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Greetings! This document is a draft report intehtbeprovide a basis for public
comment and for discussion by the Economic and A@olgy Advancement Advisory
Committee at its November 29, 2007 meeting to heé tve the campus of the University
of California at Merced.

Written public comments should be submitted viaiktoaschurch@arb.ca.gaw by
surface mail to

Steve Church
Research Division
California Air Resources Board
1001 | Street, PO Box 2815
Sacramento, CA 95812

Written public comments should be received no lttan close of business on November
27, 2007 to be available to the Committee at theddtoer 29 ETAAC meeting.

Further information on ETAAC can be found at

http://www.arb.ca.gov/cc/etaac/etaac.htm

and information on the November 29 ETAAC meetingvailable at

http://lwww.arb.ca.gov/cc/112907pubmeet/112907 pulbbiimieel
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1.INTRODUCTION

I. The Challenge Facing California

The California Legislature passed Assembly Bill BBe California Global Warming Solutions
Act of 2006, and Governor Schwarzenegger signetetiislation into law in September 2006.
The focus of this ground-breaking bill is to diréo¢ California Air Resources Board (CARB) to
implement policies to reduce the state’s greenhgaseemissions (GHG) by 25 to 29 percent by
2020, a percentage decrease that equates to amateky 174 metric tons of GHG from the
projected “business as usual”’ scenario.

The legislation did not specify how much each sestahe California economy would have to
reduce emissions, but unlike the approach beindeingnted by the European Union — focused
largely on point sources -- AB 32 covers all sestirCalifornia’s economy. The Governor has
also set a state goal of cutting GHG emissionsgedcent by 2050 — which will represent a 90
percent reduction per capita from 1990 baselinel$eW the state’s population continues its
current growth trend

Per Capita GHG (tons per
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These goals are quite an impressive challengeCalifornia’s track record on achieving
environmental and economic progress in the faggest challenges is equally impressive.
California’s power plants now emit less than 90cpat of the nitrogen oxides that form ozone
and fine particulates than two decades ago. Caldts greenest new passenger cars are more
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than 99 percent cleaner for Volatile Organic Commutsu(VOC) and Nitrogen Oxides (NOx)

than in 1970. California per capita energy consiimnghas remained essentially flat for decades
despite a national trends showing consumption asing) by 50 percent, according to figures
compiled by the California Energy Commission (CEGustained technological advancement
supported by a range of policies impacting a biyaath of California’s economy will be
necessary to meet AB 32’s 2020 goals. Innovatmmmsew zero or near zero GHG emitting
technologies will play an even more crucial role€Cialifornia attaining year 2050 GHG emission
reduction goals.

California has before it a prime opportunity to néese aggressive AB 32 goals. But policy
makers, industry and consumers must bear in migicthie long-term effects of decisions made
today will still be with us in 2020, and, in mangses, in 2050 and beyond. Land-use decisions
and choices about new electric power generatigastriucture will either help or hinder
California’s efforts to meet both the 2020 and 239G reduction targets. Development of
new kinds of clean vehicle and other transportatis@mhnologies over the next decade may
dictate whether the state is on a trajectory towaeeting the AB 32 mandates or falling behind
the curve on achieving these critical long-rangelgidy acting sooner rather than later,
California can lower the costs of transitioningatbeconomy less dependent upon carbon and
other GHG emissiofAswhile reaping the rewards of a more sustainaffeient and

competitive economic system.

While California’s current GHG emissions from threeegy sector represent a challenge in
meeting the AB 32’s reduction targets, they algwesent a map of opportunity. Between 2001
and 2006, the United States has experienced aaeatemline in manufacturing employment,
with California faring worse (-19.9 percent) comgxzhto national average (-17.0 percent).
California’s investment in advanced and emergirgueltechnologies in all of the sectors
analyzed by ETAAC has the potential to bring bitkoof investment dollars into the state and
promote long term sustainable economic and busresgth. The opportunities cut across all
sectors examined in this ETAAC report — transpamatindustrial, energy, agriculture and
forestry. Renewable energy and alternative fuelddccreate jobs in all stages of economic
development, ranging from research and developtantinufacturing and the rest of
equipment lifecycles.
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[l. The Role of ETAAC

ETAAC was created to facilitate the developmenm@iv policies and technologies as quickly
and economically as possible - including effortst tieach outside of direct GHG regulations.
One specific provision of AB 32 instructs CARB teate the Economic and Technology
Advancement Advisory Committee (ETAAC):

“advise on activities that will facilitate investmiein and implementation of
technological research and development opportunitieluding, but not limited to,
identifying new technologies, research, demonstrapirojects, funding opportunities,
developing state, national, and international parships and technology transfer
opportunities, and identifying and assessing reske@nd advanced technology
investment and incentive opportunities that wiliasin the reduction of greenhouse
gas emissions. The committee may also advise tRBOA state, regional, national,
and international economic and technological depaients related to greenhouse gas
emission reductions."

CARB provided several specific areas of focus foABC. CARB also requested that ETAAC
look broadly at issues that relate to CARB, stgnaies and the legislature:

. Review and prioritize incentive proposals for indlysompliance with AB 32,
identifying potential funding sources to underwtitese fiscal incentives;

. Identify the areas where public sector investmegititical to overcoming barriers to
achieving the California’s climate protection oltjees in 2020 and 2050 and discuss
whether those investments should be at the lozdg sr federal level, or some
combination thereof;

. Identify advanced technologies with the greatesG&thission reduction potential, their
commercial status, and the steps necessary to gtisbrsignificant market
penetration;

. Identify export opportunities for California busgses that specialize in GHG reduction
technologies and services;

. Recommend key demonstration projects for earlyessgand assist CARB in
formulating proposals for public/private partnepshand the potential involvement of
national and international organizations;

. Review and comment on the findings and recommenaaof the Cal/EPA Market
Advisory Committee, to the extent that report affeseliberations of ETAAC.

To meet these objectives, the CARB appointed mesrtbeihe ETAAC in January, 2007.
Members were selected based on their knowledgegpettise in fields of business, technology
research and development, climate change and eccsirief biographies of members are
listed in Appendix I.) The Committee is chairedfbymer CARB chairman and former Cal-
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EPA Secretary Alan Lloyd, Ph D. The Committee ¥@&air is Bob Epstein, Ph D., noted
engineer and entrepreneur, and co-founder of Enmiemtal Entrepreneurs. This final ETAAC
report reflects consensus views when consensuseaaked, and reflects a range of differing
points-of-views when agreement was not possiblEchEecommendation may not necessarily
reflect the views of every ETAAC member.

The ETAAC met several times throughout Califorrsad Appendix Il) and received
presentations by members of California’s technologymunity. Meetings were subject to the
Bagley-Keene Open Meeting Act and webcast to afimmificant opportunities for public
comments and input. ETAAC also received 125 suggesfrom the general public for ways to
reduce climate change emissions (a summary taliteecfuggestions is presented in Appendix
VI). The ETAAC has also agreed to develop an hewebsite providing access to details of
the technologies ETAAC is reviewing as vehiclesdamply with AB 32.

The work of ETAAC is designed to complement ongagffgrts to reduce GHG emissions in
California. The recommendations contained in temort do not replace or supersede existing
state regulatory programs, or any adopted futulieips authorized under AB 32. However, the
ETAAC report may facilitate the development of teclogies that help meet, or even exceed,
the GHG reduction goals outlined in AB 32. Commseeteived by ETAAC regarding the
development of specific rules have been collatadide of this report for consideration during
the appropriate regulatory development process.
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[Il. General Principles

General principles guiding policy recommendationsfprward by ETAAC include the
following overarching themes:

Address Near, Medium, and Long-Term Goals ETAAC's deliberations explored the need to
address near-, medium- and long-term goals. Natisrthere a need to deploy innovative
technology in the near-term to demonstrate nean-fgogress, but policies must also be
designed to meet a 25 to 29 percent reduction iG@hhissions by 2020, and then also give
momentum to long-term needs of California’s econ@mg environment by 2050. Smart
policies can accelerate innovation and technolaffysion, but refashioning California’s energy
economy to achieve zero or near-zero emissionssaiitie take time. That's why California must
continue to accelerate innovation to make progressducing GHG emissions in all sectors of
the economy in the future.

Others
8.4%

Electric Power Transportation
19.6% 41.2%

Industrial
22.8%

Ag & Forestry
8.0%

Figure 1 Carbon Emissions by Sector

Participation Across All Sector€$3HG emissions are a function of many activitiegyrag from
manufacturing and agriculture to how residents pdiveir homes and use transpéttlicies
implemented under AB 32 and the Governor’'s Exeeufivder for 2050 should address all
sectors, so that all significant sources of emissjoarticipate in both the challenges and
opportunities afforded by this critical piece ddtst legislation. This broad-scaled approach is the
most likely to create a level playing field for alttors in the state economy and therefore
achieve GHG reduction goals in a timely manner.

GHG Prices and Complementary PoliciesPlacing a price on GHG emissions is a criticgb ste
to respond to the climate change threat as it allpsvate markets to incorporate the value of
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reducing emissions into their everyday businesestment decisions. As the Market Advisory
Committee notes, however, undervaluing GHG emissi®ibut one of many market
imperfections that can limit solutions to climateange. Complementary policies will be needed
to spur innovation, overcome traditional marketieas, and address distributional impacts from
the higher prices for goods and services in a cadomstrained world. These complementary
strategies form the core of ETAAC'’s policy recommations.

Establish a Level Playing Field for Competition:Government policy should not attempt to
pick technology winners. Rather, performance-bgsedrams—whether market-based,
command-and-control, or incentive oriented—sho@dhHe norm. ETAAC makes a number of
recommendations based on the need to help emersgihgologies move through demonstration
phases to achieve full commercial viability. Thetpproach may be to support new
technologies to a point where they can stand-alatien a market structure characterized by
performance standards and carbon prices. To tleaietktat stubborn market failures or other
barriers require on-going incentives or other foohsupport for GHG reduction technologies
beyond the point of full commercialization, thesegrams should be based on performance.

Maximize Public Health and Socio-Economic Co-Bendf: Some policies can reduce
pollutants that affect climate change as well aallpublic health. For instance, ground level
ozone contributes to both climate chahged major public health problems in Califorfiia.

Black carbon -- in particular fine particulates also an important public health issue. As
discussed during U.S. Senate hearings, therernsasing scientific evidence about the role black
carbon plays in accelerating global climate chadgsessing existing regulations for public
health pollutants such as ozone and fine partieuksgulations were outside the scope of the
ETAAC report. Nevertheless, ETAAC acknowledgesithportance of existing programs to
achieve public health standards and innovationsabald further these goals while also

meeting AB 32’s GHG emission reduction targets.

Address Environmental Justice Concernsin evaluating potential policy and technological
fixes to GHG emission challenges, ETAAC recognittexineed to develop solutions that do not
shift burdens of compliance to disadvantaged conitmegrsuffering from historic pollution
trends. Where the effects of policies and techyiebbcan be clearly discerned, they are
identified in this report. In other cases, furtbgaluation of any Environmental Justice affects
may need to occur when specific implementation nnessare developed by CARB or other
agencies or organizations

Foster Collaboration at All Levels of Government Participation at all levels of government
will be necessary to address global climate chaBgAAC recognizes the need for coordination
across all state agencies whose programs andt@sooverlap with the goals and potential
programs developed in response to AB 32 and the 20§ets. For instance, ETAAC
recommends that CARB distribute lists of potentigasures to other state agencies to identify
areas where early coordination is needed to ideagiportunities to minimize costs and
unintended consequences while also identifying dppdies to maximize co-benefits. The
strategic focus provided by the Governor’s Climatgion Team should be harnessed and
translated into making it a priority for all statgencies to facilitate GHG reductions by business,
government, and the public. A regular reportingatire should be developed so the Governor
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and the State Legislature can clearly track anatifyeprogress being made towards complying
with AB 32’s required GHG emission reductions.

It is also critical that California’s state goverant work with the federal government to achieve
AB 32’s goals, in order to lay the groundwork faartsferring successful programs and strategies
to the national stage. California’s energy effigg programs, renewable energy development
efforts and passenger vehicle GHG standards cankerve as models for national climate
change response programs. The federal governnantwo doubt benefit from early adopters
in California and other states with pioneering @techange response programs.
Implementation of some of these programs acrossdhetry could broaden the environmental
benefits of early action and help drive down comptie costs. There are also jurisdictional
matters to contend with. Only the federal govemioan take a leading role in coordinating
certain aspects of international transportatiorobeythe scope of California’s state regulatory
authority.

Cooperation with city and county governments wsloabe necessary to implement local
planning and other decisions to help implement Gedctions for energy, transportation, and
other sectors of the economy.

Research, Demonstration & DevelopmentThere is clear need for California to support

RD&D and identify the most important candidate temlogies and other climate change
response solutions that need to reach full comralkezation status in the near future. The type of
support varies with each developmental stage arfthtdogy type. . New technologies are
particularly vulnerable when making the leap frosuacessful technology demonstration to a
bona fide commercial product. This report hasfified over $700 million in state-supported
technology research and implementation funding, aitleast some overlap with AB 32’s GHG
emission reduction goals. For example, equipmeamngé-outs to cut criteria air pollutant
benefits often also foster the lowering of GHG esiwiss. It is therefore important to co-ordinate
additional RD&D efforts to cut GHG emissions witkigting programs. To broaden the
resources available to develop low-carbon solutarghelp spread the co-benefits, ETAAC
also recommends that partnerships with industryather private organizations, other state and
local governments, and the federal government bsupd. Given the global scale of the climate
change challenge, and the need for internatiorg@@tion, California has also established
international agreements with the United Kingdord #re European Union, and should embrace
similar international collaborations whenever fbssi

Flexible Approaches Flexibility will be necessary to minimize the ragiye economic impacts
that might flow from AB 32 implementation and ta@ognize the need to phase—in new, low—
carbon technologies into the state’s economy. dpvexy) flexibility for changing circumstances
in the future is yet another important goal embeédddahe work of ETAAC. Electric power
generation stations and other capital intensivaastfucture that is being planned today may
become the primary energy source for advanced keshit the future. The crossover and
spillover effects of today’s investment decisionB present significant challenges and
opportunities for both energy and transportatiaiss.
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IV. Organization of ETAAC report

Broad participation by all sectors of Californi@sonomy will be necessary to achieve the AB
32’s reduction targets. This ETAAC report consaanchapter offering economic/financial
recommendations that support climate change solitizat stretch across sectors and then one
chapter for each of the five specific sectors aredy(transportation, industry, energy,
agriculture, and the forestry sector). ETAAC’s ¢nents on the Market Advisory Committee
report also comprise a chapter in this report.dditeon, detailed information on energy and
transportation technology advances is includetiénAppendix V and VI, respectively.

ETAAC believes that the benefits, costs, riskgjeraffs and uncertainties associated with
climate change response policies must be madeptears as California moves forward with the
implementation of AB 32. Developing solutions loétscale required by the climate change
challenge will be a complex endeavor. It is therefimportant to recognize that each of the
proposed policies included in this ETAAC reportlwikevitably interact with one another. Each
recommendation put forward by each ETAAC sectogsuoip contains critical information on
expected GHG reductions and an expected timeframachieving these reductions when each
policy is considered as a stand-alone option. ETAH#d not prepare a full scale implementation
analysis for these recommendations individuallp®an integrated program. ETAAC did,
nonetheless, identify major co-benefits and mitggatequirements when such information was
known and available. In the final analysis, iviially important to understand and fully
communicate the rich diversity of information indéd in this ETAAC assessment so that
California policy makers and the general public hmtify solutions to AB 32 that are fair,
balanced, and effective.

! values for California Air Resources Board invegtarot including “excluded” categories relatedrternational
aviation and marine emissions.

2 Stern Review, 2006, Cabinet Office - HM Treasury

3 IPCC, Fourth Assessment Report (AR4), Working @ratReport “The Physical Science Basis,” Summary fo
Policymakers, 2007

* The California Aimanac of Emissions and Air Quali2007 Edition
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2.FINANCIAL SECTOR

|. Introduction

The ETAAC financial sector subgroup investigatedesal different strategies and methods to
encourage financial sector innovation in the demlegt and development of greenhouse gas
reduction technologies. The general public contatwa variety of written suggestions on
financial tools to accelerate GHG reduction tecbgws, which will be documented at the
ETAAC web site (www.etaac.oygThis report sums up suggestions brought forvdamhg
public meetings as well as a set of informal megstwith representatives from Cleantech
companies, Cleantech investors, companies whicratg existing carbon markets and
members of the greater U.S. financial community.

With billions of dollars now being invested in Chéach companies, California has a unique
opportunity to create new jobs and entire new itréessright here in our own backyard. Smart
economic development policies that take advanthdgew financial tools and programs are
needed to ensure that California realizes itsgfatential as a climate change pioneer and
captures the job creation benefits of its environtadeadership. Many startup companies want
to grow in California to maintain a strong nexusaAmen manufacturing and RD&D and still to
be close to major markets, and yet barriers topgbiential synergy remain. These barriers can
result in relocation of Cleantech companies to iotagions and states.

Several overriding themes emerged from the finaector subgroup’s research:

» Existing state financial incentives and grantsuarikely to be sufficient to spur the
needed innovation in GHG reduction technologiesotmply with AB 32. CARB staff
produced a document (see Appendix Ill) listingwhdous state grants available under
existing programs. While some may be beneficiaytare not yet coordinated to achieve
maximum impact for AB 32’s GHG reduction targetsgsecommendation C below.)

AB 32 sets the stage for a timely opportunity tiooraally link the state’s many but
disparate RD&D programs to make sure they are coated and focused on
encouraging GHG emission reductions.

» California will benefit from a significant finandiancentive program to stimulate the
deployment of GHG reduction technologies both iesidd outside of capped economy
sectors. Judging from the experience of existingarad trade systems in the United
Statesit is unclear if such systems encourage or dismgeiinnovation. Though the
ETAAC financial sector subgroup does not presuragdh emissions trading system will
be created under AB 32, it does believe that thie steeds a significant incentive system
to help assure that emissions reductions are asthiaivlowest possible cost. This
incentive system should also encourage investmei@salifornia’s disadvantaged
communities to address broader environmental jisticd economic development goals.

* Revenue neutral shifting of fees and taxes canwage the distribution and purchase of
cleaner products and fuels.
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» California is positioned well to attract ventureital investments in Cleantech
companies. California led the nation in Cleanteghture investments in 2006 with over
$1 billion, representing over 40 percent of totlabtech investments nationwide.
However, the amount of invested capital is notséu@e thing aproductive investment
The state should encourage private investmenighiatormed by policy trends and
technology advancements in order to generate lodtist economic and environmental
returns.

* At present, the state is doing little to encourtgeemanufacturing of products in
California. In fact, it is expected many Cleanteompanies may be moving their
manufacturing out-of-state while keeping their lepaatters and RD&D facilities in
California. The ETAAC finance subgroup did not laaikthe comprehensive set of issues
related to attracting and keeping manufacturinGatifornia, but rather focused on issues
pertaining to AB 32 or to the manufacturing of puots in California directly impacted
or created by AB 32.

From these overriding themes, the finance subgissied two central recommendations and a
set of additional policies designed to supportvétats in all of the subsequent ETAAC subgroup
reports: transportation, industry, energy; agrio@t and forestry. An ETAAC analysis of the
Market Advisory Committee’s report is also includedrame how market structures will also
impact early actions, innovations and price sigimaksach of the state’s economic sectors.
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[l. Central Recommendations: Carbon Trust & Cleantech Commercialization

A. Create a California Carbon Trust

A new public or a public-private entity that cresata incentive fund using allowance revenues
to encourage carbon reductions in sectors insideoatside the cap, while also supporting
environmental justice goals, actively managingdadon market, and encouraging research,
development and demonstration efforts. Activitieald start prior to 2012, helping to set an
early price signal.

* Timeframe:in place by 2012.

* GHG Reduction Potentiallhe potential for GHG reductions would dependlantrust’s
funding source (initially from early auction procdseor some other source) and the cost of
acquiring carbon rights. If the Trust is able ¢are reductions at a cost equal to or slightly
less than auction prices, then for every millionsof CQ allowance auction revenue
provided to the trust about one million tons of G&ductions would occur.

» Ease of Implementatiomoderately difficult. Barriers include the follong:
0 Assumes some auction revenue.

0 Requires the creation of a new mechanism. It magensanse to house the Trust
within an existing entity or create a new entitgigeed specifically to encourage the
development and execution of greenhouse gas reduatojects outside the cap. This
entity could be a public entity or a public/privatetity.

» Co-benefits / Mitigation Requirementaany co-benefits, no mitigation requirements:
o Provides funding for carbon reductions
o Encourages carbon reduction projects prior to 2012

o Can direct funding towards technology demonstradiod research in areas where
private investment is lacking

0 Supports Environmental Justice goals of empowerargmunities and reducing
criteria and toxic pollutants

* Responsible Partie§o be determined. Could be an existing agency if@awation of
CARB and regional air boards, the California Treass office, etc.) or could be a new
entity.

Problem:California would benefit from a financial mechanishat stimulates investment in
GHG reduction projects and technologies in bottpedpand uncapped sectors of the state’s
economy. This financial mechanism can addresfotteaving problems:

= Barriers and early failures in emerging marketsGeiG reductions

= Lack of financial support for projects in disadvegegd communities or with other
significant co-benefits
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= Price spikes and instability in the carbon market
= Gaps in private sector funding for research andaestnation projects

Possible SolutionA California Carbon Trust could serve four im@att roles as the manager of
an incentive fund for carbon and other GHG redudtim California. Its primary purpose would
be to achieve GHG emission reductions outside tB&2 cap, helping California to reach its
ambitious GHG reduction targets. The second purpdssely linked to the first, would be to
further the environmental justice goal of empowgGemmunities to take part in achieving
emission reductions of both carbon and other cait@nd toxic pollutants. A third role for the
Trust would be to serve as a market maker and ptad@lizer for the carbon market. And the
fourth role would be to fund University researcld dfirst project” demonstration financing in
areas where private sector funding is lacking. Thest's activities could start prior to 2012,
jump-starting emissions reductions in Californielging to establish an early price signal for
carbon and other GHG emissions.

1) Achieve Additional GHG Reductions and Address Carbon Market Failures

This Trust would achieve its primary goal of redurc{GHG emissions outside the cap --
reductions that cannot be claimed by regulatediesti- by offering to purchase the
carbon benefits from projects that meet strict neguents of being additional, real and
verifiable. Qualified projects would compete baseda project-proposed price of carbon.
This process would operate in parallel with privaftset investments, but would have
greater flexibility to fund reductions that wouldreeve AB 32 goals but may not receive
private sector funding. For instance, private @eictvestments may need to achieve
rapid payback times to attract private capitalhvtite benefits of reductions in the future
greatly discounted. By taking a long view of megtGHG reductions in 2020 and 2050,
the Trust could invest in projects that may hageeater overall GHG reduction per
dollar of investment, but a longer lead time. Thest could also address other gaps and
failures in the carbon market, encouraging a waoéprojects that are having trouble
finding access to capital from the private sector.

The Trust would not fully fund the project, but wdwffer enough of a financial
incentive to allow the project to become finangidlasible. For example, a project
applicant might want to retrofit the HVAC systemaamulti-family residential building.
A market barrier exists because of the discrep@etyween who makes the capital
investment and who ultimately reaps the benefthat investment: in this case, the
building owner must front the capital while thedats benefit from lower utility bills.
The Trust creates an incentive to help overcomenttudet barrier by offering to
purchase the project’s carbon benefit from thedaog owner. The building owner
benefits because he or she is reimbursed for thafiteip to the value of the carbon
reduced, while tenants benefit from lowered utibtlys, not to mention more efficient
and better quality air conditioning and heatinghieir homes. The State of California
benefits from the reduction in carbon emissions, @apped entities such as members of
the business sector benefit because Californisecto its emission reduction target at
no expense to them.



ETAAC Report Discussion Draft — Released 11/15/07

To ensure the integrity of the carbon reductions, rust must limit funding to project

for which clear measurement and verification statslaxist. For example, project types
could include those for which the California Climatction Registry has accounting
protocols or those that produce measurable antial@e energy efficiency or low carbon
energy generation. In all cases, the Trust wouédirie hold a reserve to protect against
unexpected shortfalls (i.e., some percentage dorareductions is held in reserve so that
environmental integrity can be maintained in cageroject failure.)

The Trust's standard project selection process avbalbased on the relative cost-
effectiveness of emissions reductions, similahtdgtate’s successful Carl Moyer
program. The Trust could issue requests for praiggseriodically (quarterly or

annually, for example), and applicants could inelagunicipalities, hospitals, schools,
community organizations, nonprofits, or any othejgct sponsor outside of the cap. An
application to the Trust for funding would detdiétproject’s plans, including the
guantity of emissions to be reduced and a proppeed at which the project will sell the
emission reductions to the Trust. A Dutch auctionld determine the price at which the
Trust decides to purchase carbon reductidescause the Trust does not fund entire
projects, all projects would have to be financiaiigble through a combination of their
own economics and the additional value of sellmgdarbon reduction units to the Trust.

The Trust could choose to do one of two things whhcarbon it has “purchased” from
emission reduction projects. Both of these mecmasmisnsure that carbon reductions
occur within California and investments stay witthe state.

= The Trust can retire the carbon for public bendfitedits to be retired
might have no real market value, or might pose @®abunting
concerns. For example, the Trust would retire tieelits generated by
an energy efficiency program that allows the asdedi Load Serving
Entity to claim credit by reducing its own emissoAll carbon
reduction projects that also value co-benefits sagchir pollution
reductions would have to be retired.

= Credits from Trust projects that value only carbuomght be eligible
for sale in the voluntary market§he revenue generated by these sales
could be put back into the Trust and used to inwvefirther
reductions. Possible buyers might include stat@@gs, corporations,
or individuals (through an offset program) that wwmoffset their
emissions.

Note that the Trust could potentially be designethsit some of the carbon credits it
purchases could be used by capped entities asibld&ompliance mechanism in the
regulated market. These credits would come frortaceapproved project types for
which protocols exist.

2) Encourage Environmental Justice Goals and Projects with Co-Benefits
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By setting aside some portion of its funds to ksriiuted to projects based on
geographic location, demographics, and/or assatc@iebenefits, this Trust could also
help to reach important environmental justice gdalstributing funds based on
geography or demography would ensure that disadgadtcommunities receive a pre-
determined amount of funding for projects that ol reduce carbon emissions, but
also foster community development and protect lo@ome consumers from rising
energy prices.

In addition to (or instead of) distributing fundaded on geography or demographics, the
Trust could choose to favor projects with ancillagnefits, such as green collar job
creation, technology demonstration, or criteria smdc pollution reduction. In these
cases, the Trust would pay not only for carbon cadas, but would also pay for co-
benefits such as local air quality benefits. Faregle, a project that reduced NOX in
addition to CQ could be financially rewarded not only for thelwam reduced, but also

for the NOx reduced by the project. By attachirthesi a time value or a monetary value
to co-benefits, the Trust would create incentiv@sprojects that not only help California
reach its GHG reduction targets, but also achiew&r@nmental justice goals such as job
creation and pollution reduction.

The selection process for projects with co-beneifisild be similar to that for projects
that involve only carbon benefits. Projects wouddjlodged on relative cost-effectiveness,
compared with other projects in the same catedmaggd on geographic location,
specific co-benefits, etc). Projects would alsodnieebe financially viable through a
combination of their own economics and the addgiamlue of the carbon reductions,
plus whatever values the Trust assigns to the ceflis. Again, the GHG reduction
credits could be retired for public benefit or pblssold into voluntary markets.

3) Actively Manage the Carbon Market and Mitigate Price Volatility

The third role of the Trust could be as an enadohel/or “market maker” of the carbon
market in California. The Trust could purchase eimis reductions that have been
certified as tradable credits and sell or retienthas needed in order to help stabilize the
California carbon market.

The Trust could also be designed so that someeatdhbon credits it purchases from
projects outside the cap could be used as a flexinpliance mechanism in the
regulated market. These credits would come frortaceapproved project types for
which protocols exist, and would only be sold itiie compliance market as needed to
alleviate price spikes. The Trust would thus ac &hock absorber” — buying credits
from capped entities when demand for carbon is virrakder to support higher prices
needed for investment and innovation, and sellnedits when demand is high and
supply is low.

By stabilizing the price of carbon (when necessang providing a sense of certainty

over time, the Trust would be managing carbon thg that the Federal Reserve Bank
manages interest rates. This active managemeuldstiecrease the likelihood of the
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regulatory process overreacting or reacting towlgioo volatile carbon prices. As a
dynamic manager of the price of carbon with a losugge view, the Trust would perform
the role of a market oriented safety valve and atavihe need for static regulations such
as price floors or ceilings. Specific rules foreintention in the market would have to be
developed in advance.

4) Encourage Research, Development, and Demonstration

A fourth role for the Trust would be to fund lowstphigh impact University research
and demonstration projects. These are both araeatattk adequate private funding but
can produce valuable technology advancement, aatielg GHG reductions and
supporting economic growth. The Trust could sedeasbme percentage of the allowance
revenues to be spent in this area, with funds tdistebuted based on judgments of the
relative promise, reliability, and cost-effectivesef projects in various categories.

Funding Sources for the Carbon Trust

Revenues for the Trust could come from the audafamlowances, from penalties or fees for
non-compliance post-2012, or from another sourcé s the general fund or borrowing
guaranteed through repayment from auction revereesed on historical experience, revenue
from penalty fees is expected to be minimal. Catif@ Environmental Quality Act mitigation
fees are another possible revenue source to cahsiflehe Trust is designed to be a market
maker and has the authority to purchase and sblbnacredits, an additional source of funding
would be the sale of certified, tradable carbomlitse Finally, another source of funding could
be the sale of carbon reduction credits into tHantary market.

The state might consider offering one or more eauigtions of a small percentage of the 2012
allocations. This early auction proposal presuppadisat the state has decided not to grandfather
all allocations based on historic emissions andelséablished a minimum percentage of
allowances to be auctioned in 2012. One or morg aactions would help to set an early price
signal and would remove some of the uncertaintyiahde-making, jump-starting the market
for carbon in advance of 2012. We should expedtahmice discovery period would probably
reveal a price lower than expected; this is whatheppened historically in other similar
schemes. Early auctions would allow the statedarti by doing,” essentially serving as a trial
period. The state would have the opportunity torlead make adjustments before 2012. If the
state decides against an early auction, the Tmugtldoe funded initially through the state’s
general fund or through a loan, or through otherces.

Any auction revenues are legally a fee and thus mest the legal standard established by the
Sinclair Paint court decision. A “Sinclair Tes€quirement means a nexus must exist between
the purpose of the fee and the use of its reveAlesTrust passes the Sinclair test because both
the fee and the Trust's expenditures are intendedduce carbon emissions in California.

Consideration should be given to designing the fTassa public/private partnership in order to

leverage private capital in addition to the pulnioney used to purchase credits. Involving
private capital could provide access to resoutcasghould help improve the economics of the
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Trust, particularly in the earlier years of opevatbefore 2012. Another possible benefit of
involving the private sector would be a contracarguntee that Trust revenues would be
restricted to the purpose of reducing GHG emissions



ETAAC Report Discussion Draft — Released 11/15/07

Central Recommendation: Cleantech Commercialization

B. Promote Clean Energy Innovation and Commercialiation

Support California research, development, demaoim@trand commercialization effortsdayto
ensure that critical innovations are availabledotabute to GHG reductions in future years.
Optimize current programs toward the climate chagapd and consider new programs to
accomplish objective. Consider creating a newtetdicoordinate these efforts.

* Timeframe: Programs in place by 2012.
* GHG Reduction PotentialCannot quantify.
» Ease of ImplementationrModerate. Barriers include:

o Recalibrating current subsidy programs that arestrattured to measure GHG
reductions could be politically challenging.

0 Some current subsidy programs calculate avoidets cifferently so it may be
difficult to compare or measure real program valueomparative potential for
GHG reductions.

0 The state currently has no scale-relevant prograpfaice to support
demonstration projects for emerging technologi&siew financial vehicle may
need to be created to fill this gap by sharing bskween public and private
sectors.

o Complicated state programs make it difficult foe fhrivate sector to identify
opportunities to participate.

» Co-Benefits / Mitigation Requirementdany benefits, no mitigation requirements:

o Would fill the “innovation pipeline” with promisingew technologies that may
contribute substantially to GHG reductions.

o Would orient disparate clean energy programs towrsdinifying goal of GHG
reductions without decreasing importance of otloalgy

0 Would better ensure that public and private RD&f»i$ are informed by public
policy objectives.

0 Would close a critical gap in the clean energy stneent ecosystem by
supporting demonstration projects.

o Would ensure greater linkage and enable more eféecomparison across
current programs by creating consistent calculaticawvoided costs.

0 Would support California’s culture of entreprendiipsand support economic
development objectives.

* Responsible Partie€EC, CPUC, CARB. Could involve the creation of thew
organization referenced below.
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Problem:The technologies needed to support GHG reduchegend 2020 do not yet exist.
While the State of California currently funds aiety of RD&D programs, these programs are
not necessarily geared strictly toward measurings@etductions. Moreover, in most cases, the
state’s individual subsidy programs are not optiyn@bordinated in pursuit of the principal
current objective of AB 32 -- GHG emissions redoigti- causing inefficiencies and missed
opportunities for improved performance. On tophaitf other states are implementing programs
and incentives to attract Cleantech companies ®ptneir economic development strategies.

Possible SolutionThe State of California make an affirmative comnatto research,
development and demonstration programs geared do#&iG abatement. By not just
supporting but actively promoting clean energy waten, the state has the opportunity to seed
the California marketplace with promising new tealogies that may aid in achieving GHG
abatement goals--particularly in the outer yedrsis will also drive new investment dollars to
California and better enable our state to attradtraurture the most promising clean energy
start-up businesses. The state should also consigigting a new organization to house these
and other programs.

What is “Cleantech”?

The Cleantech industry encompasses a broad rarmgyediicts and services, from alternative
energy generation to wastewater treatment to nes@urce-efficient industrial processes.
Although some of these industries are very differath share a common thread: they use new
innovative technology to create products and sesvithat compete favorably on price and
performance while reducing humankind’s impact aneéhvironment.

To be considered “Cleantech,” products and servinest: optimize use of natural resources,
offering a cleaner or less wasteful alternativeaditional products and services; have their
genesis in an innovative or novel technology oriappon; add economic value compared to
traditional alternatives.

The eleven Cleantech categories are:

Energy Generation
Energy Storage
Energy Infrastructure
Energy Efficiency
Transportation
Water & Wastewater
Air & Environment
Materials
Manufacturing/Industrial
Agriculture
Recycling & Waste

Firms in these categories may not always markehsleés/es specifically as “Cleantech,” and
investors who place capital into these firms likeevmay not necessarily consider themselves to
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be “Cleantech” investors.

The ETAAC financial sector subgroup offers thesggastions to foster clean energy innovation:

» Support Demonstration Finance:Create a single or a series of financial vehitides
support demonstration finance for projects thaehagarticularly high GHG abatement
potential. This may include but is not limiteddlean generation technologies, energy
efficiency industrial applications and vehicle derstrations of new low and zero tailpipe
transportation options. The absence of fundingfoject demonstrations is a significant
impediment to the maturation of new technologies iarconsistently identified by
thought leaders as a major gap in the financidlisecture of clean energy. The
demonstration finance fund could be structure@gteiage a combination of public funds
already nominally dedicated to such efforts andagte funding, and/or it could be funded
by royalties, shared savings or shared carbontsrbdnked for future use.

o Clean Generation Support first megawatt installations that présehnical
feasibility and enable project financing for emaggtechnologies.

o Energy Efficiency TechnologieSupport demonstration projects for industrial
energy technologies to accelerate the adoptiomefrging technically proven
energy efficiency technologiés

o Clean Transportation Support vehicle demonstrations of low and zero
transportation options including light, medium dvahvy duty plug-in hybrids,
dedicated electric vehicles, and hydrogen or cdldeanced fuels

» Target R&D Funding for GHG Reduction: Promote the use of public funds to support
research specifically for technologies with potalhfihigh GHG abatement value.
Consider linking the current individual subsidy grams into a unifying framework with
a common set of reduction objectives, possiblyudirig a consistent approach to state-
calculated avoided costs. Accurate and consistdatil@ation of avoided costs would help
identify the most cost-effective technology opti@msl better ensure that RD&D funding
is efficient and attuned to commercialization.

» Leverage California’s Centers of Innovation: Leverage and provide coordination
among the existing RD&D efforts of state and fetlkdas, private research institutes and
universities. Currently there is no single sourtmfmrmation about what the referenced
centers of innovation are working on or how thesaarch priorities are established. A
coordinated effort would ensure that market anacpaignals reach and influence
innovation centers. Such an effort may enable pafitiatives that reflect real
technological progress and may help individual wratmns achieve scale more quickly.
This could be accomplished by a new entity chakgid coordinating low carbon
research efforts, or it could be accomplished bgxasting private or public entity. The
CPUC recently acknowledged a similar need and apar@oceeding to consider
creating a “Climate Solutions Institute” to be hedsvithin California universities.
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Engage the Private Sector:Create visible onramps for private sector supfooréarly
stage clean energy innovation. Create a roadm#peddtate’s technology priorities
citing public funding of certain sectors where aqgdble (ie where funding starts and
where it stops). Where it makes sense, creatadiabvehicles that leverage both the
public and private sectors. Develop a programuiiclyg an outreach campaign that
enables our state to more effectively attract amtumne the most attractive low carbon
start up entrepreneurs. Create industry speaifitip private partnerships in support of
low carbon objectives to ensure private sector kedge, engagement and support.

Consider Creating a New Entity to Coordinate Thesé&fforts: A single focused entity
may be well positioned to act as a coordinatoradicg-motivated technology
innovation, for example by administering targettadesgrant funds for specific
technology challenges — i.e. the “golden carrofirapch to goal-setting and reward.
Such an entity could also enable the multiple mudfid private centers of innovation in
California clean energy to communicate, share rebeaeek private funding, and move
mature technologies through the procurement presasisthe major state energy
providers. The organization could also act as tirecjpal agent for external market
development and technology transfer to demand eatgside of California. Finally,
such an entity could play a valuable ‘connectigsug’ role in helping to coordinate state
incentive programs toward the GHG reduction gaad, ia providing the private sector
with insight into the structure and availabilityiotentive funding.

The organizational form and supporting revenuectiine of a new entity would be
dependent on the objective. A variety of orgamtetl models could be considered
including:

o Create a new state run program authority withiexsting state agency;

o Create a private nonprofit entity via statute samtb the creation of the
California Climate Registry;

o Create a private vehicle that manages public feddunds to accomplish public
objectives similar to the Carbon Trust;

o Create a private nonprofit organization that dogtsnmanage public fees.
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[ll. Additional Organizational and Policy Recommendations

C. Leveraging AB 32 to Spur California Job Creationand Manufacturing

A five-year “Buy California” incentive program caliboost in-state cleantech manufacturing
and take advantage of the lower embedded carbderdosf California-manufactured products.
Amending current disincentives in the state’s inedax and sales tax codes would help ensure
that California is competitive with other statesitracting cleantech capital investment. A
cleantech manufacturing attraction initiative coédp the state proactively attract and grow
companies here.

* Timeframe:ln place by 2012

* GHG Reduction PotentiaBignificant, but difficult to quantify. Potentiegéductions
depend upon the type of manufacturing establishé€thiifornia and the proximity of
where goods are produced to where they are soldisedl The manufacture and
transportation of products manufactured in Calififior use in California is likely to
generate fewer greenhouse gas emissions thanrdgsgéng when manufactured
elsewhere.

» Ease of implementatiooderate. Could use existing public goods chaugel$.
» Co-benefits /Mitigation Requiremenidany benefits, no mitigation requirements:

0 Reduced GHG emissions due to California’s lowebcarenergy supply (relative
to other states and countries with cleantech matwiag);

o “Multiplier effect:” additional jobs and economictavity generated through the
close proximity of suppliers, installers and othacillary businesses;

0 To the extent that this encourages the adoptiahteain energy technologies,
California residents can expect improvements irgaality.

* Responsible parties:CPUC; Legislature; California Business Transgioh and
Housing Agency.

Problem:California lacks sufficient incentives and facesriess to developing a strong

Cleantech manufacturing sector. California alast hearly 340,000 manufacturing jobs in a
recent five year period. Cleantech manufacturimgda help create new jobs to replace those lost
and create a substantial multiplier effect withdigrs and the transportation and financial
sectors, while reducing greenhouse gas emissions.

Specifically, companies contemplating the transifimm the lab to production are under strong
economic pressures to locate out of state. Whadeynstates provide incentives to attract
Cleantech investment, California’s corporate incdeneapportionment formula imposes a
higher tax burden on those hiring and investingtate. Imposition of a sales tax on
manufacturing equipment installed for in-state nedes capital-intensive expansion in
California significantly more expensive than in akhany other state. Out-of-state
manufacturing results in more greenhouse gaseg belieased into the atmosphere due to less
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efficient and higher carbon content energy suppl®gouraging in-state manufacturing would
therefore result in both lower GHG emissions agadificant economic benefits.

Possible SolutionCalifornia can benefit from a time-limited incergiprogram that promotes

the growth of in-state Cleantech manufacturing. gbal of a “Buy California” campaign should
be to get a new market started, rather than tdeaporate dependence on another entitlement
program. While California cannot match the inceesgiwffered by every other state, California
should act to remove the current disincentivefiendtate’s income tax code that reduce a
company’s tax bill when it decides to grow outsudéalifornia, and also take action to ensure
that capital investment in California is compettiwith other states.

California should examine policies from states Massachusetts, Washington, Oregon, and
New York, which are moving aggressively to promGteantech manufacturing. These states
offer a combination of grants, tax incentives aretlits, loans and guarantees, and seed capital
to promote local jobs and the adoption of technie®geveloped and/or manufactured in those
states. These efforts often dramatically lowerdieital costs for companies that locate in those
states. If California takes its leadership fomgea, we will lose high quality jobs, significaiatxt
revenues and other benefits of having a thrivinge@tech economy to out-of-state locations.

Here are a few examples of what these other saa¢edoing. Oregon, which does not have a
state sales tax, approved House Bill 3201 receathrovide a 50 percent income tax credit up to
$20 million (up to ten percent of the cost of theility for each year over five years, for the
construction of facilities to manufacture renewadatergy systems and components in state.)
California provides no comparable investment cradd subjects new manufacturing equipment
to a sales tax that generally exceeds eight perc8ata company contemplating a $40 million
capital investment could face a final net projeatest for that facility of approximately $23
million in Oregon — or close to $43 million for &fentical facility in California.

An example of what California might emulate is Massachusetts’s Technology Collaborative
(MTC), which offers Renewable Initiative Rebatemitar to California’s Self Generation
Incentive Program (SGIP). The difference is thasbéehusetts offers an additional incentive
(an extra $0.25/watt for solar and an extra $2.6@/er fuel cells) if Massachusetts-
manufactured components are used. Similarly, Wastimenacted Senate Bill 5101 in May
2005, establishing production incentives for indials, businesses, or local governments that
generate electricity from solar power, wind poweapaerobic digesters. The incentives range
from $0.12/kilowatt hour (kWh) - $0.54/kWh, depemglion technology type and where the
equipment is manufactured. One example of hovdtivesss California’s competitive
disadvantage is found in SB 1012 (Kehoe), whiclera$ California’s self generation incentive
program to combined heat and power projects anginesthe CPUC to, “provide an additional
incentive of $0.50 per kilo watt hour from existipgobgram funds for the installation of
gualifying technologies that are manufactured iif@aia by companies that maintain their
principal place of business in California.”

Because fuel cell systems and solar panels are thrgable goods, it makes econoruncl

environmental sense for them to be manufacturededbaally. These technologies offer direct
GHG reductions by producing clean electricity. LUbcproduced clean energy technologies will
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reduce the GHG emission impact of importing largawy equipment from across the country or
the world. A 1 megawatt (MW) fuel cell system sheddrom Connecticut to California will
generate over 130,000 pounds of G@m the cross-country transport alone. Similaiidy,

every megawatt of a fuel cell system shipped framm@, over 250,000 pounds of ¢ére
emitted”' Early actions to reduce the state’s €vels should not only consider end-use
applications, but lifecycle product transportatiompacts.

Along with GHG emission reductions, fuel cells,asand wind technologies generate virtually
no NOx, SOx, or other harmful particulates. Accalieig the adoption of these technologies in
California will also improve overall air quality drstate living standards. On top of the
environmental benefits, AB 32 is could also worknders for the state economy. There will be
an estimated $14 to $19 billion of additional UC$eantech investment between 2007 and 2010,
resulting in 40,000 to 50,000 new jofisState Cleantech retention and attraction poligidis

help ensure that California benefits from the jodation and economic development spurred on
by its environmental leadership.

In addition to the direct “green collar” job creatithat can come from promoting in-state
manufacturing of clean energy technologies, a beiaefmultiplier effect” can occur. The
multiplier effect of a successful manufacturingiliacwill generate additional jobs and
economic activity through the close proximity opgliers, installers and other ancillary
businesses.

A five-year “Buy California” incentive program caliboost Cleantech manufacturing through
2013. Building high production volumes should hefiwye down production costs, enabling the
industry to contribute significantly to achievemeiithe 2020 targets contained in AB 32 with
progressively fewer incentives going forward.

As part of this effort, California should also degean aggressive Cleantech manufacturing
attraction program that proactively identifies kegentives and reaches out to Cleantech
manufacturers interested in siting, remaining,xa@ding, in California. Through this program,
the California Business Transportation and Hougiggncy would:

. Coordinate with relevant public and private seg@rties including the California State
Business Transportation and Housing Agency, Califotabor Federation, the
California Manufacturers and Technology Associatod TechNet.

. Identify additional barriers to in-state manufaoigrand in-state business attraction and
retention with strategies for removing them.

. Develop additional recommendations for incentived thay include tax incentives for
up-front capital costs, state tax credits for besges that use clean energy equipment
produced in state, expedited permitting, land asd,strategies for securing them.

« Analyze effectiveness of other state policies twaease in-state manufacturing.

. Develop a comprehensive list of California’s exigtincentives and educate Cleantech
companies and investors about their availability.
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. Highlight benefits of green manufacturing clustéms|uding resource sharing, strategies
for getting established through land use and pé&ngjtpublicly-funded training,
economic trend information, energy efficiency stgas, information about financial
services, supplier access.

. Identify existing manufacturing in California thads the potential to take companies to
the next level and offer the necessary support argshms.

D. Cleantech Workforce Training Program

A program to address workforce needs in new skill accupational demands across industries
that are developing and deploying advanced cleamtdogies in California.

* Timeframe:n place before 2012.
* GHG Reduction PotentiaDifficult to estimate.

» Ease of Implementatio®traightforward. Models for successful workforcaring
programs exist.

» Co-benefits / Mitigation Requirementdany benefits, no mitigation requirements:

0 Increased competitiveness for companies due torloaming costs incurred by
businesses; Cleantech business growth and retehtgirer profits.

o skilled and available labor pools to attract newibesses to CA, lower turnover
with skilled workforce

0 apprenticeship opportunities, new curriculum foagamic institutions in modern
energy sectors

o0 increased coordination between community-based faxr training programs,
union apprenticeship programs and community colpgggrams

o labor-management training partnerships in Cleanseckors
0 expansion of high-quality, career oriented employme
0 increased tax base

* Responsible Partieshe CA Labor and Workforce Development Agency wicadminister.
The Employment Development Department (EDD) wowdedop and manage the RFP
process and track performance. In coordinatioh Wié State Workforce Investment Board
(WIB), a panel of experts would develop prioritipsnciples and criteria, and require
accountability. Panel makeup would include emplsykbor representatives, and training
program providers including community college dadtrepresentatives and workforce and
economic development agencies.

Problem:California’s initiatives to reduce greenhouse gasssions boost demand for a skilled
and trained workforce. Already, workforce shortagee being reported in areas such as heating,
ventilation and air conditioning. A technicallyweshted workforce is vital for California’s
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emerging energy sectors to be competitive andhiistate to attract service and supply-side
businesses to the area.

Possible SolutionEstablish a “Cleantech Workforce Training Prograhdt could effectively

train 1,000 people per year in projects that teach skills in advanced energy technologies at a
cost of $3,000-$6,000 per trainee per year. Tleatech Workforce Training Program would
leverage by 50 percent additional public and pevands and, to the greatest degree possible,
utilize existing program infrastructure, such as @ualifornia State Advanced Transportation
Technology and Energy program within the commuaodlfege system and the related Union
Apprenticeship training programs within the Builgimrades.

This program would support, create and coordinaieihg efforts tailored to the needs of new
and existing cleantech businesses by sector. Tigapriograms must be employer-driven and
reflect true workplace needs.

A properly designed and executed Cleantech Workféraming Program would lead to
business-government-labor partnerships that suppgring skill development and quality
employment opportunities to meet workplace needskaep companies competitive. In

addition, curriculum development in related fieldsuld prepare students and working people to
serve the growing labor market in emerging eneggyass, and steer them to meaningful, career
oriented jobs. Finally, this kind of program couleate a skilled and available labor pools to
attract new businesses.

The Cleantech Workforce Training Program would dowate appropriate state agencies and
departments, private and non-profit entities to:

» Assess anticipated technological changes and wakfand training needs in advanced
energy-related fields at all skill levels.

