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EXECUTIVE SUMMARY

California’s long history of support for renewable energy has positioned the state as
a recognized leader. California is home to three of the largest developed wind
resource areas in the world and has the largest developed wind industry of any state
in the nation. The state produces the world’s largest amount of electricity from
concentrating solar power facilities and is the third largest market for photovoltaic
energy (after Germany and Japan). Biomass and geothermal are also important
renewable resources for electricity generation and account for nearly 70 percent of
renewable resource generation in the state. Today, about 11 percent of the
electricity Californian’s use in their homes and businesses each year is generated
from renewable sources.

California’s renewable resources are far from fully developed. The Energy
Commission estimates that the state has the potential to generate 10 times the
electricity generated today from renewable sources. The other states in the Western
Electricity Coordinating Council also have abundant renewable resources,
particularly wind and solar. These resources are relevant because California imports
25 percent of its electricity, and out-of-state renewable generation could supply
some of California’s future renewable supply portfolio.

How and when these remaining renewable resources may be developed is the topic
of this report. California is driving further development of the state’s renewable
resources through a Renewables Portfolio Standard, established in 2002 by Senate
Bill 1078 (SB 1078, Sher, Chapter 516, Statutes of 2002). In addition, California
provides financial incentives for increased renewable development and sustained
renewable operation through the Renewable Energy Program, established in 1997
and continued in 2002 by Senate Bill 1038 (SB 1038, Sher, Chapter 515, Statutes of
2002).

The Renewables Portfolio Standard requires that retail sellers of electricity increase
their sales of electricity produced by renewable energy sources by at least 1 percent
per year, achieving 20 percent by 2017, at the latest. Since passage of the
Renewables Portfolio Standard bill, the Energy Action Plan was adopted by the
California Energy Commission, the California Public Utilities Commission, and the
California Power Authority. The Energy Action Plan establishes a more aggressive
goal for renewable energy development with a target of 20 percent by 2010."

Estimates of the costs of electricity from renewable resources suggest that the
Renewables Portfolio Standard goals established in California are economically
feasible. Renewable resource costs have been declining over time, and are
projected to decline further as technological improvements are employed. With zero
fuel costs in most cases, renewable generation can avoid the cost volatility recently
experienced with natural gas prices.



BENEFITS OF RENEWABLE DEVELOPMENT

California continues to drive development of its renewable resources because of the
benefits these resources bring to the state. Generating electricity from renewable
resources provides environmental and economic benefits compared to conventional
electricity generation, contributing to energy diversity and security.

Electricity from renewable resources reduces the amount of carbon dioxide released
into the air from conventional electricity generation. Global climate change, which is
related to carbon dioxide levels in our air, is one of the most significant
environmental issues the world faces today. Global climate change is linked to
higher ambient temperatures, increases in extreme weather events, rising sea
levels, and other global problems. Effects on California may include reduced Sierra
snow pack, greater flooding, sea water intrusion in bays and deltas, and increased
susceptibility of pests and diseases impacting human health and our biological
resources. The Energy Commission estimates that meeting the Renewables
Portfolio Standard requirements could reduce annual carbon dioxide emissions by
38 million tons in the Western Electricity Coordinating Council by 2013, with annual
reductions of 62 million tons by 2013 if the Renewables Portfolio Standard is
accelerated.

Further development of California’s renewable resources will also reduce emissions
of pollutants that cause poor air quality in the state. California’s current electricity
generation system produces fewer harmful air emissions such as nitrogen oxides
and sulfur dioxide than the rest of the nation, because natural gas and renewable
energy are the primary resources for electricity generation. Our natural gas power
plants produce relatively few emissions of these pollutants compared to coal or oil
fired facilities, and new facilities being built are relatively clean and efficient.
Renewable resources, however, release even fewer pollutants into the air, and, in
many cases, emit no pollution at all.

The Energy Commission estimates that meeting the Renewables Portfolio Standard
could reduce annual emissions of oxides of nitrogen in the Western Electricity
Coordinating Council by 20,000 tons by 2013. Accelerating the Renewables Portfolio
Standard to 2010 could reduce annual emissions of oxides of nitrogen in the region
by 31,500 tons by 2013.

Generating electricity from renewable resources also contributes to California’s
energy security by reducing our reliance on natural gas. During the height of the
electricity crisis in late-2000 through mid-2001, natural gas prices in the state were
extremely high. In addition, investor-owned-utilities had difficulty paying for the
energy being procured from generators. Many natural gas power plants had difficulty
generating electricity with expensive fuel costs and uncertain payments for power.



Most of the state’s renewable generators continued operating during the crisis, even
without payments for their power.

The Energy Commission estimates that about 2.5 percent of annual natural gas
demand for electricity generation in the Western Electricity Coordinating Council can
be offset by meeting the California’s Renewables Portfolio Standard. Accelerating
the Renewables Portfolio Standard can displace about 5 percent of this annual
natural gas demand.

