to meet these Policies.

OnRATING RIEsmr, That capability abov firm system demand required to provide RBOULATlON,
load forecasting error, equipment forced and scheduled outages, and other capacity requirements.

1.3 IO8 Are Bullding Blocks of Reliability

IS are the elemental 'reliability building blocks' from ~enration (and sometimes load) neceeary to
maintain BRLK ELECnrIC SYS1VM reliability. These 'reliability building blocks' have historically been
provided by integated utilities, cofigured as COcNTROL AR~A using internally owned resources. In
contrast, in many areas of North American today, the introduction of competitive electricity markets has
resulted in restructuring to separate transmiion and geration functions, as well as other traditionally
integrated functions. Increasingly, some of the entities responsible for reliability of BULK ELECrRic
SYS•Msdo net own all of the resources necessary for reliability but must obtain these resources, in
particular generator-provided services through a market process or through conmmercial atranogmewts,

This MOS Reference Documeut identifies six basic reliability services tom gnermtion (and sometimes
load) that must be provided, regadles of regulatory environment, nmrkt structure, or organizational
tamework, to ensure BULK EucErtRC SYS'IM reliability. These functions are the raw nmaterials that
OPERATINO AulmORITIm must asmemble for deployment on a regional and intemonnection basis to
aehieve BULK ELECTUrC SYSVhM reliability.

The OS presented in this paper were chosen as such because their unique physical characteristics lend
thenmelves to separate measurement methods and reliabilitycriteria. These lOS can be combined in
•rious ways to support conmercially relationships - simply because a function is an UOS should not
naturally lead to the conclusion that the marketplace should buy and sell that specific lOS separately.

Fire I illustrates the relationship between the K)S and reliabilityobjectives. Someofthe 'reliability
building blocks' from gneration are used to achieve ;gneration and lead balance which is fundamental
to nmintaininga stable BULK ELECTRIC SYSEM and INmrcoNNWTION iRequency within defined limits.
These oneration and demand balancing UOS are REOULAlICN, LOAD FOLwiNO, and CONiNOGENCY
RmESRVE.

Other lOS are ued to naintain a secure transmission network. R EAc•VE SumPILY FROM GENERATION
SOURCEs and FRt~ UNCY RlESP1Oi are examples of DS for system security.

Finally, IOS can be used for enerptcy preparednes and restoration, such as the lOS SYSvtM BLACK
START CAPABILITY.
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Section 2. Description of 10S
2.1 Generation and Demand Balancing IO8

Control Area Obligations

In their simplest form, neration and demand balancing JOS are capacity and the ability to raise and
lower output or demand in response to control siygals or instructions under narnal and post-cntingncy
conditions. Generators, controllable lads, or storam devices nmy provide thesecapabilities. Energy
may also be delivered by a resource as a byproduct of providing the balancing capability.

The OPERAIINO AUTIORTY aggregs and deploys resourecs providing these services to meet the
Com•Nr AREA pgtration and demand balanging oblipstins, derfined bycontrol perfirmance standards
in NERC Operating Policy 1. These esources nay supply a diverse mix of IOS, since balancing occurs
in dif~rent time horizonsand under both pre- and post-continncy conditions.

Section E of NERC Operating Policy I requires that a CONTROL AREA meet the following criteria:

* CIitrel Prfrmsare Stam dard I (CPSI). Overa year, the averap of the clock-minute averages
ofa CONMltOL ARiA's ACE divided by-10B (B is the CON1TIOL AREA ftquency bias) times the
corresponding clock-minute averaes of the INMle COMNN xOl's fiquency error slall be leas than
a specific limit;

* ClesIrl Irformmre Standardn 2 (CPS2). The ten-minute averap ACE must be within a specific
limit (Lm) at least 90%of the time within each month; and

* DitIrbs•e Cestral Standard (DCS). For reportable disturbances, the ACE must teturn either to
am or to its pre-distutban level within a specified disturbance recovery time(defined in 1OS
Reference Document as T•as minutes) following the start of a disturbance.

Cperating Reserves

Pblicy I also requires a CONmttL AREA to provide a level of OPERATnN RIEtwRVES sufficient to account
for such factors as forecasting errors, Sneration and transmission equipment unavailabil ity, system
equipment forced outage rates, naintenance schedules, regulating requirenets, and lad diversity.
Pblicy I states that OPrRATrINo RSEsRVwconsist of REQULATI•N and CONIN•ENCY RfIERVES, and
tat OPERA•nmN RIERtvES can be used for the teasons listed above. OPEWATIN RiPsERVES nmy be
comprised of: (I) available capacity from resources providing RWuULAlON and LOAD FOLLOuINO
services,(2) CONtIGENCY RIERxVES,(3) available FRIWQUENCY RMIPONSE capacity, and (4) load-
serving reserves or backup supply.

Load-erving reserves are the responsibility of a LOADSERVING ENTITy. They are designed to account
for enrrors in forecasting anticipated and unanticipated Spneration/resource and transmission outaes, and
naintenance schedules that impact the delivery of energy to the LOAD-SERVING ETmiY. These reserves
support the reliabilityof individual LOA-SERVINo ENlITIESr, rather than the interconnected BULK
ELEcruc SYSTEMS. As a result they are not an lOS and are not addressed in this JOS Reference
Document.

I The disturbanoe rscvy time is defined in Policy 10 a a vaiable TesIt rmcogni tln the specified meovery
time sated in Policy I may drnas
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OCervtew of Generalon and Demand Balancing IOS

Thble I sunmmrizcs the lOS nccamiry to provide rnmeration and dennd balancing rviccsand shows
ihe reliability objectiv, amociatd with each.

Table 1 -Overview of Gemeralie and Demand BDalan•g Resmrce

Rls ealiy obiheve
Nrmal epratiagK rlat P 4t-e.tia•ea•y

Follow minuto10-minule
REOULAunON difntesbctween

nrato and demnd.,

LOAD FOuLLOWIQ Follow greeSraion and dmeond
imlances ocurring within a
schcdung peiod.

FREQ~UNCY RBSPmQm Arrea devition from
She&dled fi4lucncy,

SPaINNI Resatr Sun2ration and
CO•NaeNCy demand balanc, usually

aer a continpacy,
RESERVES SUPPLEMENTAL Rcgut rncration and

daennd talancetaf~r a
c 2 ad d piod of d tin in e

Figure 2 compnre the ux and deployment period of the load and pination balancing service,

Continuous
Regulation
load Following

Seconds
Deploymnt Nujod

Minuts

Ibst Continpeey
Frquency RcEsonsc2  1 .
Spinninmg Reserve
No-Spin2ing Reserve

pgure 2- Depymeinat Perid fhr Lead andGneraties Nalanbig Services

SIn his IOS Reemrpce Doanes, PEQUENCY RE~SiNSE is e W am INHWmON rEN nity Atxaig
rdsthe l a grm tion ai dand Wlacinmg Atin It is hownw in Tame 2 and Figue 2 only br the purpow of
dhmwing ihe dqploymen limo relative o thow of the gernwain aid dnmand baiciu• 105.
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Desalcrpon of REnUATOnc AlD LOAD FOLLOWINO

REGULAtION and LOAD FaWLoWINO emquire similar capabilities and are addresed toether in this 10S
Reference Document A major difference is that LOAD FOLLOuINaresouwees are deployad over a lonfr
time horizon ad over a nerally wider ran of output than resorces providing REGOJA1UiN. The
LOADFOLLOWINt burdea imposed by individual loads tends to be highly eoarelated while the
REOULAION burden tends to be larply uncorrelated.