» Coordinate with relevant workforce agencies to fitie public and private training
funding in high-growth sectors.

» ldentify gaps for training in emerging Cleantechtees and existing training funding that
could support Cleantech workforce development.

» Promote skilled trades in construction, manufaotyand utilities to serve needs in the
new energy economy. Encourage resource-sharingestgpractice models.

E. Fee and Tax shifting (Feebates)

Adjust specific state fees and taxes in a revereuéral manner that reduces the cost and
encourages the distribution of low carbon products.

* Timeframe:ln place by 2012

* GHG Reduction Potentialfhe reduction potential depends on the specifiotdee.
(See below for specific examples.) The principleddi is to encourage innovation and
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to encourage consumers to purchase products vatitegrgreenhouse gas reductions by
reflecting the cost of GHG in prices that consunpag.

» Ease of implementatiofiRelatively straightforward.
» Co-benefits /Mitigation Requirementsone expected

* Responsible partie€hanges would be enacted by the legislature ardithplemented
by current state agencies.

Problem:Existing incentives and labeling schemes are ootgdenough to influence consumer
choices and move the state toward a low carbonogapn This is particularly true in the
transportation sector, the largest source of &&& emissions. California needs to increase the
incentive for the distribution and purchase of pretd with significantly lower greenhouse gas
emissions.

Possible SolutiontUse existing tax and fee structures to encouragsumers to purchase lower
emission products. The goal of fee and tax shifisny encourage the distribution and purchase
of products that either generates less GHG emissiotheir lifecycle manufacturing or in their
actual use. Two example categories are the statsectax on transportation fuels and car
registration fees assessed with new vehicle pueshas

A standard measurement of lifecycle GHG emissionsransportation fuels is instrumental to
the development of the Low Carbon Fuel Standareé. 0®FS can be used to compare
alternative and cleaner fuels against a galloretrigbeum-based gasoline or diesel. Fuels with
significantly lower lifecycle emissions can be tdxa a lower rate. The accumulated tax
revenues can be made up by a small surcharge dmginemission fuels. A proposal to do this
in being considered in the 2007/2008 legislativessm (see AB 1190 — Horton) and an
overview of this specific approach can be fountCatlifornia Clean Fuel Incentive’™ The
surcharge is estimated to be 1/10 cent per gallentbe current tax of $0.18 per gallon, so the
main benefit is to help lower the initial costdaiv emission fuels and not to create a
disincentive for high emission fuels. Over timg adternative fuels are introduced, adjustments
may also be needed to protect funding for pub&éagportation and other infrastructure.

The state can also create incentives for the ptamuand purchase of lower emission vehicles
by ranking vehicles in class according to GHG emissper mile driven. The lowest emitting
motor vehicles in each class would receive an itieefrom the state at the time of purchase.
Highest emissions in each motor vehicle class wpalda higher initial license fee that would
cover the costs of the incentives. A proposal tplément this mechanism is being considered by
the legislature — AB 493 (Ruskin) - “Clean Car isnt for Families™

This general “feebate” approach can be appliechyoproduct category for where there is
already well defined measurement of GHG emissiowisfar which there is a state tax or fee
assessed at the time of purchase.

F. Municipal Assessment Districts
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Municipal government sponsored financing to acetéeinvestments in clean energy. The
investment would be paid back over time by parétim property owners.

* Timeframe:in place by 2012

* GHG Reduction PotentiakVould accelerate deployment of renewable energy
generation.

» Ease of implementatiomelatively straightforward.
» Co-benefits /Mitigation Requirementsne expected

* Responsible partieRarticipating municipal governments

Problem: With current state and federal subsidies, th&llagion of efficiency upgrades and
clean distributed generation (such as solar eteatrd solar thermal systems) is now much more
cost effective for many residential and commerpraperty owners. Nonetheless, many
disincentives to installation remain. A major issemains in the lack of information on the part
of many homeowners, residential and commercial ldpees, and construction companies.
Perhaps the most important among the obstacles\ewis the high upfront cost of these
technologies and the other financial hurdles thatesers must overcome.

Possible Solution:The City of Berkeley has proposed an innovativeeigy Assessment
District” which could remedy many of the disinceseis to install clean on-site distributed
generation systems. It is a novel approach andheasromise to be tremendously effective if
used widely throughout the state. The approachdqmutentially be expanded to include
efficiency upgrades as well.

The Energy Assessment District proposed for Beykislenodeled after existing Underground
Utility Districts whereby a group of homeownersaimeighborhood work in coordination with
the municipality on a plan to place utility distution poles and wires underground. All property
owners in the designated area vote on the propdisalsufficient majority votes in favor, the
City works with the local utility to contract to athe infrastructure placed underground. The
entire cost of the project is paid for with a nam-exempt municipal bond. Homeowners repay
the bond as an assessment on their property faxobiér a fixed period, typically 20 years or so.
The assessment is officially in “second positiog’adien on the property — behind property tax
and in front of the mortgage — giving excellentuség and a corresponding low interest rate. A
20-year period fits well with the expected minimlifatime of solar photovoltaic panels, with
different periods possible should this model bepéethfor other technologies.

The City of Berkeley is working to create a cityidoluntary Energy Assessment District of
similar design concept. In this specific case, propowners (residential and commercial) could
install solar systems and make energy efficiengyranements to their buildings and then pay
for the cost as a 20-year assessment on their phydp& bills. No property owner would pay an
assessment unless they chose to include their ppyapehe program. Those who do have work
done on their property would pay only for the aaistheir project and fees necessary to
administer the program.
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This program solves many of the financial hurdiesrfg property owners. First, it significantly
reduces the upfront cost to the property ownercoBe, the total cost of the system may be less
when compared to a traditional equity line or mageg refinancing. This is because the well-
secured bond should provide lower interest ratas ih commercially available. (Another factor
is that the City would require multiple projectsi® aggregated in order to reduce construction
costs.) Third, the tax assessment is transfetadiigeen owners. If the property is sold prior to
the repayment of the assessment, the next ownddvatke over the assessment as part of their
property tax bill.

This kind of municipal assessment district progiaan support the Million Solar Roofs / SB1
legislation, and can be readily applied to spec¢édahnologies (e.g. solar thermal or photovoltaic
systems), or could be used more flexibly to advanseite of designated clean-energy
technologies along with major energy efficiency ngugs (e.g. tankless water heaters, heat
pumps, trombe walls construction, and so forth).

' “The Dynamics of Innovation and Cap-and-Trade Rapnts”, Margaret Taylor (to be published)

" “CleantechCleantech Venture Capital: How Publitidchas Stimulated Private Investment,” Stack,dah,
Epstein and Hanggi, May 2007.

" While one specific project has set a precedenCBQA mitigation fees for GHG impacts, the develemof
CEQA guidelines for GHG currently underway. Thev&mor’s Office of Planning and Research (OPRhithe
process of developing CEQA guidelines for the nattign of greenhouse gas emissions or the effeajseghouse
gas emissions. OPR is required to transmit thedljniels to the Resources Agency on or before JUADQ9. The
Resources Agency must certify and adopt the guidglon or before January 1, 2010.

v See Industrial Sector Draft Section II. E.

¥ See Transportation Sector Draft Section Ill. B.

" Analysis using data from http://www.eia.doe.goaftfi605/factors.html

Y “Cleantech Venture Capital: How Public Policy [8tBnulated Private Investment,” Stack, Balbach,t&psand
Hanggi, May 2007

Y http://www.e2.org/ext/doc/AB 1190 Factsheet.pdf

* http://www.e2.org/ext/doc/AB 493 Ruskin factshedf.p
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3. TRANSPORTATION SECTOR

|. Introduction

Transportation accounts for over 40 percent chmathropogenic GHG produced in
California, divided among different fuel types &®wn in Table 1 below. GHG
emissions from transportation are a function of:

e Vehicle technologies;
. Fuel carbon intensity;
«  Transportation activity levels.
Achieving California’s AB 32 climate change goalsl wequire addressing all three of

these aspects of the transportation system. Sotiegegare already in place or are being
developed. ETAAC recommends additional measuréseofollowing types:

« Conserving energy by lowering passenger and frergitor vehicle miles
traveled;

« Substantially lower GHG emitted per mile traveleddach vehicle;

« Lower the global warming effect of transportatioreryy.

Table 1: Transportation GHG emissions (MMTCO2-¢)

LPG 0.19 0.10 percen
Gasoline 130.92 70 percent
Jet fuel 22.24 12 percent
Diesel 32.16 17 percent
Residual oil 0.61 0.33 percert
Lubricants 0.75 0.40 percert
TOTAL 186.87

According to the California Department of Transptidn (CDOT), the number of
vehicles in California is increasing faster thae gopulation for many reasons. Among
them are rising standards of living, which increagehicle ownership and boosts the
global trade that increases freight movement thindDglifornia. The annual Vehicle
Miles Traveled (VMT) is rising, in part, due to lger commute distances, but increases
in non-work trips are playing an even larger réleerage on-road fuel economy has
been declining, primarily because traditional faneiars are being replaced with light-
duty trucks and sport utility vehicles (SUVs). L&sef congestion on California’s roads
and highways are also up, leading to still furinereases in GHG emissions per trip.

California drivers used an estimated 18.1 billi@ians of motor fuel to travel 330

billion miles in 2005 — a 15 percent increase sib@@0 -- at an estimated cost of $44
billion.? If current growth trends were to continue, gaslise and related GO

emissions in the State will increase approximad@yercent over the next 20 years. This
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increase has a substantial environmental priceriagdition to a $13 billion increase in
the cost of fueling the transportation system. staering that over 50 percent of the
petroleum consumed in California is imported, tkantotal reliance of transportation on
petroleum exposes the State’s economy to priceespikthe national or international
markets. The corresponding outflow of capital frGadifornia reduces the purchasing
power and living standard of growing numbers ofestitizens.

However, current forecasts for California’s tranggtion energy include a key climate
change regulation, AB 1493, which will reduce thHd@&emissions from new
automobiles by about 30 percent by 26M8ith this law in place, California’s gasoline
consumption is expected to be essentially flatugho2025, but diesel fuel consumption
is expected to approximately double over this spar®d®

It is notable that each one-percent reductionandportation energy consumption (or rate
of consumption growth) could amount to $440 millgavings annually. Every one
percent reduction in GHG from the transportatiott@ethrough decreased VMT,
improved vehicle technology, and fuels, will avai@1 million metric tons (MMT) of
GHG emission, and reduce California's total GHGssions by 0.5 percefftReductions

in transportation fuel also result in macro-ecorobenefits because of a shift of
consumers’ dollars from purchasing imported opptwchasing more in-state goods and
services (as well as more savings.) One studyimiaté change policies in California
found that implementing AB 1493 would lower vehiG&élG emissions by 31 million
metric tons of carbon dioxide equivalent (MMTCO#ZeR020 compared to a business-
as-usual scenario, or roughly 18 percent of thie’stgoal. At the same time, this law
could increase gross state product by about $f0rb{lover a 2 percent increase) and the
creation of about 22,000 jobs (a 0.1 percent irspdue to this macro-economic efféct.

In addition, lowering petroleum imports will creaeergy security benefits. The
continued increase in petroleum imports to theest&California, and the increasing
concentration of reserves and production in unetal#as of the world, raises concerns
about both the security of supply as well as theketgpower of oil producers. Policies
that reduce petroleum consumption and importsadsiwess these related problems as
well. These benefits can occur due to both a reolum transportation energy
consumption and a shift away from petroleum-basetsfas virtually the sole source of
transportation energy.

The GHG reduction strategies recommended are afsected, as a whole, to achieve
significant public health and Environmental Jusbeaefits. Strategies to reduce GHG
emissions in the transportation sector lower foglstmption and generate significant air
quality benefits through reduced “upstream” emissifsom oil refineries and fuel
transport. Furthermore, important synergies éastveen California’s decades-long
fight against air pollution and the current efftrtrespond to global climate change.
Many of the state’s air quality strategies (e.gtj-alling regulations, the Zero Emission
Vehicle (ZEV) and Zero Emission Bus (ZEB) programfgr key reductions in GHG
emissions. Because many criteria air pollutantd sxscthe black carbon in particulate
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matter and ozone also accelerate global climategeghair quality policies yield valuable
contributions to AB 32’s GHG emission reduction Igoa

Other co-benefits materialize from policies to @ase demand for transportation
services. Such policies tend to lower traffic castgen, saving time now lost in traffic.
They may also lower the number and severity ofitraiccidents, reducing the associated
property damage, injuries, and mortality.

There are already several policies intended toedeser transportation GHG emissions, as
well as a number of factors that can potentialbyéase these same emissions. It is
imperative to develop and implement these exigtimigcies while considering new
policies needed to meet the goals of AB 32. Taldar@marizes the key policies already
in place or under development, and Table 3 contaleyant AB 32 Early Action
measure&. Table 4 contains a summary of specific recommemations to reduce GHG
emissions from the transportation sector.

Table 2: Existing Policies Affecting Transportati@tG Emissions

Standards Incentives RD&D
(Regulations)
Mobility « AB1493 e« HOV lane access for hybrig  State and federal R&D
(personal |, california Zero vehicles (limited in numbers) |« california Fuel Cell
travel) Emission Vehicle + Incentives for advanced | Partnership
program vehicles « Advanced Battery
e California Zero e Investments in travel Consortium (DOE)
Emission Bus program | alternatives +  H, Highway
* Federal Tax Credit for (infrastructure deployment
hybrids with different H, generation
*  Moyer Program (ozone technologies)
precursor and black carbon
contributions to climate
change)
Goods * New diesel emissions  Electrification programs fore  State and federal R&D
Movement | requirements (small ports and truck stops (and
percentage increase in| potentially increased use of
CO2 and major CNG)
decrease in black «  State Emission Reduction
carbon) Program
+  Diesel Risk _|*Smartway Program
Reduction Program (in-
use vehicles via black
carbon reductions)
e Marine vessel speed
reductions
e Port expansion*
Air e Airport expansion .
plans*
Fuels e Low Carbon Fuele Low taxes on fuels|e State and federal R&D
Policy compared to world averages*

3-3



* Tends tan

ETAAC Report Discussion Draft — Released 11/15/07

creaseGHG emissions

Table 3: Measures Contained in CARB’s Draft Eartidn Plar?

Name

Summary

Estimated
reduction
(MMTCO2e)

emission

Efficiency

Smartway Truck

Require existing trucks and trailers to be rettefit
with devices that reduce aerodynamic drag.

Tire inflatio

n

Require tune-up and oil change tdclans to ensure
proper tire inflation as part of overall service.

Green ports

or other technologies.

Allow docked ships to shut off theixifiary
engines by plugging into shoreside electrical dsitle

Table 4: Policy Recommendations for Low-Carbon $pamtation Technology Advancement

Policy Strategy
Standards Incentives RD&D
Reducing |« AB1493 phase Il (beyond 2016) feebates for vehicles and fuelp  substantial increase
GHG rates|s  fleet procurement requirements| (see Finance Sector) * continued national an
from » Extending ZEV requirements for* Roadway Congestion pricing | international cooperation
passenger| all pollutants to be fully in place by on electric drive and
cars 2035 renewable energy
Demand |« Congestion Pricing * Land Use Planning * improved
Reduction |+ Land Use Restrictions Pay-as-you go insurance modeling/measurement
e Bicycling economic incentives
Transit Funding
Goods » anti-idling enforcement » Coordinationing GHG * substantial increase
Movement|e  HDV retrofit requirements reduction programs with Moyer
e Evaluation of new vehicle program
standards
Air e study of current and future * Evaluation of carbon-basge Better emission factor
transport | aircraft emissions landing fees and activity factors for
existing and new aircraft
Fuels e Continue to develop zero and |+ feebates * substantial increase
near- zero carbon energy sources end green fuel labeling e develop infrastructure
fuels  infrastructure for advanced, | for future transportation
low GHG fuels needs

The ETAAC collected and reviewed a substantial amhof@iinformation and technology
transportation and other innovations. This makéiancluded in Appendix V. Because
RD&D for transportation technologies is advanciagidly, a website has been
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established as a resource that contains or poirrtts many of the reports,
presentations, and other documentation (www.etegic.o
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II. General Principles

There are a number of important principles thatedithe development of transportation
recommendations. It is recognized that a comtmnatif technology forcing regulations

and market mechanisms wil be necessary to getubstantial reductions required by
2020 and 2050 (i.e. 13.8 tons per year per capitando 1.5 tons per year per capita):

Price Signals can be Powerful Tools to Achieve GHEmission Reductions, but

They Cannot Always be Applied Correctly: The costs of many aspects of our
transportation system are distorted and incenfivesfficiency are missind® Examples
include the implicit subsidy for driving that comiesm free provision of parking at

work, or the lack of any price penalty for conttiiog to congestion by driving at peak
times. The high prices for petroleum caused by etgskwer and other imperfections are
additional costs of the status qtfo.

As noted in the Market Advisory Report, price sifgnare important but do not remove
the need for complementary policies, such as tdoggaevelopment programs. As is
true in other sectors, private incentives lead timess innovation than is socially
optimal because much of the benefit of RD&D becomesblic good rather than a
competitive advantage for the firm that undertakeseffort. This is one of the main
reasons for public policies to support increasedwation. In the transportation sector,
there is also a need for coordination between miffeentities for advanced vehicles, and
energy supply production and distribution to supploese vehicles.

Support Public Health and other Policy ObjectivesAchieving GHG emission
reductions offer significant opportunities to prampublic health and other co-benefits.
For instance, mobile sources are the largest sifa€alifornia’s inventory of smog-
forming hydrocarbons and nitrogen oxides. They adgoesent a significant portion of
the fine particulate inventory. Mobile sources also responsible for an estimated 146
tons per day of fine particulates less than 2.5onis in diameter. These transportation
related emissions include several toxics thatiated as known or potential carcinogens
and have other negative public health impacts.

Because many poor and minority communities arendéieated near roadways -- and
therefore are disproportionately impacted by ma#dricle pollution -- decreasing
vehicle emissions can address Environmental Justiceerns. But it is also important to
design mobile source GHG emission reduction pdithat avoid re-distributions of
emissions that negatively impact poor and minar@dgnmunities that already bear a
disproportionate level of environmental risk.

Policies Should Aim for a Level Playing FieldThe ETAAC transportation committee
does not recommend selecting any specific techiyadogechnologies as the solution to
the challenges of Climate Change, and acknowlettges very wide array of
transportation technologies and other innovati@rshelp address the transportation
GHG challenge. While policies and programs shiegherformance-oriented whenever
possible, it is also important to recognize thahtelogies at different stages of
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development may need different types of suppoat. ifistance, policies to offer
incentives for the innovative technologies thatraay for initial commercial
deployment should be different than policies fa tievelopment and demonstration of
new transportation technologies and innovationkerAatives should be evaluated on
factors such as their short and long-term potefaraGHG reductions, environmental
and socio-economic co-benefits or disadvantages.

Consider, for instance, the different ways in whactnansition to electric-powered cars
might occur in the future. Currently, hybrid gaselielectric vehicles are available to
help meet near term goals. In addition, plug-inrid/electric vehicles (PHEVS) are
expected to become fully commercialized in timéégin contributing to 2020
objectives. However, the turnover of the autonebéet is very slow (about 14 years),
so introduction would have to occur quite soon ttkena significant difference by 2020.
By that time, liquid fuels with much lower carbariensity than gasoline are also likely
to be introduced and the prospects for batterytrtegehicles (BEVSs) and fuel cell
electric vehicles (FCEVS) cars are also likely to be better than they adeyo It is not
clear what combination of all-electric, hydrogendadvanced liquid fuels will best
serve our transportation needs to meet the drametictions in GHG emission by 2050.

Consider Long-Term Technology Goals, as well as Std'erm Needs Both short-

term and long-term strategies are need now toeefiansportation system that is
consistent with California's long-term goals of8hpercent reduction (from 1990 levels)
in greenhouse gases by 2050, and contribute (althgntermediary technologies) to
2020 reduction goals. However, this does not méeking technology winners.
Therefore policies must look towards the longemtéw encourage the development of
the technologies California will need to achievemleeductions in GHG emissions by
2050. Similarly, policies to change travel behaviarst also address the short, medium,
and long term.

Boosting Economic Growth Climate policies that create direct incentivesifaustries
to invest in new technologies can provide additigtanulus for new employment and
growth® In addition to the economic growth generated freew technology incentives,
California will experience the macroeconomic betnafficonsumers’ dollars being spent
on items other than imported petroleum. This mom#ybe spent on some in-state
goods, and enhance California’s economy. As tramapon policy is introduced for the
purpose of GHG reductions, California should adsl@msumer behavior and industrial
incentives for innovation and investment that Wwalost economic growth.

Apportioning GHG Reduction Credits: Policies to control GHG emissions may have
significant economic implications for different $&s of the economy, especially the
energy sector. Many factors must be taken intoaticimn designing these policies,
including environmental effectiveness, economicedhcy, and fairness. An important
example is how electricity used as a transportdtiehshould be treated: should any
GHG credits created go to the electricity providethe consumer (or perhaps even the
automaker?) And how should any GHG emissions aat®utivith generating electricity
for the transportation sector be treated by reges&t* If a broad cap-and-trade system is
put in place in addition to regulations and covbesfull range of vehicle energy choices,
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that system may equalize GHG emission reductioel$eacross technologies. Otherwise,
further evaluation will be necessary to ensuretfamtment across fuels.

The above discussion signals a desire to use thieetress much as possible. However,
California’s history in achieving air emission retion goals has demonstrated the
effectiveness of technology forcing regulationsisTis a less complicated task than
meeting the requirements of AB32. It is anticipkiieat the overall program will need to
continue to utilize both technology forcing starataand market mechanisms and that the
government will play a key role in implementing ot
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[ll. General Policy Recommendations

Enhance Research Development & Demonstrafidve ETAAC proposes a California
Clean Transportation RD&D Program that increasaseShvestments in low-carbon
technologies substantially. These efforts shoutdi$oon research, development, and
demonstration of on-road and non-road transporntatia goods movement technologies.
The end goal should be to achieve greater cosetetis in technologies that reduce
GHG emissions as well as improved durability, t@ligy, and product life. It is

important to encourage private research as wet asovide public funds, because
private research funds are much larger than péiolids, and private research often
focuses on areas not covered by public researéTH This section will be expanded

to cover the current contributions of existing fungdprograms (e.g, SCAQMD’s efforts)

In addition, as vehicles are taken off petroleuglsunew ways of charging for the use of
roadway infrastructure and operations which areetity paid for by federal and state
gas taxes as well as local funds, will need todeetbped. Many methods for supporting
such research exist, from direct grants to compastto State procurement policies, and
more. AB118 is a constructive new tool for guidnegearch and demonstration activities,
but additional funds may be needed (perhaps gestketiatough auction revenue or other
climate-oriented fees).

Encourage Private and Public Investmenkie three key emission reduction strategies
identified in the introduction — reduce travel, bbefficiency and alternative low carbon
intensity fuels -- could be accelerated if Califarareated financial mechanisms to
encourage investment in advanced energy and mdaufagtechnologies. State and
local bonding authority could be used to estabihsiestment funds that are used to
encourage development of clean technology compamiesild new manufacturing
facilities in California and add to the state’s éoyment base. For example, The United
Kingdom’s Carbon Trust is an independent, not-fimfipcompany set up by the U.K.
Government to use government revenues to suppeftdmbon technologies using a
private-sector approathAs described in the Finance sector of this ref@atifornia
could set up something similar, much in the spirithe California Institute of
Regenerative Medicine.

It is important to encourage private research dsagdo provide public funds, because
private research funds are much larger than péiolids, and private research often
focuses on areas not covered by public research.

Coordinate Between Levels of Government and theafriSectorThe transition to a
low-carbon economy will require shifts in virtuabyl industries. This is particularly
important in the transportation sector, where Mehncanufacturers and fuel producers
and distributors must be coordinated in a way theéts customer needs to enable the
development of many new vehicle technologies. fliner development of the initial
“Hydrogen highway” is a prime example, as it witintinue to be very important to
continue collaborations between different levelg@fernment, private industry, and the
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academic world. Given the scope of the task fa€lalifornia, effective collaborations
will likely become increasingly important.

California Fuel Cell Partnership:
Example of a Public/Private Demonstration Project

The need for coordination between auto manufacuesrergy providers, government
agencies, and fuel cell technology providers ist@mtial barrier to commercialization
of hydrogen fuel cell vehicles. The California FGell Partnership is a collaboration
of 31 members to overcome barriers that would fiadridual members working to
solve these problems alone.

Automotive members provide fuel cell passengeralekifor demonstration programs
where they are tested in real-world driving comhs (several organizations represen
by ETAAC member are currently using hydrogen fugdl eehicles in their fleets).
Energy sector members work to build hydrogen inftecsure and fueling stations that
are safe, convenient, and fit into the communitiesre they are located. Fuel cell
technology members provide fuel cells for passemghicles and transit buses.
Government members lay the groundwork for demotigtrgrograms by facilitating
the creation of a hydrogen fueling infrastructuhe.addition, members collaborate on
activities such as first responder training, comityuoutreach, and agreeing on fuel ¢
related protocols while standards are being deeelop

Since 2000, the Partnership has placed 170 ligiyt\dehicles in California, and fuel
cell passenger cars and buses have traveled naratmillion miles on California’s
roads and highways. There are currently 25 fuedtagons, with others planned.
During 2008-2012, the Partnership members will o to improve vehicle driving
range, fuel cell durability, and station accesprigparation for commercialization of
fuel cell technology. Other important future ckalje are making the fuel
infrastructure sustainable by producing hydrogemfrenewable sources, and
maximizing efficiency through energy stations thaiduce stationary heat and powe
in addition to hydrogen as a vehicle fuel.

Source: http://www.fuelcellpartnership.org

ted

Increase Consumer Education and ChoiCensumer education on environmentally-
friendly technologies or habits has worked in Qathfa; both the Statélex Your Power
campaign and Federghergy Statabeling program have proved effective in energy

reduction. The State should emphasize the impatahpublic education and outreach
programs for the transportation sector similah® “flex your power” programs the State
promotes for energy conservation of electricitgtdance existing efforts like “Spare the

Air” efforts to reduce or defer driving on bad girality days. A much broader public
outreach effort is needed. As a greater range @tek of vehicles and fuels become

available to consumers, it will become importanptovide information to consumers so

that they make educated choices that result in &di@ctions. This information can
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complement market-based incentives. However, titeage about the effectiveness of
public education campaigns to achieve public pslisgpoor'® Thus, these programs will
require monitoring, evaluation, and adjustment tkensure they are effective.

Green labeling is an important component of thegpartation energy consumer
education program. One form of green labelingHertransportation sector would label

a fuel or vehicle, making the consumer aware ofGhk> emissions associated with the
good they are about to purchd5eConsumers are then allowed to make an educated an
active decision to reduce their emissions footgfititey so choose. The California Air
Resources Board is actively discussion green lagpetforts, and cars sold in California
already have a smog index label on tH€nGHG emissions information will also

become part of this label by 2009. The State llewiee may want to consider further
labeling efforts in terms of energy use and comwasing emissions of different fuels, or
the emissions that were produced in making or shgogonsumer goods.
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IV. Conserving Energy by Reducing Passenger and Fght Motor
Vehicle Miles

Vehicle travel is a major contributor to globalneciite change. Demand for highway
travel by US citizens continues to expand due foufadion increases and growth in per
capita transport demand. Between 1980 and 1998Bwaig route miles increased 1.5
percent while vehicle miles of travel increasedo@écent in the US. The Texas
Transportation Institute estimates that in 2008,86 largest metropolitan areas
experienced 3.7 billion vehicle-hours of delayutesg in 2.3 billion gallons in wasted
fuel and a congestion cost of $63 billibriTraffic volumes are projected to continue
growing, too?® Convenient and efficient public transportation amnsportation demand
management (TDM) systems are critical measuresdoce VMT and GHG emissions.

Travel Demand Approaches to GHG Emission Reductions

It is widely accepted that the current costs ofidg and road use in the United States |are
below the efficient levels because many importatgrmal costs are ignorédThus,
there are many measures that will both reduce GiHiSstons and internalize some of
these costs by pricing strategies, or else imprelaaning measures that will lead to
reductions in these “externalities.” Some travahadnd strategies that are likely to have
larger or more certain effects include:

» Pay-As-You-Drive insurance and road pricing;
* Improved planning such as Smart Growth and Trarl#ges;
* Improved transit systems such as Electric Freight &d Bus Rapid Transit.

Some other possible approaches to managing passemj&eight vehicle traffic were
originally developed as methods to reduce congestnal improve traffic flow. They
could reduce GHG emissions from the perspectiveddcing time spent idling in traffi¢
with a traditional gasoline or diesel engine (ifamtditional trips resulted). However, it
unclear whether strategies to reduce traffic coimges- in particular those strategies that
make driving faster without providing incentivesuge alternate modes of transportation
- will in fact reduce travel overall, in part duelatent travel demand (itself a
controversial topié? While idling can increase GHG emissions in convamdl vehicles,
high vehicle speeds can also boost GHG emissioasalower fuel efficiency.

Currently, the per-mile price of driving does nefiect many of the true costs that occur
due to each mile driven. Policies A, B, C and bixincrease economic efficiency, and
decrease GHG emissions, by requiring drivers tofpagach mile driven, and realize
savings if they choose to decrease the numberlekrttiat they drive. Policies E, and F
reflect improvements in transportation planning tr@ expected to reduce GHG
emissions; and Policies G,H, and | reflect improgats in transportation systems.

A. Pricing: Pay-As-You-Drive Insurance
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Pay-Per-Mile or Pay-As-You-Drive insurance assess#igidualized premiums based
upon miles driven instead of the calendar yearignog motorists a new option to save
money by reducing risk exposure through drivingleBay-As-You-Drive premiums
incorporate traditional risk factors, such as dargvrecord and vehicle make and model,
and reflect coverages selected by the cons@mer.

* Timeframe: Pay-as-you-drive insurance could be implementadkéy, either
through California regulation or insurance compansvn initiatives.

* GHG Reduction Potential Applying the results of studies assessing miéeag
changes related to fuel prices, researchers hayecped that or pay-as-you-drive
insurance could lead to up to a 12 percent redudtiadriving and energy usé.
Even a more modest benefit of a several percenictesh in driving would
achieve significant GHG emission reduction benefits

» Ease of Implementationfhere are a range of challenges insurance companies
face related to offering such or pay-as-you-drimsurance, including product
start-up costs, explaining to customers the benefita new pricing scheme,
mileage verification costs, consumer acceptanee [&fast some monitoring (even
if only of mileage), and loss of premium dollarorr existing low-mileage
customers?

» Co-benefits / Mitigation Requirement&overnment incentives to promote or
Pay-As-You-Drive insurance have been projectecetodry cost competitive in
terms of reducing air pollution and saving liveshwother government
transportation-related expenditures aimed at agtgethese objective€. A 1
percent reduction in VMT typically decreases tetthicle crashes by about 1.2
percent, including crash reductions to the veltitde reduces its mileage and to other
road users! Although difficult to predict actual congestiolteaiation, even a small
reduction in driving demand can provide a largaiotion in congestion delays.

* Responsible Partiestnsurance Companies, transportation agencies, cdaibf
Air Resources Board, and the State Insurance Cosiomisr.

Problem:At present, automobile insurance premiums do detjaately factor in the
number of miles driven. This subsidy encouragesTYMHG emissions, and traffic
accidents.

Possible SolutionConvert insurance to a variable cost, while &itkoring risk factors
such as driving record. Several key players cay @laajor role in forging solutions to
current insurance practices that fail to accounthionate change impacts.

o Insurance Companiesinsurance companies are the ultimate arbiter of
products that will be offered to consumers and flaeg challenges in
implementing this type of insurance. The insuracm®panies also have
the flexibility of instituting a Pay-As-You-Drivemategy, and various
insurance companies have already piloted prograsesdoon this
insurance schenfé For example, the General Motors Acceptance
Corporation (GMAC) Insurance has offered mileagselladiscounts to
OnStar subscribers located in certain states sinde2004>°
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o Transportation Agencie€al-Trans is pivotal in alleviating congestion
and implementing successful transit systems. Tihgtementation of
traffic operations would assist pay as you go djp@na.

o State Insurance Commission and CARBie State Insurance Commission
plays a significant role in how insurance compadietermine charges to
drivers. The most recent change came in 2006 wisemance companies
were ordered to place more weight on a individudtiger record, rather
than his/her zip code. The State Insurance Conwnissuld mandate
similar rules, ordering insurance companies teotfhow much
consumers drive. This is currently given littleiglg. Smog check
mileage records could provide information to vetlg mileage provided
by consumers.

B. Pricing - Congestion Charges

Drivers are charged, using electronic and othetdyairee means, to enter areas of heavy
traffic. London, Norway, Rome, Singapore, and Bibatm are some of the areas that
have implemented congestion pricing to reduce poluand congestion.

Timeframe: Initial project(s) in place by 2012; with addit@ potential projects
feasible in time for 2020 targets.

GHG Reduction PotentiaExact reductions would depend on the areas covered
and specific program design. Potential GHG emissreductions of one

million tons per year or more could be achieveapiplied to areas responsible
for 10 percent of the state’s vehicle GHG gas dimiss® The City of San
Francisco Climate Action Plan sets a goal of realydi65,000 tons per year of
carbon dioxide emissions by reducing vehicle milaseled®* and San

Francisco County Transportation Authority staffs dentified congestion

pricing as a key component of that stratédy.

Ease of Implementatiom:ocal planning authorities need legal authoritnfrthe
State to implement congestion pricing. State stfpo planning and/or initial
set-up of congestion mitigation pricing systems Malso be beneficial.

Co-benefits / Mitigation RequirementReductions of pollutants such fine
particulates and ozone forming pollutants, and ecgdas in traffic deaths and
injuries, are examples of major co-benefits. Reesrcan be used for projects
to accommodate increased demand for alternativesasitransit, walking, and
bicycling. Public hearings and outreach can hetu$ these improvements to
mitigate disadvantages and maximize improved ttamsl other transportation
co-benefits to meet AB 32’s Environmental Justicals.

Responsible PartieShe State Legislature would provide legal authcaity
local transportation planning agencies would beaasible for evaluating

potential projects, with support/coordination fr@alTrans and Regional

Transportation Agencies as needed.
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Problem:As noted earlier, increasing VMT are an importaitabutor to GHG, air
pollution, and other congestion-related problems.

Possible Solution€Congestion pricing has the potential to reduaggestion, vehicle
miles traveled, and GHG emissions. Under congestiwing, drivers are charged using
a variety of electronic and other barrier-free opsi to enter an area of heavy traffic.
London reduced GHG emissions from road traffic Bypgrcent within the charging
ared” lowered congestion, and improved transit andddécyse® The City of

Stockholm is estimated to have reduced, @Qd particulate emissions by “approximately
100 tons per weekday 24-hour period or by 14 péttenPricing could based on
different tiers. For instance, London offers exdom for electric card’ Other factors
could be studied during the local planning prodes€alifornia agencies. Revenues
collected under the program would be used for ptsjsuch as transit improvements,
thus further reducing private vehicle emissions emngestion. Roadway improvements
could also be candidates for this source of funding

The City of San Francisco is currently seeking tvenforward with a project covering
access to downtown and certain other areas of &atisco from the Golden Gate
Bridge via Doyle Drive. San Francisco is also carohg a study to be completed by
summer 2008 for a possible second project thatavoover traffic hotspots like the
downtown area.

The California Legislature should adopt legislatoviding local governments with the
authority to implement congestion pricing projeafier a public process that includes a
public hearing. CalTrans and Regional Transpomatigencies should examine
appropriate opportunities to support and coordipatential projects within the state.

C. Pricing: Parking Cash Out

Parking cash out offers "commuters the optiondsHhoout' their employer-paid parking
subsidies. [It gives] commuters the choice betwiess parking or its equivalent cash
value....The cash option also rewards those who oBrgde public transit, walk, or bike
to work 3"

* Timeframe:Near to long term (growth potential)

GHG Reduction PotentiaEstimates of C@reduction from parking cash out
programs range from 123 tons annually in Pleasai@ahfornia (offered to city
employees) to 200 tons in Santa Monica, Califdrhia

* Ease of Implementatiodedium to high challenge (policies needed to tesul
behavioral change, could be linked to road/valueing)

» Co-Benefits / Mitigation Requiremen®educed vehicle miles traveled, parking
demand, and vehicle miles traveled and increasegitrridership.

* Responsible PartieSState and local/regional governments, employers

3-15



ETAAC Report Discussion Draft — Released 11/15/07

Problem: Some employers or employees may not be aware foflgrimplementing the
employee cash-out program.

Possible SolutionsCARB should proactively inform employers and empley of
parking cash-out programs, covering as many empayed employees as possible.

D. Pricing: Car Sharing

Through car sharing (or short-term vehicle accegByiduals gain the benefits of private
vehicle use without the costs and responsibilieswnership. The cost of using a
vehicle is a variable cost rather than an upfrast,coffering consumers the chance to
avoid a significant fixed up-front cost, and reducGHG by increasing the price paid for
each mile driven. Carsharing is most commonly dggadan locations where
transportation alternatives are easily accessitdeisicomplementary to mass trarfit.

* Timeframelmmediate to long term (growth potential)

* GHG Reduction PotentialCar sharing has been documented to reduce vehicle
ownership and vehicle miles/kilometers traveledri@s are shifted to transit,
biking, and walking. This results in lower greenkeas emissions. In Europe,
car sharing is estimated to reduce the averag&susés emissions by 40 to 50
percent! In addition, many car sharing organizations inelimv-emission
vehicles, such as gasoline-electric hybrid carthéir fleets. More recently,
Communauto announced a 13,000-ton reduction ipgdtssions this year as a
result of their 11,000 car sharing users in theripce of Quebec, Canada.
Communauto calculates that each car sharing udeces his or her distance
traveled by car by 2,900 kilometers per year omaye Furthermore, they
anticipate with a potential market of 139,000 htnaé@s in Quebec that annual
CO, emission reductions could be as high as 168,0@9per yeaf?

» Ease of Implementatiof:ypically a great deal of local and regional
governmental, transit, university, employer, andali@er support. Identifying
dedicated parking for car sharing vehicles in ptemiocations can be
challenging as car sharing grows.

» Co-benefits / Mitigation Requiremen@ar sharing is associated with reduced
vehicle ownership, vehicle miles traveled, fueld @arking impacts; it is also
linked to improved air quality, transit use, cygdjwalking, and equity (e.g., low-
income populations).

* Responsible PartiesCar sharing organizations, local and regionalegoment,
transit operators, universities, and employers

Problem:Many individual owners and fleet owners pay a digant up-front vehicle
cost, which greatly diminishes the variable costafusage.

Possible SolutionGovernment agencies and other organizationsapost car sharing
by providing available space for car storage; ailtimg car sharing as an alternative (or
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a partial alternative) to traditional vehicle flesthicles featuring moderate or low
utilization by employees.

E. Transportation Planning: Smart Growth and Transit Villages

There are a number of planning measures that carceeGHG emissions. A direct
measure is to integrate GHG emissions into tranapon planning, such as including
GHG emission reductions in guidelines for the @afifa Environmental Quality Act.

This change to CEQA is extremely important andrsaaly underway with a January 1,
2010 deadline for new guidelines to address glolralate changé® (and thus is not an
area of focus for this ETAAC report.) There argoah number of measures that improve
transportation planning generally, with reduced Gétdssions as one of a number of
co-benefits, as described in policies E and F below

Smart growth, for example, is an urban planning tamalsportation strategy that
emphasizes growth near city centers to preventuspeawl. This approach includes
promoting mixed-use development, transit and b&yeld pedestrian-friendly
infrastructure, and other land-use strategies, asaleduced non-residential speed limits,
roundabouts, “parking maximums, shared parkingjtfle zoning for increased densities
and mixed uses, innovative strategies for land iadegan and development, and design
emphasis on a sense of plaéé.”

Smart-growth policies play a critical role in retvg GHG emissions while improving

the economy. Proponents of smart growth — instéalde business-as-usual urban
sprawl -- point out that this alternative reduceridg, increased walking, spur transit use,
curb obesity, and promote cleaner‘aifTransit villages, one form of smart growth, are
generally mixed-use residential and commercialsatieat are designed to maximize
encourage access to mass transit systems. Theypaally located within one-quarter to
one-half mile (0.4 to 0.8 kilometer) of a mass siaigtation.

« TimeframeImplemented by 2012. Emission benefits will coag to increase
over time as new development incorporates theseeqbs.

+ GHG Reduction PotentiaCalTrans estimates that the average househatdliv
in a transit village could emit 2.5 to 3.7 tonssI€&, yearly than a traditional
household?® This estimate is based on a CARB study estimatamgit village
household private vehicle mileage reductions of@axmately 20 to 30 percent
annually'”.

« Ease of ImplementatiofEase of implementing smart growth aspects wilyvar
among regional areas, but ultimately require eagional development agency to
make reduction of GHG emissions a priority in itsnming and development.
State-level legislation requiring regional trangpbon agencies to address smart
growth and provide incentives for implementatiorswfart growth would enable
regions to effectively address and plan for suatals growth.

« Co-benefits / Mitigation Requirementdrban in-fill housing can be an effective
tool to prevent creating further suburbs from emgsfarmland. Proponents point
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out that smart growth can reduce driving, increasaliing, spur transit use, curb
obesityand promote cleaner aff.

Responsible Partied:and use decisions are made at multiple levels Eeldding
and urban design, local zoning and use separa#gmgnal integration with land
use patterns). It is therefore imperative thaesaMnterventions and policies are
required at different institutional levels. Nond#ss, these should be consistent
and complementary to spur smart growth.

o State Governmenin June 2007, the CEC releasdte Role of Land Use
in Meeting California’s Energy and Climate ChangedBs a report
addressing the need for land use planning to rethec&HG emissions
from the transportation sectbt.CalTrans has also looked at ways to
reduce VMT; one of their programs is the Regionakeprint Process,
which establishes 20-year goals, including redudMJ on a regional
basis. In addition, policies and requirements meggiio CEQA, the
California Transportation Plan, housing elementaigsl, the California
Water Plan, and stormwater plans can all affedlltand use planning
and development. These state agencies will bearita providing
incentives for linking ongoing State planning preses with GHG
emission reduction strategies.

o Land Use Agencie€alifornia local land use agencies, such as San
Diego’'s SANDAG, provide regional plans for morei@#nt land use.
They can play key roles in implementing smart gropalicies and then
monitor the progress of these planning practices tine. They can also
generate funding for smart growth incentives. Impatation of Smart
Growth policies by local agencies to reduce VMTI wé particularly
important to meet AB 32’s GHG emission reductiofsnart Growth
blueprints have been completed by the Sacrameiatp ABea, and
Southern California regions and are underway io#neas, such as the
San Joaquin Valley.

o Land Use AdvocacylLand use agencies such as the Smart Communities
Network® provide information sharing and best practices focal
government and regional planning agencies to [zam.

0 Metropolitan Transportation Commissiomhe Metropolitan
Transportation Commission (MTC) is the transpootaplanning,
coordinating and financing agency for the nine-¢g8an Francisco Bay
Area. MTC functions as both the regional transgteoh planning agency
and as the region's Metropolitan Planning OrgaiuaagMPO). It is
responsible for regularly updating the RegionalnBgortation Plan, a
comprehensive blueprint for the development of ni@sssit, highway,
airport, seaport, railroad, bicycle and pedestigamiities. The latest Plan
features “smart growth” development patterns. MiES developed new
policies, funding programs and technical studie®ster smart growth,
including transit-oriented development, regionavgh planning, station
area plans, and parking policies.
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o Developers Developers are the integral part of smart growth
implementation. Equipped with sustainable prasticevelopers can
build structures that generate fewer GHG emissiam both upfront
construction as well as ongoing daily operatiofRer example, the real
estate developer Thomas Properties Group (TPG)ajea the
headquarters building for the CalEPA in Sacramasta public-private
partnership with the City of Sacramento. The 25y5t850,000 square
foot office building is recognized nationally akighly efficient and
sustainable commercial office developments winthneggBOMA TOBY
award and becoming certified “Platinum” by the U&&h Building
Council’'s Leadership in Energy & Environmental Rgsprogram
(LEED).

Problem:Urban sprawl can increase VMT, subsequently ireinggGHG emissions and
can lead to an inefficient land use practices.ddit#on, urban sprawl! leads to more land
consumption and a subsequent threat to farmlamtarsprawl can also lead to
spending government funds on creating new infraire for expanding developments
instead of maintaining the existing infrastructtfr@he growth and expansion problems
of urban sprawl are also thought to have a negafieet on peoples’ well beirg.

The current Williamson Act mechanism used to kegmfand in agricultural use and
delay housing or commercial development may naufcient incentives for farmland
owners to reduce VMT. Currently a large share efWilliamson Act land in San
Joaquin County is in non-renewal status, for exampther states are more proactive
than California in both supporting farms and intigaitar in supporting small holdings
and encouraging low impact farming methods.

Possible SolutionThe most important vehicle for implementing mameast growth
planning is the coordination and consistent ine@stithroughout the agencies involved
in infrastructure planning and development. Tydegisions to funding will encourage
smart growth and make it a more attractive option.

Another effective way to reduce VMT is through lamsk planning. For example, transit
oriented development can reduce VMT by 20-30 pearcempared to conventional lower
density auto oriented development. With higher dgngsban dwellings, more
consideration is needed, regarding how neighborhisbdre open space, bike paths, and
pedestrian corridors and how urban dwellers trawttlin and between cities. These
Smart Growth housing and land use practices atieatrio reducing VMT, along with
improvement transit, pedestrian, and bicyclingasfructure. More electrified light rail
systems are needed for intracity travel and agcialfs to intercity transit systems.
Congestion pricing for urban car use may need tionpéemented.

Incentives to locate jobs closer to residentiahar@nd to provide housing for the
workforce close to job rich locations, support sidwriented development, expand
telecommuting, and use video-conferencing in lieaiotravel, could reduce VMT, as
could mixed-use development where shopping andcgsrare within comfortable
walking distance of a large percentage of eachhiheidhood and district.
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F. Improved Transportation Impact Analysis Planning

Traditional transportation planning tools and nosttend to under-estimate the benefits
of transit and other alternatives to increased wmathtruction for automobile use. These
processes should be dramatically improved with twmhs and larger public sector
budgets.

«  Timeframe: Planning processes implemented by 2012. Onrtineng effects
will become more visible over time as the cumukai¥fects of project
decisions become greater in 2020 and 2050.

¢ GHG Reduction PotentialEach 1 percent of VMT shifted to non-polluting
modes of travel is likely to result in reductiorfoae million or more tons of
GHG emission reductions. Exact results will depend on the outcome of local
planning decisions.

. Ease of Implementatiof.ow to moderate.

. Co-benefits / Mitigation RequirementSignificant co-benefits including
improved air quality, public heafthand quality of life.

. Responsible PartiesState, regional, local transportation and enviramiale
planning agencies

Problem:There are inherent trade-offs between differenh®of transportation and
accessibility of goods and services. Roadway desnghland use patterns that are
designed for maximum motor vehicle traffic are gatig less suitable for other modes.
Traditional transportation planning metrics in them of automobile Level-of-Service
(LOS) compare existing and expected motor vehiolames to estimates of roadway
capacity. “LOS” is convenient due to its simpligibut it fails to recognize the
environmental benefit of improving mass transit and-motorized modes of
transportation. Despite the limitations of LOS, @A guidelines give great weight under
case law use to LOS and related measures as a fomosignificant transportation-related
air quality impacts>>

Projects that increase roadway capacity and speedated favorably even though they
increase VMT, discourage non-motorized transpamatnd tend to decrease quality-of-
life in the communities where they are locatedHfillhousing projects, or a dedicated
lane for bus rapid transit, would be rated unfaktyrander LOS despite the overall
decrease in VMT and GHG emissions that would besttteresult. Such projects may
beneficial from araccessibilityperspective, but they would be considered unbeiaéfi
from a motor vehicléraffic perspective®

CEQA Guidelines are not established in the CEQAecbdt rather by local agency
action. However, a state or local planning agdahay uses alternatives to LOS could
increase the risk of legal challenges based omxtisting CEQA guidelines. This
approach creates barriers for projects that imptaesit and non-motorized
transportation.
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Potential SolutionLocal and regional planning agencies should pra@iaccess to

goods and services and reducing VMT over increasiotpr vehicle traffic and

pollution. Recognizing this improvement under CEQWdelines will facilitate this

shift, and complement Smart Growth. To the extieat access to goods and services are
considered an environmental issue that should deeasled by CEQA guidelines, per
capita congestion delays and travel times is amei@of more meaningful
measurements. ETAAC transportation sector subgatagoffers the following
recommendations:

o Local, Regional, and other transportation planr@iggncies should use
alternatives to LOS whenever possible.

o The California Resources Agency should recognimdeu CEQA guidelines, the
benefits of using alternatives to LOS, or abandafiit congestion as an
indicator of environmental quality and instead ea#¢ motor traffic-related air
quality impacts directly.