POLICIES DRIVING RENEWABLE
DEVELOPMENT

California developed most of its existing 7,000 megawatts of renewable energy
because of the mandate to purchase power from renewable and co-generating
power sources as embodied in the federal Public Utilities Regulatory Policy Act.
Most of the 28,900 gigawatt-hours per year (GWh/yr) of electricity generated in 2002
from renewable resources is sold to California’s three large investor-owned utilities
under long term standard offer contracts established in the 1980s and 1990s as the
California Public Utilities Commission implemented the Public Utilities Regulatory
Policy Act requirements. These contracts most often included fixed prices tied to an
estimate of escalating fossil fuel costs that led to significant premiums in price over
actual market prices for electricity.

More recently, development of renewable resources has been driven by the
Renewable Energy Program’s production incentives for generation of renewable
power from new, existing, and emerging renewable projects. The annual budget for
the Renewable Energy Program, from 1998 through 2011, is $135 million. Funds for
this program are collected from ratepayers of the three large investor-owned utilities
in the state.

In 2002, the Legislature passed the Renewables Portfolio Standard, which requires
that certain retail sellers of electricity increase their sales of electricity from
renewable energy sources by at least 1 percent per year, achieving 20 percent by
2017, at the latest. Since passage of the Renewables Portfolio Standard bill, the
Energy Action Plan was adopted and establishes a more aggressive goal for
renewable energy development with a target of 20 percent by 2010. The Renewable
Energy Program will provide funds to generators to cover the above-market costs for
electricity, and design a tracking and verification system to ensure that retail sellers
are meeting their procurement targets.



RENEWABLE DEVELOPMENT POTENTIAL
AND COSTS

The available data and studies on technical potential of electricity generation from
renewable resources vary, sometimes significantly, depending on time-frames,
methods of collection, and criteria used to filter the data. The estimated combined
technical potential for wind, geothermal, biomass, biogas, small hydroelectric, and
solar (photovoltaic and concentrated solar power) in California is more than
262,000 GWh/year.??

In terms of technical potential in the Western Electricity Coordinating Council region,
California ranks fourth behind Montana, Colorado, and Wyoming. The total technical
potential for development of wind, geothermal, biomass, and solar (photovoltaic and
concentrating solar power) resources in Western Electricity Coordinating Council
(excluding California) is estimated to be more than 3.7 million GWh/year. Wind
accounts for almost 2.8 million GWh/year or 75 percent of the total.

Electricity from renewable resources can be produced at a reasonable cost and, in
some cases, can compete with the expected cost of a new natural gas power plant.
Renewable resources that are most cost competitive today include wind,
geothermal, and limited biomass applications. Additional renewable technologies will
become competitive with advances that increase efficiency and lower costs.

The cost of generating electricity from wind has dropped significantly in the last

20 years, making wind the fastest growing (on a percentage basis) central station
renewable source for power generation. In many regions of the country, the
production tax credit has contributed to making wind power among the lowest cost
options for new capacity. Further cost reductions are expected to result from
efficiency improvements, higher hub heights, larger rotors, advances in electronics,
and additional experience operating large wind projects.

A recent estimate of cost trends for development of renewable energy suggests that
by 2005 a 75 megawatt wind plant (Class 4 wind site*) may deliver power at a
levelized cost of electricity at about 4.9 cents per kilowatt-hour (cents/kWh) without
the production tax credit, and 3.4 cents/kWh with the production tax credit (2003
dollars). The estimate suggests that the same size plant in a Class 6 wind site’ may
have a levelized cost of electricity of 4.1 cents/kWh without the production tax credit,
and 2.7 cents/kWh with the tax credit.’

The estimate suggests that the levelized cost of electricity from a 100 megawatt
concentrated solar power parabolic trough system without storage will be about
12 cents/kWh in 2005. By 2010, the estimate suggests that the levelized cost of
energy from an installed system with storage could drop to as low as 6.4 cents/kWh.



By 2005, a 50 megawatt geothermal system is expected to have a levelized cost of
energy of 5.3 to 5.5 cents/kWh. The levelized cost of energy from a 2 megawatt
landfill gas facility is estimated to be 4.4 cents/kWh in 2005, dipping to

3.7 cents/kWh by 2017. Electricity from landfill gas is an economically competitive
and mature technology with a high capacity factor. By 2005, the levelized cost of
energy for anaerobic digester gas from animal waste is estimated to be

4.3 cents/kWh, dropping to 3.6 cents/kWh by 2017. A 20 megawatt solid biomass
direct combustion facility is estimated to have a levelized cost of 6.4 cents/kWh in
2005, dropping to 5.6 cents/kWh by 2017.

The estimate suggests that the levelized cost of energy for photovoltaic systems will
be nearly cost competitive (without rebates) by 2017. By 2005, a residential
customer in a high insolation region should be able to install a 3 kW photovoltaic
system that generates electricity at about 23 cents/kWh (without incentives). By
2017, it is estimated that these costs will drop to approximately 12.6 cents/kWh.