REGULATION provides for pneration and demand balancing in a time ftrae of minutes. The CCONViOt
AMA cantinuously dermines the requied cens (upe and don) to the real power output of regulating

sources to cormet ACE to within CPS bounds

LOAnFOLLOWalNaddresse Iae4term chanes in demind within asheduling periods. LOAD
FoLoWvNorcoures, under automatic or manual control, cle (and to an extent anticipate) the loner
term variations within a scheduling period. Fiure 3 distintishes the time horizom of RBmULA4IONAtN
LOAD FOLLOWING MS.

106

104

102

100

98

96

94

92
0:00:00 0:15:00 0:30:00 0:45:00

Time
1:00:00

FIKre 3 - Rr•CuLnoN o sad LoAn FLotwuNG

Desclpllon of Confngency Reserve

in addition to commnitting and controlling resouces to emurecontinuous ialance between pVeration and
denad, NERC Policy I equires an OPERAUnm AntmFloY to return Snetion and demald to a
balaneed state(orat least to the same level of inbalance usthe pre-conti~g ncy slate) within ten minutes
lillowing a continpmcy. CONTINNCY RI3EvE pmovides andby capability to meet this wequirement
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Following a contint ncy, FREQUENCY RESPONSE will inmmldiately begin to arrest the fsequency
deviaton acroi the IERCdONNECI1N, Within the affected CtONTOL A RE~A ourcesproviding
REAouATIoN will begin to adjust outputs within cords in response to si*als tom the COTrtOL
AREA'S ACC. in addition, the OPERATMiN AUTlOrITY may deploy, if neceary. CONTINGENCY
RBsRavE- SpoqaNOand SUPPLEMwNTAL. These reserves e used to restom the pre-cantingecy
guneratia and denmad balance, FREQUENCY RESPONSEapacity, and REaULATOceapacity. in all
caes. the CONT,~wNCV REsRavFnamst he sufficiently activated so that within Tncs(or les) the pre-
ontimnpcy gneratiodeanwd balance and FasequNC RESPONSEicapaeity we retosed, Delivery of

these reseves mus he suatainable fer the minimm reserve deployment period.

The time line below pra•hically shows the qperatig relationhip betwen FREQUENCY RESPONSE,
CowHINENCY RI]ERVE and an individual LoAn-SvERvI ENnrr's reserve or backup supply,

Ctomer nmate
4d of Seckup

supply SUce=
OA
Inplmnents
chet"le

MCwang y Reuertow etord

rsene Ftdly
ueLoe

T.0 0 T, 20 30 40 s60

nutes

Igaim 4 - Operating Reserve Timesie

oodlainted post-ontinncy operating plans se nccemay to ensure CONQ OL AmEAsn e ablc to
deploy and reator CONTmGENCY" RESERv in a timely mnner, These plans must outline the rerve
obligptions of CONTIOL AREAs, ORATIG AUlOA HOIFlmn S, and LOAtSEavNo 2N mTIs. These
mranFmmnts dhould delineate when and how scheduls will be curtailc, which CONIROL AREA Or
OPERAT•IN Au•nOmrr is responsible to deploy CoNmcINENCY RISERvE, and when and how
mplacenent schedulcs, ifany, will be implnented,

Transmlssion Losses

Although the previous discuuio focused on the misnatch between gnoeation and dnrend due to
andomly varying loads as well as control and cheduling erors, the loses amociated with use of the
transmision system must also be secopized. Real power loses are actually another type of denand
and, if not cospensted for, can cause a deiciency in resfCer and syJcm ftquency d nepadtion thus
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livatening sysian reliability,

All electrical flows impact system loses. This includes tranaission customer uses, native load uses,
pallel flows, and other uses. All scheduled users of the transaimion sysem am responsible for
providing losses associated with their useof the system. The CONtROLuAR is responsible to balance
total syanem demand, including losses.

ihe difleren in real-time between actual syatem loses and resoumrces scheduled to supply system loses
is provided by R3GULATION and LOAD FaOLOWnNo. For this reason, the I0S Refevence Document does
not treat loases as a sepate S. itead losses are handled in the markt, thougt scheduling processes,
in accodance with transmission tariffsand contracts, Any differences betwen scheduled and actual
lossesmae addressed thrusgh RE•utAIDN and LOAD FaOLOWINOor possibly though ENERGY
IMBAIANC measures, if a tansmsia customer is delivering energy to compensate for loses.

BEergy Imbelance

Energ y d scheduling imbalancesare awam of how well a transmission customer is meeting its
talcingobligtions sta specific point or points at the system. Such imblances are calculated e the

dilference between actual and scheduled energy at a point of receipt or point of delivery over a
schedulingperiod.

The provision of gperaion and denrdl balancing in a pre•ontingency state br a transmission customer
is done throuh the use of aceduled delivery of roures to sere the ransmission customer's load,
longwith the provision of RBOULANION and LOAD F .OWINGO.

Although existing tnasmsion tarif may tnat energy imbalance a a service, the IOS Reference
Docuzent onsiders energy balance, including scheduling imbalances with genators as energy
misaatch measurements. Energy imbwlance is a measure of hitomrical performance avernd over a time
period. 10S are apmbilid•athat are deployed in the present& future to meet reliability objectives. Both
energy imbalance anl 10S can be masured, ad can have reliability criteriaand economic terms.
Howeve~ energy inbalance only describes past performanc, while EOS are services that nay be
deployed now and in the future for reliability purposes.

22 Bulk Electric Systan Security 108

System security refers to the ability of BULK aLECIMC SYvEMS to withstand sudden distusbnces such
a electric dortcircuits or unanticipated loss of system elements.

Thv fundamemsal capabilities nceded to maintain BVLU tCcramI SYSlM Security are the abil ity to':

1. Maintain system voltags within limits to nmaintain INm~rCOmT nrION reliabilityunder
normal and emerency conditions. This is accompliderd by coordinating the following
minimnu omponents of transmission system voltag control:
* ltod power acbtor couection;
STansmission reactive comienmtion (capacitors reactors, static va compnators, etc.);

3 Refr to Opeating Policy 2 Band Planning Policy ID for Coutrol Area atandrds related to voltage
control.
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SGerator intecrconnection requirements with the transminion provider (rclay and control,
ponwr factor, voltap, etc.);

* CcmnTRO. AREAcoordination; and
* REACnIVE PaOWER SI;P.YFROMGENERAIION SMO RCIIS (IOS)

2. Autonatically and pidly Mrcl fiquency cxcursiom due to cotminp'cies on BUcK ELECTRIC
SYSTEMS, This capability constitutes the FR•c•ENcp RESnNSE lOS,

Reactve Power Supply from Generation Sources

REACnVE POWER SUPPI.Y FROMT GNERADAnO SxMacEnS cmnprisw the following csential capabilities
tom ncrators (and posibly some loads): reactive capacity, reactiv encrgy, dynamic and fast-acting
msponsiwncs thmugh the provision and operation of an Auomatic Voltap Re•lator (AVR), and the
chility to f voows a apachedulc. RIACnvE POWER SUPPLY FU GENERAnOI SOURCEs is used by
the OPERATnNO AUm•AuRY to maintain system voltap within establiled limits, undcr both pre- and
post-continpncy eanditions, and theseby avoid voltap instability or syatem collapse,

hterconnectlon Requirements -Reactive

In addition to the ue of this paIcnsion-based lOS, the OPERATING AtmuruTy nmaintains transmision
security through the oodinated use of static reactivw upply devices throughout the sytmc and nay
develop and rper reactive criteria on LOAD-S•vaIN EMpnTES, Requirements for the non-genrator
comrnonnts are addreaed in other NERC, Regional Reliability Council, and local tandaids and
intecmnection requirements.