G. Improved Transportation Systems: Electric Freigh Rail

Improving transportation systems is another waetlhuce GHG emissions in the
transportation sector. Full funding of public sérsystems is there a very fundamental
need. Other sections of this report identify eeormoand technological innovations for
transit systems linked to roadway pricing and inveobtransportation planning. Policies
G, H and | below discuss electric freight rail anadnan-powered transportation
alternatives. Other options include improved us®aday’s cars and trucks through
improved driving behavior and simple maintenansees such as proper tire inflation on
motor vehicles. [ETAAC is exploring further recorandations like those below, and
will coordinate with the California High Speed RaAiithority and with electrification
efforts being evaluated in the South Coast Air B3si

As cargo transport is responsible for 8 percemstate CQ emissions, policies are needed
to substitute rails for highways.

«  Timeframe:by 2020.

¢« GHG Reduction Potentialn addition to the shipment of cargo, signific&HG
emissions reductions could take place by replaicitigstate air travel with
high-speed, electric rail travel. Air travel in @ainia represents 5 percent of
the state’s C@emissions (roughly equal to half of the GHG enaissi
generated by in-state electric generation). Antate high-speed rail line
between the Bay Area and Southern California woetiice GHG emissions
considerably. The largest benefits are likely touwdrom reducing mid-length
trips by providing frequent and reliable rail seevfrom major urban corridors
such as between Sacramento-Bay Area, Bay Areaarai®anto-Fresno,
Riverside-San Bernardino-Los Angeles-Orange Co&ay-Diego, etc. These
rail systems improvements would primarily displacghway motor vehicle
trips.
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. Ease of ImplementatioMost rail systems are privately owned. Even Amtrak
operates for the most part on private rail RigHts¥ay, with freight transport
taking precedence. Creating new tracks that all@wseparation of passenger
and freight operations would be a first step towargroving both transport
delivery systems.

«  Co-benefits / Mitigation Requirementé strategy for rail improvements ideally
would be launched near ports and the routes irdcoahof the ports, where
serious Environmental Justice problems result ftoenconcentration of air
emissions from diesel ships, trains and trucksli®tlealth would obviously
benefit from a shift in transportation prioritiesaard electrified rail.

. Responsible Partie®rivate operators, regional and state transporn@gg,
Amtrak, Federal Rail Administration.

Problem:A large portion of the cargo coming in and ouCaflifornia currently relies on
the trucking industry and congested highways.

Possible SolutionStandard rail transport systems emit far fewep €Qissions per ton-
mile than long-haul trucking (the exact benefitigamwith distance). Electrified rail
travel, including shipments from truck to rail aslixas from diesel rail to electric rall,
would reduce emissiorand lower oil imports.

H. Improved Transportation Systems: Low-Speed Modes

Low-speed modes are motorized and non-motorizettelethat travel at lower speeds,
such as bicycles, electric bicycles, Segway Hunramdporters, and neighborhood
electric vehicles. Many involve active movementusgrs and do not produce €0
emissions.

* Timeframe:Near to long term (growth potential)

* GHG Reduction PotentiaDne way to encourage bicycling as an alternative
mode is through a better low-speed mode infrasiracparticularly on-street
bike lanes’. The city of Stockholm’s long-term plan to red@®, emissions
includes replacing 30 million short car trips witycling annually. For longer
trips, the City’s goal is to encourage an additid)@00 cyclists to give up car
travel or public transit use every day during themser months. Not surprisingly,
this will require improving the low-speed mode adtructure. It is estimated that
such improvements will reduce CO2 emissions by@{8@s per year by 2080

» Ease of Implementatioh:ow to high (depending upon available land and
political support)

» Co-Benefits / Mitigation RequiremenBy enhancing the bicycle and pedestrian
environment, it is possible to encourage travétersake entire trips or partial
trips with non-motorized modes that link with masmsit®

* Responsible PartiefRRegional and local government, transit providers
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Problem:Urban transportation systems are often inconvérdgrpedestrians and
cyclists.

Possible SolutionDevelopment of pedestrian and bicycle friendlyastructure at the
local and regional level should be a priority. Fedléaw should also be revised to define
bicycling as a “qualified” form of transportatiotigeble for the transportation fringe
benefit, subject to specific incentive caps. TheyBie Commuters Benefits Act of 2007
would amend the Internal Revenue Code to inclublieycle commuting allowance as a
gualified transportation fringe benefit, excludafstem gross income. The public sector
can play a key role. For example, all state andraglovernment buildings should provide
bicycle parking whenever feasible to do so. Muratgovernments should try “bike
sharing” programs like Paris, allowing conveniesg of bicycles.

l. Improved Transportation Systems: Telecommuting

Telecommuting is “generally defined as work atrmaee location or home office rather
than working at a fixed employer-provided site tfice.”®

* Timeframe:Near to long term.

* GHG Reduction PotentiaEstimated fuel savings per telecommuter ranga fro
49 to 177 gallons per year across three stldi€his range converts to
approximately a 0.5 to 1.7 ton G@duction using a standard assumption of 19.4
pounds of C@emitted for every gallon of gasoline combusted.

» Ease of ImplementatioRequires support from employers and public se&ay.,
incentives and pricing of parking/roads).

» Co-Benefits / Mitigation Requirement&tou and Horvath (2003) used a systems
model to evaluate the greenhouse gas emissionshiusmess-sector energy (e.g.,
commuting, office temperature control, lightingdagiectric office equipment) in
telecommuting and non-telecommuting scenarios. Beterministic and
probabilistic analyses were conducted and evaludieel “probabilistic analysis
over a set of likely parameters” demonstrated tilatwork may reduce GO
emissionsWhile telecommuting could potentially reduce £€nissions related
to commuting, reductions may be offset by incredsmde office energy use
and/or commercial electricity use at the busindfse®®

* Responsible PartieE€mployers, state, and regional agencies (ergela
employers, metropolitan planning organizations;@ats, business,
transportation and housing agency).

V. Improving Vehicle GHG Performance

There are several key existing programs to builtharder to improve California

vehicle performance on GHG emissions. In particAB1493 is a critical, performance-
based system for driving low-carbon vehicle techgs into the market. The standards
have been established through 2016, and work shmagih soon to develop performance
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levels beyond 2016 taking into account the fullgaof vehicle technologies now
emerging (e.g., hybrid, clean diesel cars thakapected to meet California’s strict
emission standards, G®ehicle air conditioning systems, and a numbexdafitional
technologies identified in the King Review of lowrbon cars Part I: the potential for
CO; reduction). In addition, the state’s Zero Emissu@hicle (ZEV) program is
intended to help drive the development of autoneotechnology that will reduce GHG
emissions® In addition to the recommendations below, the detiifeebate” proposal in
the Finance sector subgroup report could be anritaupocontributor to both near-term
and long-term improvements in vehicle GHG perforogarmpotentially increasing the
benefits of existing vehicle GHG standards by 25 @et®°
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While forward thinking when written -- and vitalisnportant for near term GHG
emission reductions — AB 1493 does not begin toucagphe full potential for GHG
emission reductions now technically possible. Ooteworthy omission is that only
passenger vehicles are covered. A more compreleestEmdard for post-2016 vehicles
of all types would net even greater GHG emissialucgons.

« Timeframe:in effect by 2020.
« GHG Reduction Potentiad MMT by 2020, and 27 MMT by 2030.
« Ease of Implementatiomifficult

» Co-benefits / Mitigation Requirementgery high, including reductions in up-
stream refinery emissions and reduced reliancenpoited petroleum

« Responsible Partie€CARB; auto manufacturers

Problem: Continued reductions in vehicle GHG emission$ kel necessary after the
first round of AB 1493 standards are in-place il@0The recent United Kingdom’s
King review of low carbon cars found that signifitanarket barriers to deployment of
encouraging new technology. These include fixedtabjmvestments in older
technology, the need for economies-of-scale to nmake technologies economical, and
lack of high-priority given fuel economy in consunpeirchase$’

Possible Solution:In September 2004, CARB approved regulationgtince GHG
emission reductions from new motor vehicles. Tdwutations apply to new passenger
vehicles and light duty trucks beginning with tH#2 model year. The standards
adopted by CARB phase-in during from 2009 througb&model years. Between 2009
and 2012, these standards will cut GHG emissior@2yyercent compared to the 2002
fleet of passenger vehicles and light duty trudksl-term — the 2013-2016 time frame --
standards will result in approximately a 30 pergeduction in GHG emissions.

New standards would be adopted to phase in begjnnithe 2017 model year to follow
up on the existing mid-term standards that reackirmam stringency in 2016. Work
should begin soon to develop performance levelsm@R016 to take into account the
full range of vehicle technologies now emerging emgrovide manufacturers with
adequate lead time to introduce new cleaner predAsisuming that the new standards
call for about a 50 percent reduction, phased ginveng in 2017, this measure would
achieve about a 4 MMT reduction in 2020. The réidacachieved by this measure
would significantly increase in subsequent yearslean new vehicles replace older
vehicles in the fleet. CARB staff estimates redutif 27 percefit -- 27 MMT® - in
2030.

Additional reductions would be achievable if nevwhnde standards were also applied to
the heavy duty trucking sector, which account feanty one-fifth of transportation sector
emissions. In particular, new engine, transmisdiog, and aerodynamic designs could
ultimately reduce GHG emissions by one third to bak from new freight trucké’
Although the freight industry is sensitive to fyeices, technologies that slash fuel

3-25



ETAAC Report Discussion Draft — Released 11/15/07

consumption have been slow to find their way tokearStandards would speed the
uptake of existing technologies and drive innovatrocleaner motor vehicles .

K. Air Quality Program Incentives

Air quality programs such as the Carl Moyer incemfprogram do not include a value for
diminishing GHG emissions. Coordinating GHG redutprograms with existing air
quality improvement programs would help meet ABs3@imate change response goals.

« Timeframe: by 2012.

« GHG Reduction Potentiallo be determined, based on funding levels.

« Ease of Implementatioh.ow, compared to implementing separate programs.
« Co-benefits / Mitigation Requiremen@riteria pollutant reductions.

« Responsible Partie€CARB, regional, and local implementing agencieasgny
new organization created to administer GHG redudimds

Problem Several State air quality incentive funds arealafée to decrease pollutants
such as fine particulates and ozone that violate3tnd Federal standards. The Carl
Moyer Memorial Air Quality Standards Attainment Bram provides incentive funds for
the incremental cost of engines and equipmentgghditeyond State minimum air quality
requirements. Eligible projects include cleaneroad, off-road, marine, locomotive and
stationary agricultural pump engines, as well aklifts, airport ground support
equipment, and auxiliary power units. The prograimeves near-term reductions in
emissions of oxides of nitrogen (NOx), particulatatter (PM), and reactive organic
gas (ROG), and is currently funded at $140 miltmmually’. The state, in partnership
with local agencies, is also implementing a newdddds Movement Program to
upgrade technology and reduce air pollution emissand health risk from freight
movement along California's trade corridors. TtateShas allocated $250 million for the
2007/2008 state budget, and the program is funtadaal of $1 billion’> Other funds
are available for VMT reduction strategies suclpedestrian, bicycling, and transit
improvements.

Possible Solutionincentive funds that are available for GHG redut in the
transportation sector are likely to substantialhgrdap with these existing programs,
creating opportunities to coordinate programs ateae greater over-all benefits of
both ambient “criteria” pollutant levels and GHGissions. For instance, if a GHG
allowance auction were held, local agencies imphgmg these existing programs could
apply to a California Carbon Trust or other orgatians with funding available for cost-
effective GHG emission reductions. A project wathincremental cost of $100,000 that
achieves an estimated $60,000 in GHG emission tiesugenefits and $60,000 in
criteria pollutants could be co-funded by both Galtal criteria pollutant funds -- if it
meets all project eligibility rules. Implementiagencies would be responsible for
showing that their program'’s criteria pollutant &ks compared to criteria pollutant
expenditures meet cost-effectiveness requiremesitailarly, GHG emission reduction
programs they would also be required to meet cibstte/eness criteria.
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L. Low GHG Fleet Standards and Procurement Policies

Performance standards and procurement policietacditate implementation of low
carbon vehicles available today -- and low and Bengssion vehicles in the future.

« Timeframe by 2012, continuing through 2020 and expandmtg heavy vehicles
by 2050.

« GHG Reduction Potential This recommendation can complement the
implementation of AB 1493 standards and post-2@a6dards; as well as the
ZEV program.

« Ease of ImplementatiofRotential barriers are the need to increase “nbgui¢
for the continued development and implementatiolowfGHG and zero
emission vehicles, and mitigate current price puens for these vehicles.
Companion fuel infrastructure policies will be &l to success.

« Co-Benefits / Mitigation Requirementkarge co-benefits will be achieved from
less local air pollution and less reliance on inpdpetroleum. Increased clean
energy supply, including renewable energy sourdesnever feasible, will
maximize overall emission cuts, including vehidgpipe and oil refinery
emissions in communities concerned about Environahdustice.

« Responsible PartieCARB, State, Federal, local, and other fleet owaes
managers.

Problem: The efficiency benefits of new technology are nityfutilized. In addition,
new technologies must be demonstrated before tigegoanmercialized.

Possible SolutionMany local fleets have requirements for the fuieglromy of the
vehicles they purchase. The first component &f $shiggested policy is setting standards
to require certain fleets to purchase vehicles withinimum GHG emission rate. The
standard could be structured as an average oveetadr even across all fleets in a given
category with a credit trading program.

A performance standard for fleet vehicle procuretmesuld be similar to that of AB
1493, denominated in GHG emissions per mile. Howdtés cost complying with the
standard would fall on the buyers of new vehiches,the sellers. Such a standard is not
subject to the same legal challenges as the AB 1483 This policy should be applied
to State fleets immediately, and all other pubiid @rivate fleets that receive any
funding through state tax or fee revenue and/dityutatepayer revenue. For instance, the
State has recently completed a purchasing arrangeatiewing state and many local
agencies to purchase gas-electric hybrids thataera minimum of 42 miles per gallon
(instead of the state minimum standards of 26 nmérggallons for other vehicle of
similar type.) In addition, EPACT now allows Stated local agencies to achieve
petroleum reduction goals relying on hybrids arfteohigh-efficiency vehicles instead
of purchasing lower-efficiency vehicles that couldheory burn ethanol blends such as
E85, but instead use higher levels of gasoline.
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In addition to passenger vehicles, this type afdsad could apply to CARB’s transit bus
fleet rule. It could be considered for other flages that would reduce GHG emissions,
such as refuse trucks and port drayage trucks.

Federal, State, regional and local government agencas well as utility and other
private fleets — should participate in advancenebttgy vehicle demonstration. This
effort should start immediately and targets shdaddet with the ultimate goal of
implementing 100 percent ZEV in support of Califiats aggregate goal of 80 percent
GHG emission reductions by 2050. For instanceStiage of California and several
organizations represented by ETAAC members (theAaw Air Quality Management
District, PG&E, and the University of CaliforniaDavis) are among the organizations
helping to demonstrate hydrogen fuel cell carsngjuiding them in their fleets.
Procuring ZEVs and PHEVs in fleets during the desti@tion and early
commercialization phase will achieve several imgirgoals: development of advanced
vehicle technology and infrastructure; enhanceaality, and familiarize fleet managers
with new low-carbon and no-carbon vehicle technigeg

VI. Renewable and Other Low-Carbon Fuels

After vehicle miles traveled are reduced and tffieiehcy of motor vehicles is increased,
there will still be a need for large quantitiesm@isportation fuels. The lifecycle GHG
emissions of fuels is being addressed through tve-Carbon Fuel Standard (LCFS)
mandate being developed by ARB. However, indepandeentives might expedite
achieving or exceeding that standard and creatlages for deeper future reductions,
while creating opportunities for additional in-ggtroduction. We note that other fuel
tax incentives to encourage low carbon fuels aveE in the finance sector, and
biofuels production is covered in the agricultugattion of this report. Comments on the
implementation of the Low-Carbon Fuel Standardd@rated in an Attachment.

M. Create Markets for Green Fuels

The Low-Carbon Fuel Standard (LCFS) mandate beavgldped by CARB addresses
the lifecycle GHG emissions of transportation fuélewever, independent incentives
might expedite achieving or exceeding that standarticreating a basis for deeper future
reductions, while creating opportunities for aduitl in-state production.

« Timeframe: Could be implemented by 2010 and improved after tha

« GHG Reduction PotentialUnclear, but green products typically fill a few
percentage points of markets for goods (e.g. rebkweectricity).

« Ease of Implementatiometermining the lifecycle GHG emissions of biofuisls
complex, but measurement systems are already dewejoped by ARB as part
of the LCFS. However, providing the results osthnalysis to consumers would
require tracking of specific fuel blends down te tietail level, a level of detail
not currently envisioned under LCFS protocol. Efere, a new tracking system
would be required, but would not require significadditional technical analysis.
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« Co-benefits / Mitigation Requirementow-GHG fuels may have better
environmental performance on other dimensions dis we

« Responsible PartiePepends on if voluntary or mandatory. A mandagystem
would have the greatest benefit.

Problem Biofuels and other new alternative fuel produwze have either a positive or
negative on global climate change, depending oduymion methods and other factors.
Biofuels grown on degraded land are much moreylikereduce GHG emissions than
when land is cleared for growing biofuels that thsp food production. California
farmers could be encouraged to collect and usewdtrial waste as a bio-fuel feedstock
to complement the existing CARB regulatory requieats, as noted in the agriculture
sector of this report International, Federal and State standards fsmsable low
carbon bio-fuels are currently being developedfaBohowever, they do not offer any
environmental performance information to consum&¥sth additional tracking
standards, these systems could be used to engagiencer demand through a green fuels
labeling standard in California.

Possible Solution A voluntary or mandated Green Fuels Labelingn&aad could be
created to guide consumer purchasing preferentesidespecially important for bio-
fuels because of the potential negative environatamtd social implications of different
feed stocks and cropping methods. Once wasteatehio-fuels are fully commercial,
new incentives could be used to expand the blenafibjpmass-derived fuels with
conventional fuels beyond LCFS requirements (egjlulosic ethanol with gasoline,
renewable diesel with petro-diesel), and this imfation could be included on fuel
content labels. Other fuel tax incentives to enagarlow carbon fuels are covered in the
Finance sector, and biofuels production is covandte Agricultural sector chapter of
this report.

Next Generation Transportation Energy

Many opportunities exist for development of advahzero-emission and low GHG
vehicles and fuels. There will be multiple widemereas of overlap between electricity
generation and transportation fuels, as noted hetompared to a relatively smaller
overlap today (such as refinery use of naturalegmselectricity to produce vehicle fuels,
and natural gas use as a vehicle fuel). Infragira planned today for electricity supply
will need to accommodate near-term deployment of#h Hybrids (as noted in the
Energy Chapter). In addition, full performancetéat electric vehicles and fuel cell
vehicle (which could be powered by hydrogen produda hydrolysis) will be fully
commercialized by the 2025 to 2030 timeframe (basethe CARB Zero Emission
Vehicle review panel) — well within the expectdetime of electric generation,
transmission and distribution system that will fefiom the decisions made today.
Therefore, careful planning will be necessary totgee the advantages of synergies
between energy sources that can be used for traditelectricity use, or as a vehicle
energy source, and make sure that infrastructureloleed today will serve the needs of
the future.
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Key policy goals for CARB, the California Energy t@mission, and the California
Public Utilities in partnership with other governmi@gencies and other public and
private organizations should include:

» Develop low-cost, sustainable production procetsel®w GHG biofuels and
hydrogen fuels

* Increase renewable electricity development in otdenaintain renewable goals
during expanded use to supply vehicle energy

» Assess plug-in hybrids, full performance battesctic cars and other electric
vehicles, and hydrogen (produced by electrolysis) tell vehicles as energy
storage to facilitate increased renewables witlgh percentage of off-peak
generation; and as a potential source of peakimgepduring times of highest
electricity demand

* Plan and implement electric metering infrastructumd tariffs that allow
customers with these vehicles to access the loostraf off-peak power, and
higher prices for sale of on-peak power

» Develop fuel distribution & dispensing infrastrucLof low and zero GHG
alternate fuels

» Create an overall system that optimizes energyasess both sectors, and
creates flexibility to adapt to future circumstasicas the future vehicle mix will
depend largely on technology and economic developsne
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Next Generation Transportation Energy

Many opportunities exist for development of vehittlels for internal combustion engines; and

for

advanced zero-emission vehicles. However, cargfahning will be necessary to capture the
advantages of synergies between energy sourcesahdte used for traditional electricity use, orjas
a vehicle energy source, and make sure that inficiste developed today will serve the needs of
the future. There will be multiple widening areak overlap, as noted below, compared tg a

relatively smaller overlap between electricity gettien and transportation fuels today (such
refinery use of natural gas and electricity to pragvehicle fuels, natural gas use as a vehiclg fu

as

(4%

Infrastructure planned today for electricity suppljl need to accommodate near-term deployment

of PHEV (as noted in thElectricity Chapter), as well as full performance batterytelewehicles

and potentially also hydrogen production via hygsd for fuel cell cars. All of these vehicles wjl

be fully commercialized by the 2025 to 2030 timefea(based on the CARB Zero Emission Vehi
review panel) — well within the expected lifetimd electric generation, transmission a
distribution system

that will result from the decisions made today.eyKolicy goals for CARB, the California Energy

Commission, and the California Public Utilitiespartnership with other government agencies
other public and private organizations include:

1) develop low-cost, sustainable production processedow GHG biofuels and hydroge
fuels

2) increase renewable electricity development in ordemaintain renewable goals during

expanding use as a vehicle supply

cle
nd

and

=

3) assess plug-in hybrids, full performance batteegteic cars and other electric vehicles, gnd

hydrogen (produced by electrolysis) fuel cell védscas energy storage to facilitgte

increased renewables with a high percentage opedk generation; and as a poten
source of peaking power during times of highesttalgty demand

4) plan and implement electric metering infrastructaral tariffs that allow customers with

tial

these vehicles to access the lower cost of off-geaker, and higher prices for sale of gn-

peak power
5) develop fuel distribution & dispensing infrastruetwf low GHG alternate fuels
6) create an overall system that optimizes energyauosess both sectors, and creates flexibi

VII. International GHG Sources

International shipping and aviation are two soutbes are continuing to grow
significantly, and require internal cooperatioratitress. We note that that the
International Marine Organization and InternatioGalil Aviation Organization play
important roles in establishing environmental regients for these sectors. For
instance, California does not have the authorityetioengine GHG standards. Some
policies designed to reduce M@missions, such as speed-reduction zones, aretegpe
to provide co-benefits for GHG. Some jurisdictidras/e used revenue-neutral incentives,

3-31

ity



ETAAC Report Discussion Draft — Released 11/15/07

such as airport landing fees that vary with,\énissions of different planes. We
encourage state and local agencies to considenaatinder their authority, such as
marine vessel speed reductions or carbon-baseth{pfeks, we also note that the federal
government will also need to play a leading roleiernational cooperation on broader
efforts to reduce these emissions.
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4. INDUSTRIAL SECTOR

|. Introduction

California has the largest and most diverse mamwifiag) and industrial sector in the
country. Manufacturers in the state range from Ebmltique shops serving local or
custom needs to large facilities that are partaba corporations. Nearly every type of
manufacturing is done here, including aerospacanatal, pulp and paper, computer
technology, biotech, food processing, and more.

Through energy use and process emissions, Calfonanufacturers account for 18
percent of total state GHG emissions, with oilmefs and cement plants representing
fully half of the industrial sector emissions. (fisportation for manufacturing suppliers
and goods movement to the consumer accounts ibemsaurce of GHG emissions
related to manufacturing not counted in this total)

Electricity is a significant cost component for rhosnufacturing, and California has
traditionally been a high cost state - now the paiganium is 35 percent — but industry
has shared in California’s energy efficiency susesdhat have kept per capita energy
usage to about third less than the national avesg®rding to the California Energy
Commission, and achieved significant cost savi(@ electricity, labor, tax and real
estate costs combine to make the cost of doingbssiin California 23 percent more
expensive on average). Excess costs in Califorei@atop of the 32 percent cost burden
suffered by US manufacturers generally comparetdio international trading partners.

Globalization means companies must adopt costieféeenergy efficiency measures to
remain competitive in the state. This end-use iefficy combined with the high
percentage of renewable, hydro and nuclear poweurelectricity generation mix
makes California manufactured goods much less Gtiéhsive than products made
elsewhere. If the policies adopted under AB 32dweatently encourage industrial
production to shift to unregulated regions, G&tG emissions would actually increase
while state employment would be diminished, lowgrstate tax revenues. This scenario
is a lose-lose outcome that must be avoided.

Thus, the challenge for California policy makersoi€ncourage further GHG reductions
from the state’s industrial sector without addingts and burdens that would lead to
declining production and leakage to other unregdlaégions. This can be accomplished
if technologies, regulations and tax policies suppdoption of cost-effective GHG
emission reduction measures.

To that end, the following discussion outlines tdehnological advances that should be
supported by state programs and policies, the pbkeriers that should be addressed to
improve industrial competitiveness to prevent Iggkand recommendations to improve
government decision-making and state agency coatidim

Il. Governance
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Regular Reporting of Progress Mandate on All Statégencies:California agencies
regulate many business and consumer activitiestagthave GHG emission impacts.
Agencies should review the scope of their authaitgt find where their policies may be
conflicting or not supportive of business and consuefforts to reduce their GHG
emissions and then take appropriate steps to inepitway situation.

 ETAAC recommends that each state agency that agesfwith businesses and/or
consumers do everything possible to help AB 32 sedén reducing emissions.
Beginning in 2008, each state agency should issugrgss reports to the
Governor and the legislature at six month intervals

Improved Analytical Basis for Planning: The AB 32 scoping plan will have significant
impacts across business sectors and state agesi@s]| as for the public. There is an
important need for comprehensive data and progratysis to guide AB 32
implementation. Without proper analysis, policiesild be implemented that may have
unintended consequences that worsen GHG emissiatlear regulatory targets or are
prohibitively expensive. To ensure that the staeetbps policies that result in real
reductions that are economically and technicalasiiele, we propose the following:

« CARB should coordinate with all other state agemtiat could affect, or
be affected by, California’s GHG goals to inforneh of potential
upcoming rules and measures - such as lists ohpthearly action
measure, measures considered for the scopinggitanQOther agencies
will review these potential future actions to idgnany 1) information
resources that may help ARB improve analysis, grahg areas of
overlapping jurisdiction or regulation, and aredseve coordination
between state agencies is beneficial. The beofetiitis process will be
maximized when it occurs upstream of the rule dgwalent process.

« The Climate Action Team should establish a GHGriatgency
Regulation Task ForceThe responsibility of the task force should e t
analyze and map the current and proposed regulatatyapproval system
and the proposed changes that would result fron82Bnplementation.
Through the use of process mapping (for instaRoecess Quality
Management and Improvement-PQNHe task force can identify
unnecessary steps and conflicts as companies dtteropmply with AB
32’s climate change mitigation regulations on tbpxasting air and water
quality requirements and other regulations.

« A Greenhouse Gas Policy Institidbould be established to provide
research and recommendations for life cycle amalysGHG mitigation
and guidance on policies and decision making. mkgtute would focus
on a baseline approach to life cycle analysis &exnining economic
impacts across the full life cycle of energy andewaitilization, and for
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establishing trade-off schemes, where necessamsn @iHG mitigation
efforts conflict with other state policies.

Adaptation to Climate Change: The Resources Secretary is responsible for thealatu
environment and habitat in California. Variougstagencies under the Secretary’s
jurisdiction have noted changes in California’snaie over the past 100 years, and are
beginning to change their strategies and programaslapt to future climatic conditions.
Decision-making could be improved through generatlgepted scenarios for the impacts
of climate change. To datadaptingto climate change has not received the focus and
attention thamitigationefforts have. However, state resources departnaetselected
cities and towns are making local decisions regardidaptation without guidance from a
state-wide framework.

* The Resources Secretary should join with Cal-EPARB, CEC and the
CPUC in aClimate Adaptation Roundtabtgoup. Using analyses and
likely warming scenarios, the focus of the rountitahould be on
integrated resource, habitat, land use and devedopmaster planning.
Regular briefings to the Governor would help tdlitate state wide
discussions and debate.

One Stop Shop for GHG Information: An important goal of AB 32 is to encourage
new clean-tech businesses to site facilities areldmployees in California.

e The State should establisloae-stop shofor information on GHG
implementation focused on the needs of researcimeentors, and
businesses that will design, manufacture, distepuistall, and maintain
equipment that reduces GHG emissions. The onesttop-should be a
collaborative effort between the Business, Transpion, and Housing
Agency, CARB, CEC, and the CPUC.
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[Il. Industrial Incentives and Programs

A. On-Bill Financing for Small Business Energy Effciency Projects

To overcome cash flow and capital constraints mealsbusinesses, utilities could
finance the cost of energy efficiency projects gsatepayer and/or other sources of
funds, including leveraging opportunities with @ig/public lending institutions where
appropriate to implement a cost effective program.

«  Timeframe: In place for 2020 targets

. GHG Reduction Potential:1-5 percent reduction of GHG emissions from $mal
business, assuming an emissions reduction potentidl -30 percent with 10-
15 percent of small business participating.

. Ease of ImplementationModerate to implement. This type of financing has
been done before.

«  Co-benefits / Mitigation RequirementsElectric load reduction and cost savings
to the small business.

. Responsible Parties:Utilities as the program administrator.

Problem:Technology and products are available to redueeggnconsumption in
buildings and manufacturing operations which caulten net energy and cost savings
for small business in the long run. The problerthég many small businesses do not
have the capital to make the upfront investmentleée¢o install the improvement.

Possible SolutionOn Bill Financing (OBF) is a method where investisan energy
efficiency are purchased the same way energy shpsed, by the month in installments
paid via a line item on the utility bill. OBF simfis the financing and payback for these
projects, enabling small businesses to implemestiggnsaving measures that they would
otherwise be unable or hesitant to implement. CR&IC and utilities should work
together to explore existing OBF programs to deteerthe optimum model for
implementing a cost effective OBF program. In depélg the program, the utilities
should also weigh the overall value of ratepaygreexiiture for OBF against alternative
investments in energy efficiency projects, and emshiat the OBF is at least as cost
effective as other successful, cost effective OBigmms. Where OBF design proposals
differ from established norms and would impose aeptable risk, appropriate means of
cost recovery must also be included. In additibmay be important to remove any
negative tax impact for small businesses receithegenefit of these energy efficiency
investments.

C. “Clean-Tech” Tax Incentives
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Tax policies such as those addressed in Assemby/IBi06, 1527 and 1651 would
encourage small (and large) businesses to undertasures to meet AB 32 goals that
would otherwise be cost prohibitive.

«  Timeframe: In place 2012.

. GHG Reduction Potential:1-5 percent reduction of GHG emissions from small
business, assuming an emissions reduction potenfti#l-30 percent per
business with 10-15 percent of small businessqjpating.

. Ease of Implementation:Moderate. Requires passage of the bills and
developing the programs within State government.

«  Co-benefits / Mitigation RequirementsAssists small business and encourages
technology development in California.

. Responsible Parties:State Legislature, Board of Equalization.

Problem: Excess cost or uncertainty related to many Getfaiction measures limits
business’ willingness to implement these measulesddition, many measures do not
have a positive economic return. Economic incestiwill increase the implementation
and development of clean technologies and redusts éar business.

Possible Solution:The ETAAC should consider tax policies such as¢haddressed in
Assembly Bills 1506, 1527 and 1651, to encouragaldfand large) businesses to
undertake measures to meet AB 32 goals that wdhkhwise be cost prohibitive. AB
1506 requires Business, Transportation and Housgemncy to study how to provide
incentives for small businesses to adopt cleambin@ogies. AB 1527 would provide
R&D tax credits to small businesses doing reseseieted to clean technologies. AB
1651 would give a 10 percent income tax credittierpurchase of clean tech equipment
by small businesses.

D. Industry/Government Partnerships To Reduce Indufial Energy Intensity

California should join the “Superior Energy Perfamaee Partnership”, an effort to
improve energy management being led by the USDRHEUSEPA, the Manufacturing
Extension Partnership, and a number of industinas (including 3M, Dow, DuPont,
Ford, Toyota, and Sunoco).

e  Timeframe: In place by 2012.

«  GHG Reduction Potential: Assuming conservative implementation rates,
annualestimated GHG reduction beyond business as usaralimplementation
of the key elements of Superior Energy Performganergy management and
system optimization) after 10 years is 10 Metria3 @M T) CQ or
approximately 10-15 percent of GHG emissions rdléandustrial energy use
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overall and more than 25 percent of GHG emissielated to electrical and
natural gas consumption in industry.

. Ease of Implementation:Moderate. Requires staffing and developmeisuch
a program within CalEPA (or the CEC, which alreddg some experienced
staff). Cost share may be available from the Udbenent of Energy.

«  Co-benefits / Mitigation Requirement€Expands the market in California for
energy efficiency services and technology. Incredlse competitiveness of
California industry in global markets. Creates axqlole expertise in energy
management and system optimization. Energy managei@chniques also
applicable to commercial, institutional, and goveemtal facilities.

. Responsible Parties:Cal-EPA, CEC, member firms.

Problem: Industrial facilities are not aware of substaln¢inergy savings and lack the
management systems required to continuously impttoeie energy intensity.

Possible Solution: This initiative will certify plants for energyffeciency and achieve
significant cost effective GHG emissions reductiand energy savings through
company commitments for reduction, adoption of gn@nanagement plans, adopting
best practices and reporting annual reductionsrib¥tee AB 32 GHG reduction goals.
Resources include tools, training, and assessnférdposed rewards for meeting goals
include public recognition and preference for R&iEtations.

E. A Revolving Fund for Technology Demonstration Pojects

A new program fo€California Demonstrations for Industrial Energy Mieologies
(California DIET) would accelerate adoption of egieg, technically proven energy
efficiency technologies through industrial demoatstms by creating a low-cost loan
fund, to be replenished by royalties on demongirptejects, shared energy savings and
shared carbon credits banked for future use or sale

«  Timeframe In place for 2020 targets.

¢«  GHG Reduction Potential

. Ease of Implementation

«  Co-benefits / Mitigation Requirement€Encourages the development and
commercialization of new technologies.

. Responsible Parties

Problem Companies are reluctant to be the first to atleginologies coming onto the
market, particularly when the technologies areallpsivolved with the manufacturing
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process. The risks are simply too great whenlaréacould threaten the health of the
company, relationships with suppliers, the confaeaf consumers, etc. Until proven
under actual operating conditions, the technologidsnot pass muster with permitting
agencies, will not qualify for utility rebate pr@gns, and may not qualify for financing.
Until proven through successful demonstrationdirtetogies cannot gain a foothold in
the market. There are limited funds to overcomeehmarriersCurrently only 8 percent
of the PIER program is allocated to industrial RD&Drposes. In addition, there may be
uncertainty over appropriate reimbursement rateghio state portion of cost-share
funding when a company wishes to retain equipmemh fa successful demonstration;
and the extent to which prevailing wage laws applfurther private investment
following initial public-private partnerships.

Possible Solution A new program foCalifornia Demonstrations for Industrial Energy
Technologies (California DIET) would accelerate titin of emerging, technically
proven energy efficiency technologies through indalsdemonstrations by:

o Creating a low-cost loan fund, to be replenisheddyglties on demonstrated
projects, shared energy savings and shared carbditscbanked for future
use or sale.

o Providing demonstration funds on a cost-sharingsttasndustry or
developers

o Provide clear guidelines on cost-reimbursementHferpublic share of the
costs of demonstration equipment that the host emneg wishes to keep after
successful demonstrations. These guidelines stoausider 1) the
environmental benefit of encouraging continuedafssiccessful
demonstration projects, 2) fair reimbursementgpfdslic dollars invested in
equipment costs, and 3) the amount of value tleastaite would receive from
return of the equipment.

o Clarify the boundaries of prevailing wage requiraise

o Evaluate whether providing accelerated depreciationld be appropriate for
technology demonstration equipment.

o Encouraging industry supported technology tranaifer promotion

G. Flexible Working Hours

Change California laws to allow more flexible warggihours by requiring overtime pay
for work in excess of 40 hours per week instea loburs per day, while providing
appropriate protections to workers. This woulduecommute-related emissions by
allowing employees to work a 40 hour week in fedays.

«  Timeframe In place by 2012.
. GHG Reduction Potential 0.4 MMT (Flexible working hours reduces empleye

commutes which in turn reduces congestion. Moasogine accounts for 130
MT of GHG emissions. A reduction of 0.4 MT is bdsm the following
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assumptions: 30 percent of gasoline is used fomaating; flexible working
hours results in a 10 percent reduction in GHG simis (commuting and
congestion); and implementation by 10 percent gblegers. This assumes no
increase in emissions due to non-commute relategltr

. Ease of Implementation Moderate to difficult depending on opposition.

«  Co-benefits / Mitigation RequirementfReduces traffic congestion and
emissions of priority air pollutants.

. Responsible Parties Legislature, employers, organized labor.

Problem California law requires overtime compensatiomé paid for work performed
by an hourly employee who works in excess of eiighirs in a single day or more than
40 hours in a single work week. (This is morerieste than federal law, and all other
states, where overtime pay is required after 40hwua week). As a result, employers
usually refuse to permit a four-day compressed wedk schedule because the last two
hours of each 10-hour workday incur time and a Wwalfje rates. Split shifts for 24 hour
operations (12 hours on, 12 hours off) are proivigly expensive. California allows for
“alternative schedules” but under very detailedustdal Welfare Commission wage
orders that are difficult to implement and rarefgd. At present only 11,000 out of
California’s 800,000-plus employers operate undterrate rules.

Possible Solution Change California labor laws to allow one orthot these reforms,
while also providing appropriate protections to keos:

o Allow 4-day, 10 hours per day schedules withoutrowe pay. This would
reduce traffic congestion at peak traffic hours settlice emissions through
less idling and 20 percent less commute time pekwer employee.

0 Allow 12/12 schedules for 24 hour business openatitnstead of three 8
hour shifts, employees working two 12 hour shift@ days on one week
(36 hours) and 4 days the next week (48 hours) dvprdvide 8 hours
overtime pay (as provided by current federal lawjis is another flexible
schedule that would reduce commuting related eomissi
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IV. Industrial Technologies and Policies

H. Rebates for Load Reduction

Expand load reduction rebate programs to includegeneration technologies.
e  Timeframe In place by 2012.

¢« GHG Reduction Potential0.1 to 0.4 MMT (Assuming a GHG emissions
reduction of 10-20 percent, implementation for fie2cent of electricity usage,
and total GHG emissions of 100 MMT for electriciggneration.)

. Ease of Implementation Easy to moderate.

«  Co-benefits / Mitigation RequirementReduces demand on natural gas-fired
peaker generation units which often have highessions of priority pollutants
than base load units.

. Responsible PartiesUtilities

Problem Many technologies that could provide GHG enaissieduction benefits (as
well as peak load reduction) fall through the ceaokcurrent rebate programs funded by
utility customers.

Possible Solution Expand load reduction rebate programs to inchategeneration
technologies. Examples include solar technolotiiasprovide refrigeration/cooling
without combustion or compression, waste heat t@oigres that provide
refrigeration/cooling and energy storage techn@sdghat allow peak reduction and
demand response (as an alternative to running GhiGireg peaker units).

|. Improve Policies For Combined Heat and Power Plats

For small combined heat and power plants, as peolid AB1613, the Waste Heat and
Carbon Reductions Act, define ‘qualifying’ Combiniddat and Power (CHP), determine
the total amount of CHP potential that meets thedifying criteria, and then adopt a
statewide target to install a predetermined amotiqualifying CHP plants by

2020. Also establish targets and qualifying crétdar larger CHP units not covered by
AB 1613.

«  Timeframe In place by 2009. AB 1613 passed the legistatuiSeptember2007
and was chaptered in October of 2007.

¢« GHG Reduction Potentiaf.6 to 11 MMT (Assumes adding 5400 MW capacity,
6500 MWh per MW capacity, 600 Ibs GHG/MWh for CHiad 1100 lbs
GHG/MWh per SB 1362. For power that is used asthece, an additional

4-9
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reduction of 10 percent can be realized for avazdaof transmission and
distribution losses.)

. Ease of Implementation Moderate.

«  Co-benefits / Mitigation Requirement®Vill also reduce priority pollutant
emissions in utility districts with coal based gext®n or with existing natural
gas fired generation.

. Responsible PartiesCEC, CPUC, industry.

Problem CHP installations can provide significant eryeedficiency improvements in
industrial applications by generating electricitydisplace retail purchases while using
otherwise rejected heat for process heating oniregpof CHP project can contribute to
the reduction of GHG emissions if it is designeddasume less fuel, and therefore
produce less emission than the alternative —mgssons from on-site boiler and utility
generation from combined cycle unit. While not avrtechnology, state and utility
policies with regard to “self-generation” have @rpdiscouraged full penetration of cost-
effective CHP into the industrial sector and conuiasectors.

Possible Solution: We recommend that the stegedefine what constitutes qualifying
CHP, determine the total amount of CHP potentiat theets the qualifying criteria, and
then adopt a statewide target to install a predeterd amount of qualifying CHP by
2020. Qualifying CHP would need to be defined, delr@g on the technologies
employed, the equipment being replaced, alternatingply emission characteristics and
provisions contained in AB 1613. In the report "dssment of California Combined Heat
and Power Market and Policy Options for Increasede®ation" (November 2005), the
CEC estimated that CHP could, under an "Aggredgiaket Access" scenario with
certain parameters including global warming inceegj reach 5,348 MW (pg 2-18, 2-
19).

AB 1613 implementation will be determined by the@&nd CPUC. To accomplish the
goal to expand both small and large CHP, the stateld:

0 Recognize qualifying CHP as an efficiency measur€alifornia’s electricity
supply loading order (so long as all other cose@fie energy efficiency has
been achieved in the facility)

o Qualifying CHP installations (like other energyiei#ncy measures) should
not be subject to departing load charges.

o To maintain maximum CHP system efficiency and ecaicoviability, CHP
systems usually need to be sized to satisfy atigsifull thermal load.
Frequently, this means that the system will geearadre electricity than can
be used on site. California needs new CHP-frief8y tariffs and a robust
wholesale market for this excess power.

0 Maintain GHG emission credit ownership with theiligcfor trading in
California’s cap and trade program

4-10
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0 Recognize GHG benefits of CHP for improving eleettiefficiency and
reducing thermal requirements (double-benchmarlkasgy done in several
EU member states.

o Restore qualifying combustion technologies to teE Generation Incentive
Program

o Provide incentives to utilities to participate imatjfying CHP solutions

0 Maintain power purchase program administered byYOHREIC to provide
outlet to CHP for excess power.

V. Waste reduction, Recycling and Resource Manageme

L. Waste Conversion Evaluation

Establish policies to enable and encourage thelol@vent and implementation of waste
conversion technologies.

«  Timeframe Implemented 10 percent by 2012, 30 percent [2020hd 100
percent by 2050.

. GHG Reduction PotentiaBy 2012 - 0.5 MMT, by 2020 - 1.4 MMT and by
2050 - 4.7 MMT. (Assuming 42 million tons of wagter year; 60 percent
biogenic; 9 MMBtu/ton; 35 percent conversion effinty; replacing natural gas
combustion at 52.78kg/MMBtu; 12.5 kg/ton transpotaavoidance.)

. Ease of Implementation Moderate to difficult.

«  Co-benefits / Mitigation RequirementsGHG emission reduction benefits would
flow from diverting waste from landfills (a sigrnifint source of methane
emissions), reduced transportation of waste, aodiging feedstock for low
emission bio-mass electricity and fuel production.

. Responsible Parties State and local governments.

Problem Conversion of municipal waste to fuels and offrexducts can potentially
reduce landfill emissions and displace fossil fuklg can potentially also involve
releases to air, land, and water depending oryfieedf technology used and type of
product.

Possible SolutionWe recommend that CARB, California Water Resosi8eard
(CWRB), California Integrated Waste Management Bq@&1\WMB), and the CEC
assess whether existing research is adequatertifydechnologies that can reduce
GHG to identify technologies and would be overathéficial; and where existing
research and evaluation should be supplementedteéfmnologies that are considered
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beneficial when considered from the perspectiv@ldiz reductions and all other
environmental criteria, we recommend further evibueof whether permitting guidance
would facilitate further development. The purposéthis guidance would be to
facilitate, and not replace, any case-by-case pngiand public involvement
requirements. This evaluation could also addrdsstlver existing there are gaps in
existing demonstration programs, and how thesentdobies are treated under solid
waste diversion laws.

M. Landfills Requlation and Technologies

Implement policies to encourage enhanced landdsl ¢pllection at existing landfills.

«  Timeframe In place by 2012.

¢«  GHG Reduction Potential

. Ease of Implementation Easy to moderate.

«  Co-benefits / Mitigation Requirements

. Responsible PartiesState, local air districts, private industry.
Problem There is a significant potential for GHG emissieductions through more
efficient collection of landfill gases, better wdtion of currently collected gases to be
used as fuel instead of incineration, and improvem® landfill design that foster
decomposition of solids to usable gases. Butdiffecult to “retrofit” existing landfill
designs to improve collection efficiency. Existilagdfills are exempt, some technologies
are not proven, and the quality of gas is not &iasi.
Possible Solution Air districts should revisit existing regulatorgquirements for
improvements to processes and standards. Thesbiauéd also provide incentives to
encourage development and implementation of inmax&chnologies. Finally, the

Integrated Waste Management Board and air disstobsild work together to educate
stakeholders on existing potential and processesdiace emissions.

VI. Buildings and Appliances

N. Building Efficiency Programs and Incentives

Encourage better energy performance in new buigdiagd encourage cost-effective
building retrofits.

«  Timeframe In place for 2020 targets.

¢«  GHG Reduction Potential3 — 13 MMT (Green buildings have the potentaal t
reduce energy use in buildings by 30 -70 percBuoildings are responsible for
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39 percent of the state’s GHG emissions. If thmeasures are implemented in
25 -50 percent of the buildings in the state by®@3nissions related to
electricity use in buildings could be reduced tp 33 Mt per year.)

. Ease of Implementation Moderate.

«  Co-benefits / Mitigation Requirementslany green building measures also
improve the quality of the interior work and livisgaces.

. Responsible Parties CEGC building industry, building owners.

Problem The use of energy in buildings is a large compooéthe GHG emissions in
the state. The Governor started a “Green Buildingstive” to reduce energy use in
state building, and the California Energy Commisseriodically updates energy
efficiency standards for new construction in theestExisting technologies are sufficient
to reap significant energy efficiency savings ifentives are aligned correctly and
policies support their adoption.

Possible SolutionThe following are ideas are presented by the ECARdustrial sector
committee to encourage better energy performannewnbuildings, and to encourage
cost-effective building retrofits:

0 Support green building fast-track permitting andvmle funding and training
for building officials

o Provide incentives and technical assistance fartenand building owners to
retrofit leased space for energy efficiency.

o Fund and organize collection of climate data amddévelopment of software
to aid in building designs that would work with ttlenate to minimize
energy use.

o Encourage combined heat and power systems wherepjate.

0 Maintain a state online directory of green buildiaghnology and service
providers, so that businesses have easy accdss toformation.

o Provide education and training for contractorsriergy efficient alternatives
and green building technology.

0. Combustion Devices: Energy Efficiency

Develop uniform energy efficiency standards fortgbles of combustion devices.

* Timeframe In place by 2012.

* GHG Reduction Potentia0.3 to 1.3 MMT (Assuming a 10-30 percent
improvement in efficiency, implementation for 203€rcent of
industrial/commercial combustion, and total emissiof 14.5 MMT for
industrial/commercial combustion.)
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» Ease of ImplementationModerate.

» Co-benefits / Mitigation Requirementbnproved energy efficiency reduces costs
to consumers and reduces criteria pollutants aks wel

* Responsible PartiesCARB, CEC, local air districts, product manufaets.

Problem More efficient combustion devices would redéwel usage and GHG. Energy
efficiency standards are currently set by CEC fane appliances (e.g. water heaters),
but uniform efficiency standards have not beenbdisteed for other types of combustion
devices.

Possible Solution ETAAC industry subgroup offers the following ceomendations:

* CEC should establish energy efficiency standardsné&w combustion devices,
including for the commercial/industrial sector.

» Air districts, CARB and CEC should assess linksMeein energy efficiency and
air emission limits.

» Air districts should revisit combustion regulatiots identify opportunities at
industrial, institutional and commercial boilersggan generators and process
heaters to incorporate:

o Emission limits expressed in terms of mass emissmer unit of power
output, rather than pollutant concentrations;

o Design of new units to maximize heat recovery;
o Fuel utilization and heat transfer optimization;
0 Insulation of piping.
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5.ENERGY SECTOR?
|. Introduction

The production and use of electricity offers sigraht challenges -- as well as golden
opportunities — as California seeks to comply whh 32. Electricity use accounts for
about 20 percent of California’s carbon emissiodswever, about one half of this total
is GHG emissions from dirty out-of state coal-fieddctricity generation. Therefore,
California must design a strategy that reducestislaces GHG emissions throughout a
multi-state electricity market.

California has more renewable energy connectets tgrid than any other state.
California also has in place the most aggressimewable energy development goals, so
it is quite likely to maintain this leadership ratedeveloping new non-carbon energy
supplies. The state boasts proven world-class vgedthermal and solar resources that
can be expanded to meet future needs. Califoragisultural sector also has an
abundance of animal and agricultural waste thaldcloe converted into green electricity.
Deployment of renewable energy systems will hasggaificant impact on meeting
California’s GHG reduction targets by meeting fetetectricity load growth with less
carbon intensive fuels and technologies.