Much of California’s installed renewable energy capacity is relatively old, raising the
potential for refurbishing or repowering this existing equipment. Technological
advances in wind generation, in particular, imply that most of California’s existing
capacity, which was installed before 1990, could be repowered and use the wind
resources at those sites more efficiently and cost-effectively. Repowering of these
sites is currently uncertain however, due to issues surrounding the federal
production tax credits, one of the primary incentives for wind development in the
country.

Currently, the production tax credit is set to expire at the end 2003, which is driving
wind development this year. The current production tax credit includes a clause that
affects facilities that sell output to investor-owned utilities under contracts entered
into before January 1, 1987. A repowered facility is eligible for the production tax
credit if the existing standard offer contract is “amended” such that any wind
generation in excess of historical norms is either sold to the utility at its current
avoided costs, or else sold to a third party.” To date, such amendments have been
difficult to negotiate and implement, limiting repowering of these facilities.

Pending federal legislation extends the production tax credit beyond the end of this
year, and potentially expands the credit to generation from other renewable
resources (beyond wind). This may provide an incentive to repower some of
California’s older renewable facilities, especially if facilities are also eligible to
receive supplemental energy payments as part of the Renewables Portfolio
Standard. Approximately 450 — 900 megawatts of existing capacity are good
candidates for repowering. Repowering geothermal facilities can potentially add
several hundred megawatts with 100 megawatts possible from repowering landfill
gas projects.



ESTIMATED ENERGY REQUIREMENTS FOR
THE RENEWABLES PORTFOLIO STANDARD
AND ACCELERATED RENEWABLES
PORTFOLIO STANDARD

The Energy Commission estimated the amount of electricity from renewable
resources required to meet the state’s Renewables Portfolio Standard and the
amount needed to meet the accelerated Renewables Portfolio Standard goal in the
Energy Action Plan. Table 1 presents the estimated amount of additional
renewable electricity required to meet the California’s statewide Renewables
Portfolio Standard.

Table 1. Estimated Amount of Renewable Electricity (Gigawatt-hours/year)
needed to reach California’s RPS by 2017°

2001 baseline and interim procurement*|Total Added|20% of 2017
by 2017 sales

Retail seller GWhlyr GWhlyr GWhlyr
Pacific Gas and Electric Company 8,358 9,522 17,880
Southern California Edison 11,908 5,123 17,031
San Diego Gas and Electric 1,062 2,721 3,783
All Electric Service Providers and 1,865 3,837 5,702
Community Choice Aggregators
Sub-total 23,193 21,203 44,396
Rest of State** 7177 9,407 16,584
Total (rounded) 30,370 30,610 60,980

Source: Renewable Resources Development Report
Table 2 presents the estimated amount of additional electricity from renewable
resources that obligated parties would need to acquire to address the accelerated
Renewables Portfolio Standard goal outlined in the Energy Action Plan.

Table 2. Estimated Amount of Renewable Electricity (Gigawatt-hours/year)

needed to Accelerate California’s RPS to 2010 (20 percent of Retail Sales in 2010)°

2001 baseline and interim procurement*| Total Added|20% of 2010

by 2010 sales

Retail seller GWhlyr GWhlyr GWhlyr

Pacific Gas and Electric Company 8,358 7,792 16,150

Southern California Edison 11,908 3,339 15,247

San Diego Gas and Electric 1,062 2,304 3,365

All Electric Service Providers and 1,865 3,237 5,102
Community Choice Aggregators

Sub-total 23,193 16,672 39,865

Rest of State** 7177 8,124 15,301

Total (rounded) 30,370 24,800 55,170

Source: Renewable Resources Development Report



Although the actual mix of renewable energy resources to meet the Renewables
Portfolio Standard and their eventual location will be determined by the bids in
response to solicitations, the Energy Commission has developed scenarios for
meeting the Renewables Portfolio Standard. These scenarios are based on known
proposed renewable energy projects in the state.

The Kern County wind resource area may be capable of satisfying much, if not all, of
the renewable energy demand through 2008. Least-cost-best-fit considerations will
likely encourage geographic and resource diversity.'’ Geothermal and biomass
resources are expected to be valued for their ability to provide base load power that
matches the generation profile of conventional sources. Smaller scale resources
such as landfill gas and anaerobic digester gas are likely to play a more limited role.

Concentrating solar power becomes a factor in scenarios in the 2008-2017
timeframe. Central station solar photovoltaic systems are not expected to play a
significant role in meeting the Renewables Portfolio Standard. Distributed generation
solar photovoltaic technology, however, has seen an enormous growth in recent
years, and is expected to continue to be an important distributed generation
resource. Distributed generation reduces retail sales of electricity, thereby reducing
the amount of renewable energy required to meet 20 percent of retail sales.