As an example, minimum interconnection requirements include NERC Planning Standard IUI C S I, which
state: "All synchronous pcrators connected to the intercnnected transmission syaen wdall be
operated with their excitation system in the automatic voltat control mode unles approved otherwise by
tic transmision sysemn operator," The intent is that these be no supplemnntary excitation control
(reactive powr or power factor control) that limits cmer~cy reactive power output to Ics than reactive
powercapability.

(3erator power factor and voltal regulatin standards can be acondition of int•connection to satisfy
areaor local syocm voltap conditions, Voltaprepulating capcity and capabilitiesthat ae provided to
meet minimm intercnection requirements do not imply lat those pnrators are qualifred 106

Requency Response

FREQUENCY RSPOaNE is the capability to chanp, with no nanual intervention, an 1OS RiasomII 'E real
power output in diuect response to a deviation from scheduled fcquency.

1he need for F xnqtunj RESPNSE extends beyond the boundaries of a Ct0tOL AREA to meet the
reliability needs of the INwrRtcONNwON., Ilae it is aliped with a tranumsmion security objective
ather th•n the load and paicration balancing objective, FREQUENCY RESPO n E is net Cquired to meet

the CONTROI. AREAneds slated to DCS. COlNOxENCY RESERVE isused for that purpose.

FREQtUNCY RISPONSE is achieved through an inundiase gvcrnor response to a siguficant chanp in
ImtR~CNECQ noN f'quency, The cumulative ffect of the gowmor reiponse within the
INn•EtaNEcnON provides an INTEmRCNCnt ON-wide remponse to a icquency deviation (i,e., all
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CONROL AIrAS will '"ee"a frequency chan and cntnribute their frequencyrespose in proportion to
te frequency chmant This jpior action arrests the frequency deviation and allows other slower
nusponding catrol actionsto effectively tore sysem fequency and affected CONTROL AJEA's ACE.

23 Emergency Preparedness

Enerpncy preprednemrefers to the measures taken to preprse for te rare occsins when all r a
ajor portioof a BULtK HIuCtCSSrY M or INtraCDNNWEl r 1N is 1breed out of service. When this

aoccu, tie capability ust exist to restore normal operations asquickly as possible. This is called
system restratimo. System restoation requires:

* SYsiu BLTAC STARTCAPABInU Y -Generating units that can start thenmelves without an external
dlectricity source an a can then eergie tranmmiion lines and restart other neratirg units

* Non-black start p ratingunits tiat an quickly return to service aer offlite power has been
tesitoed to the station ad can then prticipate in furtier restortion efforts;

S'lranaision system equipmet, controls, and comn1unicetions(includingones that can operate
without grid power), and field personnel to monitor ad reeste tie electrical system asgt a blackout;

* System control equipment and communications (includingones that can operate without gid power);
and

* Ptrsomel to plan for and direct the rtesratin operations aler such a blackout.

The JOS Rerenee Documnet dealsonly with the first ofthen five fie aspectsof sytem restatiom, as it is
a critical reliability services that must be prvided by nertion resaources. Other NERC Planning and
Operating Stdadsaddressother elementsof this service. NERC Planing Stmdads 4A, System Black
Start Capability, state that: "Following thecomplete loss of system pneration (blackott), it will be
nearsy to establish initial geration that can supply a souxe ofelectric power to other system
Vperation and begin system restration" These initiating p ratorsare refered to a SYSWM BLACK
START CAPABILITY.

NERCOpewating Policy 6 D, Operatiomn Planning- System Restoatiom, requires: Each system,
CONMOL AJRA,and Regim shall develop and periodicallyupdate a logial plan to reestablish its
dlectric system in a stable and oiderly manner in the evest ofa partial or total shutdown ofthe systeam
For fiurther rekrence, see Policy 5 E, Emerpncy Operations-ystem Restaration.
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Maps of New England's Wind Potential
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Appendix D

Maps of Minnesota's Wind Potential
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Wind Resource Map
(Wind Speed Potential Modelled @ 50 meters above ground*)
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Minnesota's Wind Resource by
Wind Speed at 100 Meters

Wind Speed
MeterslSecond (mph)

j.WlndLogics
This map has been prepared under contract by WindLogics for the Department of Commerce using the best available weather
data sources and the latest physics-based weather modeling technology and statistical techniques. The data that were used to
develop the map have been statistically adjusted to accurately represent long-term (40 year) wind speeds over the state, thereby
incorporating important decadal weather trends and cycles. Data has been averaged over a cell area 500 meters square. and
within any one cell there could be features that increase or decrease the values shown on this map. This map shows the general
variation of Minnesota's wind resource and should not be used to determine the performance of specific projects.

Januway 2006

Source: Minnesota Department of Commerce
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Appendix E

Sub-regional Resource Variations with the Western Electricity Coordinating Council

Source: "Colorado's Electricity Future," Colorado Energy Forum, Sept. 2006, pg 28
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Appendix F

Maps of Colorado's Renewable Resource Potential
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Appendix G

Maps of California's Renewable Resource Potential
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Concentrating Solar Power Prospects of the Southwest United States
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California Geothermal Resources
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Appendix H

Maps of California's Regional Transmission Interties
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Appendix I

Considerations of Energy Independence and Economic Development

I have argued that the public policy agenda driving the recent popularity of RPS policies
is predominantly the emergence of climate change as a leading political issue. But I have noted
that energy independence is a leading consideration for many proponents of these policies, either
alongside or instead of concerns about greenhouse gases. Economic development is also
frequently cited, though while I will touch on it here I consider it to be more of a threshold issue
than a causal one (that is, a policy inspired by other considerations is said by proponents to be
desirable as well because it will have a neutral to positive impact on economic development). I
have made it clear that a thorough treatment of either one of these issues is beyond the scope of
this paper. But given that some, and perhaps many, of those advocating these policies do so
primarily or even solely out of interest in one or both of these non-climate considerations, I
wanted to briefly address them here.

Energy Independence

This phrase can connote a number of things. For many advocates, and to the broader
public to which they are speaking, it means reducing or even eliminating our reliance on
imported energy (I would argue that most would consider imports from Canada to be outside the
scope of their concerns, such that the issue is non-North American supplies). For some this
phrase takes on the more nuanced sense of energy security, in the sense of reducing our
vulnerability to energy price manipulation by foreign suppliers, a concern said to apply to
domestic as well as imported supplies of certain fuels. For others, the phrase is used to refer to
regional energy independence or energy security. This was discussed, for example, during the
Minnesota State Senate debate on their 2007 RPS legislation, with at least one senator arguing
that the RPS would be beneficial in part by reducing the State of Minnesota's dependence on
energy supplied from other parts of the United States.