Furthermore, enabling technologies such as en¢oggge, a smarter grid, and plug-in
hybrid electric and battery electric vehicles (PHEV) could also contribute to GHG
reductions in the transport sector. This approadunices vehicle GHG emissions from
traditional petroleum based-liquid, but could aissult in emissions increases from
electricity generation, depending on the type afagation (a net overall decrease in
greenhouse gas and criteria air pollutants wouldxXpected in any case).Many of these
technologies are well established commercial prtsdWith the proper strategies,
policies and incentives, these clean energy tedgnes will spur monumental reductions
in GHG emissions while altering the way energyaslitionally generated, transmitted
and distributed.

As the United States and other countries invesein clean technology infrastructure to
curb GHG emissions, California is poised to beaaléz in clean technology, as it has led
the way in high-tech and biotech industries. lic&n Valley alone, investment in clean
technology — from alternative energy products Bkéar panels and hybrid cars to the
use of nanotechnology to solve environmental prable— went from $34 million in the
first quarter of 2006 to $290 million in the thigdiarter, according to an annual report
released by Joint Venture: Silicon Valley Netwaakesearch organization based in San
Jose, California.

California already has numerous institutions théitdvive innovation and emerging
technologies, including research, development ¢eamdonstration centers, universities
and venture capital firms, which will help commaii@e, deploy, and export
technologies and services. According to a 2004rtdpoEnvironmental Entrepreneurs
and the Natural Resources Defense Council, vegsapial investments in California's
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clean technology industry could seed 52,000 todd@Inew jobs statewide between now
and 2010. Clean -tech investment holds the proofisew business opportunities, job
creation, and widespread technological innovatiwaughout California.

Last, but certainly not least, bioenergy products programs could potentially provide
new opportunities for California’s agriculture sagtboth in terms of markets for new
crops as well as the non-crop portion of the adfucal sector’s current production.

Since a large portion of available bioenergy feedsobriginates in rural areas, creating a
bio-based economy will help revitalize the statei®l communities and agricultural
base.

The ETAAC energy sector subgroup approached thikedlge of energy technology
advancement from two vantage points:

* Technology Categorie$Vhat is the developmental status of those elefgtric
generation and end-use technologies that promidelieer low-carbon-
equivalent energy services to California consuraereasonable costs?

* Regulatory and Market Barrierd/hat are the technological, financial,
institutional or regulatory barriers to the broaplbyment of these technologies
within the AB 32’s 2020 compliance timeframe?

The majority of the recommendations presentedigreport will take years to fully
implement. But if the full potential of Californsvavailable low-carbon energy resources
is to be developed, smart near-term choices mustdue to enable optimal long-term
innovation.
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[I. Overarching Themes

Among the overarching themes to emerge from thestigation of the problems and
possible solutions to the energy sector’'s impacdABr82 implementation is that there are
a number of “game changer” issues. These game erairglude both technologies and
policies that facilitate emission reduction by atrgining efforts or providing
commercialization incentives for new technologyelepment. In particular, policies
play a crucial role in streamlining permitting asiting of advancing energy
technologies. If applied correctly, these polidester innovation, accelerate
commercialization timeframes and facilitate markadption. Without effective policies,
technology game changers often remain incomplelaeydd or unable to be brought to
market on a timely basis. The right policies aigaal to fostering technical and
economic feasibility. The game changers are preddmlow, followed by a list of
legislative “to do’s” that would need to be implemed by the State of California in the
very near future in order to harness the power arfkets on behalf of AB 32's GHG
emission reduction goals.
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[ll. Policy Game Changers

A. Carbon Credit and Valuation for Early Action

Current uncertainty regarding the value of earljoacin advance of full AB 32
implementation may be delaying early GHG emissamtuction investments by private
actors.

* Time Frame: 2007-2012

* GHG Reduction PotentialNot estimated
» Ease of ImplementationModerate

» Co-benefits / Mitigation Requirements:
* Responsible PartiesCARB

Problem: The current uncertainty over CARB’s acceptarfoeanly actions to reduce
GHG emissions in the energy sector could be dejpg@velopment of cutting edge
initiatives. This is a perverse result, given Qatiia’s emphasis on cost-effective early
actions to mitigate climate change, but one that beaamenable to timely and targeted
policy intervention.

Possible Solution€CARB should consider creating a banking mechanwegith, clear
underlying property rights attributable to the gninitiating early action, to allow value
to be realized from corresponding early action Gédssion reductions. This effort will
encourage investor confidence in the emerging Qaii& climate program and will
stimulate liquidity in any future carbon market.

As a first priority, the CARB should develop prottefor quantifying carbon value, how
emission reductions will be credited, certifiedgddracked, as well as a process to bank
the credits. This action would supplement, and @qattentially precede, resolution of
complex issues around the definition of obligatetities (i.e. load-based vs. first-seller
approaches), the scope of compliance obligatioaselines and targets), and the ultimate
approach to credit distribution (allocation vs. taut). By clearly defining a process by
which a risk-taking entity can receive future reslsaunder a carbon control regime,
CARB can liberate early action in new infrastrueturvestment as well as provide a
basis for liquidity in any future credit marketathmay emerge.

Regardless of what cost containment strategiesyif are ultimately implemented,
CARB should act now to put forward a stable setaty incentives for carbon-saving
investment. A banking system with clear underlypmgperty rights will enable private
entities to act on the basis of their own assestofahe future value of carbon credits.

B. Unifying Standards for Climate-Related Programs
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California’s multiple programs for clean and alttive energy development have been
largely designed in isolation from one another \tfith intent of stimulating innovation or
improving environmental performance in discretdtextogy sub-categories.

« Time Frame: 2012-2020

* GHG Reduction Potential:Not estimated. This policy initiative is intertti
enable easier coordination of multiple climatetedigprograms, which may
increase program efficiencies and hence increasé @ductions over time

* Ease of Implementation:Moderate; can be undertaken either as partisfieg
regulatory proceedings (i.e., IOU resource planpiagas a new, discrete
proceeding.

» Co-benefits / Mitigation Requirements\lot estimated. Closer coordination and
common frames of reference across climate prograaysreveal co-benefit
opportunities.

» Responsible Parties:Principally CPUC, with input from CEC and CARB (i.e
for the Low-Carbon Fuel Standard).

Problem: Energy efficiency programs have individual budgetd targets, the RPS
program stimulates particular technologies up tersain percentage of the state’s
electricity provision, and solar PV programs ainathieve specific capacity installation
targets from just one renewable energy fuel. Odipg@ortunities in renewable energy
development -- such as waste heat recovery andamettapture and utilization -- are not
fully developed under existing state programs. Tiotlnese are important programs
individually, they do not encompass all of the taalogies relevant to the unifying
challenge of GHG emissions mitigation. The state&urce planning process is not
optimized when these efforts are uncoordinatedh&smplementation of AB 32
proceeds and GHG savings become the “coin of thentethere may be value in
coordinating these programs better so that thegladgrected towards a common end.
Clear ownership rights and credits for early actemrecommended above, will aid in
establishing this coordination, but other stepshaeded.

At the same time, ETAAC recognizes that GHG savargstypically not thexclusive

goal of these programs. There are important besnefilong-run innovation when policy
initiatives support pre-commercial technologies itargeted and efficient manner.
Suggesting that California look to better coordiniéd multiple clean energy programs
does not diminish the importance of these programsipporting technological

advances. The intent of this recommendation engure that these disparate technology
programs emphasize innovation that is cost conmpeii the long run, so that low or no-
carbon energy supply technologies can ultimatelgdmairately benchmarked against
each other.

As an important aside, ETAAC notes intense debatearning carbon offsets in a cap-
and-trade program. Some ETAAC members are condeha¢ a broad offset program
will lessen the incentive for innovation within qegal sectors. The continued role of the
targeted clean energy programs discussed aboveMeoysupport technological
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advances within a climate framework and may helgotanter the innovation-suppressing
effects of a broad carbon offset program.

Possible SolutionCARB should pursue a uniform strategy for impletaéon of new
carbon reducing technologies after 2012, with carbguivalent savings that would link
all existing clean energy programs and mandatdlsacfions within the energy sector
that result in such savings would contribute to Gid@uction targets under AB 32, thus
providing an incentive for all energy market papants to undertake what are now
generally unrecognized beneficial carbon-reducitg,and providing certainty to the
actor undertaking the investment that GHG savinigjsaacrue to them. This unifying
standard, however, should not jeopardize progréwaispiay important roles in nurturing
certain technologies to a position of market reastin Such programs should continue in
a targeted and efficient manner, connected tolthete regime by clear performance
metrics that apply across all technology categories

C. Competitive Renewable Enerqy Zones

California possesses enough renewable resourcetbi@ithin its borders to provide
several times the state’s current electricity neauscontribute substantially to GHG
emission reductions. However, there are still regdb sufficiently developing these non-
carbon resources.

e Time Frame: 2007-2012

* GHG Reduction PotentiaB.2 MMT COe for investor-owned utilities and 3.2
additional MMT CQe from municipal utilities by 2020. (These totalission
reductions are based on the calculation citedetJgpdated Macroeconomic
Analysis of Climate Strategies Presented in thedd@006 Climate Action Team
Reportfor a 33 percent RPS. If renewable penetrationeds83 percent in 2020,
then this number will be higher.)

» Ease of ImplementationThe resource zone designation process has coneahenc
and the CEC and BLM have created a coordinateaygitiocess. The transition
to this policy will take time, effort and a lot obordination and communication.

It is a paradigm shift in the planning, resourceadepment and permitting
processes.

» Co-benefits / Mitigation RequirementRenewable energy sources release zero or
near-zero emissions. Displacing fossil fuel gatien with renewable energy
resources will reduce all criteria air pollutant®@pbusiness-as-usual, especially
nitrogen dioxide (NOXx).

* Responsible PartiesState agencies: CPUC, CEC and CA ISO. Other agencie
that will likely be involved in a coordinated praseinclude: California
Department of Fish and Game, Regional Water Qu@litytrol Board and the
following federal agencies: Bureau of Land Managetméish & Wildlife
Service, National Park Service, Army Corps of Eegiis, and Department of
Defense land managers.
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Problem: Renewable resources are usually located signifatistances from load

centers and lack adequate transmission infrasteictBome renewable resource-rich
areas, such as the Mohave Desert, have been miyideaieloped. Many of these
resource basins have a myriad of wildlife, archagichl and other siting issues that must
be addressed before development of these renevesiglerces can occur in earnest.
Federal and state agency processes to site andt penewable energy projects can be
arduous, lengthy and complex.

The key to supplying more renewable energy to titeig improved transmission access.
Gaining access to the grid can be expensive areldonsuming. The financial benefits
are often too low to encourage development of nearcrenewable generation.
Developing and delivering renewable electricity egrup being a “chicken and egg”
issue because renewable and transmission develbameeimextricably linked. One does
not happen without the other, yet financing andstaeting one without the other is not
quite possible without certain government sponsgretantees.

In order to begin developing any renewable eneegecation project, land leasing and
permitting are required. All renewable technolgdi@ce permitting hurdles. Specific
permitting hurdles vary by type of renewable tedbgg (e.g., wildlife impacts), and

must continue to be fully assessed in the envirariaheeview process. Multiple levels of
jurisdiction (federal, state and local) and asdedarocesses for renewable development
are common problerfisicross all of these technologies.

Possible SolutionCalifornia could adopt a policy to identify andsass Competitive
Renewable Energy Zones (CREZs) in the state, avel@ea strategy, coordinated
among agencies and other stakeholders, to faeilitetv generation build-out in these
zones as well as supportive transmission infragtracThis policy should be coupled
with a streamlined siting, environmental review g@edmitting process that is
coordinated between the state, local and fedemal@gs in a master plan format. CARB
should also investigate the pro-active financingransmission expansion into high-
resource areas, as a means of accelerating newablgegeneration and overcoming the
“chicken-or-egg” problem.

In 2007, both Colorado and Texas adopted similécips. California’s energy agencies
have just commenced such a process, called thiofédi Renewable Energy
Transmission Initiative (RETI). Over the next tywars, the RETI will assess renewable
resource zones, prioritize those zones, and dewelofinated, cost-effective resource
development plans that could provide sufficienexgable capacity by 2020 to meet AB
32 targets.

The RETI will build upon the work of the Tehach&mllaborative Study Group and
should accomplish the following:

. Statewide identification and assessment of competienewable energy zones;
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. Prioritize CREZs and create conceptual transmiggians for each of these
zones;

. Development of Plans of Service (POS) for highestrpty CREZs that provide
detailed plans for necessary transmission andsitreture upgrades, but will
not select specific transmission routes.

In regards to permitting issues, the key is lofseral and state agency coordination
where multiple layers of jurisdiction exist. ETAAStiggests a coordinated process that
retains the same level of environmental reviewrigbe barriers previously mentioned
could be alleviated if state and federal agenaeperated in a coordinated, streamlined
and expedited NEPA and CEQA environmental reviedsingle, “master”
environmental impact statement for each renewasleurce zone as a whole.

A model for this recommendation could be the curveork of the CEC and Bureau of
Land Management (BLM) to create a joint NEPA/CEQAGgess for concentrating solar
power plants. The joint process will create j@nvironmental documents and
consolidated state and federal permits within aeeryThe process has a sunset date of
January 1, 2012. Joint environmental documentsldhze created and consolidated state
and federal permits within one year, the timeframeently used by the CEC. A well-
coordinated process will reduce the time and lagdladministrative costs for project
developers, the cost of agency administrationxpagers and speed up renewable
development on a timeframe necessary to meet ARIg2ts.
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IV. Technology Game Changers

G. Electricity Storage as an Enabling Technology

Electricity storage has the potential of enablirghkr penetrations of intermittent
renewable energy in California’s power supply paitf, allowing the state to take better
advantage of its superabundance of renewable @seadowments. As such, the
ETAAC energy subgroup’s top technology developmeabmmendation for CARB and
other state agencies is to support an aggressiggagm to develop electricity storage
technologies and associated infrastructure.

Energy storage addresses the services neede@goatd intermittency and works to shift
excess off-peak power production to peak periodteaiand. Also, when Energy storage
is used to provide the necessary services to iategntermittent renewables, it displaces
fossil fuel generation that would otherwise be meetb provide ancillary services (e.g.,
regulation up and down, ramping, spinning reseage)ell as meet capacity needs.
Energy storage can provide those services moraezffly and without the C£of fossil-
fired generation. Thus, large scale successfuageotechnologies can transform
intermittent renewable generation into a relialelgource for energy planning, enabling
California to take full advantage of the enormoateptial of these technologies
throughout the West.

 Time Frame: 2007-2012

* GHG Reduction PotentiaPotentially significant co-benefits, as storage
technologies may make renewable electricity moeglable at times of peak
demand, when some of the least efficient fossdueses are typically deployed.
GHG emissions may vary based on the type of peglomger that is displaced
and the generating source of off-peak power. Rshscould potentially be
significant, if powered with off-peak renewable pow

» Ease of Implementation:Moderate to Difficult. Requires focused attentto
technical issues associated with storage, as wéleaplanning, ratemaking and
financing challenges of integrating a new resoumte grid operations at scale

» Co-benefits / Mitigation Requirements?otentially significant co-benefits, as
storage technologies may make renewable electnuoire available at times of
peak demand, when some of the most polluting aat Efficient fossil resources
are typically deployed.

* Responsible PartiesCA ISO is ultimately responsible, but CEC and CRu&y
roles during policy development and support. Paéitvolvement of CARB as
coordinating entity, especially as electricity sige facilitates the market for
electric-drive transportation technologies.

Problem: Several important challenges presently limitabdity of storage technologies
to reach full commercial status. The high pricéaltteries discourages independent wind
farm developers from developing a battery storageponent because it would drive the
wholesale electricity prices above competitive satd the same time, there is currently a
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lack of policy recognition that energy storage isegessary component to successfully
managing levels of intermittent renewable energlge CA ISO has stated it has a
difficult time planning for and integrating inhetgnintermittent energy sources such as
solar and wind, some of which generate power durings of low electricity demand.
The ability of electricity grids to absorb interteit generation is limited and could be
reached before the full potential of these souizeshausted, unless other resources are
added to firm, balance, and integrate them.

Possible Solution: The potential for a transformative effect frolmatricity storage is

truly “game-changing” and that is why ETAAC reconmds an aggressive high priority
pursuit of these technologies. Storage allevidtegptime shortcoming of intermittent
renewable energy resources. Energy storage temjieslsuch as pumped hydro storage,
compressed air, or batteries can provide the emabdichnology to shift wind and solar
power from off-peak generation to peak power corion, essentially turning these
technologies into a dispatchable resource to fipnswpply flowing to the grid. Storage
may reduce the state’s reliance on polluting gesdfpeaker plants to firm intermittent
energy contributions, as well as provide emergemg/remote-area power supply.

The state of California should recognize the valfienergy storage in enabling
intermittent renewable sources and encourage Wenaément of energy storage
technologies through the following technology ppsbgrams:

» Utility Resource PlanningCalifornia should direct its utilities to integea
aggressive goals for the demonstration and deployofeslectricity storage
technologies, including MW installation targetseothe full period covered in
their integrated resource plans.

* Incentives for Technology Developmaditilities should develop procurement
plans to stimulate competition among storage teldgygproviders, analogous to
the “Golden Carrot” approach in demand-side managemr the RPS program
for renewable generation. Under this approach,lagors and utility planners
would develop performance specifications for stersaghnologies — including
cost, reliability and environmental impact of tledugion — and would establish a
durable framework for the financial support of teclogies that meet these
specifications. For example, utilities could holdanpetitive solicitation for a
specified number of MW of storage capacity meetivege performance criteria,
and technology providers would compete to meetdéstified need.

Background: Examples of Storage Technologies

Flywheel Storage: Good for good for smoothing short-term fluctoas. PG&E is
testing a CEC-funded 100-MVA project in San Rantalifornia.

Pumped HydroThe most widespread energy storage system iorugewer networks;
large scale capacity, quick deployment, and capaogcularly effective for wind
resources with diurnal generation profiles. Pumgtedage facilities can be developed
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with minimal environmental impact if they use ekigtreservoirs or otherwise
previously developed sites. Modern pumped stofagjéties operate at approximately
75 percent efficiency and cost from $1,500 to $@,p6r kilowatt, depending on how
much existing infrastructure can be used.

Compressed Air Energy Storadgeeduces “parasitic” loads at a conventional pgolent
— a form of energy storage -- but not used to gerezlectricity directly.

Batteries:Older technologies are commercially viable; neteehnologies are being
tested. For example, Sodium-Sulfur Batteries (Na8)a technology being demonstrated
at over 30 sites in Japan, offering more than 20 bf\Wapacity with stored energy
suitable for daily peak shaving. The current liféhee batteries is about 15 years. The
largest NaS installation is a 6 MW unit for Tokyteé&ric Power Company that can store
energy for approximately 8 hours. Combined poweatlituand peak shaving
applications in the U.S. market are under evalaattonerican Electric Power (AEP) has
been using a 1.2 MW NasS battery in Charlestown,tWaginia the past year and plans
to install a 2.4 MW elsewhere in the same sta08. AEP recently announced a plan
to install six 1-MW NasS batteries in conjunctiortlwivind projects to assess the benetits
of combining intermittent renewables with energyage.

In both of these examples, costs are currentlyipitbre -- $4,500 per kilowatt -- though
prices costs are expected to drop within the néxtelars due to the economies of scale
associated with mass production.

Flow batteries are a special class of battery whksetrolyte is stored outside the main
power cell of the battery, and circulated throughbyi pumps, like a reversible fuel cell.
Flow batteries can have relatively large capacdies are gaining popularity in grid
energy storage applications.

Thermal storageThese technologies store heat, usually from batity-scale and
distributed active solar collectors in an insulategository for later use in space heating,
domestic or process hot water, or to generateralgyt

E. Agaressive LED Enerqgy Efficiency Programs

The State of California has become a model of gnefficiency, as state-wide per capita
consumption has remained practically flat whileoradl usage has increased by roughly
50 percent over the past three decades. Thigl lras occurred despite the increasing
use of electricity for a variety of products sushirgformation technology. And this trend
is likely to accelerate with the CPUC’s new godlset-zero energy for residential
buildings in 2020, commercial buildings in 2030danajor advances in Heating,
Ventilation, and Cooling units. In addition to eggtefficiency strategies (including
Combined Heat and Power ) for particular sectoestified in other sections of this
report -- and general support for continuing toaatbe state energy efficiency programs -
- this section of the ETAAC report identifies oretinology recommendation that cuts
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across multiple end users: advanced lighting teldgnes such as Light Emitting Diodes
(LED).

Energy efficiency is the first resource in Calif@nergy Action Plan’s “loading order”
and provides some of the most cost effective GHiBicBon measures. California must
aggressively pursue the next generation of endfgyemcy technologies to capture
unrealized technical and economic potential.

* Time Frame: 2007-2012

* GHG Reduction Potential:Not estimated.
* Ease of ImplementationModerate

» Co-benefits/ Mitigation Requirements

* Responsible Parties:CARB, CEC, CPUC

Problem: Through its aggressive energy efficiency prograbadifornia has already
transformed the compact fluorescent lamp (CFL) mtatkough further developments in
fluorescent lighting continue. Light Emitting DieqLED) technology provides the next-
generation of lighting opportunities and can sapéau30 percent more energy than CFL
technology. Currently LED is being used in nichekags such as traffic signs and
supermarket refrigerated case lighting. The nexegation LED products -- as well as
other solid state lighting technologies -- havegb&ential to again transform the lighting
market. Research and development are underwagdiegdixture design, thermal
management, light diffusion, reflector design, atiters. However, most of the
technological advancements are taking place iteth@nd are not transferring well to the
outside world. LED technology suitable for geneltamination is estimated to be 5-10
years away from full commercial status.

Possible Solutions: The State of California should work with utdi§i to aggressively
deploy current LED technology. In addition, thet8tshould invest in rapid development
and demonstration of LED lighting suitable for gexi@lumination, identify and

prioritize advancement areas that meet mass maeeets, support RD&D of other solid
state lighting technologies, expedite knowledgedfer to the marketplace, and
encourage open source sharing of intellectual ptpp€he CPUC is considering the
establishment of a California Institute for Clim&aelutions, which could conduct much
of the needed research and development in this @heaState of California must act now
to maintain the momentum and continue to “fill thpe” to garner additional energy
efficiency savings and GHG emissions reduction$if@aia can both show leadership
and advance the LED market by committing to useketaready LEDs in public sector
buildings and other State-owned properties.

F. Renewable Energy and Energy Efficiency: Technolyy-Specific Considerations

California has made some significant progress ®wity to meeting a state-wide 20
percent Renewables Portfolio Standard (RPS) témg2010, yet some stubborn delays
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prove that renewable deployment still faces someifstant barriers to entry. If
California can address these barriers and then iseRPS target, it could facilitate
acceptance of an RPS at the federal level. Regpthigse barriers will become even
more critical if California codifies a 33 percenPf by 2020, a goal that is supported by
the Governor, the CEC and CPUILhese renewable energy targets will help Californi
comply with AB 32 by introducing carbon-free eleédity into the state’s grid.

A few examples are the need for siting and pemgitenergy storage and “Smart Grid”
as an enabling technology for renewables that eledlectricity “off-peak”. Some
barriers are specific to types of renewable teabgiek, and some are universal or nearly
universal across technologies. Some of these émiadke described in detail in below and
in the legislative priority list. Further detailseaalso available in Appendix VI of this
report. They are also included in the legislativiengy list at the end of this chapter.
ETAAC believes it is critical to establish as piipistate policy to identify, assess and
alleviate barriers to rapid renewable energy dgyeknt. Some changes require
regulatory fixes; others may require new legisiatio

California has proven world-class wind, geotheraral solar resources that can be
expanded to meet future needs. California’s afjtcal sector also has an abundance of
animal and agricultural waste with the potentiabéoconverted to clean renewable fuels
and green electricity. There exists substantiadmmd! for distributed renewable
technologies, like solar water heating, photovotand solar heating and cooling, and
fuel cells that use waste gas. Deployment of resdsvenergy installations will have a
significant impact on meeting California’s greenbewas targets by displacing more
carbon intensive technologies and meeting elestricad growth. Many of the
technologies that will be used are already wellldgthed and beyond the definition of
“game changers”, but the deployment of those telcigmes in large volumes will spur
significant reduction in carbon emissions, andrdahlie way energy is traditionally
supplied and distributed.

 Time Frame: 2007-2012

* GHG Reduction Potential8.2 MMT CO2e for investor-owned utilities, and 3.2
additional MMT CO2e from municipal utilities, by 20. These emission
reductions are based on the calculation citedetJfpdated Macroeconomic
Analysis of Climate Strategies Presented in thedd@006 Climate Action Team
Reportfor a 33 percent RPS. If renewable penetrationeds83 percent in 2020,
then this number will be higher.

» Co-benefits / Mitigation RequirementRenewable energy is zero or near-zero
emissions. Displacing fossil fuel generation wigthewable energy resources will
reduce all criteria air pollutants over businesstsisal, especially nitrogen
dioxide (NOX).

* Ease of ImplementatiorBarriers to deployment of renewable energy
technologies are policies or components of polithas are in the purview of
several different public sector actors. These besrare listed in more detail in
Appendix IV of this report.
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* Responsible Partie€€PUC, CEC, CA ISO, State Legislature, local govesnta
and others.

Problem:In the course of examining a wide range of rendgvahd low-GHG electricity
technologies, the ETAAC energy sector subgroupedrat a number of technology-
specific observations that may be beneficial to ®AdR it seeks to cultivate the
development of a robust state renewable energyoliortThe discussion which follows

is not meant to suggest that any technology neteeted is unimportant to California’s
energy future; rather the observations about ensogytions listed below appear to
ETAAC to be insufficiently publicized in current loigtes over solutions to global climate
change.

Possible SolutionsA broad suite of state policies and incentives &ximize
contributions from the following technologies ti@lifornia has helped nurture in the
past and which offer promising solutions to furtrestuce GHG emissions in the energy
sector in the near future.

o EnergyEfficiency. The energy efficiency “nega-watt” generates mtG5
emissions, is located at the point of consumptimhtaerefore does not incur
transmission, distribution or transformation lossesl does not require the
permitting or construction of a any type of pow&mp. In other words,
energy efficiency is much quicker to “constructathany other energy source
and begins to “produce” power almost immediatdinergy efficiency is
expected to capture approximately 6 of the 11GWsemand growth in
California over next decade. The state must ertbateGHG policies
developed at CARB do not inadvertently disadvantageven worse,
jeopardize the state’s successful energy efficiggrograms.

In particular, the state should ensure that volyreiad mandatory efforts to
reduce GHG through energy efficiency be propertyoaated for and
credited. Such voluntary efforts should not be @ered “free-riders” subject
to a higher energy savings baseline. The CPUCdtas grecedent in the case
of the governor’s Green Building Initiative (GBWyhere state Department of
General Service (DGS) projects undertaken undeGileare not considered
“free-riders.” This allows DGS to receive energfi@ency savings credits
and incentives under the current CPUC rules gougratility energy
efficiency programs. Unless this precedent isredee to other GHG policies
promulgated by CARB, utilities will not be inclingd comply with AB 32
through their energy efficiency programs. Enerffigiency is a critical
component in California’s GHG reduction stratedys such, the state should
ensure that any GHG policy or regulation to be enmnted complement its
energy efficiency objectives and not create anytemded consequences.

o Wind Power:The CEC has estimated that there exists a totahieal
potential of 99,945 MW of wind generating capagihcluding both high-
speed and low-speed wind) in California, for altesimated energy
generation potential of 323.94 million MWRAsThese numbers translate into a
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technical potential to offset an estimated 130iamlimetric tons of ce’ (It

is important to note that these figures to not wapestimates of the potential
of off-shore wind resources.) A substantial portodrthis carbon-free energy
is available through repowering of existing vintagad facilities with new
modern multi-MW turbines. Despite the availabiltfybetter wind
technology, there has been little progress in mepipaging wind facilities
with new and more efficient technology in CalifanCARB should actively
investigate and promote repowering as an AB 32 tiamge strategy.

o GeothermalCalifornia has the largest developed geothermaluregs in the
U.S. at approximately 1,900 MW. CEC studies hd@as the potential for
an additional 2,900 MWusing conventional flash and binary technologies i
known resource areas. The US Department of Enestypa&tes California
resource potential at between 12,200 and 15,100 Mwsrder to better
pursue this valuable base load renewable resoGedgornia should consider
undertaking a number of steps. Resource identificas a costly and time-
consuming process, one that might be assistedrgteal state intervention.
The US Geological Survey is undertaking a new nesoassessment,
updating the last assessment which was complet#878. The new
assessment, however, will not examine new techmedand their potential in
California, nor will it examine direct uses, heatyps, or other non-
conventional geothermal resources (like oil fiebdproduction or geo-
pressured resources). The CEC should suppomvitscomplementary
assessment to examine California’s geothermal paten a more
comprehensive and up-to-date manner. Roughly oli@fthe cost of a
geothermal project is estimated by the Geothermaldee related to
subsurface exploration and resource characterizafithese costs also raise
the greatest risk to investors, and are usuallyinanhcially feasible. Cost-
shared exploration drilling by the federal DOE bascessful in the past. It
should be explored by the state of California ia filture.

0 BiomassandWaste Only 15 percent of the technically recoverable ptét
of biomass wastes and residues from agriculturestoy and municipal waste
is currently being converted into clean energy.ibateéd energy crops could
add to this rich state clean energy potential enfthure. Biomass projects
require infrastructure to collect, process, tramspond store feedstock and
then distribute biofuel products. On top of thatjaboration among various
industries -- agriculture, forest products, elecprower, waste management,
chemicals, oil and gas, and the automobile industrgs yet to occur to take
full advantage of the state’s diverse biomass itorgn California regulators
could play an important role in coordinating, ammdegmtially underwriting, this
critical stakeholder cooperation.

H. Plug-in Electric Vehicles as Storage Devices
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Plug-in hybrid and dedicated electric vehicles (RHEY) could serve as energy storage
devices. The primary advantage of this approattaisthey can be charged at night,
when cheap (and often clean) excess electricalrgeng capacity is available. They
also have future potential to supply distributedegation to the grid during peak hours or
provide other important ancillary services. PHEV/ENables greater utilization of off-
peak renewable resources — such as wind powed-hasthe potential to provide
cleaner and less expensive peak and ancillarycssrin the future.

e Time Frame: 2012-2020
* GHG Reduction PotentiaNot estimated
» Ease of Implementation:Moderate to Difficult

» Co-benefits/ Mitigation RequirementsElectric vehicles use energy more
efficiently than fossil-fueled vehicles. They ajgmduce far less roadside
pollutants, which is an important Environmentaltibgsissue since lower income
families are more likely to live close to major thoghfares.

* Responsible Parties:CARB

Problem: PHEV/EV development faces a variety of technmlalg financial, institution,
and regulatory barriers. For example, continuggrawement is needed regarding
capacity, durability and enhancement of currerd grirastructure to enable
multidirectional flows of both actual energy ane thata necessary to monitor and
manage power. PHEV/EV feature higher upfront ctieis conventional vehicles largely
due to high cost of today’s batteries. The actual &nd climate benefits from PHEV/EV
depend on a variety of factors, such as the amafuime the vehicle is operating in
electric mode, the generation mix of the electyisiipply portfolio, time when the car is
being charged, and whether the excess capacihedjrid can be tapped during periods
of low demand.

Increased PHEV/EV penetration represents a potemtias-sector transfer of GHG
emissions. Even though the charging of PHEV/EV tylically occur during off-peak
hours -- when there is excess capacity on the-gtlte increased energy consumption
still contributes to GHG emission reductions, dllagia lower rate. As demand for
electric transportation options grows, GHG emissithrat would otherwise have been the
responsibility of the transport sector will shiftthe electric sector. Still, this shift
complies with AB 32's GHG emission reduction taggetbsent mitigating measures
accounting for increases in electrified transpastata carbon cap for the electric sector
could thwart advanced vehicle fuels that cut GHGssions.

Possible Solutiontn order to reduce disincentives for substitutectricity for
petroleum transportation fuels, a level playinddfimust be created for all fuel sources
once alternatives reached commercial status. Aocachp that stretches across both
transportation and electric utility sectors wouddhi@ve this goal, although there are
numerous other policy considerations. Since the\VPHE market has the potential to
supply distributed generation to the grid duringhplours or provide ancillary services
in the future, this approach offers multiple betsefPHEV/EV enables greater reliance
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upon off-peak renewable resources and may provémer and less expensive peak and
ancillary service resources.

|. Smart Grid as Enabling Technology

Today's grid was designed to only transmit elediritom central generation source to
the point of consumption. A “smart” and interactiygd and communication
infrastructure are necessary to enable to the tapflow of energy and data need for
widespread deployment of distributed renewable geioa resources, PHEV/EV and
end-use efficiency devices.

 Time Frame: 2007-2012

* GHG Reduction PotentialGHG is reduced by not having to operate the least
efficient generation to meet peaks. The abilityse more GHG-free energy --
such as solar PV -- is also improved by a smad gri

* Ease of Implementationvoderate

» Co-benefits / Mitigation Requirementsiwo-way flow of energy and data would
allow customers to respond to price signals tocedisage at peak times, when
the lowest efficiency fossil units are operatingal days coincide with “spare the
air days” in California. Reducing fossil generatetrpeak improves air quality.

* Responsible Parties:CPUC, Legislature

Problem: Today’s electricity grid is essentially 1950fgrastructure out of sync with
modern telecommunications technologies and emeirgjte distributed generation
technologies. Inadequate sensors limit transmissien congested lines and the
connective tissue necessary to enable more sa@teddi management of both supply-
and demand-side resources is lacking. The grid beumodernized to enable increasing
amounts of distributed resources generated neatspoi consumption, which would
reduce overall electricity system losses, and spoading GHG emissions. Two-way
flow of energy and data is needed to allow custsn@respond to price signals to reduce
usage at peak times, when the lowest efficiencsilidised units are operating.

Possible Solution: California should actively investigate upgratteslistribution-level
infrastructure that will be needed to support botiteased distributed generation
penetration by renewables and the power flows @stsacwith PHEV/EV. In particular,
the CPUC should work with utilities to ensure invesnts in smart grid are implemented
on the most accelerated timeframe possible. Furibiex, the California government can
play a key role in improving information-sharindafts, including making sure there is
less of a proprietary effort by supporting develemts of open standards and guidelines
for smart grid interoperability, such as those gaieveloped by EPRI’s Intelligrid
Consortium and the GridWise Alliance.

J. Carbon Capture and Sequestering Strategy
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Broad commercial deployment of carbon capture aggdsstration (CCS) technology is a
critical component of achieving long-term reducion GHG emissions, yet markets for
these technologies are immature.

* Time Frame: 2012-2020

* GHG Reduction PotentialThe Intergovernmental Panel on Climate Change
(IPCC) estimates that CCS has the potential toeaB@} emissions by between
15 to 55 percent of the cumulative mitigation effeeeded by 2100.

» Ease of ImplementationDifficult

» Co-benefits / Mitigation RequirementsSome technologies to capture £8)s0
reduce criteria pollutants like NOx and SO

* Responsible PartiesStateLegislature

Problem: CCS refers to the separation (or capture) of £@n industrial and power
generation sources and then the transportatiototage locations for long term isolation
from the atmosphere. (This chapter does not inchidlegical storage in the agricultural
and forestry sectors.) Many component technoloigie€CS have already been
developed, but both the size and number of demeatrmirprojects are very small with
respect to the scale necessary to mitigate sigmifituture CQ emissions.
Commercialization of CCS technologies will requarevillingness to bear the initial high
cost and potential risks of first-generation syste&nd continued technical advances to
build up the required infrastructure. In addititimere is relatively little experience to date
at the federal or state level in combining £&@pture, transport, and storage into a fully
integrated CCS system.

Regulatory uncertainties and legal issues regangiiogerty rights and liability are
significant barriers for CCS that must be resollwetbre it could play any major role in
meeting AB 32’s GHG emission reduction goals. has clear whether underground
injection of CQ is under federal or state agency jurisdiction,eample. Access and
liability issues present another challenge. Difféistates have different laws regarding
land rights, pore rights, and mineral rights; tiere, developers of CCS projects face
varying state regulations pertaining to undergrostogage. More importantly, the long
term responsibility and liability associated witletCCS projects must be clearly defined.
Monitoring techniques and standards that need &ppeoved at various governmental
levels, and then accepted by the insurance indusame yet to be put in place. The issue
of long-term liability for gradual or catastropHigure leakage is clearly hampering
demonstration projects.

Possible Solution:The State (or preferably Federal) government lshdust and
foremost, address the legal and regulatory baraiedsissues associated with CCS,
including the development of legal framework to ieda long-term liability associated
with carbon sequestration. A regulatory framewankrhonitoring storage and ensuring
compliance is also needed. Ideally, long-termiliigkfor maintaining the integrity of
CCS projects should rest with the government, asspappropriate cost-sharing
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arrangements are made. California State governooeid create financial incentives to
spur CCS technology commercialization, includingr@asing the number of CCS
demonstration projects and explicitly ensuring takt recovery associated with these
demonstration projects.
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V. Suggested Legislative and Regulatory “To Do” Lis

Table 2 Immediate Horizon Legislative “To Do” List

Item Relates | Who
To

. Create a process for the early valuation of carf®ee Carbon CARB
Chapter 5 A) valuation

. Create financial incentives to spur CCS technolagy CCS Legislature
implementation. (See Chapter 5 J)

. Consider the role of low-carbon power in the nettsion | Other CPUC, CEC
of the Energy Action Plan Technolog

ies

. Create legal framework for long term liability asgded | CCS Legislature
with carbon sequestration, including issues rejgtin
legal rights, as well as regulatory framework for
monitoring storage and ensuring compliance. (See
Chapter 5 J)

. Create incentives for unsupported distributed gy Solar CPUC
that reduces gas, like economic solar hot water and water and | CEC,
advanced solar thermal (solar heating and cool{i@pe | SPace Legislature
Appendix IV G) heating

and
cooling

. Authorize and implement development policy and plan Renewable Legislature
for of Competitive Renewable Energy Zones. (See Energy CPUC
Chapter 3 C) Developm | CEC,

ent Zones | Ca./federal
land use
agencies
Provide property tax abatements for renewableggner | Renewable Legislature
projects. Amend the California Investment Inceativ Energy
Program (Government Code § 51298) to include
renewable energy projects as “qualified manufaeturi
facilities”. The CIIP provides tax abatements doalified
manufacturing facilities based on the assesseca\@lthe
improvements that exceed an investment minimum of
$150 million. (See Appendix IV K)

. Ensure that voluntary and mandatory efforts to cedu Energy CPUC
GHG are counted in the crediting of energy efficien Efficiency
program achievements. (See Appendix IV A)

. Regulatory reform to encourage capture of metheora f | Biomass Water
anaerobic digesters. (See Appendix IV L) Quality

Control
Board
10. Allow for the use of unbundled Renewable Energydiise Renewable| CPUC and
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(RECs) for Renewable Portfolio Standard (RPS) CEC
compliance. (See Appendix IV K)

11.Revisit pricing structure of renewable portfoliarstiard Renewable Legislature,

and either modify or eliminate to simplify the stture. CPUC and

(See Appendix 1V K) CEC
12.CARB can work with the building standards setting LED CARB,

agencies, the CEC and CPUC to encourage rapid CPUC, CEC

deployment of currently available LED lighting
technology, as well as encourage development and
demonstration of LED lighting suitable for general
illumination. (See Chapter 5 E)

13.The CPUC is expected to address the issue of ldegar | LED CPUC
energy efficiency project commitment/funding in the
2009-2011 program planning proceeding. The CPUC
should continue to remove barriers for utility intiee
programs to pursue long term savings. (See Appdidix

1)

14.The State of California should recognize the vaie Storage CPUC
energy storage in enabling intermittent renewableces
and develop programs to encourage the advancerhent o
energy storage technologies, e.g. a “golden carrot”
program or other technology push programs. (Se@i€ha
5G)

p==4

15.The State should actively consider pursuing nemggela Storage
scale pumped hydroelectric storage facilities, \thign dual
purpose of supporting increased penetration ofnmtéeent
renewable generation and active preparation ferexdt
precipitation patterns anticipated under futurenalie
change scenarios. (See Chapter 5 G)

! This chapter focuses on electricity generationmag be retitled

2 For example, resource exploration and identificatf geothermal resources require land rights be
secured or leased before exploration. Both federdlstate agencies are involved with leasing of@ala
land, and mixed federal/state/private lands cannmnealtiple levels of processing. This can caudayde
and disagreements among the agencies. In fagmificant part of the cost of a greenfield projewy be
attributed to the delays associated with leasimbarmitting.

% Yen-Nakafuji, DoraCalifornia Wind ResourcesDraft Staff Paper, California Energy Commissiapril
22, 2005.

* Assuming an average emissions factor of 805 Ib&eZ@dWh.

® E. Sisson-Lebrilla, V. Tiangc@alifornia Geothermal Resourge8alifornia Energy Commission, April
2005

® US DOE Energy Efficiency and Renewable EnerGgopowering the West — California State Profile.
http://www1.eere.energy.gov/geothermal/gpw/profildifornia.html January 17, 2007.
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6. AGRICULTURAL SECTOR

|. Introduction

Agriculture in California generates $31.7 billianfarm receipts utilizing nearly 10 million acres
of irrigated cropland and 15 million acres of ralage while supporting significant animal
productiort. It is estimated that the raising of these adiical crops absorbs over 120
MMTCO,E every year via plant respiration and photosyrishedVhile the carbon cycle returns
the majority of this carbon to the atmosphere, estgring a portion of this carbon or converting
it into renewable energy, fuels or permanent prtxlwould translate into a significant reduction
of California’s carbon footprint.

Agriculture also requires inputs that generate Gi@ssions and other pollutants. One
component of these emissions includes energy sestah as diesel fuel, natural gas and
electricity for field equipment and processing, dmelse forms of energy release GHG emissions.
It is estimated that in 2004, all California agttaual sources accounted for about 30
MMTCO,E®,

There is the potential to generate significant Gét@ssion reductions from the capture and use
of renewable carbon from agriculture and specifitssions sources. Technology that can
deliver these benefits already exist in many casatsa concerted RD&D effort and new
regulatory incentives and programs will be needeah¢et the GHG reduction goals included in
AB 32.

Seven areas have been identified that present dlse promise for significant reductions in
agricultural settings. A summary of these techg@e is given in Table 1, which includes
estimates of the gross and technical reductiomiate for these technologies today. The
ETACC agricultural sector committee projects tlnare is the technical potential to derive about
17 MMTCO,E of greenhouse gas benefits from California prédaagriculture, which is about
10 percent of the goal for 2020 or about 3.5 pdroéthe 2004 California inventory.

Table 1: Summary of California Agricultural Progrann Reduce GHG Emissions

Potential California Estimated Net Annual California
Program Size Reduction Reduction Potential
Technologies Gross Technical Units Unit Factor Gross Technic

(units/yr) (units/yr) (MTCGE/yr) (MMTCO,E) (MMTCOLE)
Manure-to-Energy Facilities 3,600,000 1,800,000 head 1.70 6.1 3.1
Enteric Fermentation 4,100,000 2,050,000 head 0.39 1.6 0.8
Agricultural Biomass Utilization 21,000,000 8,000,000 dry tons 0.51 10.7 4.1
Dedicated Bio-fuels Crops 1,000,000 500,000 acres 1.92 1.9 1.0
Soil Carbon Sequestration 10,000,000 5,000,000 acres 0.61 6.1 3.1
Farmscapes Sequestration 500,000 500,000 acres 5.80 2.9 2.9
Fertilizer Use Efficiency 10,000,000 5,000,000 acres 0.36 3.6 1.8
Total 33.0 16.7
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Note: These estimates will need to be refined pa&B efforts based on technical feasibility and eonics.

While many of these technologies described arelfissand available today, further research
and a demonstration program are needed to lauitatacelements of the program by 2012.
The keys to developing the full program will bepttoritize research needs, establish easily
accessible guidance methodologies, protocols faritmeng and verification, provide ability to
receive carbon credits or private and/or publi@mttves, conduct grower outreach and
education, and receive the cooperation of regufagencies in developing needed
infrastructure. All of these barriers can be owerne with a robust multi-agency and industry
cooperative effort.

The program described below will demonstrate aneldg real and significant emissions
reductions and carbon capture from the land bagedudtural sector through technologies for
energy production from manure and biomass, impr@vedric fermentation, cropping systems
for bio-fuels, sequestration of carbon in soil &enscapes, and improved efficiency of
fertilizer and water use.
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[I. An Agricultural Global Warming Solutions Progra m
A. Manure-to-Energy Facilities

The use of manure digesters to capture and utitethane rich biogas is well established and
could generate up to 350 MW of new renewable enprgstuctiord.

Timeframe:2012 (25 percent implementation) to 2020 (100 gr@ranplementation).

GHG Reduction PotentiaB.1 MMTCQO,E. (Assuming the 1,800,000 mature dairy cattle
in the state and a nearly equal number of suppacksepresent a gross potential of 6.1

MMTCO.E. Operating these systems requires investmengx@pettise on the part of the
dairy operation, thus the technical potential ipexted to be reduced roughly half.)

Ease of ImplementatioWhile the technology exists, the key to develo@rogram in

this area will be coordination of utility and regtdry agencies. Nearly 20 systems have
been installed in California with many thousandsldwide. There are well-established
protocols for quantifying the amount of emissioaductions achieved with these systems,
including the recently developed “Livestock ProjBetporting Protocol” by the California
Climate Action Registry

Co-benefits / Mitigation Requiremen®rocessing manure in these systems reduces
methane emissions while producing renewable eneeggering a net benefit of about 1.7
MTCO.E per dairy animal. Digesters are effective duoeng VOC's from lagoons, a
relatively small emission source on most dairies,the combustion of biogas in an
engine to generate electricity can emit NOx. QGalatcan reduce the amount of NOXx in
exhaust gasses. Nevertheless, the types and $igregines typically used in conjunction
with a dairy digester they may not be availablest @ffective or able to meet local air
district NOx requirements. Digester biogas alsa@ms impurities, including hydrogen
sulfide, which must be removed from the biogas lémmbustion in the engine if a NOx
control device is used. If the hydrogen sulfidadas removed from the biogas, the sulfur
in the exhaust gas will destroy the control dewand render it ineffective. Additional
beneficial vector control and water quality improwents can result from improvements in
the manure management system during the implen@miaita digester project.

Responsible Partiesior permitting, the State Water Resources Contoalr® (SWRCB)
and regional water quality control boards, CARB &l air quality management
districts. For energy policy, pricing and funditige CEC, CPUC and the California
Pollution Control Financing Authority (CPCFA). Fonplementation and funding, private
anaerobic digester technology companies, dairy osypeoducer groups and local
governments. For overall state policy, the CalERA member boards, offices and
departments and the California Department of FowbAsgriculture (CDFA).

Problem:Less than 1 percent of dairy manure is currentbgessed in digesters in California. In
the current marketplace, it has been difficultgoojects to realize a positive return on
investment because they realize only a portiomefretail value for displaced electricity and
receive little or no compensation for excess pavedivered to the grid. On the regulatory front,
projects can see uncertain and potentially cogtipitove requirements for permitting new
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digesters and engines. Air and water requirementlélocal air and water boards make
digesters significantly more expensive to build anthil a lengthy approval process.

Possible Solution€Effectively addressing climate change by the Catii livestock industry
will require significant cross media coordinatiogtween regulatory agencies to continue
successful air quality improvements while redudBtdG emissions. Traditional approaches to
regulatory oversight where agencies solely focutheir particular media will likely impede
achieving AB 32 goals. California needs to takeass media approach to regulation that looks
at the full impacts of projects across air quaktgter quality, species protection, waste
management, etc. A clear pathway to permit approvalanure-to-energy systems based on
regional risk to groundwater and air is neededr é@xample, there are well-developed National
Resources Conservation Service manure impoundrteerdards that may be suitable for many
locations and more feasible than hazardous weaestelatds. Areas where there is high
groundwater impact risk could be treated with ngiresgent requirements.

Cross media coordination to promote strategiesdace GHG emissions will be helpful in each
of the agricultural areas suggested in this ref@®tause of their GHG reduction potential and
lack of technical barriers, methane digesters cbaldsed as a demonstration program for how
this coordinated approach could be developed amctiin. A whole systems approach should
be pursued to balance the benefits attributabilease projects with other environmental goals so
that the net result is a positive using the conoéfxet environmental benefit.”

In addition to a clear pathway to achieving penmitiapproval, more certainty in the
marketplace must be ensured by developing a stdmdatracted price for power from manure-
to-energy facilities. If regulatory and price @nty are addressed, it would encourage
investment in biogas systems. If the requiremargscost prohibitive in areas of higher risk,
incentives could be developed to offset these costs

What follows is a summary of necessary standamg;yptools and new incentives to accelerate
development of manure-to-energy facilities statenages regulating water, air, electricity,
natural gas and solid wasfe.

Water Quality:A salt loading standard and compliance procesariaerobic digestion
needs to be developed to address the salinity canoé the Central Valley Regional
Water Board (CVRWAB). This will require researchtbe salt and nutrient content of
liquid digestate to inform the standard developnpeatess, especially in co-digestion
proposals. CVWRB should also develop a simplifiedign standard process to help
assess and evaluate the potential need for poodstaction. Consider the possibility of
potential sites for “Tier 2” type ponds to be gredgby site characteristics and each
group can be assessed for leakage potential.