CHALLENGES OF RENEWABLE RESOURCE
DEVELOPMENT

Implementation of the Renewables Portfolio Standard will require attention to several
important policy issues. Expansion of the transmission system to accommodate
renewable resource development will likely be costly. Transmission limitations will be
affected by capacity constraints, the portion of the Renewables Portfolio Standard
that is met by out-of-state resources, and whether renewable energy certificates can
be used to meet the requirement. A balance must be made between renewable
resource development and the operational compatibility of the existing electricity
system and “least-cost-best-fit" considerations. There is too much uncertainty to
know if there are sufficient public goods charge funds to meet the Renewables
Portfolio Standard, or an accelerated Renewables Portfolio Standard. The state
should assess the adequacy of public goods charge funds at the conclusion of the
first Renewables Portfolio Standard solicitation.

Electricity generation from renewable resources does not come without impacts to
the environment. Turbines and transmission lines associated with wind energy are
especially problematic for migratory birds, in particular raptors. Negative
environmental issues with geothermal resource development include the potential
for groundwater and surface water contamination and impacts to cultural resources.
The manufacturing and disposal process for photovoltaic panels can pose risks of
exposure to toxic materials to workers and the environment. Small hydroelectric



generation can negatively impact water quality, fish migration, river flows, and
cultural resources. Environmental problems associated with biomass include
emissions from power generation facilities and possible damage to forests and
wildlife.



CHAPTER 1: INTRODUCTION AND
BACKGROUND

INTRODUCTION

Senate Bill 1038 (SB 1038) requires the California Energy Commission (Energy
Commission) to submit a comprehensive renewable electricity generation
resource plan to the Legislature, which describes the potential renewable
resources available in California, along with a plan to increase the annual amount
of electricity generated from renewable sources.

This report is organized to provide an indication of changes in development of
renewable energy resources over time, moving from past to present to future.
Accordingly, this report provides a historical context for renewable electricity
generation in California and the other states in the Western Electricity
Coordinating Council (WECC). The renewable resources included in this report
are wind, geothermal, biomass, biogas, solar photovoltaic, concentrating solar
power, small hydroelectric, and ocean energy.

California led the nation in the amount of retail electricity sales coming from
renewable energy sources in 1999 and 2000, the latest years for which
comparative data are available.”" This report provides data on installed capacity
of renewable energy in California and the remaining WECC, along with technical
potential estimates of renewable energy resources for the region.

Renewable energy costs have declined over time, and this trend is expected to
continue in the future with advances in technology. This report presents levelized
cost of energy economics for renewable energy technologies for the years 2005,
2008, 2010, and 2017, which correspond with key dates for the Renewables
Portfolio Standard (RPS). The status of the RPS program is provided along with
a discussion of outstanding policy issues and program requirements.

This report also provides an update to the Preliminary Renewable Resource
Assessment (PRRA) provided to the California Public Utilities Commission
(CPUC) on July 1, 2003." Whereas the PRRA focused on the energy needs of
the investor-owned utilities (IOUs) and Electric Service Providers (ESPs) for
transmission planning purposes, this report expands its scope to include the
energy needs of the rest of the state (publicly-owned electric utilities and other
IOUs). Adjustments have been made to the estimates of renewable energy
resources needed to meet RPS obligations, the amount of proposed renewable
projects, and the installed renewable capacity within California and the WECC.
An RPS compliance scenario for the entire state, using data from existing and
proposed projects, is included.



The Energy Action Plan includes a goal of meeting the requirements for the
RPS by 2010 (20 percent renewable energy by 2010). The additional renewable
energy needed to meet this goal has been estimated along with the requirements
for each obligated entity throughout the state. A scenario for meeting this
statewide goal is outlined along with a discussion of the issues and opportunities
with accelerating implementation of the RPS.

The benefits, challenges, and barriers to renewable energy development are
discussed, including fuel diversity, environmental and public health benefits, and
expansion of distributed generation. The driving policy issues associated with
achieving the RPS in California are outlined and include transmission constraints,
sufficiency of public goods funds, least-cost-best-fit issues, creditworthiness of
investor-owned utilities, and financial risk of renewable energy investments. The
report also summarizes issues related to activities of publicly-owned electric
utilities and other retailers of electricity to meet statewide goals of the RPS.

This report includes a brief summary of current and future research to improve
the efficiency and reliability of renewable energy as well as reduce technology
costs. Key research projects by the Energy Commission’s Public Interest Energy
Research Program (PIER) on renewable energy are highlighted.

LEGISLATIVE REQUIREMENTS
Legislative Requirements in SB 1038

As required in SB 1038, this report includes a renewable resource electricity
generation plan describing the renewable resource potential for California.
Specifically, the statute requires the following:

Sec. 383.5 (j) of the Public Utilities Code:

The Energy Commission shall, by December 1, 2003, prepare and submit
to the Legislature a comprehensive renewable electricity generation
resource plan that describes the renewable resource potential available in
California, and recommendations for a plan for development to achieve
the target of increasing the amount of electricity generated from renewable
sources per year, so that it equals 17 percent of the total electricity
generated for consumption in California by 2006. The Energy Commission
shall consult with the [California Public Utilities] commission, electrical
corporations, and the Independent System Operator, in the development
and preparation of the plan.
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Chaptered subsequently, Senate Bill 1078 (SB 1078) supercedes the
requirement of 17 percent by 2006 with the requirement that renewable energy
provide 20 percent of retail electricity sales by 2017.