Taking the most common connotation first, it is impossible to conceive of a credible
argument that the production of electricity from renewable primary energy sources has any
material connection to the issue of energy independence. The only power production that relies
to any noticeable extent on imported (i.e. non-North American) fuel sources is gas-fired
generation using imported liquefied natural gas ("LNG"). LNG constitutes on average less than
5% of all natural gas consumed in the United States, and most analysts expect imported LNG to
continue to play a very small role in U.S. natural gas consumption for the foreseeable future.
Recent discoveries of domestic shale gas deposits alone (in formations such as the Barnett Shale,
the Marcellus Shale and the Haynesville Shale) are estimated to hold at least fifty years of supply
at current rates of consumption, over and above previously proven conventional North American
gas reserves. The U.S. and Canada are entirely self-sufficient in coal and uranium supplies and
will continue to be so for a very long time, and oil is used to produce less than 2% of all U.S.
electricity. Clearly imported energy is a transportation issue. Shifting to electric transportation
(plug-in hybrids, electric rail, etc.) is a viable import substitution strategy in theory, but there is
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nothing to say that the shift will be based on renewables. There are ample domestic supplies of
coal, uranium and even natural gas to support a substantial transportation-driven increase in
electricity consumption. To maintain (quite reasonably) that renewables are the preferred supply
source for such an increase in electricity production becomes a debate between categories of
domestic energy sources. There is simply no compelling case that building wind or solar power
installations in and of itself will decrease our reliance on imported energy in any material way.

The argument regarding price vulnerability is a more interesting one. Some would argue
that our increasing reliance on natural gas as a fuel for power generation increases our exposure
to a commodity the price of which is driven by forces beyond our control, even if it is
domestically produced. Replacing power generated by natural gas with power produced from
renewables reduces that exposure and thus increases our energy security, or so the argument
goes. There are a few fundamental flaws in this line of argument. First, while natural gas prices
in North America have historically been influenced by oil prices (which in turn are driven by the
global supply/demand dynamics), they have never been linked directly to oil prices as they are in
Europe and Japan, and in recent years they have even lost much of their indirect link to oil.
During the dramatic run-up in oil prices over the past two years, natural gas prices have
fluctuated seasonally much as they have for many years, but they have not echoed the rise in oil
prices on a thermal equivalency basis. With oil prices trading at $120/bbl, North American
natural gas prices in the past would have moved up toward the range of $17-20/mcf (as did
happen in Europe and Japan), but in fact they haven't moved anywhere near that level. The
gradual erosion of the traditional fuel-switching market is possibly to blame for this weakened
linkage, but whatever the reason, the North American natural gas market increasingly operates
independently of the world oil and natural gas markets. A significant increase in reliance on
imports could change that, but given the strong and improving domestic supply situation
referenced above, that would take a much larger shift to LNG than is reasonably foreseeable.

A second flaw in this argument is that most of the renewable production being installed
today will rely on rapid-response natural gas-fired generation to balance their variability and
unpredictability. Up to a certain level of market penetration they may reduce the total amount of
natural gas burned for power generation, but they are as likely to increase as they are to decrease
our reliance on gas-fired generators for energy, reliability, grid stability and even price stability.
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Figure I.1 - Tehachapi wind complex daily production profile, April 2005
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Figure 1.2 - Typical California shoulder-period daily load profile
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Figure 1.3 - Wind output forecasting in Germany, 2008 (blue = day-ahead forecast, pink = actual)

Of greater concern are the changes they will drive in consumption patterns. Figure I.1

shows the production pattern of California's 730 MW Tehachapi wind complex for the month of

April 2005. Figure 1.2 depicts a typical daily load profile for California during a shoulder-period

month (spring and fall are considered "shoulder periods" coming between summer and winter

peak periods). It is clear that any correspondence between the two (and there is very little) is

purely coincidental. Figure 1.3 compares the day-ahead production forecast with actual

production for eight randomly selected days in 2008 for the approximately 7,600 MW of wind

turbines connected to Germany's E.On, one of the largest and most experienced wind fleets in

the world (the fleet's average production level is approximately 1,325 MW, or about 18% of the

installed production capacity). While it may not necessarily be representative of the of the

Tehachapi resource, it does give an indication of the state of the art in terrestrial wind

forecasting. The complementary consumption of gas required to smooth this highly variable and

stochastic input year-around is unmatched by any other North American natural gas markets, and

at any meaningful scale the natural gas transportation and storage infrastructure needed to meet
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such a demand profile without a noticeable degradation in grid service quality simply does not
exist. It could be built, at great expense, but without it power generation will become even
more vulnerable to, and in fact will further exacerbate, volatility in the North American gas
market.

A third flaw in this line of argument is that the energy security goal of reducing our
reliance on natural gas for power generation is in direct conflict with the climate goal of using
renewables to replace coal-fired power generation. With wind the predominant renewable
technology, and at the scale of production expected for the near future, renewable power
production does indeed displace primarily natural gas, a trend that is used to bolster its claims to
increase energy security. But it is that very trend that compromises the effectiveness of
renewables as a climate measure, by relying on a technology that on its own in most markets can
only replace non-firm (i.e. non-coal) capacity on the grid. Thus in nearly all current cases
renewables leave conventional coal-fired power largely untouched, and where they are able to
displace coal-fired generation they do so at the cost of increased reliance on natural gas (this
phenomenon can be seen very clearly in the most recent IRP submitted by Minnesota's Northern
States Power). For renewables to have a meaningful impact on power sector greenhouse gas
emissions they will need to replace a plentiful domestic resource (coal), and at present trends
they will do so only by increasing our reliance on natural gas, not decreasing it.

The third argument relating to energy independence is the regional one. It is argued that
increased generation using local renewable resources will reduce a region's vulnerability to
supply disruptions and volatility in energy sources transported from other parts of North
America. Since it is reasonable to assume that most of those expressing this concern are not
seriously suggesting a risk of being held hostage by other parts of the country or by Canada, this
is primarily an issue of transportation and storage infrastructure. The Northeast has long had a
legitimate concern about its vulnerability to a long supply chain from the main North American
natural gas producing regions, but recent rail disruptions have raised similar concerns in coal-
burning regions like the North Central and the Southeast. The problem with this argument is
again related to the actual renewable technologies being stimulated by current RPS policies.
While deploying a fleet of terrestrial wind farms in northern New England and New York State
may reduce the annual quantity of natural gas required for power production, the production
characteristics are such that the region would continue to be heavily reliant on natural gas-fired
generation, perhaps even more so. More importantly, at any meaningful scale the variability and
unpredictability of the renewable resource could actually exacerbate, rather than alleviate, the
region's exposure to any bottlenecks and weak links in the transportation and storage
infrastructure linking it to gas producing areas. Widespread deployment of different renewable
technologies, including deep offshore wind with its steadier and more predictable production
profile, could be beneficial, but as I have demonstrated in the main body of the paper this is not
the outcome that is being driven by current RPS policies.

1" It is often claimed that Denmark's ability to absorb a large amount of wind generation without major grid
stability problems proves that this concern is misplaced. There is ample evidence that Denmark is able to manage
the variability of its wind production only by reliance on its proximity to, and ample transmission export capacity
with, the Norwegian grid (which is 95% hydro) and the German grid (with its ample base of load-following coal
plants); Denmark exports as much as 85% of all the wind power produced, much of it at a negligible or zero price,
and re-imports it primarily as hydroelectric power from Norway or coal-fired power from Germany. See Sharman,
Hugh, "Why wind power works for Denmark," Proceedings ofICE (U.K.), May 2005, pp 66-72.
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Economic Development

I am not an economist, and I will not attempt even a cursory quantitative analysis of the
claims and counterclaims made regarding the net economic impact of increased electricity
production from renewables. However I will point to some of the questions that must be raised
in response to the claim that public support for renewable electricity will have a net positive
impact on short to medium term jobs growth.