Air quality: Need to develop a regulatory compliance mechaais8®ARB for dairies
with cow numbers below district permitting thresteto use distributed generation
equipment to produce electricity from biogas.
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Electricity: After January 1, 2008, the existing The Self-Get@nancentive Program
will no longer provide incentives to certain dibtried generation technologies, thus
eliminating incentives for electricity fueled fronmogas. This program should be
amended to continue to provide incentives for elatt produced from biogas in
anaerobic digesterd. CPUC program should be developed to require etegtilities to
purchase excess electricity from biogas produdicam standard rate and should
implement power purchase agreements that havéoléeterms (to promote competition)
such as 3, 5, 10 year agreements vs. the solengf$ecurrently being offered from
private utilities. Review existing agricultural ifés to determine whether rate structures
discourage distributed generation and modify ratiesre appropriate. Eliminating
demand charges from NEMBIO (net metered bioga#j taerations for intermittent
and infrequent service interruptions due to routir@ntenance is also recommended.
Finally, the CPUC should permit the owner/generéter the farmer) of an electricity
generating biogas distributed generation systeratton the renewable energy credits
(RECs), including cases other than those direelted to Renewable Portfolio Standard
(RPS) compliance and specific contractual arrangemertaining to REC’s. All GHG
credits and RECs must accrue to the farmer gengrtie electricity. The producer can
then own and negotiate the sale of those attributieh are sure to become more
valuable over time.

Natural Gas The CPUC, in partnership with natural gas uétand bio-methane
producers, should conduct research to investig&téype and level of biogas impurities,
(including the co-production biogas) to determihigio-methane gas quality standards
are needed. The CPUC has established a marketrpfezent (MPR) to provide a target
price for renewable energy contracts and to detezraligibility for financial incentives.
Determining a MPR for biogas provides policymakansopportunity to consider whether
this renewable fuel represents significant envirental benefits and warrants a
premium. The necessity of using a MPR is unclearesit requires the application of
certain heat rates and capacity factors which neyield an accurate number.
Developing a separate MPR specifically for biogaggets could facilitate development
by providing price targets for producers and keykeadata for utilities. Since each of
these digester systems can cost more than $1idmiot including scrubbers, catalysts
or compression gear), securing the initial capaaldevelopment and construction is vital
to create a viable market. The CPUC should theeedssess existing interconnection
processes and costs to determine whether theypremiate for introduction of bio-
methane into the natural gas transmission systehderermine under what conditions it
would be feasible to introduce biomethane into radtgas distribution pipelines. If
purification and injection is a preferred use afdas, consideration should be given to
incentives and interconnection costs among nagasutilities. Whereas the potential
generation of electricity from biogas exists foe thajority of farms in California given
the right incentives, injecting biogas into natugak supply system may only be
financially feasible for 5 to 10 percent of stadeniing operations. This circumstance is
likely to encourage buyers to "cherry-pick," leaymarket opportunities out of reach for
the balance of farms.
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Solid WasteLegislative and regulatory clarification is neddegarding which state
agencies have jurisdiction over which parts oftitegyas production and utilization
process. For example, the role of the Californtadrated Waste Management Board
needs to be clearly defined.

B. Enteric Fermentation

Reductions of methane emissions from ruminant atjue —beef cattle and dairy cows - may be
achieved by utilizing recommended feeding practites use of dietary additives or agents that
impact digestion efficiency, and longer-term bregdand management changes.

« Timeframe 2020 (50 percent implementation) to 2050 (10@@at implementation).

« GHG Reduction PotentiaD.8 MMTCGOE (Assuming half of the technical potential
represented by the state populations of these #imdeveloped. Overall emissions can
be reduced up to 30 percent, equating to aboutNMd'BOO,E per mature dairy cow).

« Ease of Implementatioffeeding to National Research Council (NRC) gurdsito
optimize efficiency can be expected to reduce divenaissions. Productivity
improvements from breeding and better managemewtipes reduces the methane output
per unit of product produced thereby reducing demathane output and energy inputs.
The use of agents such as concentrates, oils, hameg, probiotics and propionate
precursors are aimed at suppressing methanogemesimproving feed efficiency, but
their effectiveness and other impacts must be alyedfnd thoroughly considered over a
longer term (20+ year) development timeframe. @Wérhas been estimated that
methane emissions can be reduced up to 30 peexpmt(ng to about 0.39 MTCO2E per
head based on mature dairy cow), with about 16gmé¢fcom NRC recommended feeding
practiceés, 11 percent from specific agents, andr8gmt from long-term management and
breeding.

« Co-benefits / Mitigation Requirement3ne key benefit may be improved feed utilization
which improves the productivity of animal feedingeoations. In addition, improved feed
nutrient utilization could also reduce manure intpableed to insure that all
environmental impacts are considered before recarding the use of any productivity
agent improvements.

« Responsible PartiedJniversity of California and California State Unrsgy systems (for
developing a sound applied research program); CioFeveloping a statewide animal
feeds and feeding program.

Problem:The production and release of methane during tlageermentation) of food is a
natural part of ruminant biology. Feed is alsodbstliest input to managing animal production
operations. Because of the cost, animal diets liidd@a have been highly optimized for
maximum efficiency of production and, thereforegigidnal improvements may be more costly
than their potential returns in productivity. Feegis also highly variable across the state and
can often include regional food processing bypréglu©ne of the key challenges in this area
will be to develop techniques that are cost efiecéind can be implemented with a variable yet
economically optimized system that exists todagtaBlishing a baseline and developing
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protocols to accurately measure this technologyretjuire a significant amount of research
work.

Possible Solution€Efficiency of feed is an important ongoing efféot nutrition experts in the
California animal industry. With additional reselafunding, these experts can continue their
work with additional focus on cost effective methamissions reductions. A significant
research program that focuses on California camatand diets as specifically related to the
avoidance of GHG and other emissions is neededueldp new approaches and establish
protocols for this technology. Once protocols hbgen developed, CDFA , UC and CSU
university systems can assist with disseminatioresilts to the producer community and
implementation of this program.

C. Agricultural Biomass Utilization

Agriculture generates nearly 21 million tons ofidegs every year. Roughly 8 million dry tons
of this potential waste material is technically itadgle for sustainable energy and fuels
productioff. Only a small portion of these resources is aulyautilized.

* Timeframe: 2020 (25 percent implementation) to 2050 (10@getrimplementation).

* GHG Reduction Potentiadt.1 MMTCGOE (Assuming a potential for 920 MW of energy
production or 11 million barrels of oil equivaléntbio-fuels each yedfrom 8 million
tons of agricultural biomass. With additional teally available resources including 14
million tons of forest residues and 9 million tafother green bioma¥s a total
potential for over 16 MMTCgE from 3600 M MW or about 43 million barrels of oll
equivalent could be derived from all available bass.)

» Ease of Implementatiohis program would require significant private gnblic
investment in new biomass processing facilitieshiléd/ooth biochemical and thermo-
chemical technologies are projected to produceeffsttive transportation fuels when
research and demonstration targets are reachechdtehemical technology is likely to
be more appropriate for California. (See IndukBiector for use with other feed stocks.)
Both technology and regulatory hurdles exist amddiscussed below.

» Co-benefits / Mitigation Requiremeni&hese facilities would result in energy and oil
security because they would displace some impant¢side fuel and energy resources.
Emissions from open burning and other impacts ofaiss waste disposal would be
reduced by utilizing this resource for energy pichn. Depending on the technology,
there could be some level of environmental implaat tvould need to be mitigated when
developing new facility sites.

* Responsible Partieszor permitting, SWRCB and regional water qualitytol boards,
CARB and local air quality management districtst &oergy policy, pricing and funding
the CEC, CPUC and CPCFA. For implementation andifg) private anaerobic digester
technology companies, dairy owners, producer gramgisiocal governments. For overall
state policy, CalEPA and member boards, officescamhrtments and CDFA.
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Problem Power generation from biomass is well-establigieetinology in the state with 30
existing biomass direct combustion power plantegaing 569 MW" However, the cost of
producing wholesale electricity from biomass udimgse older facilities may not be cost
effective because of low efficiencies. Advancedrni@chemical technologies are being
developed, some that possibly combine the produaielectricity and renewable liquid fuels.
However, a significant amount of investment id sileded to prove these technologies on a
commercial scale. In addition, the ability of théseilities to sell power is not certain, as the
utilities have not always been willing to buy povierm third-party renewable generators.
Ownership of the RECs is also subject to diffeiimgrpretations, particularly when it comes to
the GHG value beyond the netting of carbon emission

These projects also face significant regulatorydies. Because of the way California
regulations are written and interpreted, gasifaxatind pyrolysis plants that convert byproducts
are potentially handled under several agency jigtieahs including the California Integrated
Waste Management Board (CIWMB) (under regulatitras &re designed for solid waste
facilities), CARB and local air districts. Few pkafor biomass conversion plants have been
approved in recent years. It is estimated to takéo five years to permit and build a
thermochemical conversion plant in California wile current uncertain regulatory process.

Possible SolutionCalifornia could be a much more active playerenaoping and deploying
advanced technologies for converting biomass tb tagdue transportation fuels. Making
California a suitable marketplace for advancedfbels production is a key to technology
development. Incentives and research support @@edeto encourage the development of an
advanced bio-fuels industry in California. Thisuwbinclude investment credits, low interest
loans, and fuel tax credits along with ongoing supfor RD&D efforts. In addition, there is a
need to establish clear and consistent state pslfor sustainable management and development
of biomass to help reach climate change goals pvitduction of renewable power and fuels and
meet the needs for environmental protection. Reiguis need to be revised to differentiate
between solid waste facilities that take Municifalid Waste (MSW) from fuel and electricity
generation facilities and facilities that use datkd agricultural, forest, urban tree prunings and
other discrete feedstock. The CPUC needs to glavihership of the RECs and GHG credits in
future rulings and regulations.

Both biochemical and thermo-chemical conversiohrietogies are being actively developed for
conversion of biomass by many public and privaterac Biochemical conversion relies on
specialized mixtures of enzymes or acids to breatnda cellulosic material to derive desirable
sugars that ferment into ethatfol Generally corn and grasses have been the prefesedstock
because of the high sugar yield and low lignin eaht Thermo-chemical conversion transforms
biomass into gaseous carbon and hydrogen compasedissdirectly for energy production or
reconfigured into liquid fuels using synthesis bates".

Developing alternative uses for biomass would cemgnt regulatory programs requiring
farmers to reduce open burning of residues. Famgxe, approximately 1.1 million tons of rice
straw is produced annually, with over 95 perceiaiilable from the Sacramento Valley. In 1991,
a law requiring the phase-down of rice straw bugniras passed This has caused the industry
to manage rice straw though intensive non-burnitegraatives that cost the California rice
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industry approximately $16-$18 million each y8arOther commodities in the San Joaquin
Valley are facing the same regulatory pressuredoice or eliminate open burning. These
regions are ideal for investment in a conversiailifg capable of using rice straw or other
locally-produced biomass. Such investment couldrdaute significantly to AB 32 objectives
and address the economic burden experienced bgnoeeers and other farmers complying with
burning phase-down legislation.

D. Dedicated Bio-Fuels Crops

A concerted California biofuels development progi@uld supply a significant amount of
renewable fuels in the short term while advancetrtelogies for biomass conversion are being
developed and proven. The Low Carbon Fuel Stanelstablishes a statewide goal of reducing
the carbon intensity of California’s transportatioels by at least 10 percent by 2020. Biofuel
crops grown and processed in California could nedet this new clean transportation fuel
standard.

* Timeframe: 2012 (25 percent implementation) to 2020 (10@getr implementation).

* GHG Reduction Potentiall MMTCOZ2E per year. (Assuming up to 500,000 acmdd
be available in the near term for starch, sugarainctops for producing bio-fuel$
This would result in an estimated 180 million gaBmf ethanol or 2.6 million barrels of
oil in bio-fuels equivalent.)

» Ease of ImplementatioWhile the technologies are readily available fonwersion of
sugar and starch crops to ethanol and conversionseied crops into fuel with improved
energy efficiency and reduced emissions the dewabop of bio-fuel crop production in
California to supply these facilities will requiextensive crop production research and
long-term market commitment by the facilities ahd tommunity. Much research on
issues associated with renewable fuel productioreve and ongoing and dispersed
throughout the world. Funded by federal, state@ndte monies, access to this research
is of paramount importance for the agricultural aaglulatory communities to make
sound decisions regarding best-approaches for gdemvard.

» Co-benefits / Mitigation Requirementdsing fall and winter cover crops could help
reduce the potential for dust emissions in sompping systems. In addition there is
potential for growing bio-fuel crops with saline taor on salt-effected land that is
moving out of conventional production in the Saagldgn or Imperial Vallel/. For
example, several winter cover crops being consttlasebio-diesel feed stocks can
extract selenium and salt from the soil. New hiel$ facilities would require permitting
and mitigation of any local impacts.

* Responsible Partie€CalEPA and member boards, offices and departm€mBA and
the agricultural community should work with thevatie and public research community
to coordinate and prioritize California bio-fuebprproduction research needs. To avoid
duplication the United States Department of Agtiaed (USDA) should serve as
clearinghouse for bio-fuel crop production researdthe CEC, CARB and CDFA
should coordinate on bio-fuel crop lifecycle aseesst. Private bio-fuel companies, the
fossil fuel industry, agricultural producers, produgroups and local governments
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should work together on fuel processing implemeartaaind funding. For permitting of
new bio-fuels facilities, the SWRCB and regionatevajuality control boards, CARB
and local air quality management districts, an@ldand authorities.

Problem Several commodity crops in California suffer frormahishing markets and the ability
to shift to bio-fuel crops would help farmers witew options in crop rotations. Technology is
readily available to more efficiently convert sugad starch crops to ethanol while minimizing
emissions. The development of this technology, v, requires market certainty. At present,
there is no established state funding for bio-figddl crop RD&D. Unfortunately, other federal
and private grants are not being directed to Qalifobio-fuel field production research.

To have a viable bio-diesel industry using Califargrown feedstock, processing plants must be
constructed that can economically extract oil freeed. Oil press extraction technology is well
developed, but it often requires hexane to geattwtional oil needed to make processing
economically feasible. Priority must be given te@leping a hexane extraction process that
meets the agricultural industry’s oil crushing neadhile obtaining state regulatory approval.

Possible SolutionCalifornia government can send a strong marketsigyat there is a long-
term bio-fuels market in California by making ipalicy and regulatory priority. This would
spur the long-term investment needed in converfsioitities. California also needs to develop a
dedicated funding source for bio-fuel crop researsihg the resources of UC, the state
university system and other schools with the exgednd willingness to conduct this research.

California can grow feed stocks for bio-diesel withis own borders in a sustainable manner.
Winter cover crops, which can be grown as bio-ditsssd stocks, can sequester carbon because
they add biomass back into the soil. New energgiefit production techniques could deliver
greater CQbenefits over production of ethanol in older paintother parts of the country by
taking advantage of California’s proximity to feedrket outlets for distiller’'s grain (i.e. dairies
and livestock operations).

A central bio-fuels informationlearinghouse that links information resourcesefase of access
and serves as a repository for information andstéml all stakeholders needs to be developed.
This resource should be housed at the USDA Bdksaijricultural Library or other appropriate
and accessible location and should be availabie@nThis collection would be of great use to
stakeholders around the nation -- and the wondhe are growing bio-fuel crops, researching
production issues, and planning for the future.ylten use the latest research results to develop
up-to-date and relevant research projects. Enstinaigoio-fuels researchers and decision
makers have access to the latest research wilitéaeithe development of the U.S. bio-fuels
industry and make the best use of public and piiratestment in bio-fuels research.

As land use changes occur to accommodate potenti@ersion of crop and non-crop lands to
bio-fuel production a number of research areaswedld to be addressed in California to avoid
unintended environmental or ecological impactsudirig:

o Changes in water needs, availability, and watelityuenpacts;
o Competition for grains and oilseeds, and impactfood and feed availability and prices;
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o Lifecycle assessment and GHG accounting for bi¢ssfpeoduction;

o Recommend sustainable residue removal tatesaintain soil organic matter levels for
soil health;

o Assessing co-benefits of bio-fuel production, sastsoil quality, reduced erosion from
marginal crop lands, and enhanced wildlife benefits

E. Soil Carbon Sequestration

Soil is a major reservoir for carbon and nitrogeihie terrestrial environment. It contains twice
as much carbon than terrestrial vegetation anatmesphereombined Though much work has
been done on Midwest crops such as soybeans andlitibe is known about the sequestration
potential of California’s 400 agricultural commadsg. California has abundant acreage of
permanent crops such as wine grapes and fruit ahtlees that could benefit from further
research to determine above and below ground seaties potential. The term “conservation
tillage” designates crop production systems thahtaa a minimum of 30 percent plant residue
cover on solil after planting, which has significaptential to reduce GHG emissions.

« Timeframe: 2012 (25 percent implementation); 2020 (50 pdroeplementation); 2050
(100 percent implementation).

+ GHG Reduction PotentiaB.1 MMT CGE (Assuming California agricultural soils can
sequester or displace about 0.4 to 0.8 MTLE@er acre over a 10-20 year period using
various techniquéd If sequestration technologies were applied ftorabland in
California, GHG reductions could add up to aboatMMT CO,E per year. But half of
that figure is technically feasible since theserapphes may be difficult to implement or
quantify.)

« Ease of ImplementatiolConservation tillage is currently used on lesstB percent of
California's annual cropland. There will be littteno ability to make any operational
changes without financial support and incentivésaifcial credits for GHG mitigation
will greatly benefit a significant portion of tharin population in California. A simple,
web-based interface, such as the NUGGET shoul&eneled to other California
commodities and made readily available to growadsal interested parties to allow the
selection and quantification of site-specific magragnt strategies that are sustainable,
reduce environmental impacts and are potentiallgenpoofitable

« Co-benefits / Mitigation Requiremengroduction practices that minimize tillage are
gaining interest because they can provide manyecfits that improve soil and water
quality as well as reduce fertilizer, dust, watensumption and diesel fuel usage.
Conservation tillage requires less fuel use compareonventional tillage.

» Responsible Partie€CDFA and the agricultural community should workwtihe private
and public research community to coordinate anafipiie California soil carbon
sequestration research needs and coordinate witltAUNIRCS to develop incentive
programs. CDFA and the agricultural community sté@oordinate with CEC and the
SWRCB on water and energy efficiencies of soil oarproduction practices.
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Problem:Converting to reduced-till production alternativeguires a number of significant
operational changes, and each of these requirepfeamt investment (in additional research,
equipment, time and management) in order to beesgbal. It also will demand significant
technical work and outreach to expand the use wffaeming techniques. These methods need
to reduce the need for future practice changescthad return the stored carbon to the
atmosphere.

One primary hurdle for adoption is that Califorieaves crop residues on the soil surface where
they interfere with furrow irrigation practices. &Jef subsurface drip can facilitate the adoption
of conservation tillage by overcoming the needfforows as a means to deliver water to crops.
California has invested relatively little in R&D twvercome hurdles to adopting conservation
tillage and other favorable practices for carbajquestration.

Establishing and monitoring the amount of carbamest could be difficult if it requires more
work than the value of the credit. In additiomnsaction costs may be too high for an individual
farmer to play directly in the carbon market.

Possible SolutionQuantifying soil carbon sequestration is only oaé pf a larger GHG total
accounting puzzle that needs to address soil caabdrrace gas emissions of methane4JCH
and nitrous oxide (pD) holistically to be valid and effective. When sifie soil carbon
sequestration recommendations are made based opvheesearch, this information will need
be used in models and ultimately in web-based dectation tools that provide growers the
mechanism to obtain support and incentives to npakential operational changes through
carbon credits. A monitoring network integratedhwnodeling will be necessary and
aggregation of credits on a commodity or regioradi® is the likely way that farmers can
participate in the carbon market.

California cannot address the issue of soil cad®muestration by itself. Therefore it should
coordinate its efforts in this promising arena®HG emission reductions by coordinating with
federal government agencies. Among the recommardatf the ETAAC agricultural subgroup
are the following:

«  The USDA should convene a working group of uniugrand government scientists and
stakeholders to establish minimum protocol starslfsdthe measurement, monitoring
and verification of agricultural GHG emission retlaos and carbon sequestration.

. USDA should establish a national network of on-fawil measurements for carbon
stocks to complement existing models and experiatelata in order to develop a
national inventory and baselines for soil carbomkeis. This should be done in
conjunction with the USDA NRCS Natural Resourceeimory.

«  The Secretary of Agriculture should actively sugp@ominimum of $15 million in
funding annually for five years for research on Gei@Gissions and carbon
sequestration in agriculture through a nationairé8uch as the Consortium for
Agricultural Soils Mitigation of GHGs (CASMGS) itné¢ 2007 Farm Bill and ensure
coordination among all participating CASMGS indittns and USDA agencies
nationwide.
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The GHG Reduction through Agricultural Carbon Erteanent Network
(GRACENET) should be expanded beyond its currerdi®$ to better represent the
geographic diversity and spatial variability of Gle@issions across the U.S.
GRACENETrepresents a coordinated national effort by the A@@ricultural
Research Service to provide information on thaustat soil carbon and GHG
emissions related to current agricultural practitteslso can serve as a platform to
develop new management practices to reduce net &hi&sion and increase soil
carbon sequestration primarily through improved s@nagement. The focus should
comparing common management scenarios at eaclolocahe soils, crops and

be

condition will be location specific, but consistenéthods and detailed record keeping

will be used to facilitate cross-location companismd to ensure quality control.

Recommendation: Additional State Soil Science RD&Rnd Web-based Tools

Further state sponsored RD&D is also needed todi&sper questions about how soil texture
crop rotation, residue type and amount, all infeeegield response and alternative tillage
choices, and, ultimately, corresponding reductianrGHG emissions. A dedicated and
significant research funding source on the ordes3f $5 million dollars to investigate these
practices in common California cropping patterngédl-justified. More funding for UC
Cooperative Extension in this area is critical.

California should establish a long-term prograrericourage new technology for reduced
tillage, organic fertilization, cover cropping almv-input farming. This should include resear
(in-field and modeling), monitoring and incentiveédeation/outreach programs for farmers to
convert to new equipment and techniques. Couplamgervation tillage systems with the use
high efficiency, slow-release nitrogen fertilizeatarials under California conditions needs to
investigated, too.

Yet another exciting field of research that cuphrelduce GHG emissions is "precision farmin
a term that refers to carefully tailoring soil atrtdp management to fit the different conditions
found in each field using three technologies - rens@nsing, in-field sensing, geographic
information systems (GIS) and global positioningteyns (GPS). Using GIS record keeping
systems, farmers can record all of the field op@natsuch as planting, spraying, cultivation a
harvest (along with specific information such gsetpf equipment used, rates, weather
information, time of day performed, etc.). Remotednsed data can be analyzed and added

ch

of
be

]

the GIS using soil maps, digital terrain and fiefzerations information as ground truth. This gan

be used to guide further field operations like gprg, fertilizing and irrigating plus it would
serve record-keeping purposes.

Current USDA research using dynamic, process muoglélas created geospatial tools for

guantifying nutrient fluxes to air and water, chasgn carbon stocks and GHG emissions across

a range of management practices in San JoaquiMarzked Counties. This initial research
project will have an emphasis on computer modekater and air emissions from dairies and
provide a decision-making tool for economical uséedilizer and manure resources called th
Nutrient and Greenhouse Gas Evaluation Tool, or BB®. This tool will utilize GIS
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capabilities to capture spatial and temporal vartgln agricultural, environmental, and
climatic conditions. The DeNitrification-DeComptisn (DNDC) model is also being used for
these studies. It will take $600,000 over a tworyssiod to implement this effort on dairies
statewide.

With its unique Mediterranean climate, Californ@antinates the nation with our 1.8 million
acres of tree crops valued at $6.7 billion. Thesedgricultural commodities should take
advantage of the Forest DNDC model that was deeeldyy the United States Forest Service
which could be adapted for use on the state’sdregs. California should establish a long-terr,
program to encourage new technology for reduckadyél organic fertilization, cover cropping
and low-input farming. This should include reséafio-field and modeling), monitoring and
incentive/education/outreach programs for farmersonvert to new equipment and techniques.
Coupling CT systems with the use of high efficierslpw-release nitrogen fertilizer materials
needs to be investigated under California condition

=

F. Riparian Restoration and Farmscape Sequestration

One way to store carbon on agricultural lands ietestablish natural woody vegetation on
rangeland, field edges and marginal farmland goatian areas that have been cleared.

« Timeframe: 2012 (10 percent implementation); 2020 (25 pdroseplementation); 2050
(50 percent implementation).

¢ GHG Reduction Potential.9 MMTCQO,E (Assuming 500,000 acres on the edges of
cropland and rangeland might be available for igetation or farmscaping with woody
shrubs and trees and that annual carbon storagehsvimitial 20 years of vegetation
growth amounts to 5.8 MTCE per acre)

« Ease of Implementatior current challenge is to facilitate the proceseestoration to
increase both biodiversity of native species amsteated ecosystem services. A toolbox
of management practices, and an understandingtehpal site-specific interactions (e.g.,
grazing pressure, soil type, microenvironment, gladt species composition), would
facilitate greater establishment of restored nagrasslands on marginal lands, in
response to agricultural policies that favor soihgervation and potentially enhance
carbon sequestration and nutrient retention. Exalytthis understanding could be
employed to mitigate and adapt to climate changes Will require better information on
the impact of land use history on soil biology &od carbon sequestration in relation to
plant species composition. As this type of inforimabecomes available, it will also be
possible to scale up to landscape-level predictidri sequestration by grasslands across
different soil types and management regimes, ardsess the tradeoffs involved in land
use change from grasslands to other different tgpesosystems.

« Co-benefits / Mitigation Requiremeni&hese efforts can have benefits for erosion
control, water quality and wildlife habitat.
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« Responsible PartieCDFA and the agricultural/ranching community sldonork with
the private and public research community to cowatdi and restoration research in
California ecosystems and coordinate with USDA/NRE8evelop incentive programs.

Problem:The cost of installing an acre of re-vegetationldde prohibitive if done only for
carbon credit generation. Based on estimates dody hedgerow planting$ costs could be on
the order of $12,000 per acre for initial plantargd $500 for annual maintenance in the first five
years. Clearly management optimization is neededduce costs of irrigation, maintenance and
nursery stock while maximizing growth. In additjomt enough data is available on
multifunctional benefits of woody species in aghiatal landscapes in California to quantify the
value of other benefits. There are also possildp tsses from wildlife that intermittently feed
on crops and issues with federal cost support {eegEnvironmental Quality Incentive Program
and other federal conservation programs).

There is no current data on the relationship betvedeub and tree dimensions e.g., height or
diameter, and carbon sequestered in above- ana lyetmind wood for the species used in
California, although some research is underway.rébeof growth per year needs to be
researched for the riparian and hedgerow specasth frequently used in California, under
different site conditions. The growth rates and dyobiomass depend greatly on site
characteristics, nutrient and water availabili®dssessing the amount of carbon stored in
common species can be achieved with simple fieldsmements’

Possible SolutionConduct research to quantify the carbon storage fhese practices and
develop protocols that give landowners the abibtgenerate GHG reduction credits. This
research program should include an economic afuhtdéagy assessment portion that develops
the most cost effective approaches and looks aetiming the other benefits. Additional support
is needed for funding and managing implementati@hraonitoring. As with all forms of

carbon sequestration, commodity or industry progréoraggregate credits may be a suitable
approach for marketing these credits and providungport for funding and monitoring.

It may also possible to grow revenue generating ¢reps or perennial bio-fuel crops in these
buffer strips, making installations more econonticattractive, particularly in combination with
federal programs like Conservation Reserve Progeatn, It may even be possible to layer
grasses with tree crops in such a way as to halgitelenvironmental and economic benefits or
to “buy” annually the incremental value of a loegnh crop asset (i.e. high value wood like
walnut) which provides incentive for plantings thaduld not otherwise occur.

G. Fertilizer Use and Water Management Efficiency

There is growing interest in reducing nitrous oxjiigO) emissions from managed soils due to
high probability of GHG emission releases duringjiligation.

« Timeframe: 2012 (10 percent implementation); 2020 (25 pdrseplementation); 2050
(50 percent implementation).

« GHG Reduction Potentiall.8 MMTCGOE (Assuming reducing these emissions on
typical California crops in the order of 0.4 MTgEDper acre per year by reducing
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fertilizer input by 25 percefit If this were to translate to all California agritural crops,
this could be a potential gross emissions reduaiothe order of 3.6 MMTC4E. Start-
up and implementation issues reduce this grosspakéy half.)

« Ease of ImplementatioMeasuring MO poses a double enigma. Not only are
measurements of annuaj®lemissions laborious and therefore expensiy®, tixes are
often very erratic and highly dependent on fewilian and irrigation levels. Nitrous oxide
fluxes are also strongly influenced by environmeoataditions such as climate, soil type,
and cropping systefh This makes extrapolation of the little availati&a measured
across different cropping systems and climate zbrgdy suspect

« Co-benefits / Mitigation Requirementmproving fertilizer efficiency and water
management appear to be promising ways to redp©e These approaches should be
further investigated to measure impacts on crofayar and water quality, and returns on
investment for participating farmers. By combiniiejd information, soil measurements,
event-related pD measurements, and simulation modeling, a relamteial GHG budget
under current and possible future conventionalatetnative cropping systems in
California could be calculated.

« Responsible Partie€€DFA and the agricultural community should workiwibe private
and public research community to coordinate anaritize California fertilizer
management research needs and coordinate with UEMyal Resource Conservation
Service to develop incentive programs. CDFA amdagricultural community should
coordinate with CEC and the SWRCB to determinemi@kwater and energy
efficiencies from any operational changes.

Problem:One of the key barriers to reducing fertilizeruikgis the potential impact to crop yield
that would reduce farm income and diminish the simarss benefit per net amount of crop
produced. Substantial research needs to be cadlantthe wide variety of crops and soils in
California on NO emissions, the effect of different cultivatiomgtices, and ways to reduce
inputs without impacting yield. Research on noddils generally shows an increase in nitrogen
-containing trace emissions upon conversion fromveational tillage practices. This increase
has been attributed to an increase in soil bullsiennder no-tiff>. The researchers suggest that
mitigation of nitrogen containing trace gas emigsimay take up to 20 years of continuous no-
till management.

While it is estimated that D accounts for up to 50 percent of all agricult@&G emissions
(CHsaccounts for 37.5 percent, and €@ 12.5 percenif) there is great uncertainty about the
N20 emissions inventory. Therefore, there is a neephantify the amount of &0 emissions,
but also the uncertainty around estimates of aju@al N2O emissions at multiple spatial and
temporal scales.

Possible SolutionOptimizing N-fertilizer application rates with impred technologies and
management practices could provide the double berfefost savings and 9 reduction.

There may be potential “insurance” products foripgyarmers who reduce N use against yield
decline that occurs as a result. Additionally, sdgpes of CT practices, like strip tillage, may
not have the same increases in bulk density tleafioand in no-till suggesting growers should
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look to the full suite of CT technologies and otheanagement practices that have the greatest
combined economic and environmental benefits.

This quantification requires accurate measuremaikO fluxes and well validated and
calibrated biogeochemical simulation models thatestimate annual#® budgets for a range

of representative cropping systems. A databaseadt-related and background@emissions,
crop development and controlling factors (e.g. saitperature, soil moisture, and soil mineral
nitrogen must be constructed in a range of reptatea Californian cropping systems, soils,
and climates. This database could then be usedlitoate and validate the biogeochemical
models. Costs estimates for constructing thisbdeta and developing a biogeochemical model
validated in California crops and soils would costthe order of $2-$3 million. The models
could then be used for scenario and trade-off asabf potential agricultural practices to
minimize annual BO and other GHG emissions in California agriculture

! California Department of Food and Agriculture. B0Dalifornia Agriculture Resource Directory. At
www.cdfa.ca.gov

2 For irrigated crops, using a total biomass yiéhdl(ding roots) per acre of 5 dry tonne, a 41 petc carbon
content for plant carbohydrates, gives an estim@@guptake per acre of 5 tonne x 0.41 x 44 |bsAQ Ibs C=7.5
tonne CQ/acre. A biomass yield per acre of 2 dry tonnerémgeland. Total estimated uptake = 120 MMTEG
75 (cropland) + 45 (rangeland).

3California Air Resources Board. 2007. DRAFT Califiar Greenhouse Gas Inventory. Updated 8/22/07. At
www.arb.ca.gov

* Callifornia Biomass Collaborative, 2005. Biomags@urces in California: Preliminary 2005 Assessment
California Energy CommissiénContract 500-01-016. April, 2005.

® Callifornia Climate Action Registry, 2007. LiveskoRroject Reporting Protocol. June, 2007.
6 Anders, Scott J. 2007. Biogas Production and Us€alifornia’s Dairy Farms: A Survey of Regulatorpdllenges. Energy Policy Initiatives Center. Unsiy of San Diego

School of Law.

" Smith, P. et al. 2007. DRAFT - Greenhouse gagyatitin in agriculture. IPCC Panel on Agricultuferovided
by Charles Rice, Kansas State University.

8 California Biomass Collaborative, 2006. An Assesstof Biomass Resources in California, 2006. Gatif
Energy Commission. Contract 500-01-016. Decemb862p1

® Assumes 20 percent efficiency in conversion oftisss to electrical power and 45 percent efficiéndiermo-
chemical conversion of biomass to synthetic fuels.

19 California Biomass Collaborative. 2006.

! California Biomass Collaborative. 2006. p123.

12 A. Aden, M. Ruth, K. Ibsen, J. Jechura, K. Neede§heehan, B. Wallace, L. Montague, A. Slaytod, &
Lukas, 2002. Lignocellulosic Biomass to Ethanald&ss Design and Economics Utilizing Co-Currentit@ilAcid
Prehydrolysis and Enzymatic Hydrolysis for Cornv@to Report No. TP-510-32438. National Renewallergy
Laboratory. Golden, CO. June, 2002.

3 phillips, S., A. Aden, J. Jechura, D. Dayton, anéEggeman, 2007. Thermochemical Ethanol via Imdire
Gasification and Mixed Alcohol Synthesis of Lignfiaibsic Biomass. Report No. TP-510-41168. National
Renewable Energy Laboratory. Golden, CO. ApfiD2

14 California Health and Safety Code Section 41865.

!> Callifornia Rice Commission, 2007.

16 Shaffer, Steve. Personal communication. CalifoBeépartment of Food and Agriculture. July, 2007.

" Kaffka, Steve. Personal communication. Universitgalifornia, Davis. September, 2007.

8 DeGryze, S., R. Howitt, J. Six. 2007. “Regionaliisites of Greenhouse Gas Mitigation Potentialé\thypting
Alternative Farming Management Practices in Catii@t Presentation at Fourth Annual Climate Changsearch
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Conference. California Energy Commission. Septmb0, 2007. and Personal communication. Johan Si
University of California, Davis. September, 2007.

¥ Tourte, L., M. Buchanan. 2003. Estimated CostsRwigéntial Benefits for a Perennial Hedgerow Phanti
University of California Cooperative Extension. 300At coststudies.ucdavis.edu

25, Smukler, L.E. Jackson, S. Sanchez MorenoF$8nite, H. Ferris, K. Klonsky, A.T. O'Green, K.M. &g, A.L.
Cordova-Kreylos. 2007. “Carbon and Nitrogen Cyclikgsociated with Changes in Biodiversity in a Califia
Central Valley Farmscape”. Poster at Fourth Ani@tlachate Change Research Conference. Californiagyne
Commission. September, 10, 2007.
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/.FORESTRY SECTOR

|. Introduction

Forests cover 30 percent of California. Every gdngtosynthesis by forests is one of the
few processes that remove and store a portion lfb€@aa’s ongoing GHG emissions.

Conversely, the loss of forests is a carbon emms$Saientists estimate that deforestation
worldwide produces one quarter of all £€nissions linked to human activity, adding
almost two billion tonnes of carbon per yeain the United States, 1 million acres of
private forestlands were lost to development per g the 1990s In California, nearly

3 million acres of private forest and rangelandsamservatively projected to be lost
over the next four decades

Similar to other ecosystems, forests are vulnera@btéimate change. As temperature
and precipitation patterns change, some foresstypk be lost and others will shift their
location and diversity. Current stresses to fohesith in California already compromise
forest resilience. Unnatural stocking in some $tge- too many stems per acre -- and
development of fuel ladders from decades of figgosession now make those forests
more vulnerable to wildfire, pests and water stré@ther forests are under-stocked, the
result of stand-converting wildfires or managenyattices that maintain carbon stocks
below their natural potential. The effects of cltsahange will not hit all forests equally,
and managing forests to improve resiliency requarbstter understanding of processes
in all forest types.

Forests offer many opportunities to increase casgtorage and avoid emissions, thereby
offering mitigation opportunities to climate changeder AB 32. The biggest potential
forest sector solutions to climate change incliefollowing:

* Enhancing carbon storage in forests and in woodymts
* Avoiding carbon emissions from forestland convarsio
* Reducing wildfire emissions

» Utilizing waste forest biomass to generate eleityric

* Substituting low-emission wood products for otheilding materials that
produce high GHG emissions (e.g. concrete, steel)

The full extent of climate-gain opportunities frdarests has not yet been realized. Unitil
recently there has been little compelling reasgmuigue forest projects for climate
response purposes. Additionally, many legitimatest management projects have been
stymied by broad disagreements over forest landagement and low public trust that
environmental values will be protected. Most pecojgpes that would produce climate
benefits have already been debated, at least inipdahe context of other forest issues.
Thus the topics are not entirely new and substiditBeature is available for each.
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CARB and state climate policy can bring value amewa perspective to the forest
debate. CARB can have a significant effect noy amladdressing the climate change
threat, but in finding co-benefits that addresglstanding management concerns
surrounding California’s forests. This chapter itifeas a few key areas where CARB
action would have significant effect.

[I. The Policy Context

California’s forestlands provide a wealth of ecdsgs and economic benefits ranging
from tree-covered watersheds that supply mucheftate’s water, to wildlife habitats,
recreation and open space lands, to sustainabld pmalucts and employment. The
forest and paper industry in California employsragpnately 60,000 workers, supports
a $1.4 billion payroll, and contributes 4.1 percefithe state’s total manufacturing
workforcé'.

The durability and health of California’s forestg ¢ghreatened by numerous factors that
include the push to convert forests to other lasesuincreased incidence of wild-fires,
lack of appropriate management in some areas,ramneased stress on forests from
global climate change itself. Conflicting poliagenas also confound progress on some
otherwise logical projects, such as the “chicked-agg” dilemma surrounding the
inability to link biomass power plant developmenthifuel reduction programs to reduce
wildfires.

The immediate stakeholders and general publicigidyhattuned to changes in forest
use and forest policy. Each of the many foresteshas a savvy political constituency
which participates actively in forest policy delsatéA long history shows that opposing
sides can counter and deadlock each other poljtiaat in the courts, leading to
gridlock when it comes to implementing solutions.

Global climate change brings a new dimension tddbk& and offers opportunities for
positive rather than negative outcomes across @hilpg in the forest sector. That said,
CARB has limited regulatory authority over forestmagement, and attempts to extend
its regulatory reach could generate political tasise. The most productive path for
CARB to offer the forest sector in achieving its BB goals is to develop the
frameworks, metrics, structure and incentive-bas#ities for the sector to participate in
climate solutions.

[ll. Key Policy Principles

The overarching theme to guide forest sector pEgdican be summed up as: “Enhance
gain, avoid loss? In essence, this recognizes that forests alrpadfiprm a critical role
countering GHG emissions, but — with proper newqes -- can do even better.
Enhancing gains and avoiding loss will help “résileth forest ecosystems as well as
forest landowners. (To ‘resile’ is to make resitie spring away from an imp&ot
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Ways to enhance gain include:

Manage forests to develop larger carbon reseruoirees, wood products and
soils;

Reforest areas that could naturally hold more trees

Substitute excess wood biomass for fossil fuelsnadenerating electricity or in
production of transportation fuels;

Link wildfire reduction programs to the biomass leyfor electricity and fuels.

Ways to avoid loss include:

Keep the existing forest land base as forest, rdktaa shift to development and
conversion to GHG-emitting activities;

Retain a multi-faceted forest industry with suféict infrastructure (mills,
equipment, workforce) to beneficially utilize woothterials consistent with
AB 32 goals;

Reduce GHG emissions from wildfire by bringing utunal stands of trees back
to more natural fire-adapted conditions;

Understand climate impacts on forests and work tdsvéostering greater
resilience.

In order for forests to be key players in Calife‘siefforts to reduce GHG emissions, the
ETAAC forestry subgroup offers the following keymmiples to guide future policy
recommendations:

Use CARB’s stature to reinforce the concept thagsts play a necessary
role in solutions to global climate chang€ARB can bolster public
understanding of forest processes, the role oforasborage in trees and wood
products, and forest health needs.

Acknowledge forests as both a sequestration ang@som sector in its own

right. Gains achieved in GHG reductions within the fosesitor can stand on
their own merits, in addition to other importantethey may play as offsets in

voluntary markets or cap-and-trade systems.

Develop climate policies appropriate to each forasb-sectar Look for early
gains in forest contributions to climate stabiliaatappropriate to each class of
ownership and forest use (e.g. public and privatetected and managed,;
industrial and non-industrial; and large and sraadher). It is not necessary to
pit sectors and management objectives againstaheh or to promote one-
dimensional advocacy goals under the guise ofnaaté benefit. This is similar to
the approach recommended for low-carbon fuels, @/bpecific technologies are
not singled out as winners but rather are leftragpess on their own merits|f
and when a market option develops for sequestéomegt carbon, owners will
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respond according to their own motivations. fpiemature to pick winning
forest sectors now, but we can find gains and @diwithin each sub-sector to
encourage early actions to reduce GHG emissions.

Establish flexible and durable frameworks for faresidowners to work
within, and let them find their own way to partiaie.

IV. Key Overriding Themes
The ETAAC forestry subgroup makes the followingamenendations to CARB:

1. Continue to affirm the metrics and structurefwest carbon accounting and reporting
California needs to remain compatible with existimgrnational accounting
conventions, as reflected in the recent adoptio@ARB of the California Forest
Protocols as a voluntary “Early Action” measureguant to AB 32.

2. Establish the role forests will have in carbaarkets Legitimate “gold standard”
forest carbon credits compliant with the standafdsie California Climate Action
Registry (CCAR) are already in play in the volugtearbon market and the European
Kyoto-based market. If a state or national captaade market is established decisions
will be neededwhetheroffsets will be allowed for flexibilityhow muchandwhat kinds
(i.e. will forests be eligible). The forest sectmgues “yes” for eligibility as a legitimate
offset in a California market (should one devel@md in the meantime will continue to
participate in the voluntary and Kyoto-based market

3. Develop protocols for additional forest actegti Current CCAR Protocols address
‘Forest Management’, ‘Reforestation’ and ‘Avoidedfbrestation’. CARB and CCAR
should evaluate whether additional protocols odgnce addressing public lands, urban
forestry, biomass, wildfire avoidance and otheivétets are ready for development.

4. Possible additions to the existing CCAR Forgstdzol may be appropriate reflect
experience gained since they were adopted andpifeted policy environment. CARB
and CCAR should establish the stakeholder and ideemaking framework for
developing new Protocols.

Recommendations on RD&D Needs

Support further research on the forest carbon cy@d¢a needs are not trivial. Among the
recommendations of the ETAAC forestry sector subgrare the following:

- Improve methods for assessing sequestration anssEms

- Test more efficient remote assessment techniquesafbon inventory, e.g. lidar;
spectral analysis
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. Model advances in the forest sector to inform statéssion data

- Examine how forests become C saturated; examiestfoarbon exchange through
eddy flux

- Track climate change impacts on forests; evaluaeagement approaches designed
to improve resilience and respond to impacts

- Model inputs, outputs and flow of wood carbon taximaze sequestration.
- Pursue small-scale biomass technologies
Wood products research is also needed on

- Alternative wood-based liquid and gas fuels, arge fvood gasification, pyrolysis tg
bio-oils, ligno-cellulosic conversion technology

- Stronger and more versatile wood-based buildingeres

There is always room for new ideas in the forestase
» Look for efficiencies in harvest methods, equipmenmbustion techniques and
manufacturing

» Testincentives such as small changes in tax stiotlectricity rate, position in
the regulatory queue, grant funding and purchastemnces for their effect in
stimulating climate- and energy-efficient forespjects

* Be open to good ideas
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A. Link Forest Fuels Management and Biomass Utilizgon: Green Bio-fuels Index;
Economic Incentives and Technology Development

Public support of forest fuel management projedlisprovide a three-way climate gain
by restoring forest ecosystems to more resilientltns, directing excess fuels to
biomass energy production and reducing wildfiressoins.

« Time Frame: Fuel management projects are now underway butlireitgd.
Develop a public process for Green Bio-fuels Indgx012.

. GHG Reduction PotentialHighly variable; based on assumptions of acres
treated; wildfires avoided or reduced; and develepinof facilities to produce
electricity and bio-fuels. Estimate 3 MMTCO2e#¢r2020 (.09 avoided
emissions; 1.9 power and fuels) assuming $400maa@Eage treatment cost.
Assume $37 million from existing sources and amgase to $5 million for
California Forest Improvement Program (CFIP) suppor

. Ease of ImplementationSeveral key barriers to biomass utilization prompt
development of a Green Bio-fuels Index, economieirtives and new
technology:

o A “chicken-and-egg” dilemma confounds widespreactsss in linking
fuel reduction projects with appropriately sized aited biomass plants.
Uncertainty in fuel supply is a result of litigatigor threat of litigation) is
particularly a barrier on federal forest landsat&tsupport of “green
labeled’ federal projects would firm up the suppfyfuels available for
biomass facilities, thereby improving the cost efifeeness of fuel
treatments on adjacent private lands as well.

o Costs of fuel treatments are high and labor-intendilaul-costs of
moving wood waste from the woods to a biomassitaale a key
determinant of a dependable fuel supply.

o RD&D is needed on alternate fuels from wood wasi&®od products
laboratories are currently exploring conversionvobd to alternate liquid
and gas fuels, for example in-woods pyrolysis tdils or gas. This
would reduce haul costs and expand potential usesad waste.

«  Co-Benefits / Mitigation Requirementdultiple benefits accrue to forest
ecosystems, reduced wildfire emissions and biopgeeeration. Forest
ecosystem health and resiliency can be improvéaicie of climate change.
Other forest co-benefits include: improved watealdqy, reduced erosion,
reduced sedimentation of stream habitats and dogamtstorage facilities;
improved wildlife habitat diversity; improved aiuglity through a reduction in
criteria pollutants and smoke emissions; reducgdta life and property; and
greater employment in rural communities. Incredsechass utilizatioralso
helps meet state biopower and bio-fuel targetsentgitiucing reliance on fossil
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fuels and other imported energy sources. CEQA aadAlprocesses are well
developed for assessing forest management mitigptigjects.

. Responsible Parties:Ongoing international efforts by environmental
stakeholders may provide a model “Green Bio-Fudldliag” program for
CARB to consider. The model could be adapted fif@nia in cooperation
with local environmental groups, USFS and CDF.

Problem: Decades of fire suppression have left many fat@sds with unnatural excess
levels of stocking (too many stems per acre). Wtaarpled with development of mid-
successional fuel ladders, severe fire hazardsraegded. Excess fuels intensify wildfire
behavior, impacts to ecosystems, and risks tali property. Stress from drought,
pests and global climate change further exacexhigdére risks and damage. Fuel
reduction projects are expensive and require extempsiblic processes for design,
review and final approval.

Possible SolutionsA three-pronged effort featuring the followingngponents:

«  Support for a “Green Bio-Fuels Index” -- comparatiole green-labeling
program -- developed with key stakeholders to iaseepublic trust in
appropriate projects and understanding of benefitsel management to
address the gridlock of project design and approval

« A small price increase for biopower would mobilrnere wood waste out of the
forest, at least to a break-even point to supp@tt feduction costs.

. State support for technology development and detration of
o Small-scale, mobile gasification (or other) units;

o More efficient conversion technology to feed 1-5 Mistributed
generation plants located close to supply forestedmunities.

A “Green Biofuels Inde¥X has been suggested as an approach to rank [rajedt
improve public confidence in biofuel sustainabili@ARB, CPUC, CEC and USFS can
examine whether this might be a useful tool fomniéass. Based on the “green labeling”
concept, the index develops a green biofuel prétases environmental labeling to
distinguish products; allows the market to refleiticient labeling and claims; gives
preference for green biofuels; offers incentivaseiovironmental performance; and
establishes aggregate green biofuels performaaodatds.

Fuel treatment projects can reduce fuel loadingdfise intensity and spread, and provide
safety zones for firefighter operations. Extenditexature is available on fuel treatment
methods, location, economics, environmental impactsbenefits. Projects designed to
comply with a “Green Biofuels Index” may face léiigation and greater project
success, delivering more reliable supply to appatglly sized biomass facilities.
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B. Reforestation and Forest Management for Enhance@arbon Storage

Reforestation and enhanced management of estatbhgbriing forests to store greater
carbon stocks will provide climate benefits by absay CQ from the atmosphere and
storing it as carbon in trees for hundreds of yeatsnger

Time FrameAdditional gains by 2012 and ongoing.