SB 1038 also requires the CPUC to develop a renewable energy transmission
plan. Specifically the statute requires the following:

Sec. 383.6 of the Public Utilities Code:

The Public Utilities Commission shall, by December 1, 2003, prepare and
submit to the Legislature, a comprehensive transmission plan for
renewable electricity generation facilities, to provide for the rational,
orderly, cost-effective expansion of transmission facilities that may be
necessary to facilitate the development of renewable energy generation
facilities identified in the renewable electricity generation resource plan
prepared pursuant to subdivision (j) of Section 383.5. The Public Utilities
Commission shall consult with the State Energy Resources Conservation
and Development Commission, the Independent System Operator, the
electrical corporations in the development and preparation of the plan.

SB 1038 requires the CPUC to use the renewable resource plan developed by the
Energy Commission in preparing the transmission plan. Both reports must be
submitted to the Legislature by December 1, 2003.

Related Legislative Requirements

Senate Bill 1389 (SB 1389, Bowen, Chapter 568, Statutes of 2002) requires the
Energy Commission to adopt an Integrated Energy Policy Report every two years.
The first policy report was due to the Governor and the Legislature in

November 2003. The policy report is supported by three subordinate reports:

e Electricity and Natural Gas Assessment
e Transportation, Fuels, Technologies and Infrastructure Assessment
e Public Interest Energy Strategies Report

The Renewable Resources Development Report (RRDR) is prepared in support
of the Public Interest Energy Strategies Report.

Also in 2002, the Legislature passed SB 1078, which created the RPS. This program
requires IOUs, ESPs, and other regulated entities to ensure that 20 percent of retail
sales come from renewable electricity resources by 2017, within certain cost
constraints. SB 1078 also contains requirements for publicly-owned electric utilities,
specifically,
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387. (a) Each governing body of a local publicly-owned electric utility, as defined
in Section 9604, shall be responsible for implementing and enforcing a RPS that
recognizes the intent of the Legislature to encourage renewable resources, while
taking into consideration the effect of the standard on rates, reliability, and
financial resources and the goal of environmental improvement.

Definition of Renewable Energy

This report contains information regarding the existing, proposed, and technical
potential renewable energy, consistent with definitions of eligible renewable energy
in SB 1038 and SB 1078, as applicable.

Consistent with SB 1038, the energy resources that are included in this report are
biomass, waste tire, solar thermal, wind, geothermal, small hydroelectric power less
than 30 megawatts (MW), digester gas, landfill gas, and municipal solid waste.

The report also contains information regarding existing grid-connected photovoltaic
(PV) systems eligible for support under the Emerging Renewables Program, the
CPUC Self-Generation Incentive Program, or publicly-owned electric utility public
goods charge (PGC)-funded incentive programs.

Energy resources that are most likely to be eligible under the SB 1078 RPS program
are included in the estimates of proposed and technical potential. Provided that
additional criteria are met, facilities using the following resources are likely to be
eligible for the RPS:

Biomass

Solar thermal electric

Photovoltaic

Wind

Geothermal

Fuel cells using renewable fuels

Small hydroelectric generation of 30 MW or less
Digester gas

Municipal solid waste conversion

Landfill gas

Ocean wave, ocean thermal, and tidal current.

For some resource types, RPS eligibility is contingent upon information (e.g.,
appropriation of water) that is beyond the level of detail included in this report.
Where this is the case, only a portion of the technical potential estimated here is
likely to be eligible for the RPS. Further detail regarding eligibility criteria for the RPS
program is provided in Chapter 5.
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REPORT DEVELOPMENT PROCESS

To facilitate coordination of the Energy Commission SB 1038 renewable resource
plan with the CPUC SB 1038 transmission plan, the Energy Commission agreed to
prepare and deliver a PRRA for 2005 and 2008 on July 1, 2003 to the CPUC.

The Energy Commission’s Ad Hoc Integrated Energy Policy Report Committee and
the Renewables Committee held a Joint Committee Workshop in June 2003 to solicit
public input from the CPUC, utilities, California Independent System Operator

(CA ISO), renewable developers, and other interested parties on the draft
preliminary resource assessment. The Energy Commission used information from
this workshop, along with input from staff and technical consultants to revise the
draft PRRA.

On July 1, 2003, the PRRA was delivered to the CPUC. The assessment allowed
the CPUC to conduct an analysis of current and potential transmission constraints,
primarily for the IOUs. New information gathered since the July 1, 2003 PRRA is
included in this report. In addition, this report expands the scope to include the
energy requirements of the rest of the state.