The two main arguments for a positive economic impact are (1) that these are growth
industries that will spawn a net increase in high-skilled jobs and local investment, and (2) that
this mode of production will displace energy produced from fuels that are expected to increase in
price and volatility in coming years, and in so doing it will reduce our long-term energy costs.
One could say that there is another line of argument, dealing with the value of nature's services
that would otherwise be unavailable were we to continue with "business-as-usual." I will
suggest that this is an evaluation that is captured more directly in the debate around carbon
pricing and figures only very indirectly in the RPS debate.

The key challenge in making the first of these two arguments is that one needs to make
the case that the economic stimulation created by investment in renewable power generation is
due to the fact that it's renewable, not simply due to the investment itself. It is presumed that
these investments are made in place of investments in fossil-fueled generation to meet a given
demand, so it cannot be said that all of the employment in constructing and operating these
facilities as well as manufacturing their components is an incremental effect of the fact that they
are renewable. This point will come up several times in the following discussion.

Another key question has to do with the price of energy from these sources. In a very
limited number of cases these sources of supply are less expensive than the current sources, but
in the vast majority of cases they are more expensive, at least for the foreseeable future and
accounting for all of the costs associated with integrating them into the grid. Every state
program acknowledges this at least implicitly, by imposing caps on retail rate increases driven by
compliance with their RPS policies, and it is widely noted that even these limits are achievable
only if the additional subsidy provided by favorable Federal tax treatment (currently worth at
least $25/MWh on an after-tax basis) is extended well into the next decade. This is quite clearly
an effective tax on electricity prices, and it seems straightforward that tax increases have a
negative economic impact unless offset or reinvested in some productive way. Investments in
new renewable facilities do create jobs, but how many of them are truly incremental to what
would have been created by investment in fossil generation, and whether that incremental job
creation more than offsets any job destruction caused by the imputed electricity tax, is something
that needs to be rigorously examined if one wishes to make this claim.

Leaving to one side for a moment the incremental issue, most current renewable power
production, like most other power generation, is capital-intensive but not terribly labor-intensive.
A typical 500 MW wind farm today could represent new investment in the range of $750
million, and in the very short term it would create a couple of hundred construction jobs. But it
creates only a few dozen permanent positions, or about 0.5 direct jobs per $1 million of
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investment. Energy efficiency investments, by comparison, are estimated to produce about 10
direct jobs per $1 million of investment (according to the U.S. Department of Labor). The
manufacturing impact is also debatable. These projects are intended to displace investment in
natural gas-fired and coal-fired power plants, the components of which are overwhelmingly
produced (or at least available) domestically. Certainly some investment has been made in
domestic manufacturing of many of the components that go into renewable power facilities, but
the picture is still very mixed. Figure 1.4 below illustrates the trend in solar PV cell
manufacturing over the past ten years.

Source data: Slide presented by Sen. Jeff Bingaman during his 2008 Compton Lecture at MIT

Figure 1.4 - Share of market (approximate) for manufacture of solar PV cells, by country

Wind turbine manufacturing is equally dominated today by non-U.S. suppliers (even GE, a major
player in wind, sources many components for its U.S. wind installations from outside of the U.S.
and assembles them here). Beyond GE (whose U.S. market share has shrunk from 60% to 44%
over the past three years), the U.S. wind market in 2007 was dominated by suppliers from
Europe, Japan and India [U.S. Department of Energy]. There is some expectation that a more
robust and consistent set of policies promoting renewables will attract more investment in local
manufacturing, but this would be manufacturing to support projects that are displacing
investment in conventional power generation, so claims for a net domestic manufacturing impact
should be closely examined.

The second argument - that these sources of power will be cheaper and risk-reducing on
a life-cycle basis by displacing fuels destined to become much more expensive and volatile - is
unfortunately one that is impossible to substantiate except after the fact. This very same
argument was used to justify the PURPA provisions supporting cogeneration and renewables in
the late nineteen-seventies, and less than ten years later it appeared to be well off the mark.
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Maybe it will be different this time, but the recent supply-side developments in North American
natural gas referenced above do not provide an encouraging sign. The argument would be
bolstered by the imposition of carbon pricing, but then government can always make the
alternatives less attractive through direct intervention. I would maintain that the argument for
life-cycle savings is commonly understood to refer to the underlying future prices and price
volatility of the fuels themselves, which are unknowable.

I hasten to add that in no way do I intend this as an argument against supporting
renewable power generation. A very sound economic case for renewables (one to which I
strongly subscribe) is that the present mode of power production has external societal costs that
are not currently reflected in the price of electricity, and that in the long term renewable
production will carry lower societal costs than the "business-as-usual" case. But behind that
argument is the acknowledgement that any rational response to the current situation will carry a
higher net price per unit of energy, with the renewable approach simply being less costly.

To summarize, RPS policies are often advocated as beneficial in promoting "energy
independence" and economic development, and those issues have featured prominently
alongside climate change in recent public discussion around the expansion of these policies. The
foregoing discussion attempts to assess each proposition qualitatively without the benefit of a
thorough quantitative analysis, which is beyond the scope of this paper. Based on this
discussion, I would suggest that the case for a material impact on "energy independence"
(however one might understand that phrase) is not compelling. As for economic impact,
displacing carbon-based fuels with renewables is almost certainly an essential measure to avoid
the potentially devastating economic impacts of a loss of nature's services due to climate change,
but it is debatable whether or not that benefit comes with an incremental increase in local jobs
growth in the short to medium term. RPS policies properly designed can become powerful tools
in our long-term battle against dangerous climate change, and I would argue that that should be
reason enough to pursue them.

198



Bibliography

"2007 Colorado Resource Plan." Submitted to the Colorado Public Utilities Commission by

Public Service Company of Colorado. 15 November 2007.

"2007 Compliance Filing of Southern California Edison Company (U 338-E): Reporting

Performance Pursuant to the California Renewables Portfolio Standard." Submitted to the

Public Utilities Commission of the State of California. 1 August 2007.

"2007 Regional System Plan." Independent System Operator of New England, Inc. 18 October

2007: 49-50.

"2007 Renewable Energy Standard Compliance Report." Submitted to the Colorado Public

Utilities Commission by Public Service Company of Colorado. 2 June 2008.

"2007 Summer Loads and Resources Operations Assessment." California Independent System

Operator. 8 March 2007.

"2007-2016 Forecast Report of Capacity, Energy, Loads and Transmission." Independent

System Operator of New England. April 2007.

"2008 Renewable Energy Standard Compliance Plan." Submitted to the Colorado Public Utilities

Commission by Public Service Company of Colorado. February 2008.

"America's Clean Energy Stars: State Actions Leading America to a New Energy Future."

Report issued by Environment America. November 2007.

Anderson, Ellen. Interviewed on "Morning Edition." Minnesota Public Radio. 23 May 2007.

Below, Clifton. Presentation at the ACEEE Market Transformation Forum, Washington, D.C. 20

March 2007.

Berry, Trent and Mark Jaccard. "The renewable portfolio standard: design considerations and an

implementation survey." Energy Policy 29 (2001): 263-277.