GHG Reduction PotentialThe California Department of Forestry and Fire
Protection estimates cumulative sequestration fieforestation projects of 15
MMT CO2 by 2020 (Assuming 0.53 MMT CO2/yr by 20ft0m 117,000 acres
of forest established on forest and rangeland$ WBIT CO2/yr by 2020
assuming 430,000 acres established on forestaamyglandy).

Ease of ImplementationReforestation is highly feasible and is not lirditey
current technology. Increased reforestation isnation of available funding.
CDF already provides delivery programs and CEQAmlance via the
California Forest Improvement Program (CFIP). TladifGrnia State Parks
system can also deliver reforestation programdate park lands. The building
of carbon stores in established working forestsghemother hand, is a
landowner management decision. Among the incengwssrging for
development of carbon stores is the high valuearadoedit established through
the rigorous accounting standards of the CCAR Qaili& Forest Protocols. A
rapidly expanding voluntary carbon market is alstpimg. Development of
national and international markets for forest carbaedits will further stimulate
forest carbon storage projects.

Co-Benefits / Mitigation Requirement$iultiple ecosystem and economic
benefits from reforestation and enhanced carbaagtoin established forests.
Many under-stocked forest areas are the resulildfike with no follow-up
reforestation. Active planting with native tree sigs would provide watershed
improvement, wildlife habitat diversity, erosiorabilization, and forest health.
Economic benefits include short- and long-termgadmtion in rural regions
from forest management. TIEQA process is already in place for CFIP and
forest management mitigation activities.

Responsible Partie€CDF for technical support and program delivery;
ARB/CCAR for Protocol adoption; Resource Agency &a-EPA in support
roles; State Parks Department for reforestatiostate park lands; Legislature
for potential tax and other incentives.

Problem: Millions of acres of native forests on privatelastate ownerships in
California are estimated to remain below naturatising capacity due to wildfire or
forest management that maintains forests below taebon storage potential. Only 3.8
percent of all acres burned in 2001 in Califorraadnbeen replanted. Nationally there is
a growing reforestation backlog, now one milliomescand increasingly daily.
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Possible SolutiongGains from forest management in established wgrfonests to
increase carbon storage and sustain the long-tevdugtion of wood products are
substantial. Forested land is now estimated taesggr approximately 14 MMTCO2eq
from the air annually. Total carbon stored in €@ahia forests is estimated to be 1.7
billion tons. To build upon this base of carbonwsegjration, the ETAAC forestry
subgroup offers the following recommendations:

. Augment support for reforestation on private aradestands via existing CDF
cost-share programs and new forest carbon offgethte (CDF suggests a $5
million CFIP augmentation).

« CCAR Forest Protocols establish accounting starsdardreporting additional
forest carbon from ‘Forest Management’ and ‘Ref@igsn’ projects. Offset
credits in a carbon market will attract privatedawners into carbon storage
projects.

. Income tax credits or other incentives would agedtereforestation/
sequestration efforts by landowners.

«  Apply existing state Water Bond funds to reforastabf upper watersheds to
help develop water-holding capacity of soils andetation, and mitigate effects
of diminished snow pack on state water supplies.

C. Urban Forests for Climate Benefits

Accelerated urban tree planting programs will daatscapes, sequester carbon and
provide biomass for renewable biopower.

« Time Frame: Program delivery systems in place and expandab&dh2 and
ongoing. Not technology limited.

+ GHG Reduction Potential:The CDF goal is to plant 5 million trees by 20t0 t
deliver 4 MMTCO2e by 2030. The estimated GHG reiduncpotential is 0.88
MMTCO2e/yr at 2020 (0.14 sequestration; .05 sha&fepiomass)

« Ease of Implementatioflanting technology and delivery programs are dyea
highly feasible. Urban wood waste is a relativedpsistent supply of material.
CDF has broad existing authority to implement itbdh Forestry program.
Program and CEQA processes are established anéhgngo

Barriers include the following:

o Additional funding for tree planting at state anddl levels
o Ongoing maintenance of planted sites.
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o Siting of biopower facilities to link urban forestiste streams with
agricultural, forest and other wood wastes to sas/&eedstock for
biopower.

Ways to overcome these barriers:

o Pursue funding to augment tree planting: grantsdbpincreased USFS,
city and utility support (e.g. SMUD and other uids now provide free
shade trees if planted to effectively reduce sunenergy use).

0 Support expanded tree-nursery programs at exi€tivig and private
nurseries to provide tree stock for planting

o0 Biomass facility siting is a function of regulataagency action, location,
energy price and dependability of supply

« Co-Benefits / Mitigation Requirement$here are multiple co-benefits, including
energy efficiency from shading; park, recreatiama®l, street tree and property
benefits from trees; reduction of landfill dispos&ivood wastesA CEQA
process is already established for mitigation nesments.

« Responsible Parties:Urban cities and districts, CDF, State Parksdbipent,
USFS, Cal Trans

Problem: A renewed state focus on existing Urban Forgatograms can deliver gains
in carbon storage, energy efficiency and energgytion, but is currently lacking. Tree
plantings in strategic locations will store carlamntrees grow, provide shade for
buildings and parked cars (reducing energy emissi@m air conditioning) and shade
roadways to help reduce the urban Heat Islandtefl@iomass facilities combusting
urban waste will divert wood waste from landfillsdasupplement feed stocks from
agriculture, construction and other sources.

Current funding from CDF Urban Forestry programA3Sand Propositions 12, 40 and
84 are insufficient to meet the goal of 5 millisads planted by 2010.

Possible SolutionFurther emphasis on possible grant, bond and stheces of funding
to increase planting programs and provide treekstds biomass/biopower capacity
develops, urban tree programs and wood waste ssredlhreceive more focused
attention.

D. Endorse “California-Grown” Climate Solutions

California should champion home-grown products actibns that contribute to climate
solutions. Provide in-state purchasing preferemaoekpriority in regulatory queues
whenever feasible. Give preference to offset prteloertified by the California Climate
Action Registry in voluntary or cap-and-trade makgstems.
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* Time Frame: Now and ongoing

* GHG Reduction Potential: The aggregate of all contributions from climate
actions.

» Ease of ImplementationCalEPA and CARB in conjunction with private sgct
Trade Associations can develop an umbrella “CalitoGrown Climate Label”
for products and actions that result from (or agwid in compliance with) state
climate policies and programs.

» Co-Benefits / Mitigation Requiremen@ranting preferences for California
entities where feasible will help counter compeditdisadvantage of entities
operating within an “early actor” state relativenton-regulated states. It will also
promote public awareness of climate change, clirsaligtions and the California
entities that are stepping forward

* Responsible PartiesCARB, Trade Associations, California Business,
Transportation and Housing Agency.

Problem: California is a national leader in promoting dita solutions but compliance
presents potential costs and competitive disadgarttaentities that compete with
unregulated out-of-state businesses.

Possible SolutionRequire state purchase preferences for entitiectmaply with a new
“California Grown Climate Label.” Provide prioriip regulatory queues where feasible.
Give preference to offset products certified by @adifornia Climate Action Registry in
voluntary carbon markets and cap-and-trade systems.

! Food and Agticulture Organization of the United Nations. 2006. Global Forest Resources Assessment 2005.FAO
Forestry Paper 147. http://www.fao.org/forestry/site/32431/en/. Also:
http://www.fao.org/newsroom/en/news/2005/1000176

2 Stein, S.M., McRoberts, R.E., Alig, R.J., Nelson, M.D., Theobald, D.M., Eley, M., Dechter, M. & Carr, M. 2005. Forests On
The Edge: Housing Development on America’s Private Forests. Gen. Tech. Rep. PNW-GTR-636. Portland, Oregon, USA, United
States Department of Agticulture, Forest Service, Pacific Northwest Research Station.
http://www.fs.fed.us/projects/fote/reports/fote-6-9-05.pdf

3 California Dept. Forestry and Fire Department, 2003. The Changing California; Forest and Range 2003 Assessment. FRAP Fire
and Resource Assessment Program. http://frap.cdf.ca.gov/assessment2003

4 American Forest and Paper Association statistics provided by the California Forest Products Commission.
www.calforests.org.

5> Thanks to the Pacific Forest Trust for capsulizing the concept.

¢ Thanks to Connie Millar, USFS Pacific Southwest Research Station, for reviving a word we can use for this concept.
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" A Low-Carbon Fuel Standard for California, ParP®licy Analysis - FINAL REPOR;TUniversity of
California Project Managers: Alexander E. Farigll; Berkeley; Daniel Sperling, UC Davis. Posted:
8/2/07.http://www.energy.ca.gov/low_carbon_fuel_standaud/#

See also: SF Chronicle, “Emission plan from UQne8tate must reduce greenhouse gases, carbaen in it
fuels.” 8/4/07

C-1. David R. Bakemttp://www.sfgate.com/cgi-

bin/article.cqi?f=/c/a/2007/08/04/BUN5SRCLHF1.DTL & ow+carbon+fuel&sn=001&sc=1000

8 See CDF CAT Report, 8/07 for assumptions and ttions for projects on private forest lands

9 Turner B., R. Plevin, M.O’Hare and A. Farrellreating Markets for Green Biofuels: Measuring dntgproving
Environmental Performancelnstitute of Transportation Studies, UC Berkeleginsportation, Sustainability Research
Center. Year 2007 Paper UCB-ITS-TSRC-RR-2007-1

10 see assumptions per CAT 9/19/06, CDF — vers. 1.2:
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8. ETAAC Review of MARKET ADVISORY COMMITTEE REPORT

|. Introduction

CARB requested that ETAAC provide a consensus wieWow various policy mechanisms
referenced in the Market Advisory Committee (MAEport might affect investments in -- and
the implementation of -- technologies and otheutsohs designed to help meet AB 32’s GHG
reduction goals. CARB directed the ETAAC to prevtbmments on three specific market
design objectives highly relevant to the effeciimplementation of AB 32: (1) Early Action; (2)
Innovation; and (3) Clear Price Signals.

CARB also requested ETAAC to comment on how auatswenues under a cap-and-trade
system for GHG should be utilized (if indeed a dexi is made to auction some or all of the
permit allocations.) This requested review shoutlbe considered a comprehensive analysis of
all of the risks and benefits of particular marétesigns -- or how traditional regulations, tax
incentives, or other alternatives to a market systemight affect early action, innovation, and
price signals. While these are all very imporigols, the ETAAC acknowledges that there are
additional factors that policymakers should conswleen designing new markets for carbon and
other GHG emissions.

The rationale for focusing on the aforementioneddhmarket design mechanisms is summed up
below:

1. Early Action: It is imperative that California implement polisithat encourage early
emissions reductions and investments in climateaghanitigation prior to the imposition
of emissions limits in 2012. CARB therefore reqedghat ETAAC comment on how
various market design features either encouragésoourage early action.

2. Innovation: While efficiency improvements and existing teclogges can provide
substantial GHG emission reductions throughoutf@alia, it is clear that the long term
goals will require significant technological inndwes in renewable energy, cleaner
transportation options, as well as innovation imynather sectors of California’s
economy. With this in mind, CARB asked the ETAACctimment on how various
market design features either encourage or disgetee development and deployment
of innovative technological solutions to climatenge.

3. Clear Price Signals:Both the carbon market, as well as emerging marketCleantech
technologies and services, require clear and pensiprice signals to provide certainty
for investors. Absent this certainty, firms argsldikely to invest in the development of
new technologies or to install existing emissioagdticing technologies. CARB therefore
asked the ETAAC to comment on how various marksigihefeatures either encourage
or discourage the establishment of these criticdl@ear price signals.

The ETAAC identified and then commented on eigffedent market design mechanisms that
offer clear implications as California aims to mtwet three just described policy goals:

» Scope of the Carbon Cap
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* Point of Electricity Regulation
* Allowance Allocation Method
» Use of Auction Revenues

» Offsets

* Banking

* Borrowing

¢ Cost Containment Mechanisms

A global observation of ETAAC is that a well-desggicap and trade system cannot address all
of the different market failures that may preveninospede the development and deployment of
new low-carbon technologies. Complementary measamd regulations will also be necessary.

A. Scope of Carbon Cap

A broader cap is preferable in order to meet aféldlpolicy goals in the most cost effective
manner. Therefore, the AB 32 carbon cap shouldidiecas many different sectors of the
economy as is practical.

Early Action: To the extent that a broad scope encourages raoters of the economy
to act, it may reveal more cost-effective near-term@stment opportunities, and can thus
encourage early action on a larger scale.

Innovation A broader scope should lead to more innovatioergouraging investments
in more sectors as each regulated entity seelsitece GHG emissions. Some ETAAC
members noted that trading would have an ambigatiast on innovation: buyers of
credits may escape the pressure to innovate byasireg GHG emission reduction
credits, while sellers may profit from innovatiaesulting in excess GHG emission
reductions. If the scope of the cap is not braaoecomes more important to have a
mechanism to encourage reductions in sectors eutiselstate cap. Two ways of
accomplishing this are allowing offsets or diregtfands from auction proceeds through
a mechanism such as the proposed California Carhgst (see section I1A).

Clear Price SignalsA broader scope will likely provide greater ligitydin carbon
markets. Including many sectors of the economyeutite carbon cap should also
stabilize prices due to the increased diversitgharacteristics, needs, and risks among
capped entities. This approach would also boosttimeber of GHG reduction
opportunities available under the cap. By increasie breadth of GHG reduction
opportunities throughout California’s economy, thee cost of GHG emission reductions
will be revealed over time. Furthermore, the higmember of entities covered by a broad
cap should increase liquidity, thereby improvingftdence in market signals.

Ultimately, this stability and liquidity could attct more capital while lowering costs.

B. Point of Electricity Regulation
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Some members of ETAAC believe that if CARB chodsgsursue a “first-seller” model of
electricity GHG emission reductions, then certa@ps become important to ensure that price
signals fostering innovation can be effectivelyedctipon. Load Serving Entities (LSE) — such

an electric utility -- may be better positionedritast-sellers to directly stimulate innovation by
virtue of their likely greater economic power, theisource planning processes, and their diverse
portfolios of energy assets. For example, the meatf an entity such as the proposed California
Carbon Trust (see section IIA) may be necessarguadirst-seller approach to aggregate the
potentially diffuse economic power of first-sellerfselectrical power into a funding stream that

is robust enough for the task of technology trams&dion. On the other hand, some ETAAC
members believe that incentives to innovate exideuthe first seller model because:

. LSEs will have a AB 32 compliance responsibilitysafirst seller;
«  Costs will flow to LSE customers, creating an egaimincentive to innovate;

« To the extent the first-seller model is consisteith what is likely to be implemented at
the national level of carbon governance, the exgtiect of a smoother transition to
uniform national standards and linkages with otharkets may help reduce investor
risk, increasing the willingness to invest in inatien.

C. Allowance Allocation Method

ETAAC considered the impacts of the free allocaiohGHG allowances based on historical
emissions (known as grandfathering), free allocatioased on carbon output, and revenue-
generating allowance auctions. ETAAC members agitesidgrandfathering is bad for all three
criteria. There was general agreement that sowet ¢¢ auctioning will be necessary.

Early Action: Allowance auctions, whether partial or full, prdeithe strongest
incentives for early action. Entities that reduoassions early will not have to purchase
as many allowances at auction. Free allocatiotesys whether grandfathering or
output-based, do nothing to encourage early acti@andfathering actually provides a
disincentive in that firms that undertake early €sions reductions receive smaller
allowance allocations as a result.

Innovation:Allowance auctions provide the strongest finaniciaéntives for innovation
within capped sectors. With auctioning, permitsatecated efficiently and all parties
have an incentive to innovate so as to reduceuh@ber of permits they must purchase.
Auctions are also an easy way to permit the erftigrmvative new firms into the market.
The revenue from auctions can be used to encourageation. However, it was
mentioned that firms have limited available capétadl money expended for purchasing
permits can reduce their ability to invest in n@efinology.

Some ETAAC members felt that a well-designed flkeation system with a stringent
cap could provide the needed incentives for innionags all companies would still have
to meet a hard cap and ultimately decrease thasseons. This would also reduce the
need to purchase additional allowances. All ETAAE@mbers agreed that output-based
free allocation methods are preferable to granéfaily. Any free allocation method
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should be designed such that the setting of basehmssions levels does not discourage
early reductions.

Clear Price SignalsSome amount of auctioning is necessary for estaibly a clear

price signal. Auctions expose the true marketratgaprice for all emissions under a cap,
whereas free allocation systems conceal mitiggirases for emissions reductions that
are not traded.

D. Use of Auction Revenues

In legal terms, auction revenues are a “fee” ang thust meet the legal standard established by
the Sinclair Paint court decision. According torf@air Test” requirements, a nexus must exist
between the purpose of the fee and the use obitsegponding revenues. In this case, the fee is
intended to further reduce GHG emissions in Cailitpand to further the overall aims of AB 32.
The revenues from the auction should thereforeiteeteéd to accomplish the very same goal of
GHG emission reductions. In addition, it is impaoittto put these revenues to use quickly to
avoid “fiscal drag.” It does not serve the greatablic interest to withhold these funds from the
economy while state regulators decide what to db thiem for extended periods of time. So
long as the fee starts generating revenues (amelspamding potential public benefits), it is at
least indirectly compensating consumers and corepdnr any price increases associated with
AB 32’s implementation.

The following four areas would be productive angrapriate uses of these auction revenues:

Direct investment in and purchase of additional Gétfdssions reductions and support
the development and deployment of low-carbon teldgmes through an investment
program. This could be accomplished in a numbevayfs including, but not limited to
the following: create a direct investment progr&uat is outsourced to a private entity;
work with existing private nonprofit organizatiotieat make clean technology
investments for the public benefit; or create a nmevestment vehicle specifically
charged with making and managing direct investmieniisw carbon technologies with
auction fees.

Allocate funds to California universities, collegesd research facilities for RD&D
dedicated to technologies with potentially high GH@uction value. Leverage and
provide coordination among existing college andrersity RD&D efforts to help
individual technologies with particularly high GH@&duction value achieve
commercialization quickly (see section IIB).

Create financial vehicles and/or programs that eskispecific gaps, imperfections, or
opportunities in the low carbon market in ordeséove as a catalyst for both private and
public sector participation. This could includet s not limited to, providing fiscal
incentives for first production facilities, effiaciey improvements in rental properties,
vehicle demonstrations for clean transportatiohnetogies, etc. (See Financial Sector
Draft Report Il. B)

Take advantage of Environmental Justice co-benafitsGHG reductions in
disadvantaged communities. Co-benefits from emmnsmaduction projects, such as
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criteria pollutant reductions and improvementsisadvantaged communities, are
important state objectives under AB 32 and shoelddnsidered when evaluating overall
GHG emission reduction strategies.

E. Offsets

Offsets allow a capped entity to claim credit farigsions reductions achieved outside the cap.
Offsets can help contain costs and target sectdssde the state’s cap, while taking pressure off
of those entities within the carbon cap’s jurisdict The development of an offsets market may
therefore be beneficial. Yet in order for this ne&trto work properly, offsets must meet be real,
additional, permanent, enforceable, predictableteartsparent. ETAAC agrees that a standards-
based approach to offsets is preferable to cassbg-review since this approach reduces
transaction costs as well as increases predidigtabth of which encourage early action,
innovation, and clear price signals. ETAAC recdig@nificant input on the subject of offset
rules. Specific comments can be seen at the ETAARSite (seevww.etaac.orgafter January 7,
2008).

For a variety of reasons, policymakers may chooggdce a quantity or a geographic limit on
offsets to be used to comply with AB 32. Limits @ffsets would help encourage action and
innovation within a specific sector, which can Iseful if policymakers are trying to drive
innovation within a particular sector of the ecoyomimits on offsets can be expected to
increase compliance costs, however, and may make seose in some sectors than in others
(due to differences in potential cost and prospietsechnological innovation.)

Early Action:ETAAC does not believe that offset rules have angod implications for
early action. Offsets themselves provide no ingestfor early action. However, to the
extent that other policies encourage early actffisets can increase the scope of
potential emission reduction projects in the egding.

Innovation: There is a tradeoff between incentives to innoeatk the cost of compliance.
The increased flexibility provided by unlimited séts would reduce AB 32 compliance
costs, but could also reduce the pressure to iaavighin a given sector and weaken
price signals for would-be innovators. Limits difsets are therefore useful for
encouraging innovation within specific capped sexto

Quantity limits on offsets can help restore somthefinnovation incentives by
restricting flexibility somewhat, but still requispme portion of GHG emissions
reductions to actually come from within each secémme ETAAC members noted that
in sectors with particularly high mitigation costsierly strict limits on offsets could
drive up compliance costs and thereby reduce theuahof capital available for
investment. Any limits on offsets should therefeeey by sector based on the ability of
each particular sector’s ability to innovate andiuee GHG emissions While quantity
limits on offsets can be valuable for encouragicgoa and innovation within a sector, it
should be pointed out that it is difficult to comng with a “scientific’ number to justify
any specific for the limit.
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Out-of-state offsets will send money out of theifdahia economy, thereby limiting
innovation and investment within the state’s bosdeBeographic limits on offsets could
therefore be helpful in promoting in-state innowatand reductions. Keeping these
activities in-state would also ensure that Califaiis able to take advantage of co-
benefits such as economic growth and reductiogsteria pollutants -- both objectives
of AB 32 -- among other public policy goals. Plagmeographic limits on offsets is one
way to guarantee that offset projects used for diamge within state borders meet
California’s rigid standards for “additionality” drverification. Some members raised
guestions as to whether or not placing geogrami¢s on offsets could be designed in a
way that does not violate the Commerce Clause.eMesearch is needed on this issue.

Clear Price SignalsBy providing increased flexibility for complianceffsets can lower
price signals. Limits on offsets based on geogydaphd to mitigate this effect somewhat.
Such offset limits also help reveal the true cdsEHG emissions reductions within each
capped sector of the economy.

F. Banking

Banking allows entities who over-comply in earlyapks of a cap-and-trade program to save
allowances for use in future compliance periodsosts are projected to rise in the future (a fair
assumption given that allowances will be incredsgisgarce as GHG emissions reduction targets
ratchet up), banking gives firms the ability to i@ste compliance at lower cost by making
investments in the current period and banking aloees for use in the later, more expensive
period. That said, policymakers have the optiopléce restrictions on the quantity of
allowances that a particular entity can bank a$ agethe length of time for which allowances

can be “banked.”

Early Action:Banking encourages early action by allowing finvig undertake early
reductions to save allowances for later use. Siegeee of banking is required if
policymakers want to encourage early action, asdithat are not allowed to bank credits
generated through early action have little incenttv make early reductions in GHG
emissions. The early action benefits of bankinklva limited to the extent that banking
is limited.

Innovation:Banking is also necessary for innovation, to lehpanies take advantage of
lumpy investments in step-change emissions reduttichnologies and measures. Some
members argued that time and quantity limits orklvehwould limit this innovation
incentive. However, others noted that the buildip large bank in the early years could
decrease the pressure to innovate in later perigaéts might therefore be helpful to
prevent the banks of offsets from growing too laéwart near- and long-term
innovation.

Clear Price SignalsBanking is one way to address price fluctuatiors tabilize the
market. The ability to bank allowances effectivetgates a price floor because saved
allowances hold future value. It is safe to asstiméallowance owners will not sell
them at unusually low prices. Banking can also Ipegvent allowance price spikes by
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decreasing relative demand for allowances wherepice high due to the use of banked
allowances by firms who would otherwise have to them on the market. Some
ETAAC members felt that these benefits would betéohto the extent that limits are
placed on banking. Other ETAAC members arguedlitiidts on banking are necessary
to force allowance sales, thereby providing liqyi@ind price containment. Since
allowance prices are generally expected to increadee future, firms may not be
inclined to sell allowances that are increasingalue so long as they can bank them
indefinitely.

G. Borrowing

This policy allows entities to “borrow” allowanc&sm future compliance periods for use in the
current compliance period. While banking theoadlycencourages over-compliance and early
action, borrowing can have the opposite effectveithg capped entities to delay compliance.

ETAAC believes that borrowing should be limitedviery specific circumstances. For example,
conditional borrowing, triggered by certain markenditions, could serve an important role as a
cost containment mechanism. Beyond this limitgaliagtion, however, borrowing is
problematic in practice. Many of the benefits thatrowing offers in terms of flexibility over
time can be achieved instead through the use gelocompliance periods.

Early Action:Borrowing discourages early action by allowing caghentities to delay
compliance. Unrestricted borrowing would providstt@ng disincentive for early action.
Limits on borrowing can reduce this effect to ardegbut even a restricted borrowing
ability is likely to reduce early action.

Innovation:By allowing firms to delay compliance, borrowingalgs technological
innovation and the diffusion of advanced solutioAstew ETAAC members felt that
limited borrowing might be necessary for innovatinrorder to encourage longer-term
investments. The use of a longer compliance pexiadd serve the same purpose,
however, and eliminate the need for borrowing.

Clear Price SignalsBorrowing can help smooth prices by providing flehiy over time.
But this can also be achieved through banking hadise of a longer compliance period.
Conditional borrowing, triggered by adverse madagtditions, could address price
spikes.

H. Cost Containment Mechanisms

Cost containment comes from flexibility and goodgram design. A broad scope, offsets,
banking, and proper use of auction revenues, stalulalp keep compliance costs down to
reasonable levels for capped entities. Nevertbetes market is ever perfectly designeddibr
situations. The emerging market for carbon andrd@i¢G emission allowances could benefit
from a fast-acting cost containment mechanismdbald address price volatility in a timely
fashion. Possibilities include a static “safetyved or perhaps a more dynamic “market maker
that could actively manage the carbon market tHidbg buying and selling of credits. A well-



ETAAC Report Discussion Draft — Released 11/15/07

designed market maker would be preferable to d pgce-based safety valve for all three
criteria analyzed. The proposed California Carlbarst (see section IIA) is one example of
such a market maker. Borrowing could also be asea cost-containment mechanism,
conditioned on the price of carbon. See abova fdiscussion of borrowing.

Early Action:A price-based safety valve would reduce incentfeegarly action by
eliminating one reason to undertake early redustitme threat of unusually high prices
for mitigating GHG emissions in the future. Thengacould arguably be true for a
dynamic market maker. Nevertheless, such an ectitld be designed in a way that
encourages early action through other means.

Innovation: An explicit safety valve would frustrate innovatiby setting an upper limit
on the cost of reductions, thereby confining tharreto investors in emissions reduction
technologies. An active market maker would be &bl@onitor trends in both costs and
investments in low-carbon technologies, allowingrfmre well-informed intervention.
This same market maker could be designed in a atystimulates other forms of
innovation.

Clear Price SignalsA safety valve would create an upper bound forpthee of carbon
and other GHG emissions, but would not create citable prices. A market maker that
could actively monitor trends and intervene as ss@g/ would be better able to smooth
prices, providing consistent and clearer price aigifor investors.
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APPENDIX |. Brief Biographies of ETAAC Members

Alan Lloyd (Chair)

Dr. Lloyd is the President of the International @Golion Clean Transportation. He
served as the Secretary of the California EnviramadeProtection Agency from 2004
through February 2006 and as the Chairman of thiéo@aa Air Resources Board from
1999 to 2004. Prior to joining ARB, Dr. Lloyd wasetExecutive Director of the Energy
and Environmental Engineering Center for the DeRedearch Institute at the University
and Community College System of Nevada, Reno, laadchief Scientist at the South
Coast Air Quality Management until 1996. Dr. Lloyavork focuses on the viable future
of advanced technology and renewable fuels, wign&bn to urban air quality issues
and global climate change. A proponent of alterfiagés, electric drive and fuel cell
vehicles eventually leading to a hydrogen econdmyyas the 2003 Chairman of the
California Fuel Cell Partnership and is a co-fourmfehe California Stationary Fuel Cell
collaborative. He earned both his B.S. in Chemiatrg Ph.D. in Gas Kinetics at the
University College of Wales, Aberystwyth, U.K.

Bob Epstein(Vice-Chair)

Dr. Epstein is an entrepreneur and engineer with.®. from the University of
California at Berkeley. He is currently the Co-Rdar of Environmental Entrepreneurs,
Chairman of the Board at GetActive Software, Dioectf New Resource Bank, Director
of Cleantech Capital Group, Board Member of thedeOpera Program, and Trustee of
the Natural Resources Defense Council. Dr. Epsi@ifounded Environmental
Entrepreneurs (E2), a national community of pratesss and business people who
believe in protecting the environment while builglieconomic prosperity. It serves as a
champion on the economic side of good environmertkty by taking a reasoned,
economically sound approach to environmental isstiésough active support of
Natural Resources Defense Council, E2 works ta@rfte State and national
environmental policy.

Lisa Bicker

Ms. Bicker is President of the California Clean EyeFund (CalCEF), a private
nonprofit corporation formed to accelerate investhie California’s clean energy
economy. Before joining CalCEF, she was a Co-Heuand Chief Executive Officer of
TruePricing, Inc. an energy technology companyorRo that, Ms Bicker served as
Chief Operating Officer of NewEnergy, Inc., a higtewth, retail electricity provider
which is now the largest retail electricity provide the United States. Ms. Bicker has
also served as General Counsel to California CotorcEnvironmental and Economic
Balance, a non-profit advocacy group. She has\afBom the University of California
at Davis and a J.D. from the University of San Ersecp. She is a member of the
California State Bar and several industry assamiati

Jack Broadbent
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As the Executive Officer/Air Pollution Control Oter, Mr. Broadbent is responsible for
directing the Bay Area Air Quality Management Didts programs to achieve and
maintain healthy air quality for the seven milli@sidents of the nine county region of
the San Francisco Bay Area. Mr. Broadbent joirfedAir District after serving as the
Director of the Air Division at the U.S. EnvironnmahProtection Agency, Region IX,
where he was responsible for overseeing the impiéatien of the Clean Air Act as well
as indoor air quality and radiation programs fa Bacific Southwest region of the
United States. Previously, Mr. Broadbent was thetls Coast Air Quality Management
District’'s Deputy Executive Officer, where he dired the development of a number of
landmark programs that contributed to significampiovements in air quality in the Los
Angeles region. Mr. Broadbent holds a Master’'srdegn Environmental
Administration and a Bachelor of Science degreenwironmental Science, both from
the University of California at Riverside.

Cynthia Cory

Ms. Cory is the Director of Environmental Affaisspvernment Affairs Division, for the
California Farm Bureau Federation (CFBF), a norfipagricultural trade association
with more than 91,500 members in 53 counties inf@aia. She has been associated
with the agricultural community for over thirty ysathe past seventeen years have been
at CFBF working on State and Federal matters imetudir quality, biotechnology,
climate change, transportation and renewable brggnssues. Ms. Cory has a M.S. in
International Agricultural Development and a BiSAgronomy. She is also a member
of the USDA Agricultural Air Quality Taskforce arsgérves on several advisory
committees including the Governor’s Environmentdivisory Task Force, the California
Energy Commission’s Climate Change Advisory Conmeeitind their Biodiesel Working
Group.

Dominic DiMare

Mr. DiMare is the California Chamber of Commerc¥ise President of Government
Relations and Chief Legislative Advocate. Beforiaijog the Chamber in 2000, Mr.
DiMare lobbied for agricultural cooperatives, forugson deregulation of the electric
utility industry, transportation and workers’ conmgation issues. DiMare earned a B.A.
in history and public communications from Ameridaniversity and a J.D. from the
McGeorge School of Law, University of the Pacific.

Alex Farrell

Dr. Farrell is an Assistant Professor in the Enemgg Resources Group at the University
of California at Berkeley and Director of the Trpogation Sustainability Research
Center. He has a degree in Systems Engineeringtirerd.S. Naval Academy and
served as a nuclear engineer onboard a submarfies.tdat, Dr. Farrell worked for the
world’s largest hydrogen supplier, Air Products &ftemicals, Inc. He received his
Ph.D. in Energy Management and Policy from the ©&rsity of Pennsylvania and then
worked as a research fellow at Harvard, and a relsemgineer at Carnegie Mellon
University, where he remains part of the ClimateiBien Making Center. For the last
decade, Dr. Farrell has conducted research onyaedjenvironmental policy and has
published over two dozen peer-reviewed papers @settopics. He has served on
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advisory committees for the National Academy of iBegring, the National Science
Foundation, and has consulted for various publetc@ivate organizations.

Bill Gerwing

Mr. Gerwing is the BP America General Manager ofjlRatory Affairs. He is
responsible for regulatory issues management pgpgesernment regulator and non-
government organization stakeholder engagemenegtraand leads advocacy efforts on
emerging US climate change policy and regulatidMrs.Gerwing has twenty five years
of knowledge and experience within the Health, §afnd Environment (HSE) fields,
gained through a number of diverse assignmentsthaltorporate and operating
business units within BP and Amoco. In 2003, he aygsointed as the Director of HSE
for BP’s Western Hemisphere business and was thered to his current role focused on
US activities in 2006. Mr. Gerwing represents BPREW'’s Business Environmental
Leadership Committee (BELC), API Climate ChangeeBig Committee, and a variety
of external stakeholder forums to advance policyettgpment on climate issues.

Scott Hauge

Mr. Hauge is the President and owner of CAL Insoea& Associates, Inc., which was
founded in 1927 and currently has 27 employees agency specializes in providing
insurance for small to medium sized businesseshadebeen a leading advocate in
paving the way for small and medium sized busirebgantroducing government
legislation that has affected business on localteSind national levels. Mr. Hauge is
renowned for his knowledge of how to best protect serve the business community.
He is currently a member of over 20 boards and c@sions in San Francisco and
California. He is the founder of the San FranciSagall Business Advocates and most
recently, Small Business California.

Jim Hawley

Mr. Hawley is the Vice President and General Couos&echnology Network

(TechNet), a California political and legislativieagegy group, working with senior
executives and government relations staff of Calitpbased technology companies. He
directed successful TechNet lobbying efforts relategreen technology, litigation
issues, e-commerce regulation, corporate taxagiot broadband deployment. Mr.
Hawley has a B.A. Magna Cum Laude in political sceefrom Amherst College, a JD
from Georgetown University Law Center and an actamber of the California Bar
Association.

Patti Krebs

Patti Krebs is the Executive Director of the IndiadtEnvironmental Association, a

Southern California public policy trade organizattbat represents manufacturing,
technology and research and development companiasyde variety of legislative,
regulatory and policy issues that affect theirlfaes and operations.

Patti currently serves on the San Diego Associatio@overnments Energy Working
Group, the Port of San Diego's Maritime Advisoryn@oittee, the San Diego Regional
Airport Authority Technical Advisory Group and hlasen instrumental in the
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organization and founding of the San Diego RegiG@atainability Partnership. She is a
past member of the Board of Directors of San Diegmsit Corporation, the San Diego
Natural History Museum and the San Diego Symphdlye has served on numerous
Statewide technical boards and commissions inctutlia State Water Resources Control
Board Advisory Group on TMDLs and the Air ResourBesrd Neighborhood
Assessment Group.

Patti has a bachelor's degree in Communicatioms 8an Diego State University.

Jason Mark

Jason Mark is the U.S. Transportation Program ©&xffat the Energy Foundation, a
private foundation which promotes a sustainablegniture through increased energy
efficiency and renewable energy. From 1995 to 2006 Mark worked for the Union
Concerned Scientists (UCS), ultimately as the nati@irector of the Clean Vehicles
Program and as the organization’s California DoedtHe was the lead author on many
UCS reports in the transportation and energy fiBefore joining UCS, Mr. Mark
worked as an independent consultant on transpamtatlicy analysis as well as at the
National Renewable Energy Laboratory and the Cdatdenergy and Environmental
Studies at Princeton University. He holds a baateettegree in mechanical engineering
from Princeton University and a master's in enengyy resources from the University of
California at Berkeley.

Joan Ogden

Dr. Ogden is Associate Professor of Environmentai&e and Policy at the University
of California, Davis and an Associate Energy PoAnalyst and Co-Director of the
Hydrogen Pathway Program at the Institute of Trarsgpion Studies (ITS-Davis). Her
primary research interest is technical and econ@assessment of new energy
technologies, especially in the areas of alterediiels, fuel cells, renewable energy and
energy conservation. Since 1994 she has studiechalive strategies for developing a
hydrogen infrastructure for transportation applmas. Ogden and her colleagues have
developed an extensive set of data on hydrogeffiuehdell technologies, and tools for
modeling infrastructure performance and costs. iShew active in the H2A, a group of
hydrogen analysts convened by the Department afgigrie develop a consistent
framework for analyzing hydrogen systems. She skovethe Blueprint Advisory Panel
for the California Hydrogen Highway Network. Dr. @an received a Ph.D. in theoretical
plasma physics from the University of Maryland,nat specialization in numerical
simulation techniques. She was a research scient&tinceton University’s Center for
Energy and Environmental Studies and her recenk w@nters on the use of hydrogen as
an energy carrier, particularly hydrogen infrastinue strategies, and applications of fuel
cell technology in transportation and stationarweoproduction.

Dorothy Rothrock

Ms. Rothrock is Vice President of Government Reladifor the California
Manufacturers and Technology Association since 280éviously, she consulted on
energy and telecommunications regulatory issuemérstrial energy users, policy
advocates, and economic research firms. Ms Rothgoattuated from University of
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Oregon and Lewis and Clark Law School, joining @regon Bar in 1980 and the
California Bar in 1997.

Jan Smutny-Jones

Mr. Smutny-Jones is Executive Director of the Inelegeent Energy Producers
Association (IEP) and has represented IEP sinc&.18f was a principal in the
California Memorandum of Understanding and a kayypa the restructuring
legislation. He has served as Chair of the GowgrBioard of the California Independent
System Operator, and as a member of the GoverriagdBof the California Power
Exchange and the Restructuring Trusts Advisory Cdtae Mr. Smutny-Jones is a
graduate of Loyola Law School and is a member @fAmerican, California State and
Sacramento County Bar Associations. He did hieupéduate work at California State
University, Long Beach, and has a certificate iviEommental Management from the
University of Southern California.

Andrea Tuttle

Andrea Tuttle has 30 years experience in Califoresmurce policy issues. She is former
Director of the California Department of Forestndérire Protection (CDF), and served
on the California Coastal Commission and the N@wast Regional Water Quality
Control Board. She was principal consultant toSke&ct Committee on Forest
Resources in the California Senate, and has c@uasait sustainable forest management
in Malaysia. She currently teaches forest andgokcy in the College of Natural
Resources at UC Berkeley and is a board membeh@fEcific Forest Trust. She is a
strong advocate for retaining working forestlanaistheir environmental, economic and
social values, and incorporating the role of f@weésta climate strategy. She has a Ph.D.
in Environmental Planning from UC Berkeley and a8 M biology from the University
of Washington.

Fong Wan

Mr. Wan is Vice President of Energy Procurementacific Gas and Electric Company
(PG&E), and is responsible for gas and electrigpguplanning and policies, market
assessment and quantitative analysis, supply dewvelot, procurement and settlement.
Mr. Wan joined PG&E in 1988 and moved to Energydimg in 1997. He served as Vice
President, Risk Initiatives for PG&E Corporationppart Services, Inc and as Vice
President, Power Contracts and Electric Resoureelbement. Mr. Wan has a Bachelor
of Science degree in chemical engineering from @bla University and a M.B.A from
the University of Michigan.

Jonathan Weisgall

Mr. Weisgall is Vice President for Legislative aRdgulatory Affairs for MidAmerican
Energy Holdings Company, a subsidiary of Berkshiaghaway. He also serves as
Chairman of the Board of Directors of the CenterHoergy Efficiency and Renewable
Technologies and President of the Geothermal En&sggciation. He is an Adjunct
Professor of Law at Georgetown University Law Centdnere he has taught a seminar
on energy issues since 1990, and he has alsolgagstd on energy issues at Stanford
Law School and the Johns Hopkins Environmentalr®eiend Policy Program. Mr.
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Weisgall earned his B.A. from Columbia College &ilJ.D. from Stanford Law School,
where he served on the Board of Editors of Stanff@rd Review.

John Weyant

Dr. Weyant is Professor of Management Science agihEering, a Senior Fellow in the
Institute for International Studies, and Directbtiee Energy Modeling Forum (EMF) at
Stanford University. Established in 1976, the EMRaucts model comparison studies
on major energy/environmental policy issues by emmyg international working groups
of leading experts on mathematical modeling anctpalevelopment. Prof. Weyant
earned a B.S./M.S. in Aeronautical Engineering Astlonautics, M.S. degrees in
Engineering Management and in Operations Reseatibtatistics all from Rensselaer
Polytechnic Institute, and a Ph.D. in Managemeigr®e with minors in Economics,
Operations Research, and Organization Theory fromeysity of California at Berkeley.
Dr. Weyant was also a National Science Foundatast-Poctoral Fellow at Harvard’s
Kennedy School of Government. His current resefochises on analysis of global
climate change policy options, energy technologgeasment, and models for strategic
planning.

Rick Zalesky

Mr. Zalesky is Vice President of the Biofuels angdrbgen business for Chevron
Technology Ventures Company, LLC. In this role hias responsibility for the
commercialization of infrastructure developmengdurction and supply, as well as all
current technology initiatives. Mr. Zalesky join#ee company in 1978 holding a variety
of management positions of increasing respongibilithe downstream in refining,
marketing, and technology. He is Chevron’s reprzde/e on the Fuel Operations Group
of the FreedomCAR and Fuel Program of the DepartmieBnergy and a member of the
UC Davis External Research Advisory Board. Mr.ed&ly is a graduate of the Georgia
Institute of Technology, with a bachelor’s degne€ivil Engineering.
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APPENDIX Il: ETAAC Meeting Dates and Venues

Date Venue Focus
March 1, 2007 Cal-EPA Headquarters, Brought the Committee
Sacramento members together for the

first time, and began to
develop plans for meeting
the ETAAC goals.

May 31, 2007

South Coast Air Quality
Management District
Headquarters, Diamond
Bar

Provided Federal, local,

and other State agencies
the opportunity to present
to the Committee.

August 14, 2007

Cal-EPA Headquarters
Sacramento

Discussed the informatior
gathered to date and how
it will be incorporated intg
the Committee’s report to
the ARB

September 6, 2007

Stanford University,
Stanford

Provided national
laboratories, academia,
and technology providers
the opportunity to present
to the Committee.

October 16, 2007

Cal-EPA Headquarters
Sacramento

, Discussed draft report
status, provided commen
and revisions to staff, ang
voted on releasing for
public review period.

(S

November 29, 2007

4

Central Valley

Reviewed the dma#tl

report.
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APPENDIX IlI:
Inventory of Existing State Funding Sources to Redtce GHG Emissions

The programs listed here fund activities to depémhnologies that can reduce GHG
emissions. Some of the programs are directed spabjfagainst such emissions. Others
-- such as the Carl Moyer Program -- are directextteer State air emission challenges,
but which can cut GHG emissions as a co-benefit.

Some of the programs offer grants; others offetre@ts based on an open bidding
process or other competitive disbursement instriasneBome of the entities listed in this
Appendix are directories of grant and contract peots. Except as specifically noted,
the information shown here was obtained from thb sites cited for each of these
programs.
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Program: Advanced Technology Program Www.atp.nist.goy

Sponsor: National Institute of Standards and Technol(g\5T)

Funding source:NIST

Sectors supportedNew technology across all industrial sectors
Activities supported:Research and early R&D

Geographic limits: None

Funding: ~$155 million per year
Grant amount:~ 2.5 million, avg.

Grants as percent of applicationd:1 percent

Overview

ATP supports research and basic development otteewologies by sharing the cost
and the risk with companies when risks are too foghhe private sector to bear alone.
Research priorities for the ATP are set by industgr-profit companies conceive,
propose, co-fund, and execute ATP projects andramog in partnerships with academia,
independent research organizations and Federal labs

The ATP has strict cost-sharing rules. Joint Vesdi{two or more companies working
together) must pay at least half of the projectscotarge, Fortune-500 companies
participating as a single firm must pay at leaspéftent of total project costs. Small and
medium-sized companies working on single firm ATBj@cts must pay a minimum of

all indirect costs associated with the project.

Each project has goals, specific funding allocatj@nd completion dates established at
the outset. Projects are monitored and can banated for cause before completion.
The technology areas for grants are:

Advanced Materials/ Chemicals

Biotechnology

Electronics/Computer Hardware/Communications
Information Technology

Manufacturing

Measures of Effectiveness

N/A
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ATP uses complex, "cutting-edge" econometric amslys assess effectivenésdt uses
at least four metrics in its analyses:

Commercialization -- number of new products and
acceleration of reaching the market

Creation & dissemination of knowledge -- numbergpatients and papers related to
the supported product

Stimulation of additional funding for the product

Benefit: Cost. "Benefit" is a prospective estimiaiade in a complex economic
analysis. “Cost” is the award by ATP.

ATP spends $2 to $5 million annually for the asses#s, which in part are done by
contractors. Data are obtained via formal sunaygrantees for six years after projects
end. Many of ATP’s analyses are comparisons oabieve metrics between companies
that have received awards and applicants that haetvesceived awards. (That is: they
gather data from both classes.)

In a study of 100 ATP projectsl22 new commercial products were identified améfg
grantees. In case studies of the first 120 ATRepts, 41 percent showed "strong" or
"outstanding" performance vs. ATP objectives. éfcpnt of awardees reported
reduction of R&D time by at least 2 years, and 6fcpnt expected to reduce their times
to market by the same amount. ATP funding wagalito1l6 percent of the projects3
of the awardees reported increased external furdiiego their awards. Over 14 years,
the overall benefit: cost figure is 8:1.
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Program: California Clean Energy Fund (www.calcef.org

Sponsor: California Clean Energy Fund (CalCEF)

Funding source:PG&E bankruptcy settlement

Sectors supportedNew technology (renewable fuels, energy efficiefcstorage)
Activities supported:Venture capital

Geographic limits: PG&E service territory

Funding $30 million (total)
Grant amountN/A

Grants as percent of application®i/A

Overview

CalCEF is a non-profit organization that makes ggavestments in emerging clean-
energy technology companies. Funds are investpdvate companies that are creating
technologies or products that should reduce reéi@mcnon-renewable fuels. These
include companies that focus on renewable eneggietbenergy efficiency, and energy
storage. They also include companies that prowiddycts and services, such as
software, that are designed to enhance some asiptbet clean-energy sector. CalCEF
acts as a critical funding source for emergingreleaergy companies that are too young
to access traditional venture capital.

The Fund arises from the PG&E bankruptcy settlemegbtiated by the California
Public Utilities Commission. CalCEF invests in canfes located in PG&E’s service
territory, and elsewhere, that are developing teldgy or products that could benefit
constituents residing within the service territory.

Measures of Effectiveness

N/A
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Program: California Solar Initiative ( www.gosolarcalifornia.ca.goy/

Sponsors:CPUC

Funding source:Rate-payers of PG&E, SDG&E and SCE

Sectors supportedElectricity (photovoltaics)

Activities supported: Incentives (subsidy for installation of, or protlan by, solar
power in commercial buildings and existing homes)

Geographic limits: Service territories of PG&E, SDG&E, and SCE

Funding $2.16 billion over 10 years (2007-2016)
Grant amount: For >100 kW: $.03 - $.50 / kW-hr; for <100 kW: $0.2$3.25 / W

Grants as percent of applicationsEirst come, first serve

Overview

CPUC'’s California Solar Initiative, provides sulisglfor installing or using photovoltaic
power systems in existing residential homes anstiegj and new commercial, industrial,
and agricultural properties. All utility customewho do not receive subsidies for
distributed generation, do not pay at interruptidever rates, and do not resell power are
eligible.

Measure of Effectiveness

The goal for the program is 3,000 MW of new phottaio capacity installed by 2017.

It is too early to attempt to measure progress tdwlze goal. For systems larger than 100
kW in size, payments will be made based on perfageai.e. per kilowatt-hour
generated.
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Program: California Solar Initiative R&D
(www.cpuc.ca.gov/static/energy/solar/070216 csi laldptm)

Sponsor: CPUC

Funding source:Electric utility ratepayers

Sectors supportedElectricity (production technologies; grid integoat, storage &
metering; business development & deployment)

Activities supported:Mostly demonstration projects; also R&D and deplepin
incentives

Geographic limits: California
Funding $50 million over 10 years
Grant amount: No experience yet

Grants as percent of application®o experience yet

Overview

The CPUC will initiate a program to promote photi&ie distributed generation. The

intended outcomes are to:

Move the market from the current retail solar pé&9/watt or about 30
cents/kWh to levels that are comparable to theectimetail price of electricity.

Install increasing volumes of solar distributed gration projects that build from
the current range of 40+MW per year to 350 MW orenoer year.

Theproposedallotments of the funds are:
Research — 20 percent (to be committed to a péatipuoject)
Research & Development -- 10 to15 percent

Demonstration -- 50 to 60 percent (to be directeprojects that have already been

accepted for DOE or PIER R&D grants.)