During summer of 2003, Energy Commission staff worked with technical consultants
in collecting, developing, and analyzing data for inclusion in the RRDR. The goal is
to develop a comprehensive report on the status, trends, and future of renewable
energy development for California. On October 1, 2003, the Staff Draft of this report
was released for public comment. Twelve parties provided written comments on the
staff draft. Following receipt of comments on the staff draft, the report was revised
and the Committee Final was released on November 7, 2003. The Energy
Commission adopted the report with minor revisions at the Business Meeting on
November 19, 2003.

HISTORY

Renewable Development in California

The availability of renewable resources in California has contributed to the state’s
historical commitment to support renewable energy. The oil embargos in the 1970s
— along with rising energy prices, reliance on fossil fuels, and concerns about air
pollution — all contributed to the interest in renewable energy. In 1978,

President Carter signed the National Energy Act into law, which aimed to reduce the
nation’s dependence on imported oil, increase energy efficiency, and conservation,
and promote renewable energy resources. President Carter also signed the Public
Utilities Regulatory Policies Act (PURPA) into law, the most significant bill of the
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National Energy Act, which aimed to foster the development of renewable sources
for electricity generation.

PURPA required utilities to purchase power from non-utility generators, including
renewable generators, at the utilities’ full avoided cost. In California, the utilities were
required to sign Standard Offer contracts that provided escalating fixed energy
payments for 10 years. Based on high oil price projections and expensive nuclear
power, these contracts, in retrospect, turned out to be quite expensive. In California,
prices for Standard Offer contracts often exceeded 10 cents per kilowatt-hour
(kWh)."™ As Standard Offer contracts expired and avoided costs declined to 3 cents
per kWh, renewable electricity projects were not able to compete with new natural
gas turbines, leading to 300 MW of renewable energy being shut down between
1993 and 1997.

In 1996, California passed Assembly Bill 1890 (AB 1890, Brulte, Chapter 854,
Statutes of 1996), which placed a surcharge on electricity sold by IOUs to be used to
fund public interest programs, including energy efficiency, energy research and
development, and renewable energy. AB 1890 directed that a total of $540 million be
collected from 1998 to 2002, to be used to build a market for renewable energy, with
financial incentives to support existing, new, and emerging renewable electricity
generation technologies. The Energy Commission serves as program administrator
for the Renewable Energy Program. Senate Bill 1194 (SB 1194, Sher, Chapter
1050, Statutes of 2000) and SB 1038 extended the collection of $135 million per
year in public goods funds for an additional 10 years.

In 2000-2001, California faced disruption and turmoil in the energy market which had
an impact on renewable energy development in the state. Significant electricity price
increases along with periods of short supply provided uncertainty and confusion in
the market. Electric utilities, faced with financial crisis, were not able to purchase
electricity on behalf of their customers, and consumers were no longer able to
choose renewable energy as their electricity source, as direct access had been
suspended. This combination of events left little or no market for new central-station
electricity generated by renewable resources.

Responding to the impact the energy crisis had on renewable development and to
further the expansion of renewable energy in the state, the Legislature passed

SB 1078 creating the RPS. The RPS requires that certain retail sellers of electricity
increase their sales of electricity from renewable energy by at least 1 percent per
year achieving 20 percent by 2017 at the latest. Since passage of the bill, the
Energy Action Plan establishes a target of 20 percent renewable energy by 2010."
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Renewable Development in Other Western
Electricity Coordinating Council States

The WECC is a voluntary organization that focuses on bulk power generation and
transmission. The WECC covers nearly 1.8 million square miles and includes the
following:

Canadian provinces of Alberta and British Columbia
Northern portion of Baja California, Mexico
Washington

Oregon

California

ldaho

Utah

Nevada

Arizona

New Mexico

Colorado

Wyoming

Montana

As with California, many of the member states in WECC have abundant renewable
resources. The development of these resources has varied by region, but has
primarily been the result of the PURPA and, more recently, the adoption of funding
for public benefits programs and RPS programs as well as the improving economics
of wind power.

Arizona is not as advanced as other western states in developing its renewable
resources, especially the tremendous solar insolation that reaches the state. This is
expected to change as the Arizona Corporation Commission approved an RPS that
will require utilities and other electricity providers to obtain as much as 1.1 percent of
their energy from renewable sources by 2007. Sixty percent of that must come from
solar energy. Funds from the PGC may be used to cover RPS compliance costs.™
Numerous large-scale solar projects have now been completed and additional
projects are under development as a result of the RPS.

Colorado has plentiful wind, solar, and biomass resources that have yet to be
developed. The geothermal resource is modest and not likely to be developed with
current technology. Colorado has not adopted an RPS; however, green pricing
programs to support wind farms have proven successful, and some development is
occurring merely due to the low costs of wind power.