199



Bingaman, Jeff. "Forging a Clean Energy Future." Slides for Compton Lecture, presented at the

Massachusetts Institute of Technology. 25 April 2008.

Birgisson, Gunnar and Erik Petersen. "Renewable Energy Development Incentives: Strengths,

Weaknesses and Interplay." The Electricity Journal April 2006: 40-51.

Brown, Marilyn A., Dan York and Martin Kushler. "Reduced Emissions and Lower Costs:

Combining Renewable Energy and Energy Efficiency into a Sustainable Energy Portfolio

Standard." The Electricity Journal 20.4 (May 2007): 62-72.

California. California Energy Commission. "2006 Net System Power Report." Document

number CEC-300-2007-007. April, 2007: 3, Table 1.

---. "Integrated Energy Policy Report: 2004 Update." Document number CEC-100-04-006-CM.

November, 2004.

---. "2007 Integrated Energy Policy Report." Document number CEC-100-2007-008-CMF.

---. "Renewable Resources Development Report." Document number 500-03-080F. November,

2003.

---. "California RPS Integration Cost Analysis Phase I: One Year Analysis of Existing

Resources." Prepared by California Wind Energy Collaborative. December, 2003.

California. "Climate Action Team Report to Governor Schwarzenegger and the Legislature."

California Environmental Protection Agency. March, 2006.

California. Public Utilities Commission. "Renewables Portfolio Standard Quarterly Report."

January, 2008.

---. "RPS Contracts - CPUC Approved and Pending as of January 2008." March, 2008.

California. Senate Bill 1078, Chapter 516, Division 1, Part 1, Chapter 2.3.

"Cashing in on Clean Energy." Union of Concerned Scientists Fact Sheet. October 2007.

200



Chen, Cliff, Ryan Wiser and Mark Bollinger. "Weighing the Costs and Benefits of State

Renewables Portfolio Standards: A Comparative Analysis of State-Level Policy Impact

Projections." Lawrence Berkeley National Laboratory LBNL-61580. March, 2007.

Christopher, Thomas. Video of presentation at the 2008 MIT Energy Conference

http:!/mitenergyconference.techtv.mit.edu/file/969/. 12 April 2008.

Chupka, Mark W. "Designing Effective Renewable Markets." The Electricity Journal May,

2003: 46-57.

"Clean Energy." Union of Concerned Scientists. http://www.ucsusa.org/clean_energy/.

Colorado. General Assembly. House Bill 07-1281. Signed into law by Governor Bill Ritter

March, 2007.

Colorado. Governor's Energy Office. "Colorado Climate Action Plan: A Strategy to Address

Global Warming." November, 2007.

---. "Connecting Colorado's Renewable Resources to the Markets: Report of the Colorado

Senate Bill 07-091 Renewable Resource Generation Development Area Task Force." 21

December 2007.

Colorado. Legislative Council of the Colorado General Assembly. "Analysis of the 2004 Ballot

Proposals." Research Publication No. 571-1: 15-16, 39.

"Colorado's Energy Future." Report by The Colorado Energy Forum [prepared by R.W. Beck

Inc., Schmitz Consulting LLC and The Colorado School of Mines], September 2006.

"Colorado's Renewable Energy Standard." Report by The Colorado Energy Forum [prepared by

Schmitz Consulting LLC]. November, 2007.

Connecticut. Connecticut Energy Advisory Board. "2007 Energy Plan for Connecticut."

February, 2007: 17-18.

201



Connecticut. Connecticut Siting Council. "Review of the Ten Year Forecast of Connecticut

Electric Loads and Resources 2007-2016." 14 November 2007.

Connecticut. Department of Public Utility Control. "Review of Renewable Portfolio Standards

Compliance for 2004." Docket 05-11-01. 8 March 2006.

---. "Investigation into Renewable Portfolio Standards Compliance for 2005." Docket No. 06-

09-17. 25 July 2007.

---. "Investigation into Renewable Portfolio Standards Compliance for 2006." Docket No. 06-

09-17. 2 April 2008.

Connecticut. Governor's Steering Committee on Climate Change. "Connecticut Climate Change

Action Plan." 15 February 2005: 169+.

Connecticut. General Assembly. "Public Act No. 07-242 - An Act Concerning Electricity

and Energy Efficiency." 4 June 2007.

---. "Session Transcripts for the House and the Senate." Transcript of Senate debate on Public

Act 98-28. Transcript of House debate on HB5005 (Public Act 98-28). 15 April 1998.

Cory, Karly S. and B.G. Swezey. "Renewable Portfolio Standards in the States: Balancing Goals

and Implementation Strategies." National Renewable Energy Laboratory Technical

Report number NREL/TP-640-41409. December, 2007.

Database of State Incentives for Renewables and Efficiency.

http://www.dsireusa.org/Index.cfin?EE = 1 &RE=1.

DeCarolis, Joseph F. "The Economics and Environmental Impacts of Large-Scale Wind Power

in a Carbon-Constrained World." Diss. Carnegie Institute of Technology. Pittsburgh.

November, 2004.

202



Dobesova, Katerina, Jay Apt and Lester B. Lave. "Are Renewable Portfolio Standards Cost-

Effective Abatement Policy?" Carnegie Mellon Energy Industry Center Working Paper

CEIC 04-06. 3 September 2005.

Elliott, D.L., L.L. Wendell and G.L. Gower. "An Assessment of the Available Windy Land Area

and Wind Energy Potential in the Contiguous United States." Pacific Northwest National

Laboratory, August, 1991.

E.ON Netz actual and forecast wind energy feed-in. http://www.eon-

netz.com/frameset_reloaderhomepage.phtml?top=Ressources/frame_head_eng.jsp&bott

om=frameset_english/law_eng/law_windenergy_eng/ene win windreport eng/enewin_

windreport_eng.jsp.

"Expanding the Boundaries of Excellence: 2006 Annual Report." Midwest Independent System

Operator. February, 2007.

Freeman, Matt. Quoted in San Francisco Chronicle. 28 July 2001: A2.

"Generator Interconnection Queue." Independent System Operator of New England. 31 May

2008.

Germany. Federal Ministry for the Environment, Nature Conservation and Nuclear Safety.

"What Electricity from Renewable Energies Cost (Abridged version)." February 2006.

Guey-Lee, Louise. "Renewable Electricity Purchases: History and Recent Developments."

Renewable Energy 1998: Issues and Trends Energy Information Administration, Office

of Coal, Nuclear, Electric and Alternate Fuels, U.S. Department of Energy, March, 1999,

1-44.

203



---. "Forces Behind Wind Power." Renewable Energy 2000: Issues and Trends Energy

Information Administration, Office of Coal, Nuclear, Electric and Alternate Fuels,

U.S. Department of Energy, Document no.DOE/EIA-0628(2000), February 2001: 100.

"Highlights of the Midwest ISO 2003 State of the Market Report." Prepared by Independent

Market Monitor [Potomac Economics], Midwest Independent System Operator, April

2004: 7.

Holttinen, Hannele, Peter Meibom, Antje Orths, Frans Von Hulle, Cornel Ensslin, Lutz

Hofmann, John McCann, Jan Pierik, John Olav, Ana Estanqueiro, Lennart Saler, Goran

Strbac, Brian Parsons, J. Charles Smith and Bettina Lemstrim. "Design and Operation of

Power Systems with Large Amounts of Wind Power, first results of IEA collaboration."