Deployment -- 10 to15 percent (to be directed thmelogies and measures subject

to CPUC'’s regulatory processes and standards)

Measures of Effectiveness

No projects have been funded yet.
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Program: Carl Moyer Memorial Air Quality Standards Attainmen t Program
(www.arb.ca.gov/msprog/moyer/moyer.htm

Sponsor: State of California (administered by air qualitgnagement districts and
CARB)

Funding source: Vehicle registration fees, State grants

Sectors supportedTransportation (private and public sector); Agligre
Activities supported:Incentives for clean engingsreduce PM, ROG and NOx

Geographic limits: California

Funding $140 million per year

Grant amount: Buses, farm equipment, agricultural pumps (anayeof $12,000 per
unit); Marine vessels, construction equipment (880,per unit)

Grants as percent of application®/A

Overview

The Carl Moyer Program provides subsidizes theemental cost of cleaner-than-
required engines and equipment. (“Cleaner” ifenence to emissions of ozone
precursors and PM. GHG emissions are not addressedever, to the extent that fuel
economy is improved by replacing or retrofittingl @ngines, the program indirectly
provides reduced Cmissions.) Eligible projects include cleanerieag for on-road
and off-road vehicles, marine vessels, locomotiaes, stationary agricultural pumps, as
well as for forklifts, airport ground support equipnt, and auxiliary power units. The
program also supports light-duty vehicle scrappi@gants are based on the cost-
effectiveness of the capital cost of achieving supgulatory emission reductions.
Determinations vary by air-quality management distr

Measures of Effectiveness

The Carl Moyer Program measures reductions ofr@itand toxic pollutants achieved in
excess of reductions that are occurring from reageyacompliance. Grants are based in
part upon the emission reductions to be achievedrdmg to prescribed procedures of
calculation. Those reductions must cost less piascribed amounts, per ton of
reduction.

Calculations and statistics for cost per ton hasebeen kept for reductions of GHG
emissions that have been incidental to reduceedr@iaind toxic emissions.
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Program: Driveclean.CA.gov(www.driveclean.ca.gov/en/gv/driveclean/demoprsg.a

Sponsors: Directory of several government agencies

Funding source: Particular to the agency providing the incentive

Sectors supportedTransportation

Activities supported:Incentives to purchase and use EVs, hybrids &h@ €ehicles

Geographic limits: Particular to the agency providing the incentive

Funding Particular to the agency providing the incentive
Grant amount: Particular to the agency providing the incentive

Grants as percent of application®o data available

Overview

Incentives offered for purchasing EVs, hybrids &NiG vehicles; fueling infrastructure;
and vehicle parking. Funding is available from Fajeegional and local governments.

Measures of Effectiveness

N/A
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Program: Grants.gov (www.grants.gov/search/category)do

Sponsor: Multiple Federal agencies

Funding source:Particular to the granting agency

Sectors supportedAgriculture, electricity, new technology, transgdion.
Activities supported: Particular to the granting agency

Geographic limits: US

Funding Particular to the granting agency

Grant amount: Particular to the granting agency

Grants as percent of applicationsParticular to the granting agency

Overview

This is a directory of all Federal grant programsluding the Federal Department of
Energy (DOE).

Measures of Effectiveness

N/A
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Program: Innovative Clean Air Technologies (ICAT) Grant Progam
(www.arb.ca.gov/rsearch/icat/icat.htm

Sponsor: CARB

Funding source:Research Division of CARB

Sectors supportedNew technologies, including those that reduce Gifiissions
Activities supported:Demonstrations

Geographic limits: Supported technologies must be usefCatifornia

Funding Up to $1 million per year
Grant amount: $200,000 average

Grants as percent of application& percent to 10 percent

Overview

ICAT co-funds practical demonstrations of innovattechnologies that can reduce air
pollution, including GHGs. Its purpose is to adeaisuch technologies toward
commercial application in California, thereby rethgcemissions and helping the State’s
economy. ICAT seeks technologies that are nomgketed but are substantially ready
for practical demonstrations of their utility totpatial users. It focuses on co-funding
such demonstrations. It does not support RD&D ihabt intrinsic to performing a
particular demonstration, or marketing activities.

Measures of Effectiveness

The following table compares statistics from ICAIddour grant programs by various
State and Federal agencies. The statistics caietved as measures of the effectiveness
of grant funds or of the quality of the technolagikat were selected for support.
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Table 1. Program Evaluation Statistics

Annual Sample Commer  Timeto  Benefit; And
Grants Size cialization Sale * Costn Revenue [ ley
(MM$/yr) Rate aie $ Granted |
SBIR 100's 25% * ~4 yrs
ATP 145 100's 8:1
PIER 62 34 1.31t03.4:1
CalTIP ~5 75 31% 2 yrs 3 Iyr
ICAT ~0.9 15 53% 1.7 yrs 1 fyr M

* >$300,000 revenue

# Defn of "Time 0" varies.
N Defn of "benefit" varies.
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Program: New Solar Homes Partnership
(www.gosolarcalifornia.ca.gov/nshp/index.hjml

Sponsor: CEC

Funding source:CEC

Sectors supportedElectricity
Activities supported:Incentives for installation of solar photovolia new homes

Geographic limits: Service areas of PG&E, SDG&E, SCE and Bear Vallegtec

Funding $400 million over 10 years
Grant amount:No experience yet
Grants as percent of application®o experience yet

Overview

The CEC will manage a 10-year, $400 million progtarencourage solar in new home
construction. The program will target single famlbw-income, and multi-family
housing markets. Eligible projects include singlae multi-family developments where
at least 20 percent of the project units are reskefor extremely low, very low, lower, or
moderate income households for a period of at Wagears. Strict standards for energy
efficiency will be applied. Depending on the tatetalled photovoltaic capacity in the
State, the proposed subsidy will be $0.25 to $pdi0watt.

Measures of Effectiveness

The goal for the entire CSI program is 3,000 MWheWv solar photovoltaic capacity
installed by 2017, and the New Homes Solar Patieis the subset of this program
managed by the CEC. It is too early to report m@asurable progress toward the goal.
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Program: Public Interest Energy Research Program
(www.energy.ca.gov/pier/index.htjnl

Sponsor: CEC

Funding source:Investor-owned utility ratepayers

Sectors supportedAll sectors

Activities supportedRD&D
Geographic limits: US

Funding $62 million per year

Grant amount: Varies by program area

Grants as percent of application®/A

Overview

PIER supports energy RD&D projects that will brergvironmentally safe, affordable
and reliable energy services and products to thi&et@ace. The PIER Program partners
with other RD&D organizations that include indivals, businesses, utilities, and public
or private research institutions. PIER suppores¢hRD&D program areas, some with
contracts and others with direct grants:

Buildings End-Use Energy Efficiency
Climate Change Program
Energy Innovations Small Grant Program
Energy-Related Environmental Research
Energy Systems Integration
Environmentally-Preferred Advanced Generation
Industrial/Agricultural/Water End-Use Energy Efeicicy
Natural Gas Research
Renewable Energy Technologies
Transportation Research

Technologies supported by PIER address the follgwimals:
Reduce the cost (and increase the value) of atagtri
Increase the reliability of the electric system
Reduce the environmental impacts of electricityagation, distribution and use
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Enhance California's economy
Demonstrate a connection to the market

Advance science and technology not provided by &titiyve and regulated
markets

Measures of Effectiveness

The following comments are taken fromladependent PIER Review Panel Interim
Reportpublished in March 2004

“Since PIER’s inception in 1998, a total of abo@6® million has been encumbered
for research contracts. A review of contracts ctatga through 2002 revealed a
total of 20 commercialized products with projecheshefits of $221 to $576 million.
The benefits are significant in comparison to ttaltcontract disbursements of
about $125 million between 1998 and 2002, resuliting benefit-to-cost ratio
between 2 and 5 to 1.The Independent Review Panel believes that exaept f
minor issues the current PIER research portfoliovedl focused, addresses issues
relevant to California as outlined in the Energytidn Plan, meets PIER objectives
and is well balanced.”

As illustrated on Table 1 of this Appendix, PIERgge return of 1.3 to 3.4 dollars for
every dollar of PIER funds invested.
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Program: Low Emission School Bus Program
(www.arb.ca.gov/msprog/schoolbus/schoolbus)htm

Sponsor: CARB

Funding source: 2006 Proposition 1b State Bonds

Sectors supportedTransportation
Activities supportedincentives

Geographic limits: California

Funding $200 million
Grant amount:No experience yet

Grants as percent of applicationsNo experience yet

Overview

Proposition 1B, the “Transportation and Air Qualtgnd, approved in November, 2006
provides $200 million for replacing and retrofitfischool buses. These funds are not
available until appropriated by the California Lelgture, which is expected to occur
after the Legislature reconvenes the 2007-2008 Re@ession in January, 2008.

The terms for making grants under the new progralirbe/ proposed by CARB in the

near future. Under the previous version of thegmm (funded at $25 million in 2006),
half of the funds were used for new school buspases and half were used for in-use
diesel bus retrofits. CARB was directed to alledsie new bus purchase funds to replace
pre-1977 model year school buses, in order of dloes first.

Measures of Effectiveness

No experience yet. However, one useful measuld@ithe estimated GHG emissions
avoided by early retirement of old buses with nfaed-efficient (and, possibly,
alternative-fueled) buses.

9-23



ETAAC Report Discussion Draft — Released 11/15/07

Program: Small Business Innovation Research (SBIR) & Small Bsiness
Technology Transfer (STTR) (www.science.doe.gov/sbir

Sponsor: Eleven large Federal agencies (DOE is highligh&ldw); coordinated by the
Federal Small Business Agency

Funding source:Federal agency R&D budgets

Sectors supportedAll sectors
Activities supported:Basic Research and R&D
Geographic limits: US

Funding SBIR (2.5 percent of agency research budgefS)RS0.3 percent per agency)

Grant amount:Research (up to $100,000); R&D (up to $750,000)

Grants as percent of applications (DOBResearch (20 percent); R&D (50 percent)

Overview

SBIR and STTR are U.S. Government programs in whadteral agencies with large
R&D budgets set aside a small fraction of theialtéinding for solicitations earmarked
for small businesses. The major difference betwkemprograms is that STTR projects
must involve substantial (at least 30 percent) eoaip/e research collaboration between
the small business and a non-profit research utistit. Small businesses that win awards
in these programs keep the rights to any technalieygloped and are encouraged to
commercialize the technology.

The Federal agencies participating in SBIR and S$é&Raside 2.5 percent and 0.3
percent, respectively, of their annual extramu&@DRbudgets. For the DOE in FY 2005,
these set-asides correspond to $102 million anch§illdn, respectively.

Each October, DOE issues a solicitation for smadliesses to apply for SBIR/STTR
Phase | grants. It contains technical topics seaech areas such as Energy Production
(fossil, nuclear, renewable and fusion energy) rgné&se (buildings, vehicles, and
industry), Fundamental Energy Sciences (matetifds.environmental, computational,
nuclear and high energy physics), Environmental Ag@ment, and Nuclear
Nonproliferation. Grant applications submitteddoyall businesses MUST respond to a
specific topic and subtopic during each annual cgodicitation.

SBIR and STTR have three distinct phases. Phasgldres the feasibility of innovative
concepts with awards up to $100,000 for about 9thsonOnly Phase | award winners
may compete for Phase I, the principal R&D efferith awards up to $750,000 over a
two-year period. There is also a Phase lll, incwmon-Federal capital is used by the
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small business to pursue commercial applicatiorib@R&D. Also under Phase llI,
Federal agencies may award non-SBIR/STTR-funddldwfeon grants or contracts for
products or processes that meet the mission née¢ldese agencies (or for further R&D.)

Measures of Effectiveness

SBIR measures "success" in terms of the fractidiPbise 2” products that provide a
minimum of $300,000 in revenue. The recent progeiccess rate is reported to be 25
percent. It often takes four years or so aftesehgrants that revenues begin
accumulating.

SBIR also mentions an "environmental metric" thatiid count "pollutant reductions”
and/or cost savings, but that apparently is noirgatpractice. No general protocol for
producing such a metric is presented in the matitrdéd CARB staff received.
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Program: Global Climate and Energy Project (GCEP)

Sponsor: Stanford University

Funding source:ExxonMobil, General Electric, Schlumberger, and dtay

Sectors supportedAll sectors
Activities supported:Research

Geographic limits: None

Funding $225 million over 10 years
Grant amount: Average $1.2 million

Grants as percent of applications:

Overview

The Project's sponsors will invest a total of $2a@Bion over a decade or more as the
GCEP explores energy technologies that when deglogea large scale are efficient,
environmentally benigand cost-effective. Here are GCEP's specific goals:

- Identify promising research opportunities for lomtssions, high-efficiency
energy technologies.

- |dentify barriers to the large-scale applicatioritidse new technologies.

- Conduct fundamental research into technologieswiibehelp to overcome
these barriers and provide the basis for largeesaaplications.

. Share research results with a wide audience.

GCEP sponsors research at Stanford and other tpadiversities and research
institutions. It does not sponsor research byragtenstitutions, businesses or
individuals.

Measures of Effectiveness
N/A
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Program: Technology Advancement Programyww.agmd.gov/tao/About/index.htinl

Sponsor: South Coast Air Quality Management District (CSAD)

Funding source:Vehicle registration fees, regulatory violatia@itements, State
Federal grants

Sectors supportedTransportation
Activities supported:R&D, demonstration projects and incentives

Geographic limits: South Coast Air Basin (the greater Los Angelesar

Funding $9 to $15 million per year
Grant amount: Ranges from $6,000 to $3 million

Grants as percent of applications:

Overview

The Technology Advancement Program expedites theloement, demonstration and
commercialization of cleaner technologies and cleaming fuels. It uses cooperative
partnerships with private industry, academic arsg@aech institutions, technology
developers, and government agencies to cospongiects intended to demonstrate the
successful use of clean fuels and technologieddhegr or eliminate emissions. The
supported technologies are chosen to provide emnissductions in the SCAQMD in the
context of the district’s emission-reduction stgads.

Typically, SCAQMD public-private partnerships effizely leverage public funds,
attracting an average of $3 from outside privateces for every public sector dollar
contributed.

Measures of Effectiveness

As of 2004, twelve technologies supported by tieamlitechnologies program had
become commercialized.
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Program: Alternative and Renewable Fuel and Vehicle Technolyy Program (AB
118)

http://info.sen.ca.gov/pub/07-08/bill/asm/ab_010bWab 118 bill 20071014 chaptered.html

Sponsor: California Energy Commission

Funding source:Vehicle registration fees

Eligible business and technology areaSee “Overview”.Details TBD
Functions supportedTBD

Type of support TBD

Economic sectors affectediransportation, energy production
Geographic limits: TBD

Funding TBD

Grant amount: TBD

Grants as % of applicationsNo information

Overview

The bill (as yet unsigned) creates the Alternatind Renewable Fuel and Vehicle
Technology Program to provide grants, loans, lazrgntees, revolving loans, or other
appropriate measures to develop and deploy innavéiel/vehicle technologies to
reduce exhaust emissions of &fom future vehicles. Recipients of the awards loan
public agencies, businesses and projects, puliliatprpartnerships, vehicle and
technology consortia, workforce training partnepshand “collaboratives”, fleet owners,
consumers, recreational boaters, and academituinstis. The funding will depend on
future legislative appropriations.
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Appendix IV: Background Status Report on Energy Technologies

A. Energy Efficiency -- Next Generation LEDs

Energy efficiency technologies abound in all madesttors and end-uses. The
California IOUs’ emerging technology programs doesely coordinated with the CEC’s
PIER program -- as well as universities, natioahk| technology providers, consulting
firms, and venture investors -- to identify and coencialize new measures to renew the
energy efficiency portfolios, i.e. fill the pipenas existing technologies achieve market
penetration. One of the most promising near-tgppoatunities for California are
advances in Lighting emitting diodes (LEDs).

These advanced lights are solid-State devicestratert electricity to light. LED lights
are up to 10 times more efficient than standardndescent lights (which waste up to 90
percent of their energy as heat) and use 10 petc&fl percent less electricity than
compact fluorescent bulbs (CFLSs), the present t@olgy of choice for those looking to
become more efficient. Moreover, LED lights arercoey free (unlike CFLs), and are
therefore more environmentally-friendly and safeoices for homes and office
buildings.

Early applications of LED have been for red exginsi and traffic signals, though they are
also used for airport runways, exit signs and osiggmage, typically displacing neon
signs. Red and green traffic light LEDs have alyeaached commercial maturity.
White LEDs are entering niche markets such asl @itplays, under-cabinet kitchen
lights, and backlighting for liquid crystal dispggn laptop notebooks. HP, Apple, and
Dell have committed to releasing backlit LED mon#oreens in 2007.

Technological Developments

High wattage LED white lights suitable for genaliaimination are several years from

full market commercialization. These lights ar@ected to reach early adopters by 2008
and reach mass market within the next 5 to 10 ydaraddition to energy savings from
LEDs, the co-benefits associated with this lightieghnology include economic
development since significant numbers of LED mactufigers are California companies.
As policies and regulations make way for imprové&DLimplementation, this benefits

the State not only in energy savings and emisgiahsctions, but also in spurring job
creation.

CO, Abatement Potential

The total technical potential from emerging comnaricED lighting in California
(2006-2016) is estimated to be 297 MW and 1,312 &Wh

Technology-Specific Barriers
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Technological:Continuous improvement in lighting quality is neéde expand LED
technology applications.

Financial: Although LED prices are dropping, bulbs remain mexpensive in up-front
costs. In addition, LED lights may also requireedesign of an existing lighting system,
yet another additional expense.

Institutional: While LED lights can last 10 to 15 years in normsg¢ -- and make

financial sense on a lifecycle basis -- consumédrs make purchase decisions based on
payback period are reluctant to invest in LED lightdue to higher upfront cost. In
addition, the decision makers (e.g. builders andltzrds) are not necessarily the end-use
customer who pays the electric bills, and thus hrevencentive to pay higher cost for
energy efficiency unless there are other compehaagons such as getting LEED-
certification.

Regulatory:While not specific to LED lighting, the longer temenergy efficiency
funding and crediting issue described above appied energy efficiency programs and
thus indirectly impacts LED savings achievement.

B. Wind Power

Wind power can be harnessed by small on-site eégtgenerators or large “wind
farms” comprised of dozens or even hundreds oklatdity-scale turbines operated as a
single large generating station.

The total installed capacity of California wind pevutility-scale generation is 2,376
MW.* The areas with the highest wind potential ar€afifornia are the Altamont Pass
east of San Francisco, the Montezuma Hills in Sof@aunty near Rio Vista, San
Gorgonio Pass near Palm Springs, and the Tehablapitains near Bakersfield. The
Altamont Pass and San Gorgonio resources are tedynfially developed. The
Tehachapi resource is the largest in the State, avibtal additional undeveloped
potential estimated at 4,500 MW. According to @tC, in-State wind farms produced
4,927 gigawatt hours (GWh) of electricity in 200&alifornia also imported 443 GWh
of wind energy from out-of-State that same yeae TEC map below illustrates
California’s wind resources.
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California Wind Resources
Annual Wind Power at 50 Meter Elevation

Legend
Power D ensity at 50 m
NREL Chss Wm2
<100
100 - 200
200 - 300
300 - 400
400 - 500
500 - 600
£00 - 800

=800

JSILEREAQENERGT SIATE CA U3

Source: Dvorak, M.J., Jacobson, M.Z., Archer, QA007): “California Offshore Wind Energy Potential.
Proceedings from Windpower 200&merican Wind Energy Association Windpower 200nf€rence &
Exhibition, Los Angeles, CA: June 36, 2007.

Preliminary data suggest that there exists a handeuatapped potential for more than
100,000 MWs of offshore wind power, particularly of the Northern California
coast. Unfortunately, ocean depths off the Calitoooast have made building towers
prohibitively expensive.

Wind is very effective in displacing fossil fuetspwever, wind is an intermittent
resource. Generation is dependent on when the iwibldwing. Therefore, great care is
used in siting wind facilities in areas with highdapredictable winds. Given the variable
output nature of wind, there is a need to ensuatitlis efficiently integrated into the

grid. Recently, forecasting tools have been deesldo better schedule wind production
into the grid.

California’s wind resources are driven by the terapege differentials between the cool
coastal air and hot inland valley/ desert air. Whes warm along the coast (during
peak) there is usually very little wind availablEhere can also be a challenge at night
(off-peak) when many wind areas in California exgece high production. The grid
needs to accept all of this wind generation in tiea. A problem can arise under
minimum load conditions, especially when this gatien exceeds the supply and
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demand balance. Shifting demand to off peak arwéating energy storage is an
effective way of addressing this issue.

There are several studies underway examining homtégrate additional large quantities
of intermittent resources into grid operations.e Talifornia Energy Commission just
released its 375-padetermittency Analysis Project: Final ReporThe CA ISO, which
manages statewide transmission services, is fimysan integration study looking at the
operational impacts of increasing intermittent gatien sources such as wind power
onto the California grid.

Technological Developments

By 2030, it is estimated that innovations undertgaturbine design and size will yield
both higher capacity factors and lower costs ostmetion. (A capacity factor is a
measurement of how frequent intermittent capaatyegates energy as a function of
time.) This is true for both on-shore and off-ghturbines. Capacity factors for on-
shore turbines are expected to improve by 5 tor@epgéage points while capital costs are
projected to decline by 10 percent by the 2030 frame. Utility-scale turbines of 1-3
MWs are already commercially available. Larger mel are expected to be installed in
the 2010 to 2020 timeframe.

CO, Abatement Potential

Wind power does not emit any greenhouse gasesteri@mpollutants. In 2006, wind
turbines generated 5.37 million MWhsf power. The CEC has estimated a total
technical potential of 99,945 MWs of wind genergtaapacity (including both high-
speed and low-speed wind) in California, which $tates into an energy generation
potential of 323.94 million MWh&. Wind power developments at California terrestrial
sites could offset an estimated 130 million metwits of CQ.2 It is important to note that
these figures to not capture the equally largeneds of potential of off-shore wind
resources.

Technology-Specific Barriers

Wind development shares the barriers faced byeabwable technologies, described in
the Policy Game-Changers Section. There are samets that are specific to wind
development.

Requlatory Despite the availability of better wind technologyere exists a lack of
progress in replacing aging wind facilities withaneechnology through repowering. This
barrier is closely related to permitting issuesn@projects face some permitting hurdles
that are quite specific to this renewable energhrielogy. The three main issues include
radar interference at military bases, view shethaéiss, and wildlife impacts on birds
and bats. Radar is a relatively new issue thastegaced in connection to a new
generation of digital radar systems. There isfwsoe fix, the cost of which can be
abated if spread out across multiple wind proje¢isw shed issues are typically an issue
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when wind development projects are proposed neat teear protected land -- such as a
nature reserve -- or near a recreation area. @iddbat mortality have become a large
issue in the Altamont Pass, but not elsewhere.

Generally, study protocols for bird impacts havedme standardized and are used at
most newly developed wind project sites. Traifornia Guidelines for Reducing
Impacts to Birds and Bats from Wind Energy Develapiis in the final drafting stages
at the CEC and represents the most thorough saiviye science and the best way to
address wildlife concerns. These guidelines, oxopted, will be optional to wind
developers. California has not adopted the aggresgnd repowering policies similar to
those that have been successful in European URepowering existing sites with
aesthetically advanced new technology will enhaetability as well as reduce avian
mortality.

Financial: The federal Production Tax Credit (PTC) provideslianefits for the
production of wind generation which has helped cemmalized the technology.
However, due to its serial short duration, it hiae areated a boom and bust cycle that
has a demonstrable affect on cost and availalmfityind technology. A long term PTC
would provide developers and turbine manufacturés avstable market lowering cost
and providing a sustainable market.

Institutional: Wind turbine availability is driven by world-wideechand. California wind
developers must compete for wind turbines in agridtional market. Therefore it is
imperative that California policies provide fortalde long-term market.

C. Geothermal Steam

Geothermal steam can be used to generate power ithtility-scale plants or in direct
use applications, such as space heating and vartoasiercial and industrial heat
applications. Another technology to use the earti@at is geothermal heat pumps, also
called “geoexchange.”

California has the largest developed geothermaluregs dedicated to electricity
production in the U.S. at approximately 1,900 M@EC studies have shown the
potential for an additional 2,900 MWising conventional flash and binary technologies
in known resource areas. The US Department of restymates California resource
potential at between 12,200 and 15,100 MW4n 2006, 4.7 percent of California’s
electric energy generation came from geothermalgp@lants. This amounted to a net-
total of 13,448 GWh generated from in-State geotiaresource$' Today there exist
fifteen geothermal projects in some form of devatept, which will amount to an
additional 921.3-969.3 MW of capacity.

The major identified geothermal resource areakerState are: the Geysers north of San
Francisco, Northeastern California, Western NevdtaMammoth Lakes area, Coso Hot
Springs in Inyo County, and the Imperial ValleyhelCity of San Bernardino has one of
the largest geothermal district heating projectslanth America. That project heats 37
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buildings with fluids sent through 15 miles of dipes. The CEC map below illustrates
the known geothermal resource areas in the State.

California
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Technological Developments

Investing in R&D to improve geothermal power corsien technologies could help
expand new renewable energy resources from thenfwlg:

Lower-Temperature Resourcebnproving the heat-transfer performance for
lower-temperature fluids (below 2°B) in order to make lower-temperature
geothermal resources more viable. There couldt@smpportunities to use hot
water, available in large quantities of up to Z8.@r more from existing oil and
gas operations.

Higher-Temperature/Supercritical Resourcd3eveloping plant designs for
higher resource temperatures to the supercritieéémregion could lead to an
order of magnitude (or more) gain in both reserpeiformance and heat-to-
power conversion efficiency.

Enhanced Geothermal Systeni®eservoir technologies focusing on enhanced (or
engineered) geothermal systems (EGS) could poligrdizable an enormous
potential resource for primary energy recovery g$iaat-mining technology,

which is designed to extract and utilize the eartitbred thermal energy.

CO, Abatement Potential
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Geothermal power production does not emit any GiH&iteria pollutants, except for
geothermal systems using water cooling (which nragyce limited emissions from the
evaporating water, approximately 60 pounds per matishour of CQ.*®) Based on
DOE estimates of total potential, the committeeesies that geothermal has the total
potential to offset 37 million tons CO2 per year.

Technology-Specific Barriers

Geothermal development shares the barriers facedl bynewable technologies,
described in the Policy Game-Changers Section.reTéw@ some barriers that are specific
to geothermal development.

Technological Significant advances in exploration technology meeded. Resource
assessment work supported by the US Departmehedhterior and Department of
Energy can help overcome the initial barrier totheomal development. The US
Geological Survey is undertaking a new resourcessssent, updating the last
assessment which was completed in 1979. The nssssiment, however, will not
examine new technologies and their potential inf@alia, nor will it examine direct
uses, heat pumps, or other non-conventional gautileesources (like oil field co-
production or geo-pressured resources). The CBGIdlsupport its own complementary
assessment to examine California’s geothermal piaten a more comprehensive and
up-to-date manner.

Financial Resource exploration and identification expensiviéh an upfront cost of at
least $2 million per site, to secure or lease kglats even before exploration. Improved
development of exploration tools and technologyasded to lower costs. Roughly one-
half of the cost of a geothermal project is esteddiy the GEA to be related to
subsurface exploration and resource characterizafiliese costs also raise the greatest
risk to investors, and are usually not financeal@est-shared exploration drilling by the
Department of Energy has successful in the padtisabeing proposed for expansion in
HR2304 now under consideration in the US Congress.

Institutionat There are a wide variety of geothermal resowped in California, but
there are a restricted number of capable exploramtities. The Bureau of Land
Management (BLM) rarely issues these leases bedisagnsure of the geothermal
development potential. Since its pre-lease proogssiquirements of the agency are
significant, this has stunted growth of the Staggethermal industry. Moreover, given
the BLM’s limited resources and growing public dews on the agency, geothermal
leases have not been a high priority. A betterfate between California and the BLM
may help in addressing this issue. Moreover, tpddtment of the Interior must
enhance the ability of the BLM to modernize itssieg practices and capabilities.

California has no effective policy to support gemthal energy development. The CEC

Energy Plan has only a few geothermal-specificqpedi and the State has no geothermal
plan comparable to its biomass, solar and windkiives. The California Geothermal
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Collaborative, a research and development eff@psted by the CEC’s PIER Program,
has proposed that such a plan be developed focasiagdressing the barriers to
developing new geothermal resources in the State.

C. Diverse Solar Energy Applications

The daily load shape of both distributed instadiasi and utility-scale solar plants,
matches that of the entire grid roughly 65 peroéithe time, making a valuable resource
for “shaving the peak”, especially during hot manthiHow much electricity a solar
system produces depends on the quality of the sadiaition where the system is located.
The figure below* shows solar quality for California and the entitgited States.
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California has hosted the largest concentratiosotdr generation in the world for almost
two decades. California is the clear national éead solar photovoltaics (PV). And until
the construction of the 64 MW Solargenix solar pilarNevada, was home to the only
utility-scale concentrated solar plants in the ¢dounLarge opportunities also exist for
distributed solar gas-saving technology in Califari©€onsequently, this analysis
examines the total solar energy potential througtioai State.

Concentrated Solar Power

According to the National Renewable Energy Labasa(blREL)', technical estimates
of concentrating solar power (CSP) potential inifGatia are phenomenal: 877,204 MW
of capacity able to generate 2,074,763 gigawattshpar year. Throughout the
Southwest (AZ, CA, CO, NV, NM and TX), NREL estireata total technical potential
of 6,877,055 MW of solar capacity. Interestinghpagh, California has enough CSP
potential to provide many times that State’s owmaed for peak electricity.
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Parabolic trough technology has seen incremenaldaements and is being used as part
of a revival of interest in utility-scale solar theal power plants. Other technologies
originally tested in California in the 1980s an®@8, such as solar “power towers” are
also being revisited with modernized versions peggbto be installed in the Mojave
Desert. Newer technologies such as concentratingppoltaics are also attracting
investment and attention. Deployment of all ofsthéechnologies in sufficient volume

will produce significant C@reductions as the displaced on-peak generatioftaa the
most polluting in California’s power supply portiw!

California is home to 354 MW of parabolic trougls®ms, divided into nine power
plants, called the Solar Energy Generating Sys®EGS). These plants began
construction in 1985 and construction was completek®91. On July 25, 2007, PG&E
announced the largest solar power purchase agreéemibe world — a 553 MW
parabolic trough plant in the Mohave Desert. Thaafis scheduled to be constructed
and fully operational in 2011.

Located near Barstow, California, the 10 MW “Sdlare” generated electricity between
1982 and 1988. A retrofit dubbed “Solar Two” theyermated from 1998 to 1999. To date,
there is not one commercial power tower facilityreatly in operation in California,
though the new PG&E contract features next gerargtower tower technology of
modular and sufficiently smaller scale design. &tedthere are no dish-engine systems
in operation in California either, though SCE amiG&E in 2005 signed power
purchase agreements for 500 and 300 MW dish-emsyistems, respectively. To date,
there are no Concentrated PV systems (CPV) in tiparim California, though a few
have been proposed in utility RPS solicitations afew other CPV projects have been
announced.

Technological Developments

New versions of each of CSP technologies are utelslopment or construction. New
parabolic troughs plants will likely employ moltealt 2-tank storage systems, which will
have the ability to retain heat efficiently to puoe electricity off-peak for up to 12
hours® Several demonstration power tower plants have beestructed and operated
throughout the world. An 11 MW power tower plaR§-10 opened in Seville, Spain in
2007. New developments of power tower technologl@PV systems are underway.
Linear Fresnel systems are in the development stagere attracting some attention.
For all CSP technologies, the key challenge isnrove efficiencies to drive down cost,
further technology development, and then manufadiua larger scale. Better methods
for energy storage could accelerate near-term dpuent.

CO, Abatement Potential
Solar power production does not emit any GHG dega pollutants, and provides

valuable peak power. Based on NREg&stimates of total potential, CSP has the potentia
to offset 835 million tons of C{per year.
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Technology-Specific Barriers

CSP development shares the barriers faced byraivable technologies, yet there are
some barriers quite specific to these forms ofrsateergy development.

Technological Dish-engines have significant maintenance chg#erdue to many small
engines (one per dish), and challenges of usingdgygeh as a working fluidParabolic
trough and power tower systems have to date besledcasing water. Troughs, if wet
cooled, require 739 gallons per megawatt-hour émling and 37 gallons per megawatt-
hour for cleaning the mirror§.Power towers require 739 gallons per megawatt-fayur
both cooling and mirror washirg. Both power towers and troughs can be dry-cooled
with some loss in efficiency (and consequent aogtease). Developing technologies are
employing dry cooling in their design with verytlit loss of efficiency. Dish-engine and
CPV systems are air-cooled and only require watemirror washing.

Financial: The up-front capital cost is greater for concatiig solar systems than other
renewable energy sources. Concentrating solar ppregects are eligible for a 30
percent Federal investment tax credit througheldzer 31, 2007, at which point the tax
credit expires. Property tax credits would helpdowhe developers’ cost and their power
prices. Finally, establishment of manufacturingestment credits (MIC) to encourage
manufacturing and assembly in California, as opgdsether States.

Institutionatl There is a lack of recent, available experiencgeveloping, constructing,
operating and permitting concentrating solar plail@sme technology types do not have
long-term operating history or have been builtarge-scale installations. There also
exists a lack of understanding and training falitytprocurement officers and decision-
makers of the unique attributes and benefits otentrating solar power. A clear
understanding of the technology is an institutidsetier that must be overcome with
time and adequate training.

Solar Photovoltaics

PV technology is the direct conversion of sunligiib electricity. Solar radiation is of
very high quality throughout most of California.&&entral Valley and Southern
California receive 5 to 7.5 kWh/m2-d&y. California has the largest concentration of
photovoltaic installations in the U.S. Most sysseane distributed on homes and
commercial sites. Some large-scale systems dt éxéslargest to date being the 3-
megawatt installation at Sacramento’s retired Rarfdfco nuclear power plant.

California has a long history of policies to sugptevelopment of the solar industry. At
present, there are about 198.2 megawatts of grideied PV systems in Califorrfia.

In 2006, the legislature passed Senate Bill (SBYHich created a $3.2 billion, 10-year
program with guaranteed funding. This programaited the California Solar Initiative
(CSI). The CSI awards incentive payments baseactral or expected energy output,
and therefore encourages technology innovatiorcastireductions.

Technological Developments
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The production of electricity from semiconductoli€@as increased dramatically
worldwide. Advances in silicon have enabled PV texdbgy to achieve efficiencies of
between 20 and 22 percent. Despite the recentagjeoin silicon -- and subsequent price
increase -- manufacturers expect a 50 percentedagttions in the near term as new
polysilicon factories come on-line and as manufactuprocesses continue to improve.
Manufacturing cost reductions are due to thinnefieveabeing cut with a thinner saw
wire, higher efficiency cells with fewer proceses, smarter panel design with auto-line
production, and smarter systems design. Additicnat reductions will come from
improvements in crystal growth technology, improeens in cell processing technology,
new lower cost silicon refining technologies, andreased manufacturing scale — from
200 MW to 500 MW plant sizé?

Technological advancement is occurring in thin fifYf to improve the efficiency,
durability and performance, and reduce costs. taten of solar PV into building
construction can reduce the cost of installatiomictvis a significant cost barrier to
widespread adoption.

CO, Abatement Potential

The CSI sunsets in January 2017, at which poistptojected that 3,000 MW of solar
PV will be on-line cutting 3 MMT C@per year. The CEC has estimated a technical
potential in excess of 74,000 MW of potential s&&t capacity on existing residential
and commercial buildingS. These figures suggest a substantial untapped gaitiar a
greatly expanded solar PV portfolio with the pot&rtb provide an estimated 74 million
tons CQ reduction per year.

Technology-Specific Barriers

Technological The global demand for silicon to make PV panels $kyrocketed over
the last few years, from a combination of boomirggldwide computer and solar
industries. Demand has created a global shortagdiaiin, which has contributed to
higher costs.

Financial Solar PV is expensive technology. Customer-ownédydtems purchases are
supported by a combination of government or utflitpvided incentives including —
rebates, tax credits, net metering and exemptiams tertain fees — and private
investment. Additionally, there is a lot of cosilbunto “balancing the system”. This
includes Rule 21 interconnection, net metering, sitedspecific installation.

Institutionat There still exists a fairly widely held beliefahsolar is unattractive or
unreliable, though this is changing with time ahne growing acceptance of solar and
environmental, or “green”, building design.

Regulatory Stability is very important to the future of soRY in California. The
existing policy framework needs to continue inte fhture and adjust to other potential
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future policies. In California, a multitude of emtives exist to support solar PV. Grid-
connected solar systems are exempt from exit &#asdby charges, and are eligible for
net metering. The authorizing legislation that tedahe CSI raised the net metering cap
from 0.5 percent to 2.5 percent of peak electemand. In January 2007, the CPUC
ordered that renewable energy credits that anbatéible to power produced from a
distributed PV system fully belong to the ownettudt PV system?

Solar PV installations for one building must be mected to one meter as a matter of
State policy. This has created problems in muitt;umulti-meter buildings. For
example, the legislature has required individuatersefor all dwelling units in multi-unit
buildings. The intent of this legislation is sotth@sidential customers receive the correct
economic price signals to make energy efficienayisiens appropriately. As a result,
each unit currently must have its own inverter #resolar generation must be split into
these inverters and interconnected behind eachrmdieeh increases costs for multi-unit
dwellings. The CEC, CPUC, as well as the utilitid® solar community and low-income
community have been grappling with this issue, ¢iothere is no clear solution at hand.
Regulators and legislators should investigate wayget solar benefits to multi-unit
dwellings without losing the other benefits of midual metering.

Solar Water Heating and Advanced Solar Thermal

In a solar water heating system, solar energyllsated in a rooftop collector. A typical
residential solar water heating system requiresratdive square meters of unshaded
roof space. The solar collector array transfers tieaugh the heat exchanger to a water
storage tank. Hot water is pumped from the stotagk through the manifold to the
system components that are calling for hot wateis stored in a storage tank for later
use.

Advanced Solar Thermal (AST) systems collect stblarmal energy through a rooftop
collector, just as with solar water heating syste®ST systems are used for space
heating and cooling, process heating and cooliistyict heating and cooling and large-
scale domestic hot water. Solar-heated watethgrused in a space heating or
industrial process application, or run through dlehto create solar space and process
cooling. Solar cooling can be used in lieu of altg system powered by electricity,
providing a huge opportunity to cut electric aindgioning demand in the hot summer
months. AST systems can also provide domestic ateénas a by-product of any cooling
or heating system, or as a large-scale hot watlgrsystem.

Solar Hot Water and Advanced Solar Thermal in Calibrnia

NREL estimates that, in California, 65 percentesidential and 75 percent of
commercial buildings could be outfitted with sotatlectors for hot water systems and
for AST system$® Solar radiant space heating and hot water systiset to be
prevalent in California before customers had actegas for heating in the early to mid-
20" century. There is a small distributed solar whtsating industry in California.
Summertime cooling loads make up a substantialgrodf the total peak demand during
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summer months, particularly in Southern Californide potential to offset this load
with AST cooling systems is huge. Despite the pidi& only a few AST systems
currently exist in California.

Technological Developments

Solar hot water and AST systems are commerciabyl@vle, constructed using readily
available off-the-shelf technology, and deployewtighout the world. China, Japan,
India, Korea, Israel and the European Union usarsbermal extensively both for solar
hot water and AST. The 46 million solar hot watgstems around the world have a
combined capacity of about 88 GWth.

CO, Abatement Potential

NREL released a stuRin March 2007 of the potential for solar hot watety systems
to reduce demand in residential and commerciatngk in the U.S. The calculated
technical end-use energy and GHG savings potdnti&loth residential and commercial
sectors in California was estimated to add up ®ttillion Btu and 7.8 to 8.6 MMT C®
The advanced solar thermal industry currently esis 15 to 35 MMT C&reduction
potential from AST systems.

Technology-Specific Barriers

Financial: Power is still relatively cheap which has hadefect of dampening demand
for alternatives. A major financial barrier is@ls regulatory barrier, which is the
absence of a State program or incentives to sputdelielopment of a distributed solar
thermal industry in California. The only incentitreat exists currently is a $3 million
solar water heating only pilot that is currentlyngeadministered by the California
Center for Sustainable Energy.

Institutionat A major barrier for AST is simply a lack of awasss and familiarity of the
technology. People just don’'t know about it. Bg early 1990’s, the AST market was
rapidly developing in Europe, but far less so thaadful of companies in the U.S. The
AST is now positioned to rapidly develop the U.&rket using time tested technology
designed and installed by proven performers.

Requlatory There are no programs or incentives in Californiaupport solar hot water
or AST systems, apart from the CCSE pilot and dhaization under CSI that has not
yet been implemented. California’s renewable, energy efficiency poliyd
environmental energy policy is focused on elediriand not gas. Solar hot water and
AST systems do not qualify for the RPS, the C&g, $elf-Generation Incentive Program
or energy efficiency programs. Further, the fufiselectric efficiency, renewable
electricity, and distributed generation programesaoilected predominantly from electric
rates. AST systems save both gas and electneitich makes them extremely valuable,
but there is confusion over how to administer theding for such a program.
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D. Fuel Cells

Fuel cells operate on natural gas, methane, diggegjas, hydrogen and other fuels.
They range in size from tiny -- several kilowat#gpacity -- to as large as 1 MW. There
are some utility-scaled fuel cell stack projectgdater than 20 MW.

These stationary fuel cells “electrochemically” geate clean, base load electricity and
heat without combustion or moving parts. Heat gateel in a fuel cell can be recovered
and used in combined heat and power/cogeneratilicatons, which can double the
total energy efficiencies of fuel cell projectsuréently, fuel cells are primarily used to
generate electricity and heat that can be usedrestuener sites or in district or campus
applications. Fuel cells also offer near-term hgeofuel production opportunities.

In California and the United States, fuel cellsrape as utility-owned power plants or
on-site distributed generators. California hasaithesd almost 15 MWs of fuel cells since
2003; about half of the installed capacity is casto generators; the balance is utility and
waste water treatment facility power plants. Anoéh&I\W of fuel cell capacity is under
current negotiations.

Technological Developments
Fuel cells are generally characterized by the elgte employed in the device. Fuel
cells are also characterized by their running temtpee, low- or high-temp. There are

dozens of types of fuel cells, with four (4) primaechnologies at varying States of
commercialization and development:

* Molten Carbonate Fuel Cell (MCFC) — High Temperatur
* Phosphoric Acid Fuel Cell (PAFC) — Low Temperature
* Proton Exchange Membrane Fuel Cell (PEMFC) — Lomperature

» Solid Oxide Fuel Cell (SOFC) — High Temperature

Most fuel cells on the market in the world are rapltarbonate or phosphoric acid. Solid
oxide fuel cells are on the verge of commerciaiaratvhile proton exchange membrane
fuel cells are expected to be commercialized inrctiraing decade.

CO, Abatement Potential

Renewable fuel cell projects operated under thpiees of the Self-Generation Incentive
Program, delivered 1.59 tons of GHG reductions\péfh of operation. There exists
substantial deployment potential for large buildingth base load power needs —
schools, hotels, hospitals, office buildings, amduistrial buildings.

Technology-Specific Hurdles

9-42



ETAAC Report Discussion Draft — Released 11/15/07

Technological Fuel cells require highly-durable, expensive comgnt materials. Cost
reduction for these materials is the key techraballenge and commercialization factor
for fuel cells. Fuel cells require fine tuning acalibration, and periodic cell changes.
Lack of workforce training for utility employees eechnology operations and best
applications is a barrier.

Financid: Fuel cells are still relatively expensive, as comedao other fossil generators,
to make, install and operate. The technology’s-competitiveness would improve if
certain variables, such as an accurate accountidigtoibution benefits and greenhouse
gas abatement, were properly valued. Further,delebperators that use natural gas
must absorb the cost and volatility risk, as th&t of the fuel cell is estimated gas price
plus capital cost. The key factors are bringiogyd the price of component materials,
reducing the customer capital costs for instalfegjgroviding cost recovery for natural
gas and other fossil units, and expanding the aiitly of renewable fuels.

Institutionat There exists a lack of familiarity with technololy utilities, decision-
makers and customers. Fuel cells provide supaserof fuel, total efficiencies, multi-
faceted benefits and potential to help create atsyna, but suffer from fear and
suspicion of the technology.

Requlatory Fuel cells have a number of regulatory issuesdhaeal with cost-
competitiveness of the technology. Self-Generalmaentive Program (SGIP), created in
2001 provides funding for fuel cells and other nl€G. Rebates are limited to the first
installed megawatt of a maximum total project 5§28 MW. This restriction is too low
to incent economies of scale and wide-scale depdoymincreasing this cap would
enable a greater market transformation for fudlteehnology. Renewable fuel cells are
also eligible for net metering. The current neteriag cap in California law, of 2.5
percent of total peak demand, is potentiallylo to incent the acceleration of
installations.

E. Biomass/Landfill/Methane Digestion

Biomass is defined by Federal statute (7 USC 7&3} &s “any organic matter that is
available on a renewable or recurring basis, inolydgricultural crops and trees, wood
and wood wastes and residues, plants (includingtagplants), grasses, residues, fibers,
and animal wastes, municipal wastes and other waaterials.” As such, biomass
feedstock is very diverse, as are technologiesdarerting the feedstock to usable
energy. Biomass resources can be used for: retewalver generation, production of
biofuels such as ethanol and biodiesel, and biedatastics and chemicals. Another
key co-benefit provided by biomass plants is thasthare able to provide firm base load
capacity as well as energy.

The three primary sources of biomass for energyalifornia are agriculture, forestry,
and municipal wastes. All together, these biomasemators contribute approximately 2
percent of California’s electric supply. Two-thirdsCalifornia’s biomass power
capacity is from direct combustion of solid biomasboiler-steam turbine plans of 5-50
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MW. The remainder is generated by the combustidaraffill gas and biogas in smaller
plants typically in the 1-10 MW range.

California leads the nation in the consumptiontbfaol. In 2004, California consumed
almost 25 percent of all ethanol produced in the luvever, less than 5 percent of the
consumed ethanol was produced in California. Gthain California produces more
lignocellulosic biomass relative to other sourcashiiofuel, technologies that use
lignocellulosic biomass appear more attractiverie®tate production. However, these
technologies are also the least mature and arendiile commercialization phase.
Almost all of the current ethanol supply is credtean corn, with most of it grown in the
Midwest.

There is no single market driving biomass develaptmgew markets will offer
additional outlets for biomass, but will also irese competition and influence price for
more readily available and higher quality supplies.

CO, Abatement Potential

Significant room exists for increased bioenergyinsg@alifornia. To date, only 15
percent of the technically recoverable potentigbiofnass wastes and residues from
agriculture, forestry and municipal waste are auityebeing converted into useful energy
products. Dedicated energy crops could also adigaesource potential in the future.

Out of available technical potential of 39 MDT, BT of solid biomass resource was
used in 2005. In addition, an estimated 90 BCFRodfill gas and biogas containing as
much energy as 3 MDT of additional solid mass veatnically available in 2005.
(Available technical potential refers to the fraatiof theoretical or gross potential that is
considered to be recoverable on a sustainable.paie theoretical potential for
California’s entire biomass inventory is estimatede over 90 MDT per year.

The electricity generation from biomass could pb&dly reach 60,000 GWh per year by
2017, or 18 percent of projected statewide elattrabnsumption of 334,000 GWh, if
the technical potential is fully developed. Thegpial for producing biofuels from
California’s biomass resources depends on thedfpefuel and the conversion
technology. California’s cellulosic resource coatthceivably support over 2 billion
gallons of ethanol per year, approaching 3 biljations by 20237

Technological Developments
There are several pathways for converting biomassable enerd?:

Biological Conversion

Source Conversion Process Primary Energy Product
Agricultural crop Fermentation of sugars Ethanol
Any lignocellulosic* Cellulose to sugars, then Hibh
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biomass

fermentation

Landfill gas, animal
manures, food and other
organic residues, biogas
from wastewater treatment
process

Anaerobic digestion,
cleaning separation

Pipeline quality gas, CNG,
LNG, hydrogen (via
reforming)

Thermal Chemical Conversi

on

Source Conversion Process Primary Energy Product
Any lignocellulosic* Gasification/syngas Fischer-tropsch liquids,
biomass processing mixed alcohols via catalyti¢

synthesis, dimethyl ether,
ethanol via syngas
fermentation, methanol,
hydrogen, methane

Any lignocellulosic*
biomass

Pyrolysis and upgrading

Upgraded bio-oils
(generally non-transport
fuel)

Physiochemical Conversion

Source

Conversion Process

Primary Energy Product

Bio-oils (waste oils/fats, ag
crops)

Transesterification or
hydrogenation

Biodiesel

*Lignocellulosic or cellulosic biomass refers tmiyiass that is not food or feed, and the
non-food component of traditional agricultural csguch as rice straw and corn stover.

CO, Abatement Potential

* Anaerobic DigestionCalifornia has 1.7 million cows on 2,100 dairié§,percent
located in Northern California, half of them in Sivaquin Valley. Less than
twenty of California’s dairies are generating methé&or electricity production.
These dairies provide an opportunity for load-sggwentities such as public and
private utilities to produce base load renewabkergywithout the need for
electric transmission reinforcements. Capturiregrtiethane from dairies has
high abatement potential due to the GHG charatiesisf methane, which has 23
times the effect of C@as a climate change pollutant.