Idaho has developed their biomass resource (120 MW) successfully, compared to

other western states. The wind, geothermal, and solar resources are also superb,
but have yet to be tapped for electricity production. Idaho has not adopted an RPS.
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Most of the non-hydroelectric renewable energy in Montana comes from biomass
generated from the state’s farming and logging industry. Montana has an
outstanding wind resource — the best of the western states. The wind resource
potential alone could provide more than 70 times the power needed for the state.'’
Montana does not have an RPS; however, approximately $15 million annually is
allocated to support renewable energy, research and development, energy
efficiency, and low income energy assistance from a systems benefit charge,
approximately $2 million of which is dedicated to renewable energy specifically.

The geothermal resource in Nevada is among the largest of any western state, with
4 percent of current electricity generation from geothermal facilities.'® The state has
significant untapped potential for electricity generation from its solar and wind
resources. In 2001, the Nevada legislature passed an RPS bill. Beginning with a

5 percent renewable energy requirement in 2003, the amount of renewable energy
will increase by 2 percent every 2 years achieving a 15 percent requirement by
2013. At least 5 percent of the RPS standard must come from solar. No specific
funding support is identified; however, the Nevada Public Utilities Commission
(NPUC) approves contracts for renewable energy; and if they determine the
renewable energy prices are acceptable, then the provider is allowed to recover all
associated costs.

New Mexico’s arid climate results in less potential for biomass, but the state has
favorable wind, solar, and geothermal resources. Currently, the state produces less
than 1 percent of its energy from renewable resources; however, this will likely
change with implementation of an RPS. On December 17, 2002, the New Mexico
Public Regulation Commission unanimously approved an expansive new renewable
energy rule requiring utilities to produce 5 percent of all energy they generate for
New Mexico customers from solar, wind, hydroelectric, biomass, or geothermal
sources by 2006. Generation from renewable energy must increase by at least

1 percent per year until the portfolio standard of 10 percent is attained by 2011.
Utilities are required to file a portfolio plan with the state’s Public Regulation
Commission. No specific funding is available to support the RPS requirement;
however, if the portfolio plan filing is approved, the utility can recover all costs that
result from achieving the RPS.

Oregon possesses significant potential for geothermal energy development, and in
recent years, the state has moved forward in developing its wind and biomass
resources. Oregon does not have an RPS; however, in 1999, the legislation for utility
restructuring included a public benefits charge with total annual funding for
renewable energy expected to be $8.7 million." The Energy Trust of Oregon, a non-
profit organization, provides program administration.

Most of the electricity generation from renewable energy in Utah comes from
geothermal. The state also has good wind resources, and the southern half of Utah
has excellent solar resources. Utah has not passed an RPS, nor does it have a
public benefits charge to support renewable energy.
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Washington ranks second to California in the development of renewable resources
among WECC states, with biomass and wind making up the majority of installed
capacity in the state. Solar and geothermal resources can be found to a lesser
extent. Washington does not have an RPS, but is implementing green power pricing
programs.

The wind resource in Wyoming is one of the best in the country, with the electricity
generated from Wyoming wind farms exported to Oregon, Colorado, and Utah.?°
Other available renewable resources include solar, biomass, and geothermal,
although the geothermal resource is found in environmentally sensitive areas around
Yellowstone National Park. Wyoming has not adopted an RPS.

Other than existing small hydroelectric projects in Alberta and British Columbia,
current information was not analyzed on renewable development for the international
portion of WECC (including the Canadian provinces of Alberta and British Columbia
and th%northern portion of Baja California, Mexico) and is not included in this

report.
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CHAPTER 2: RENEWABLE ENERGY
TECHNOLOGIES

WIND

According to American Wind Energy Association (AWEA), the growth in wind power
generation capacity worldwide has quadrupled over the last 5 years.? The

United States has seen a 10 percent growth in wind energy generating capacity in
2002. The AWEA is projecting an even stronger year for 2003, as developers work
to install wind systems before the Production Tax Credit (PTC) is set to expire.?

The historical growth in the wind industry can be attributed to several developments.
The cost of electricity production has dropped significantly in the last 20 years —
from 80 cents per kilowatt hour (/kWh) in 1980 to about 4 cents/kWh today.24 An
increased demand driven by both consumer choice for green power and adoption of
regulations such as the Renewables Portfolio Standard (RPS) contributed to the
growth, as did federal and state incentives designed to stimulate the market for wind
power.

In addition to the technical advances that have reduced the cost of electricity
production, wind turbines have increased in physical size and power output. The
average capacity of large wind turbines 20 years ago was 150 kW. Today, the
typical capacity is 750 kW, with 1 or 2 megawatt (MW) machines becoming more
common, and turbines as large as 6 MW under development.®

Most of the wind farms in the United States are developed by private companies on
their own land or land leased from farmers, ranchers, or the government. California
is home to three of the largest wind energy development areas in the world and has
the largest developed wind industry of any state in the nation.?