Presented at the Global Wind Power Conference, Adelaide, Australia. 18-21 September

2006.

"Increasing Renewables: How ISOs and RTOs Are Helping Meet This Public Policy Objective."

ISO/RTO Council, 16 October 2007: 16.

"Integrated Resource Plan for Connecticut." Connecticut Light & Power/The United

Illuminating Company [prepared by The Brattle Group]. Submitted to the Connecticut

Department of Public Utilities Control. 1 January 2008.

ISO/RTO Council Web Site.

http://www.isorto.org/site/c.ihKQIZPBImE/b.2603295/k.BEAD/Home.htm.

Kahn, Edward P. "Effective Load-Carrying Capability of Wind Generation: Initial Results with

Public Data." The Electricity Journal December, 2004: 85-95.

"Key issues left for the legislature." Denver Post 19 March 2007: B-07.

204



Kingdon, John W. Agendas, Alternatives and Public Policies [Second Edition]. Longman, 1995,

Chapter 8

Layzer, Judith A. "Market-Based Solutions: Acid Rain and the Clean Air Act Amendments of

1990," The Environmental Case: Translating Values Into Policy, 2 nd ed. (CQ Press)

(2006): 375-403.

Loughran, David S. and Jonathan Kulick. "Demand-Side Management and Energy Efficiency in

the United States." The Energy Journal 25.1 (2004): 19-43.

Luers, Amy L., Michael D. Mastrandea, Katherine Hayhoe and Peter C. Frumhoff. "How to

Avoid Dangerous Climate Change: A Target for U.S. Emissions Reductions." Union of

Concerned Scientists. September, 2007: 17, Table 7a.

"Market Issues and Performance: 2007 Annual Report." California Independent System

Operator. April 2008.

Martin, Mark. "State red tape trips up green energy efforts." San Francisco Chronicle 24

September 2006: Al

McIntosh, Jim. "Wind Generation Integration." California Independent System Operator. Slides

presented at NERC MRC Meeting,. 6 May 2008.

Menz, Fredric C. and Stephan Vachon. "The effectiveness of different policy regimes for

promoting wind power: Experiences from the states." Energy Policy 34 (2006): 1786-

1796.

Minnesota. Minnesota House of Representatives Research Department. "An Inventory of State

Renewable Energy Standards." [Bob Eleff, Legislative Analyst] November, 2006.

Minnesota. Department of Commerce. "Minnesota Energy Facility Permitting." May, 2008.

205



Minnesota. Public Utilities Commission. "Final Report - 2006 Minnesota Wind Integration

Study." EnerNex in collaboration with Midwest Independent System Operator. 30

November 2006: Appendix A.

Minnesota. Video of senate debate on renewable energy standard legislation. Accessed at

http://www.senat.leg.state.mn.us/media/index.php?Is=#header. 7 February 2007.

"Minnesota Power 2008 Resource Plan." Submitted to Minnesota Public Utilities Commission

31 October 2007.

Morgan, Granger, Jay Apt and Lester Lave. "The U.S. Electric Power Sector and Climate

Change Mitigation." Prepared for the Pew Center on Global Climate Change. June, 2005.

Nelles, Roland. "Germany Plans Boom in Coal-Fired Power Plants - Despite High Emissions."

Der Spiegel 21 March 2007. Accessed at

http://www.spiegel.de/international/germanyv/0, 1518,472786,00.html.

"New England Electricity Scenario Analysis: Exploring the economic, reliability and

environmental impacts of various resource outcomes for meeting the region's future

electricity needs." Independent System Operator of New England. 2 August 2007.

Nogee, Alan, Jeff Deyette and Steve Clemmer. "The Projected Impacts of a National Renewable

Portfolio Standard." The Electricity Journal 20.4 (May 2007): 33-47.

Palmer, Karen and Dallas Burtraw. "Electricity, Renewables and Climate Change: Searching for

a Cost Effective Policy." Report prepared for Resources for the Future, May 2004.

---. "Cost Effectiveness of Renewable Electricity Polices." Energy Economics 27: 873-894.

Peterson, Aaron. Quoted in Minneapolis-St. Paul Star Tribune. 19 February 2007.

206



"Powerful Solutions: Seven Ways to Switch America to Renewable Electricity." Union of

Concerned Scientists report, updated April, 2007. Table C-1 State Minimum Renewable

Electricity Requirements.

"Pathways to Sustainable Power in a Carbon-Constrained Future." Journal of the Electric Power

Research Institute Fall 2007: [all].

Rabe, Barry G. "Race to the Top: The Expanding Role of U.S. State Renewable Portfolio

Standards." Report prepared for The Pew Center on Global Climate Change. June, 2006.

Rader, Nancy A. and Richard B. Norgaard. "Efficiency and Sustainability in Restructured

Electricity Markets: The Renewables Portfolio Standard." The Electricity Journal July,

1996: 37-49.

Rader, Nancy A. and Scott Hempling. "The Renewables Portfolio Standard: A Practical Guide."

Report prepared for the National Association of Regulatory Utility Commissioners,

February, 2001: xi.

"Reducing U.S. Greenhouse Gas Emissions: How Much at What Cost?" U.S. Greenhouse Gas

Abatement Mapping Initiative Executive Report, McKinsey and Company, December,

2007: 20.

"Reference Document: Interconnected Operations Services [Draft 2.2]." Prepared by the

Interconnected Operations Services Subcommittee of the North American Electric

Reliability Council. 12 March 2001. http://www.nerc.com/docs/pc/IOSrefdoc.pdf.

"Renewable Electricity Standards Toolkit." The Union of Concerned Scientists.

http://go.ucsusa.org/cgi-bin/RES/state standards search.pl?template=main.

"Renewable Energy Standards at Work in the States." Union of Concerned Scientists Fact Sheet.

April 2007.

207



"Renewable Energy: The Time Has Come." American Wind Energy Association letter to

Congressional Leadership. 24 May 2007.

Renewable Resource Atlas of the West: A Guide to the Region's Resource Potential. Western

Resource Advocates et al. http://www.energyatlas.org/default.asp.

"Renewables Portfolio Standard Periodic Compliance Report of Pacific Gas and Electric

Company (U 39-E)." Submitted to the Public Utilities Commission of the State of

California. 1 August 2007.

"Rhode Island Greenhouse Gas Action Plan." Report of the Rhode Island Greenhouse Gas

Stakeholder Process. 15 July 2002: 17, Table 3b.

Rickerson, Wilson, Janet L. Sawin and Robert C. Grace. "If the Shoe FITs: Using Feed-In

Tariffs to Meet U.S. Renewable Electricity Targets." The Electricity Journal 20.4 (May

2007): 73-86.

Roth, Hans, Philip Kuhn and Ulrich Wagner. "Effects of Wind Energy on Thermal Power

Plants." ICCEP '07: International Conference on Clean Electrical Power 2007.

Proceedings published 16 July 2007: 544-548. DOI: 10.1 109/ICCEP.2007.384268.

"San Diego Gas & Electric Company (U 902-E) Amended 2008 Renewable Procurement Plan."

Submitted to the California Public Utilities Commission. 29 February 2008.

Sharman, Hugh. "Why wind power works for Denmark." Proceedings of ICE [U.K.]. Civil

Engineering 158, Paper 13663. May, 2005: 66-72.