The Altamont Pass Wind Resource Area averages 18-27 miles per hour (mph) wind
speed in the summer and drops to 9-15 mph in the winter. For the most part, Pacific
Gas and Electric Company (PG&E) purchases the electricity generated from the
wind turbines installed at Altamont Pass. The Tehachapi Wind Resource Area
(Tehachapi) in Kern County covers a 40 square mile area with the best winds (15-
20 mph) occurring from March to September. For the most part, the wind turbines
installed at Tehachapi produce electricity for Southern California Edison (SCE).

San Gorgonio Pass, just north of Palm Springs, has over 4,000 wind turbines at the
70 square mile site. The average wind speed in this area is 15-20 mph.?’ For the
most part, SCE purchases the electricity from the wind turbines installed at

San Gorgonio.
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Two additional developed wind resource areas are also located in California. In
Solano County the electricity is purchased by PG&E, PPM Energy, and the
Sacramento Municipal Utility District (SMUD). Finally, the energy generated from
wind at Pacheco Pass is purchased by PG&E.?

A significant portion of California’s existing wind capacity is old and less efficient
than today’s turbines, presenting an opportunity for repowering. The wind resource
in California is concentrated in specific areas and electricity generation plants at
these sites will most likely be repowered over time. Many issues factor into
repowering decisions, including the availability of the federal PTC and a restrictive
clause that limits a wind project with an existing qualifying facility (QF) contract from
repowering under that same contract.

Senate Bill 1038 (SB 1038) states that repowered facilities will be eligible for
supplemental energy payments (SEPs) if the capital investment to repower is at
least 80 percent of the value of the repowered facility. The California Energy
Commission (Energy Commission) and the California Public Utilities Commission
(CPUC) are currently developing the implementation rules for SEPs, and these rules
will be a factor in repowering decisions. The California Wind Energy Association
(CalWEA) estimates that, with removal of the restrictive clause in the federal tax
code, up to 450 MW of wind capacity might be repowered within three years, with
additional repowering occurring over a longer time scale.?

The lack of a reliable federal policy regarding wind power had created a significant
challenge for the industry. In 1992, the PTC was enacted, which provides a credit of
1.5 cents/kWh for electricity production from wind resources. Over the last 5 years,
this tax credit has been extended twice and is set to expire again on

December 31, 2003. These short-term extensions create uncertainty for the industry,
which can delay projects and investments and lead to the loss of jobs. A multi-year
extension of the tax credit could provide the stability for growth to continue.

The small wind turbine industry offers a variety of products with capacities ranging
from a few hundred watts up to 100 kW, producing electricity to supply homes,
farms, and small businesses. Recently, the market for small wind turbines has been
growing at about 40 percent a year.*® The AWEA’s long-term vision for small wind
systems is that they become a new category of home energy appliance.*’

Customers of California’s investor-owned utilities (IOUs) can receive rebates on grid-
connected small wind systems through the Emerging Renewables Program
administered by the Energy Commission and the Self-Generation Incentive Program
administered by the PG&E, SCE, San Diego Gas and Electric (SDG&E), and
Southern California Gas Company. Two hundred and thirteen small wind systems
have been installed through the Emerging Renewables Program since 1999.% No
wind systems have yet been installed through the Self-Generation Incentive
Program.
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Despite the improvements in small wind technology in recent years, there is general
agreement that more work is needed to improve operating reliability, reduce or
eliminate noise issues, and lower manufacturing and installation costs.

GEOTHERMAL

The growth in the geothermal industry was slow in the 1990s. One of the problems
facing the industry was the need to lower the cost of generation to be more
competitive with natural-gas fired electric generation.> Recent indications suggest
increased growth in the development of geothermal electric energy over the next
10 years. Renewable energy solicitations in California have drawn proposals for
development of almost 7,000 gigawatt-hours per year (GWh/year). Proposals in
other Western Electricity Coordinating Council (WECC) states reviewed for this
study total more than 3,000 GWh/year.

The technologies most often used to produce electricity from geothermal resources
in California are flash steam power and binary cycle power plants. The flash steam
power technology is typically used at sites that have high temperature fluids (usually
above 400 degrees Fahrenheit. Fluids at these sites boil into steam as they rise to
the surface. The steam is used to power a turbine, which turns a generator to
produce electricity.>

Binary cycle power plants can be used with lower temperature geothermal resources
where the water does not become steam before rising to the surface. It can also be
used in conjunction with flash steam power systems. In binary cycle power plants,
hot brine from the geothermal well is used to transfer heat to a hydrocarbon "working
fluid" with a lower boiling point than the geothermal brine. The two fluids do not
come into direct contact with one another. Once the working fluid is converted to
steam, the steam is used to power a turbine and the brine from the geothermal
resource is returned to the well.*®

The research funded by the Energy Commission’s Geothermal Resources
Development Account is aimed at addressing the following issues as they relate to
geothermal electric generation: 1) life-cycle costs, 2) technology to enhance or
replenish geothermal reservoir systems, 3) mitigation of adverse impacts, and

4) improved environmental protection.® In additi