"Southern California Edison Company's 2008 RPS Procurement Plan." [as amended] Submitted

to the California Public Utilities Commission. 10 August 2007.

208



Sovacool, Benjamin K. and Christopher Cooper. "Big Is Beautiful: The Case for Federal

Leadership on a National Renewable Portfolio Standard." The Electricity Journal 20.4

(May 2007): 48-61.

"Summary of Estimated Loads and Resources." Western Electric Coordinating Council, 1

January 2006

"Technical Assessment of Onshore and Offshore Wind Generation Potential in New England."

Levitan and Associates, 1 May 2007, Table 8 (accessed via Integrated Resource Plan for

Connecticut, Connecticut Light & Power/United Illuminating Company, prepared by The

Brattle Group, 1 January 2008: E-14).

"The California ISO Controlled Grid Interconnection Queue as of: June 6, 2008." California

Independent System Operator. 6 June 2008.

"Transmission Ranking and Cost Report of Pacific Gas and Electric Company (U 39-E) for

Renewables Portfolio Standard Procurement 2008." Submitted to the California Public

Utilities Commission. 7 September 2007.

"Transmission Ranking and Cost Report of San Diego Gas & Electric Company (U 902-E) for

Renewables Portfolio Standard Procurement 2008." Submitted to the California Public

Utilities Commission. 10 September 2007.

"Transmission Ranking and Cost Report of Southern California Edison Company (U 338-E) for

Renewables Portfolio Standard Procurement 2008." Submitted to the California Public

Utilities Commission. 18 September 2007.

United Kingdom. "Meeting the Energy Challenge: A White Paper on Energy." Department of

Trade and Industry. :Published by The Stationary Office, Norwich. May, 2007: 143-168.

209



United States. Department of Energy. Bonneville Power Administration. "Implementing

PURPA: Renewable Resource Development in the Pacific Northwest." Document

number DOE/BP/66141-1. July, 1990.

United States. Department of Energy. Energy Information Administration. "Annual Energy

Outlook 2008." Washington, D.C.

---. "Annual Energy Outlook 2007." Washington, D.C.

---. "Electricity." http://www.eia.doe.gov/fuelelectric.html.

---. "Electric Power Annual: State Electricity Data Tables."

http://www.eia.doe.gov/cneaf/electricity/epa/epa sprdshts.html.

---. "Existing Capacity by Energy Source, Existing Generating Units in the United States

by State, Company and Plant, 2004." Washington, D.C.

--- "Policies to Promote Non-Hydro Renewable Energy in the U.S. and Selected Countries."

Washington, D.C. February, 2005.

---. "Renewable and Alternative Fuels." Web site. http://www.eia.doe.gov/fuelrenewable.html.

---. "Renewable Energy Annual 1995." Washington, D.C. December, 1995.

---. "Renewable Energy Annual 1997." Washington, D.C. February, 1998.

---. "Renewable Energy Annual 1998 With Data for 1997." Washington, D.C. December, 1998.

---. "Renewable Energy Annual 1999 With Data for 1998." Washington, D.C. March, 2000.

---. "Renewable Energy Annual 2000 With Data for 1999." Washington, D.C. March, 2001.

---. "Renewable Energy Annual 2001 With Preliminary Data for 2001." Washington, D.C.

November, 2002.

---. "Renewable Energy Annual 2002 With Preliminary Data for 2002." Washington, D.C.

November, 2003.

210



---. "Renewable Energy Annual 2003 With Preliminary Data for 2003." Washington, D.C. July,

2004.

---. "Renewable Energy 1998: Issues and Trends." Washington, D.C. March, 1999.

--- "Renewable Energy Trends 2004." Washington, D.C. August, 2005.

--- "State Electricity Profiles 1998." Washington, D.C.

--- "State Electricity Profiles 1999." Washington, D.C.

---. "State Electricity Profiles 2000." Washington, D.C.

--- "State Electricity Profiles 2001." Washington, D.C.

--- "State Electricity Profiles 2002." Washington, D.C.

---. "State Electricity Profiles 2003." Washington, D.C.

--- "State Electricity Profiles 2004." Washington, D.C.

--- "State Electricity Profiles 2005." Washington, D.C.

---. "State Electricity Profiles 2006." Washington, D.C.

---. "State Electricity Profiles 2007." Washington, D.C.

---. Office of Energy Efficiency and Renewable Energy [prepared by the National Renewable

Energy Laboratory]. "Annual Report on U.S. Wind Power Installation, Cost and

Performance Trends: 2006." Document no. DOE/GO-102007-2433. May, 2007.

---. "Annual Report on U.S. Wind Power Installation, Cost and Performance Trends: 2007."

Document no. DOE/GO-102008-2590. May, 2008.

United States. Environmental Protection Agency. "National Emissions Inventory Air Pollutant

Emissions Trends Data." http://www.epa.gov/ttn/chief/trends/index.html.

United States. Federal Energy Regulatory Commission. "Promoting Wholesale Competition

Through Open Access Non-discriminatory Transmission Services by Public Utilities,

211



Recovery of Stranded Costs by Public Utilities and Transmitting Utilities." Order No.

888, 24 April 1996: 22-23.

United States. Idaho National Engineering and Environmental Laboratory. State Geothermal

Resource Maps. http://geothermal.inl.gov/maps/index.shtml.

United States. National Renewable Energy Laboratory. Wind Research.

http://www.nrel.gov/wind/resource assessment.html.

Wiser, Ryan. "Meeting Expectations: A Review of State Experience with RPS Policies." Slides

presented at AWEA Renewable Portfolio Standards Workshop. 7 March 2006.

Wiser, Ryan, Mark Bollinger and Galen Barbose. "Using the Federal Production Tax Credit to

Build a Durable Market for Wind Power in the United States." Lawrence Berkeley

National Laboratory Document number LBNL-63583. November, 2007.

Wiser, Ryan, Christopher Namovicz, Mark Gielecki and Robert Smith. "The Experience with

Renewable Portfolio Standards in the United States." The Electricity Journal 20.4 (May

2007): 8-20.

Wiser, Ryan, Steven Pickle and Charles Goldman. "California Renewable Energy Policy and

Implementation Issues: An Overview of Recent Regulatory and Legislative Action."

Lawrence Berkeley National Laboratory Document LBNL-39247. September, 1996.

---. "Renewable energy policy and electricity restructuring: a California case study." Energy

Policy 26.6 (1998): 465-475.

Wiser, Ryan, K. Porter, M. Bollinger and H. Raitt. "Does it have to be this hard? Implementing

the nation's most complex renewables portfolio standard." The Electricity Journal 18.8

(October 2005): 55-67.

212



Wiser, Ryan, Kevin Porter and Steve Clemmer. "Emerging Markets for Renewable Energy: The

Role of State Policies during Restructuring." The Electricity Journal January/February

2007: 13-24.

Wiser, R., K. Porter and R. Grace. "Evaluating Experience with Renewables Portfolio Standards

in the United States." Lawrence Berkeley National Laboratory LBNL-54439. Prepared

for the Conference Proceedings of Global Windpower 2004, Chicago. 28-31 March 2004.

Yergin, Daniel and Joseph Stanislaw. The Commanding Heights: The Battle between

Government and the Marketplace That Is Remaking the Modem World. New York,

Simon & Schuster, 1998.

"Xcel Energy 2007 Resource Plan." [Northern States Power] Submitted to the Public Utilities

Commission. 14 December 2007.

213