* Landfill Gas: The last comprehensive survey of California ldigivas
performed in 2002, at which time the total eledkigeneration capacity from the
51 then existing landfill gas to electricity (LFGYrojects in California was
about 211 MWe. The electrical potential from adiadnal planned 26 landfills
was about 39 MWe. In 2002, 70 landfills in Calif@armvere flaring the landfill
gas they produced. The remaining 164 landfillsezithd not have landfill gas
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control systems or were venting the landfill gagh® atmosphere. These 164
landfills have the potential for producing approaiely 31 MWe of electricity
while reducing the GHG effect of the methane eraissi Additionally, some of
the existing LFGTE projects are operating belowrtraed electricity generation
capacity. About 45 MWe of electrical potential abible added by expanding
existing landfill gas to energy projects in Calii.

Technology-Specific Barriers

Technological While existing bioenergy generation technologiesvaell established,
new emerging technologies such as gasificatiorglpsis and lignocellulosic ethanol
have yet to be fully demonstrated and commercidlibaie to feedstock variation, the
new technologies being developed need to be alblartdle a variety of feedstock
guality. Adequate environmental data often do matexist for many new biomass
industries or they have not been fully evaluateddgulatory agencies, leading to
uncertainties and delays.

Financial: Due to their small size, biomass power plantehalatively high capital and
non-fuel O&M costs compared to fossil fuel planssng similar technologies. In
addition, the plants are sensitive to biomass teediosts. The cost of collecting and
delivering biomass to the point of use is ofterhragd reduces the competitiveness of
biomass energy systems compared with other renevatihnologies that do not incur
fuel costs. The benefits of bioenergy options ée aot adequately recognized or valued
in the market. And the cost of siting and permgtiar new projects can be prohibitive,
given the lengthy and complex process. In the famallysis, biomass projects are capital
intensive, and the uncertainty of California’s letegm commitment to and availability of
bioenergy -- coupled with uncertainties associatgld new technologies such as
gasification or cellulosic ethanol technology --kedinancing difficult.

Institutional Biomass projects require an infrastructure tdéecd| process, transport and
store feedstock, and to distribute biofuel produé¢tarthermore, there needs to be
cooperation and collaboration among various indestfrom agriculture, forest products,
to electric power, waste management, chemicalgnailgas, and the automobile
industry. There is a lack of public awarenesseflienefits of bioenergy, and there may
be some negative perception of biomass facilitee8rinerators”.

Regulatory Different aspects of biomass development, managéand use are
governed by various State agencies, which may bawgentionally overlapping and
conflicting regulations and policies. Potentiavelepers find difficulty in securing long-
term contracts for biomass, especially from pulalids agencies and in areas with
fragmented Federal, State, and local ownershie et

The State currently lacks a comprehensive systemmasfgessing the overall, lifecycle cost
and benefits of bioenergy options. Furthermorejildestry is fragmented and composed
of a diverse group of fuel providers, producers asers. Each segment of the industry
faces different regulatory issues and challenges.
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The Federal production tax credit is lower for bas® than that for wind, solar and
geothermal projects. Federal programs have ontyrgegntly begun to support biofuels
other than ethanol. At both the Federal and Seatel$, bioenergy subsidies lack
regulatory certainty, which acts as a barrier togte sector investment. To qualify for
diversion credit, a gasification facility must me#tingent criteria, as set out in AB 2770,
a bill signed into law in 2002. The criteria indks using absolutely no air or oxygen in
the conversion process. Gasification however, deggire some air. Gasification of
municipal solid wastes is therefore greatly inf@diby the language of the law. The
diversion credit rules of the waste management s inhibit the use of municipal
solid waste. Current laws allow diversion credit fnany activities, but generally
exclude energy conversion from these credits. iRgridgislation (SB 1020) may
change this State policy.

On top of all that, landfill operators are requitedlestroy methane emissions from their
facilities. They usually simply flare the gas. Tiaing sets the baseline for NO
emissions for the operation, which are stringeotlgtrolled. NQ emissions from

internal combustion are higher than from flares emdently statute requires that the
NOy emissions must be immediately reduced on-sitetuCiaig these methane emissions
would offset other gas use, and therefore be a eiffient use of energy. Yet there is
currently no credit given for such offsite N€ductions.

F. Ocean Wave Power

Wave Energy Conversion (‘WEC’) devices are deployedhe surface of water and
operate like wind turbines in aggregated “wind farmThese potential energy farms
could operate in varying depths (between 60 andfééX). At present, wave energy is a
pre-commercial, nascent technology. Systems tgezbmave energy to electricity are
often categorized by their location in the seatipaarly the depth of water, because this
has a bearing on the wave height and thereforartteint of energy. Offshore wave
energy converters are designed for sites thaearedf meters deep while near-shore
while shoreline systems are intended for shallowewand are actually built right on the
coastline.

EPRI has evaluated and screened California’s patesites for wave power. Other
feasibility studies have also been launched. P®&sgalready filed two FERC
preliminary permit applications (40 MW each) at &a in Humboldt County and Fort
Bragg in Mendocino County. If approved, multiplawe energy conversion devices will
be arranged in arrays, with leading devices flgatin the water surface. The projects
will be 0.5-10 miles offshore, connected to lana an underwater cable.

CO;, Abatement Potential
An average of 37,000 MW of clean energy dissipate€alifornia’s 1,200 kilometers of

coastline every day. Using current technology, aimam of about 20 percent of that
energy potential could be converted into usefuttelaty. If developed, these wave
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energy systems would yield an average power of tah&00 MW or an annual electrical
energy output of 48,000 GWh. Despite this prongéehal installed capacity is estimated
to be less than 4 MW as of the end of 2006, withenof that off of US coastlines.

Technology-Specific Barriers

Technological At present, most procedures and vessels useevap this form of
ocean energy come from the offshore oil and natyaalsector and share a tremendous
amount of experience with construction and openaticheavy seas. Unfortunately, most
of these technologies are expensive, though trierisate that companies are trying to
come up with simpler, cheaper ways of installind aperating their wave power
conversion devices, relying upon small vesselsspretialized equipment. Often, this
means a re-design of the device and its mooringsyss necessary to allow for better
operation and handling.

Financial: While the lower capital cost of a wave machinanfpared to a wind machine)
more than compensates for the higher O&M costiferremotely located offshore wave
machine, a challenge to the wave energy industity dsive down O&M costs to offer
even more economic favorability and to delay thessover point (greater than 40,000
MW). EPRI estimates that wave energy will firstbme commercially competitive with
the current 40,000 MW installed land-based windhtetogy at a cumulative production
volume of 15,000 or less MW in Hawaii and north€atdifornia, about 20,000 MW in
Oregon and about 40,000 in Massachusetts.

Institutionatl The cost for a small demonstration site to testfirst few wave energy
devices could be tested is heavily dependent atralal interconnection costs. A second
important consideration is the availability of gdodal port infrastructure. Many ports in
Northern California are small fishing ports withrbar entrances that are only dredged to
about 4m and some of them without any breakwatekimg navigation in and out of the
port difficult when large waves are present. Adhgonsideration is the availability of
good local grid infrastructure, which would allovgignificant amount of electricity to be
fed into the grid. Most coastal towns in Northemifornia are connected by 60 kV
transmission links and usually offer no more th@rivBV of available capacity.

Regqulatory There is a lack of U.S. Federal government suppbine U.S. government is
and has supported the development and demonstadtadhelectricity technologies
except for ocean wave energy. Moreover, therdaslaof Federal production subsidies.
The renewable production tax credits do not inclwdge energy as an eligible
technology. Regulatory uncertainty lends itselfite uncertainties of permitting an
offshore project, and the private investment comitresiare likely to invest in projects
with less risk. In addition, permitting an offskquroject itself is a daunting task, with
many regulatory issues, making it difficult to e a project.

G. Additional Solutions for All Renewable Technologies
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Simplify Renewables PricingThe pricing structure under the RPS is a two-ptegess.
The CPUC sets a market price referent (MPR) eaahtyat is based on the cost of a
proxy combined cycle natural-gas fired power plaxa other values are included in this
proxy calculation, such as avoidance of GHG emissmr other environmental

attributes. Up until recently, any costs aboveNtR were supposed to be made in
payments, called Supplemental Energy Payments (S&E®® the Public Goods Charge
paid by ratepayers on their utility bills. The Sg®cess carries substantial uncertainty as
to whether projects that require SEP payment awaodsgd be able to obtain project
financing. As a result, most of the funds earmadice this purpose have not been
accessed.

With the passage of SB 1036, the CPUC is now aizibdtto allow utilities to recover
above market costs for renewable energy, thus remakie fiscal concerns regarding
above market cost recovery. Nevertheless, the muk®R and RPS pricing process is
still too complicated. The issue of how to besedaine the market price for carbon free
energy is still up for debate. The ETAAC energygolip recommends that the State
revisit the structure of RPS pricing and deterntioe the structure could be simplified.

Unbundle Renewable Energy CrediRECs have several values and functions: a
tracking and reporting mechanism, a tradable/selletanmodity; a market price valuing
the benefits provided by non-carbon renewable gnsogrces. California’'s RPS
program requires that utilities and other the L8adving Entities (LSES) covered under
the RPS law meet their requirements with delivemeergy, not with RECs. In other
words, the REC must be “bundled” with the deliveeegrgy and cannot be traded or
sold as a separate commodity. The benefit of atigor “unbundled” RECs is
multiple-fold. Such a policy helps address geogi@ptansmission needs in constrained
areas such as San Diego. It would encourage dewelpof renewable energy projects
beyond any individual utility’'s RPS requirement,iefhcould then be sold into regions
such as San Diego that do not yet have ready atwessewable energy procurements
due to transmission constraints.

In an ideal world, LSE’s should be able to use unabed RECs to comply with the RPS.
SB 107, signed into law in 2006, gave the CPUGsthtautory authority to consider
unbundling RECs for RPS compliance once the RE€kiimg system known as the
Western Region Energy Generation Information Sysi&fREGIS) was off the ground.
WREGIS, which will verify and transfer RECs betweba sellers and buyers, was
launched in June 2007, greatly simplifying REC s$iagtions.

Unbundled RECs are used in other States to meetoRRfations. The following
markets track and perform RECs transactions fdn Boate-mandated and voluntary
renewables purchases: Pennsylvania-Jersey-Mar{iaid), the New England Power
Pool (comprised of Connecticut, Maine, Massachsshiitw Hampshire, Rhode Island
and Vermont), and the Electric Reliability CourwhlTexas (ERCOT). The CPUC has
solicited public comments on unbundled RECs and terkshops this past September.
The CPUC expects to decide on whether to use umddiiRECs for the purpose of RPS
compliance by the end of 2008.
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Production Tax Credit and Investment Tax Credle current Production Tax Credit
(PTC) of 1.9-cent per kilowatt-hour (kWh) for thest ten years of a renewable energy
facility's operation is set to expire on DecembkrZ)08. The Investment Tax Credit
(ITC) for renewable energy installations will alsxpire on the same date. Between 1999
and 2004, the PTC had expired on three separassioos. The PTC'’s "on-again/off-
again" status, coupled with the uncertainty ovettication or expiration, contribute to a
boom-bust cycle. This counterproductive cycle p&gine wind industry and negatively
impacts development of other renewable resources.

Tax issues, such as who will own the PTC, can affexfinancial attractiveness of a
project, too. The PTC has thwarted landfill gagjguts, for example, especially by
companies that have adequate taxable income tathkantage of the PTC. Clean, non-
carbon power plants that might otherwise show negatsh flow can become profitable
with the PTC.

The ITC for solar PV technologies also experierfoasagain/off again” issues, making

it difficult for investors and real estate develop® plan their solar projects. At present,
the ITC is a 30 percent tax credit for homeowneapped at $2,500. For businesses, the
30 percent credit is uncapped. While the homeowi@rexpires in 2007, businesses can
only take advantage of the ITC through the end0®B2 Unless re-authorized, the lack of
an ITC is a significant barrier for large commefsieale solar PV projects.

H. Enabling Technologies: Enerqgy Storage

Energy Storage is the key to California achievirghlr penetrations of variable output
renewable energy such as solar and wind power lifo€@aa’s supply portfolio. Other
types of renewables — such as geothermal and bgomare base load resources and
therefore do not require storage. Some CSP psoyeititlikely be built with heat storage

to generate off-peak electricity. The ability oflay’s primitive electricity grids to

absorb intermittent wind power has unnecessarydiniinless upgraded with storage
features, the full potential of wind power will renbe reached. Energy storage resources
can firm, balance and integrate intermittent rer@esinto a larger network. Pumped
water, compressed air, or battery storage eachupmwind power, storing energy that

can be scheduled to meet customer demand at artiotieer

Energy storage could cut dependence upon natusdirga peaker plants to firm up
wind energy. Peakers are a less efficient than wirlines emit C@ Capturing and
sequestering C£from a variable output, peaking generation soigdar more difficult
than for base load natural gas power plants. Engaypge provides emergency power
supply and backup and remote area power supplg-asmefits. Coupled with advanced
power electronics, storage systems can reduce Im&rdistortions and eliminate voltage
sags and surges.

Storage technologies are particularly attractivedmd power, in effect overcoming the
intermittent and frequently off-peak production fdeoof wind power. This then avoid
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penalties for wind generation falling short of foasts and enables grid operators to
utilize generation that exceeds generation forecagith storage, wind power can
increase capacity credits, reduce grid connectatings and boost overall market
penetration. Storage can be on-site or at cendab utility facilities such as the Helms
Pumped Storage plant. Utility-scale central sterggnuch cheaper than on-site storage,
but it requires transmission services to transipbermittent generation to the storage site
or to meet required demand at load centers.

Technology-Specific Barriers

Financial The high price of batteries discourages indepetwend farm developers

from embracing a battery/storage component bedausmild drive the wholesale
electricity prices above competitive rates. FioEbatteries are expected to come down
within a decade.

Requlatory Currently there is a lack of policy recognitidrat energy storage is a
necessary component to successfully using hightpimg levels of intermittent
renewable energy. The CA ISO has stated it haieutt time planning for and
integrating inherently intermittent energy soursash as solar and wind, some of which
occurs during minimum load conditions. Storagewdltes much of this problem by
firming and shifting the resource.

|. Enabling Technologies: Plug-in Electric Vehicles

Plug in hybrid and dedicated electric vehicles (HE\B offer a key way to increase
renewable energy consumption and to balance al#gtivads around-the-clock. Plug-in
hybrid electric and electric vehicles provide apaypunity clean up the transportation
sector with electricity generated from renewabkoteces. It is likely that light-duty
PHEV/EVs will reach 200,000 new vehicles sold pearywithin the coming decade.

The PHEV/EVs are also valuable in that they perfarstorage mechanism. PHEV/EVs
can also be plugged in at night time to rechargenndiectricity is both cheaper and
cleaner. They could also be plugged in during @netdne to provide valuable ancillary
services to the grid at potentially significantbyer costs than other current options.
This two-way energy distribution requires a moreaated electric grid — the Smart Grid
—than is in place today. The Smart Grid (describesection below) would be a key
advance allowing California to get the most valuarf society’s growing investment in
PHEV/EV technology.

Running cars on electricity from today’s U.S. powdd (which is about 50 percent
coal-fired) instead of liquid gasoline or diesetlicuts overall GHG emissions from 22
percent to 61 percent. Why? Because most batteasgitiy takes place overnight, when
power demand drops dramatically and utilities hexeess generating capacity, an effect
known as “valley filling.” A December 2006 study the U.S. Department of Energy’s
Pacific Northwest National Laboratory (PNNL) corada that such off-peak utility
generation and transmission could power 84 pemfethe 220 million vehicles in the
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United States if PHEVs. In its detailed nationwatalysis of (GHG) impacts of plug-in
hybrid electric vehicles, EPRI also concluded 8witching to PHEVS can reduce GHG
emissions significantly, potentially reaching a mmaxm cumulative reduction of 612
million metric tons by 2050 (High PHEYV fleet peraton, Low electric sector GO
intensity case).

The actual GHG reductions attached to a comprehe®EV/EV program depends
upon how clean the regional electricity grid i§hig fact means plug-in hybrids will be
cleaner than hybrids! A plug-in with a 40-mile rangpuld cut carbon dioxide emissions
about one-third compared to a gas-electric hyb8thge California has a cleaner
electricity supply than the rest of the U.S., thatdbution of a robust PHEV/EV effort to
storing renewable energy would no doubt be sigaficCalifornia could also provide a
superb model for a national-scale PHEV/EV program.

Technology-Specific Barriers

Technological Continued improvement is needed regarding capaditrability and
enhancement of current grid infrastructure to ematlltidirectional flows of both power
and the data necessary to monitor and manage tierpo

The battery types for PHEV/EV include nickel-méitgdride (NiMH), currently used in
conventional hybrids, and lithium-ion (Li-ion). ion batteries are smaller and lighter
than NiMH, though they cost more and may not bsads or durable. When operating
on liquid fuels, the heavier batteries can pose@ht penalty. Additional R&D is need
for longer-lasting batteries and greater electribreange.

The traditional problem with lithium-ion batteriessthat they heat up too much (known
as “thermal runaway”), but some battery manufactuage using nanotechnologies and
new materials such as phosphates to address thprbbem and reduce weight as well.
The challenge and opportunity is scaling up lithiiom technology to store and deliver
enough power to run a car, while controlling therroaaway. Durability is also a
problem with the lithium-ion battery, as it tolezatonly 750 cycles of discharge and
recharge, or about two years of service, beforeraeation of the terminals carrying
power reduces charge capacity by 20 percent. Natteries promise to boost these
numbers to 9,000 cycles and a 20 year lifespan.

Financial: The operating costs of PHEV/EV in electric-onlpae are much lower than
liquid fuel vehicles, but the upfront costs for dEV/EV are much higher. At present,
the price premium is in the $7,000-10,000 rangechviof the higher upfront cost can be
traced to batteries.

Institutionat The actual fuel and climate benefits from PHEV/@pend on a variety of
factors, such as the amount of time the vehictperating in electric mode, the
generation mix of electricity used to produce tleteicity, time when the user is
charging the car, and whether the excess capaciheigrid can be used.
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Requlatory Fuel electricity for PHEV/EV requires a speciaktimaent compared to other
electricity because it represents a potential esessor transfer of emissions. As electric
transportation load grows, emissions that woul@wtise have been the responsibility of
the transport sector will shift to the electricteeceven though the overall impact to the
environment is positive. An AB32 GHG emissions t@apthe electric sector, absent
mitigating measures, will make this otherwise dase shift a liability for the complying
entities. This will serve as a powerful disinceatfor the energy sector to take actions
that encourage the use of electricity to supp@tithnsportation sector. In order to
reduce this disincentive, it is important that digyobe implemented that makes
complying entities neutral with regard to increnamitansportation load and emissions
cap compliance under AB 32.

K. Enabling Technologies: A Smart Grid

The widespread deployment of PHEV/EV, distributedeyation and end-use efficiency
devices requires a “smart” and interactive gridrigkadvantage of State-of-the-art
communication infrastructure. Today’s transmissgstem was only designed to
transmit energy from central generating sourcééopoint of consumption. This delivery
system stands to benefit radically from evolutiémhe Internet and modern material
sciences. A modernized grid would also improve apenal security and allow
increasing amounts of distributed resources todveldped near points of consumption.
This would diminish overall system energy losses wereby multiply carbon savings.
If PHEV/EV become common place and distributedrsBM applications become
standard applications, the energy grid must bedateeactive. The grid will evolve into
network in which energy can be both delivered awived. Two-way flow of energy
and data would also allow customers to respondite gignals to reduce usage at peak
times, when the lowest efficiency fossil-fired @nitre operating (and GHG emissions
reach their highest levels.)

Technology Development

A range of technology exists today that can imprbnegrid such that reliability and
efficiency is improved, and cleaner, distribute@rgy resources are better integrated,
including new smart meters, remote sensors, enaaagement systems, better
transmission lines, and advanced storage techresldlgat serve to optimize electricity
generation, dissemination, and usage.

NREL has described some of the major charactesifica smart modern grid,
including:

» Self-healing A grid that can rapidly detect, analyze, angboesl to problems,
and restore service quickly.

* Empowering the ConsumeA grid able to incorporate consumer equipmeidt an
behavior in its design and operation.

» Attack-Tolerant A grid that stands resilient to physical andaybecurity attack.
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« 21% Century Power Quality A grid that provides a quality of power consigte
with Digital Age consumer and industry needs.

* Generation Options A grid that accommodates a wide variety of |caad
regional generation technologies, including cleaurses such as solar, wind,
biomass, geothermal, and small-scale hydroelectric.

The electricity carrying capabilities of the gridivoenefit from nanotechnology, which
could provide “quantum wires” that could conduaagficity up to 10 times more
efficiently than traditional copper wire and weighe sixth as much. NASA has funded
a 4-year, $11 million effort to create a prototgtdrice University in Houston, Texas.
Alternatively, superconductors used for both enetgyage and transmission and
distribution wires could provide significant advagés in energy storage and
transmission.

Technology-Specific Barriers
Financial Lack of financial incentives for utilities to iegt in new grid infrastructure.

Regulatory Traditional regulation with uncertainty aroundstoecovery provides
economic disincentive for utilities to invest inrmemart grid technologies.

L. Enabling Technologies: Carbon Capture and Seqguéstion

Carbon capture and Sequestration (CCS) referstedparation of C{from industrial
and power generation sources and transport toggdoaations for long term isolation
from the atmosphere.

Three technologies are available for carbon capfareecombustion, oxy-fuel
combustion, and post-combustion systems. At presene of these three technologies
have been commercialized for applications at pquesnt scale:

* Pre-Combustion systems applyitbegrated Gasification Combined Cycle
(IGCC) plants. The coal is first gasified intoyagas which is then treated to
remove CQ. The resulting hydrogen gas is mixed and combusta gas or
hydrogen turbine.

* Oxyfuel-Combustiosystems utilize high-purity oxygen rather thanimithe
combustion process, which yields a highly conceattratream of C@and water
vapor. The water vapor is condensed for removalG@gis thus captured.

* Post-Combustiosystems separate and capture, @er the combustion of fuel
in air in conventional and advanced power plad@slvents are used to remove
the low concentrations of GGrom the plant’s flue gas.

Carbon sequestration is the process of permanstatiyng captured C&from point
sources in geologic formations and terrestrialesyst Carbon sequestration in oil and
gas fields, including for Enhanced Oil Recovery BChas been practiced for decades
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and is therefore is a fairly mature technofigin EOR, CQ is injected into oil

reservoirs to reduce the oil’s viscosity, i.e. imye the oil's flow rate, and thus enhance
oil extraction. The C@in the produced oil is captured and re-injected @timately
sequestered below the earth’s surface. The denoaradidlitional CQis expected to
increase as production from existing oil, usingwaarttional means, declines and oil
prices continue to remain high. However, the denfan@€Q, for EOR is significantly
less than the amount of G@at is expected to be permanently sequestenetéd long-
term target levef8. There is significant potential in other geologézjuestration options,
such as, saline formations, deep coal seams, agakitions, oil shales and salt caverns.
However, these technology options are still atauggistages of research, demonstration
and commercialization.

Technological Developments

Pre-combustion capture is widely applied in ferthi manufacturing and in hydrogen
production. The initial fuel conversion in pre-doastion systems is more elaborate and
costly; however, the higher concentration of (®the gas stream and higher pressure
make the separation easier. Oxyfuel combustiotili$rsthe demonstration phase. The
use of high purity oxygen results in high £&ncentrations in the gas stream and thus
easier separation. However, it also requires as@d use of energy to separate oxygen
from air. Post combustion capture of £6 power plants is well understood and used in
selected economically feasible, commercial appboat however, the C{n the exhaust
is more diluted and thus capture is more costlpagsion of CQin the natural gas
processing industry, which uses similar technolagglready mature.

Within each aforementioned system category, thex@amerous emerging technologies
which offer the potential for major incremental impements in cost and energy required
as compared to commercially available capture telcigies. These emerging capture
technologies include chemical and physical absashenlid dry scrubbing with physical
adsorbents or chemical absorbents, cryogenic metlaod gas membrane separation.

In addition, well-drilling technology, injection¢bnology, computer simulation of
storage reservoir performance and monitoring mestiaan existing applications are
being developed further for utilization in the dgsand operation of geological storage
projects.

In California, the West Coast Regional Carbon Sstyagon Partnership (Westcarb) is
conducting a C@storage pilot project in the Rosetta gas fieldrAgerton, California,
testing CQ storage within the context of an EOR project. phgect will validate the
sequestration potential of California Central Vialbediments, focusing on overcoming
current monitoring challengés. Monitoring is an important issue to ensure @
injected into geologic formations remains secunelyafe storage.

One interesting sequestration technology in israisgons-to-biofuels pilot that uses an

algae bioreactor system connected to the flue fagenerating station. The system
grows algae by absorbing G@ the exhaust stream. Algae is then processed int

9-55



ETAAC Report Discussion Draft — Released 11/15/07

biodiesel and other products. Past successful gilases have spurred Arizona Public
Service, in conjunction with NREL, to create a &rgcale pilot project, ultimately

hoping to bring this technology to market scaléodgh CQ is emitted when the
biodiesel is combusted, it displaces emissionswioatid have resulted when dirtier

diesel fuel was burned. One of the challengekisfihnovative, sector-crossing
technology will be accounting for the avoided GH@igsions. A “Business as Usual”
scenario would produce GHG emissions from bottptheer plant and the diesel engine.
The algae bioreactor system reduced the emissionsthe combined system and that
reductiog4shou|d either be credited to the powanipbr the transport sector, but certainly
not both:

A variation on this technology circulates turbindnaust gas through algae in an open
pond (compared to a closed bioreactor) to prodpoelsa to be used as a dietary
supplement (compared to a biodiesel feedstockyaiag capital costs and eliminating
the accounting issues. Testing multiple methodssofg the same technology will help
determine what variables are the most valuableaating a sustainable carbon reduction
technology®

Other proposals presented to the ETACC energy supbgrould use acceleration or
enhancement of naturally-occurring chemical andblgical reactions to effect carbon
capture and sequestration. One proposal would cmtimestone and CQo create a
slurry of bicarbonates to be disposed of by disaglit in the ocean. Two other
proposals would create enhanced plankton growsekding parts of the ocean with iron
particles. The new plankton would absorb,@&@d become part of the food chain,
eventually resulting in carbon-containing organiati@ar accumulating and sequestering
on the ocean floor. These proposals are of intebestrequire much more study before
implementation in California. The sensitivity acrtical importance of the ocean
ecosystem require that any actions involving teissgtive environment be carefully
researched for irreversible consequences beforeimgnting®

CO, Abatement Potential

Technology is available to capture 85-95 percenhefCQ processed in a capture plant.
After accounting for the energy needed for captuma compression, a plant with CCS
could reduce C@emissions by approximately 80-90 percent comparedpower plant
without CCS. The IPCC says that CCS has the palentabate carbon dioxide (GO
emissions between 15 and 55 percent of the cumalatitigation effort needed by 2100.

Technology-Specific Barriers

TechnologicalMany component technologies for CCS have alrdmiyn developed, but
both the size and number of demonstration progevery small with respect to the
scale that will be necessary to mitigate signifidature CQ emissions. While carbon
capture has been successfully demonstrated fosinduprocesses, the utilization of
CCS for large-scale power plants still remainsdarbplemented. There is relatively little
experience in combining GQapture, transport and storage into a fully iraéept CCS
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system, though various government and commerdaitefare underway around the
world, including promising ones in California.

Another major consideration is the highly divers¢une of potential storage sites, which
differ widely in their geologic characteristics,tpntial for economic co-benefits, and
geographic distribution. Terrestrial sequestraislow-cost and has environmental co-
benefits, but capacity and storage life are limethpared to the geologic option. There
could be potential leakage if previously drilletlamd gas wells were not sealed
appropriately. Saline formations provide the ngysimising storage option due to its
large aggregate Ctorage capacity and minimal number of existing penetrations.
Given that power plants are widely dispersed ggugcally, deep saline formations will
be important reservoirs for G@vherever they can be put to no other beneficial(sach
as enhanced oil and gas recovery or injectiondat bed methane production).

A major challenge is the permanence of carbon st@imn, which must be
demonstrated to a high level of accurdcin addition, the stored carbon must be
continually monitored, and systems must be in ptaceerify and mitigate any harm
caused by leakage.

Financial: Retrofitting existing power plants with CO2 cagtis expected to lead to
higher costs and reduced overall efficiencies, gihhasome of the cost disadvantages may
be reduced in new and highly efficient plants oeweha plant is substantially upgraded
or rebuilt.

Geologic sequestration offers large capacity aridmi@l permanence, but capture costs
are high and assurance of no adverse environmiemgacts is required.

Activities undertaken for CCS purposes generat®liipissues. Indeed, the activities
involved in CCS could bring about potential liatids for nuisance, trespass, negligence,
breach of statutory duty, and waste disposal issResential legal liability could arise at
any stage of the CCS process. The long term nafube carbon dioxide storage also
creates special considerations in terms of lighillnsurance companies can mitigate
near-term risks, but insurance companies will mvec long-term (greater than 100
years) risk. Efforts by government to assuageiti@lity risk would go far in terms of
attracting investment.

Energy required for post-combustion £€apture in power plants could reduce net
output by 10 to 40 percerft. A newly completed NETL study shows that on averag
addition of post-combustion CCS technologies reducpulverized coal plant's thermal
efficiency by 13 percent, hiked capital costs @& thcility by 73 to 90 percent and
increased the cost of electricity produced by tlaatby 60 to 70 percent. Such
enormous cost increases clearly highlight the rieeshvestment in RD&D aimed at
slashing costs of CCS technologies. After all, GE€Seen as key to the future of current
U.S. coal- fired power plants, which are heavy,@@itters, but currently provide about
half of the nation's electricity.
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Institutionat Carbon capture in itself will not provide valueless the accompanying
infrastructure to transport and sequester the cagitcarbon, as well as monitor and
manage the sequestration sites is in place.

Transportation of C@from the point of capture to the point of geolomi@ction for
storage poses fewer technical unknowns, with déstic@Q pipelines already
commercially established. Yet it appears there beageployment barriers in siting
issues and the sheer scale of the major new pgektworks that will be necessary to
carry compressed GG@rom power plants to injection wellhead locatiorGurrently,
there are thousands of miles of @pelines in operation in the United States. These
pipelines are regulated by the Department of Trariapon to ensure integrity and safe
operation. To overcome siting obstacles that migipede CCS projects, the State of
Texas recently passed HB 1967 to grant commonecatatus to CoOpipelines; thereby
providing the option for right of eminent domain &ecuring Rights Of Way for pipes
linked to gasification projects, including feeddt@oal slurries and any outputs such as
methanol, CQ H2, etc.

An entirely new gathering and distribution infrastiure will need to be built to compress
and safely transport GQlioxide to appropriate geological formations amedt it deep
beneath the Earth’s surface. The US appears ®thawvorld’s greatest GO
sequestration potential. However, these formatawasot evenly distributed throughout
the country. Fully developing a system of perm#&@@, geologic sequestration sites
will require the US to build a vast interstate phipe system somewhat similar to the
natural gas pipeline system that has been creatdlue last century. Injection wells
must be drilled several thousands of feet belowB#h’s surface. This will require
massive investments in commodities, industrial potsland labor.

The public is generally unfamiliar with CCS; theslucation and outreach would be
needed to dispel misconceptions and garner pulpipat. Commercialization of CCS
technologies will require continued deployment i#-pommercial technologies. Key
challenges include the willingness to bear theahftigh cost and potential risks of first-
generation systems. Developing a track record,edlsas continued technical advances to
build up the required infrastructure, are also ingoat factors.

Regulatory Regulatory uncertainties currently pose a bafaelCCS. For example, it is
not clear whether underground injection of G®under Federal EPA or State agency
jurisdiction. Some States have begun regulatingexental wells for CCS research.
The EPA announced in 2006 that it will issue pesrfor the DOE Regional Partnership
CCS projects under the UIC Code Class V for expemniiad wells. However, the EPA
has indicated that it may reclassify experimenlsvfor CCS research if and when they
are put into commercial operation. A reclassifmaicould impact the costs and
permitting hurdles for C@injection projects. This policy change certairdyneeded
sooner rather than later if commercialization ofS3€ to proceed and succeed.

Access and liability issue present another chadlefferent states have different laws
regarding land rights and mineral rights. Devetsprust negotiate varying regulations
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and ownership issues regarding land rights and nainights in order to gain access to
underground storage with each State governmeraddition, long-term retention of
stored CQwill require approval of monitoring techniques atdndards at various
governmental levels and acceptance by insurers.

Federal and State governments must develop orerésitegal and regulatory framework
to support these investments, because CCS raigelegal and regulatory challenges for
project developers. These challenges and poteidia are not yet fully understood, nor
are uniform standards or government regimes ingpl@@ddress and mitigate them.
Among the key questions to be addressed in thel@@went of a consistent regulatory
framework for CCS are: immunity from potentiallylous criminal and civil
environmental penalties; property rights, includihg passage of title to GQncluding

to the government) during transportation, injectonl storage; government-mandated
caps on long-term CQiability, insurance coverage for short-term £@bility; the
licensing of CQ transportation and storage operators, intelleqitagberty rights related
to CCS, and monitoring of CGGtorage facilities. California should addresseheerging
legal and regulatory issues associated with CC8l &rnegulatory permitting legal
structure is developed and the issue of liabilgl s addressed, it is highly unlikely that
large-scale carbon sequestration can be achiewdkislregard, among the options
California should explore is that adopted by Texdsch transfers the title (and any
liability post-capture) to COcaptured by CCS to the Railroads Commission oa$ex
Public acceptance will be crucial; potential riskdruman health or to ecological
systems, and associated mitigation measures, raugidntified and communicated.

M. Next Generation Advanced Gas Turbine Technologs

Clean, flexible, natural gas-fueled resources acessary to tie diverse portfolio of
renewable resources together. California showdye a portfolio of generating
resources that can ramp up quickly, have shott spaand shut down times, and have
fast response for frequency control. Natural gasegation can support intermittent
renewable resources.

Recent procurement decisions made by PG&E reftectyipes of gas-fired assets that are
necessary: three highly-flexible combined cyclenfdgup to 300 starts per year), three
additional simple cycle gas turbines and two rempting engine farms. These
operations have unprecedented operating flexibjitgviding a better air emissions
profile than power plants now being retired.

New technologies have been proposed to improvefflgency of new and existing gas
turbines in base load and peaking applicationsy Thee a common hurdle in the energy
sector: the cost and risk of trying new technolsgigne capital investment is high, so
risky new facilities or hardware that add any perfance risk are difficult to bring to
market.

N. Combined Heat and Power
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Combined Heat and Power (CHP) plants -- also knasvoogeneraters — are defined as
follows: the efficient use of energy in a heat eegbr a power station to simultaneously
generate both electricity and useful thermal enéogyeating, cooling or
dehumidification. CHP results in a reduction of {&nissions by avoiding the use of
fuel and by using fuel efficiently in the produgtiof electrical and thermal energy.

CHP avoids the use of fuel by combining what waathierwise be stand-alone
production facilities — e.g., steam boilers andtia@ized electrical generation — into a
single process. A natural consequence of combipiaduction of thermal and electrical
energy can cut GHG emissions by as much as a 2@2®&nt.

Separate Production of Heat and Combined Heat and
Electricity (Hatural Gas) Power (Hatural Gas)
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There are two types of CHP employed in Califorri@opping cycle” CHP captures the
byproduct heat from electrical generation for dotees industrial heating purposes.
Byproduct heat at moderate temperatures (100 t&C)8an also be used in absorption
chillers for cooling. By capturing the excess h€&tiP uses heat that would otherwise be
emitted into the environment. Topping cycle CHP ezach an efficiency of 80 percent

or more, compared with the 50 percent efficiengydslly found at new, conventional
gas-fired base load power plants. The other tygeH® facility is a “Bottoming Cycle”
plant are more efficient than conventional gasdfii@cilities by virtue of capturing

process waste heat to generate electricity. Baesyf CHP have a wide range of
applications, both large and small.

Historically, California has been a leader in teeelopment and installation of CHP
projects. Large scale topping cycle CHP facilitiese been installed in California at
paper and glass manufacturing plants, food proogseefineries, thermally enhanced oil
production operations and other industrial locatioBottoming cycle plants support
other California industrial processes, such asop@im coke calcining operations.
Smaller scale projects can be found at schoolgitats, prisons and other commercial
sites. There are currently over 9,200 MWe of CHf?alted at 900 sites throughout
California. By 2020, California could add betw&i00OMWe and 7300MWe of new
CHP capacity, resulting in G@eductions of between 1.5 million and 6 milliomsagper
year.

A properly designed and sized CHP system can re@@emissions by 20 to 25
percent compared to separate processes for genpedtictricity and thermal energy. If
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these CHP facilities rely upon renewable fuels,jtaaithl GHG emission reductions
occur.

Small-scale CHP systems already receive numeraesiives, including exemptions
from various charges (such as standby for systerderlb MW), and favorable natural
gas transportation rates. Support for Standardr@fintracts under the federal Public
Utilities Regulatory Policies Act of 1978 led tade scale CHP development in the
1980s and 1990s.

Despite this historic support, CHP currently famsgulatory tensions and, consequently,
commercial barriers. First, an optimal CHP plamesito meet the industrial host’s
thermal, not electrical, load and therefore mayehswplus electricity for sale. CHP
facilities today face difficulties obtaining powssales agreements with utilities to take
limited amounts of non-dispatchable electricity gi@ted by the project, especially as
utilities add non-dispatchable, base load renevgabBecond, there are policy tradeoffs
between efficiency and ratepayer equity resultmbpng standing debates between
utilities, CHP generators and various classestepeyers over standby rates, cost
shifting and rate design. Third, the ratepayer tyqgoncerns have led to customer load
served by CHP facilities facing material “departlogd” charges or exit fees when the
facility becomes operational. The cumulative intp#dhese issues can make the
difference between a project that can and cannet meequired hurdle rate. These
challenges may be further exacerbated with theemphtation of AB 32 to the extent
CHP owners are asked to bear the costs of elégtgeneration directly, while other
industrial sites experience only indirect and @tlitarbon mitigation costs.

These are not new issues presenting insurmountadplgatory barriers. California can
eliminate these barriers by first creating a viatdegbon market, which properly accounts
for CHP benefits, and then weighing the tradeoéfisMeen utility portfolio needs,
ratepayer equity, and efficiency to address powksssregulations and departing load.

0. Oxyfuel Combustion

If compared to post-combustion carbon capture, @ay€ombustion is the preferred
means of capturing carbon from natural gas powaartpl CQ separation is more costly
due to the low concentration of G@ the exhaust in post-combustion systems. With
Oxyfuel Combustion, air is excluded from the contlmrsprocess such that the products
of combustion are nearly pure gé@nd water. Thus, the G@an be easily isolated

simply by cooling the flue gases. The same proceskl also be applied to fuels such as
natural gas, coal syngas, landfill gas and biogésesvell as inexpensive aqueous fuels
such as emulsified refinery residues and glyceomfbio-diesel production.)

There are various oxyfuel projects in demonstrapbases. In California, a project is
underway with Clean Energy Systems (CES) to deviélemation’s first natural gas
zero-emission power plant (ZEPP) looks promisimbe core of CES’ process is an oxy-
combustor or “gas generator” adapted from rockgirentechnology. The gas generator
burns gaseous fuel with oxygen in the presenceabémio produce a steam and £LO
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mixture at extremely high temperature and pressilfraacontrolled, the combustion
temperatures could reach 6000° F, causing thegasrgtor to melt. Water is injected to
prevent this from happening.

The efficiency of initial demonstration power plantill not be that impressive: only 25
percent to 30 percent. But the opportunity is theracrease the overall efficiency to 60
percent when steam turbines that can handle 308@am become commercially
available. One of the biggest challenges associitddoringing this technology to
market will be to improve the cycle efficiency bymking to develop steam turbine
technology capable of cost effectively operatingeaty high temperatures.

P. Advanced Coal Technologies

Coal currently accounts for more than half of trex#icity generated in the United
States and more than three-quarters of the elesttpply in China. It is also the dominant
fuel source for power production in India. Becaosal is such an important resource in
to so many major economies throughout the worlel disvelopment and deployment of
affordable, efficient new coal technologies thaiduce less C@is critical to climate
change response strategies designed to avoid gdobabmic instability.

In recent years, Californians have received amegéid one-fifth of its total electricity
supply from coal-fired power plants located acribssinterior West. In addition,
California utilities have an equity interest in radhan 4,500 megawatts (MW) of coal-
fired power generation nameplate capacity locatédbstate. These coal-fired units
provided about 27 TeraWatt-hours (TWh) of eleatnergy to California in 2003. That
same year, an additional 32 TWh of electricity gatexl by other coal plants in the
interior West was estimated to have been soldthedCalifornia market.

Governor Arnold Schwarzenegger announced a newgyattip in April 2006 with
Governor Freudenthal of Wyoming by signing a Memdrtam of Understanding (MOU)
supporting the development of advanced coal tecigmed with the goal of improving the
availability, diversity and stability of Californgmelectric energy supplies. Since then, a
number of utility executives and representativesifithe CPUC have met to discuss the
advancement of clean coal technologies. Early dsons have centered on California
and Wyoming working together to prove the viabibfyintegrated Gasification
Combined Cycle (IGCC) power plants using CCS eqeipmif this first of a kind
commercial demonstration is successful at its Wyagysite, California could obtain
electricity generated by a clean coal technology ttould meet its new GHG emission
performance standard for electricity generationdng

Advanced coal technologies, coupled with effec@&S, represent a critical element in
an overall energy strategy that seeks to promaie é@ergy security and environmental
sustainability. Coal, which is both cheap and alaumds well-suited to meet the former
objective, but, absent CCS, will actually undermtime second goal of reducing GHG
emissions. Demonstration projects offer potentia#lgt public benefits as California and
the rest of the nation move to reduce our deperaendoreign energy sources and
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address climate change. More broadly, the develaopofehis technology can play a
fundamental role in combating climate change glgtthrough technology transfer to
nations such as China and India, which remain lgmdgpendent on coal.

Most power plants today use Pulverized Coal (P€hrtelogy, in which the coal is finely
ground, mixed with air, and blown into a boiler &gficient combustion. High-pressure
steam produced in the boiler passes through a dt@@me, which drives an electric
generator. The pressure and temperature of thengiezduced in the boiler are often
used as shorthand to characterize the design ésabfithese coal-fired plants. Currently,
the majority of coal-fired boilers in the UnitedaBis are sub-critical, which means that
the pressure and temperature are below the crgaiat of water. Subcritical plants are
well established and relatively easy to controthvaverall energy conversion
efficiencies in the range of about 30 percent toaat 40 percent, a calculation based on
the higher heating value of the coal.

Technological Development

Higher efficiencies can be achieved by increastegra temperature and pressure to
supercritical conditions. Some 400 supercriticaldoed power plants are currently
operating around the world, including a large U£tl To prevent premature wear,
supercritical plants require careful control of @arathemistry and metal temperatures, but
today they are just as reliable as subcriticaltglafno gain further efficiency, so-called
Ultra-Supercritical (USC) plant designs have begroduced in Europe and Asia and are
now being developed for the US as well. Steam teatpees in initial USC units will be
about 1100F (600°C), with the goal for future dasigeing 1400°F (760°C) or higher,
which translates to an energy conversion efficienfcgpproximately 50 percent. As USC
plant designs cross the 1250°F (670°C) threshbéd; will require more expensive
nickel-based alloys for high-temperature componehtsustained commitment to
materials technology development is needed to m®these advanced alloys, address
field fabrication and repair issues, gain apprdr@i industry standards organizations
and insurers, and optimize plant designs for tvedespread use.

Developmental advances are also under way for tiver @irect combustion
technologies:

«  Circulating Fluidized-Bed (CFB) systems are alrebding selected for new
generation capacity, especially where inexpens$iagj-to-burn fuels such as
lignite and solid waste are available. CFB plamisrate at relatively low
temperatures and thus produce less NOx in therlibée PC plants, avoiding
the need for catalytic post-combustion controlsaddition, the aerodynamically
suspended “bed” of a CFB boiler is fed with a satl{asually limestone
particles) to remove S{ollutants. This approach produces a bit morg,CO
however, which puts CFB technology at a disadvantatative to PC plants
under stringent carbon emissions constraints.
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«  Coal Oxy-combustion — the burning of pulverizedléngure oxygen separated
from air — has emerged as a potential combustitiogor the future. The
resultant flue gas has a high £€ncentration, mixed with water vapor,
particulates, residual oxygen, and,SThis alternative is attracting increased
attention because the high-concentration, €&@am would be more amenable
to separation for long-term storage. Advances stesyis that can properly
manage oxygen combustion and Q€cycling and purification will require
additional development work before full-scale destoation, and new methods
of oxygen production may be needed to make oxy-cmtindn technology
economical.

0. Integrated Gasification Combined Cycle

Referenced earlier, Integrated Gasification Comii@gcle (IGCC) technology is
designed to combine a chemical gasification proeatstraditional combustion turbine
based processes to generate electricity at conngayalhigh rates of efficiency and low
emissions levels. In the IGCC process, the fuel @al, petroleum coke, or biomass)
reacts with oxygen and steam under high temperanoteressure to form a combustible
gas composed mainly of hydrogen and carbon monoXias “synthesis gas” is cooled,
cleaned, and then combusted in a gas turbinectmined (gas and steam) cycle, the
hot exhaust from the gas turbine passes thoughtadeovery steam generator, which
produces steam that drives a second turbine. Bea#lke heat recovery, IGCC plants
can operate at efficiencies approaching 45 pert@@C technologies have improved
efficiencies compared to traditional PC plants. dlerall efficiency of an IGCC plant
depends on the particular gasifier technology eggaaand the type of coal.
Improvements in overall efficiency translate indaluctions in C@emissions; for every
one percent of efficiency gain, a plant producesua percent less G@er kWh. A
generic IGCC plant has a G@missions rate of 1600-1760 Ib/MWh as comparexd to
rate of 2000 Ib/MWh for a conventional coal plant.

Use of nitrogen diluents in the gas turbine comtaulsmits NOx production to about 10
ppm. SQ emissions are low as well because of sulfur rem@tas greater than 99
percent during synthesis gas cleaning prior talmastion. IGCC has the added
advantage of being amenable to the addition of vehlaiown as a water shift reactor
downstream of the gasifier to produce a synthessswgth mostly hydrogen and CO2.
Commercial processes from the chemical industryrearove CO2 more economically
in this relatively concentrated, high-pressure fonan they can remove it from a diffuse
flue gas stream at ambient pressure, such as accputverized-coal (PC) boilers.

Technology-Specific Barriers

Technological The basic IGCC concept was first successfully destrated at
commercial scale at EPRI's Cool Water Project fi#84 to 1989. However, IGCC is
not yet considered a commercially viable technolfegycoal at this time, though there
are IGCC plants operating in the US and world@¥ideilizing a variety of solid fuel
feedstock, including petroleum coke. Worldwide réhare four operational coal-based
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IGCC electricity generating plants with generatiapacity of roughly 250 MW eadfi;
however, none of these plants captures or seqaestdyon dioxide. Unfortunately,
these coal plants have not consistently achievpdaity factors comparable to readily
available supercritical PC plants.

Most of the information on the operation of IGCE€Hhrology is based on the use of
higher ranked, higher heat content bituminous ooglet-coke. Lower ranked
subbituminous and lignite coals, which feature Ioiveat content and greater moisture
content, can be gasified, but at lower efficieridye industry needs significantly more
experience working with these coals, especiallggithe quantity of these types of coals
in the western US.

The application of IGCC at higher altitudes alsegants unique issues that must be
addressed given that a large quantity of low ravéare found in elevations that exceed
4,000 feet. The output of a combustion turbineedurced approximately 3 percent with
every 1,000 feet increase in altitdteFor a project operating at 5,000 feet (which ldou
apply to much of PacifiCorp’s generating fleethe Rocky Mountain region), output
losses would be a significant 15 percent. In singlms, this increase in elevation results
in a reduction in output, although the capital aesissentially the same. Relocating
power plants to a lower altitude and moving thetetas by wire may seem a reasonable
option, but this would move the generation awaynfrmany of the most potentially
suitable carbon sequestration sites in the USolilevalso require moving more coal by
rail. It is important to note that supercritical Pants do not suffer the same output
losses at altitude and are therefore consideree #m excellent choice for these
applications.

Financial No large scale, utility-size IGCC plants has beeitt,oand much of the
current installed technology is in limited use.Agh, vendors are unwilling to provide
price and performance guarantees. Many utilitiesuawilling at this time to expose their
customers to these risks. Electricity from thetfinoup of U.S. IGCC plants is expected
to cost about 15- 20 percent more than that fronventional PC units with SCGand

NOx controls, assuming no CCS requirements. Thraagiire product development by
the equipment suppliers, this cost differential rbayreduced or eliminated, at least for
high-rank coals. For low-rank coals, lignite, fuetfdesign improvements will be needed
to make IGCC more competitive. In addition, an agtee and costly front-end
engineering design (FEED) study is required to iobi@asonably accurate estimates of
the cost of building an IGCC plant.

R. IGCC with CCS

IGCC technology and CCS are two different proced§€SC describes a highly
integrated two-step process: (1) gasification twdpce a gas-based fuel that can be
burned in a combustion turbine; and (2) power gatiar. CCS is a potential
complementary add-on to this technology that wawlavert the carbon in the synthetic
gas to CQ, separate and compress it, and ultimately inje¢ép beneath the Earth’s
surface for permanent sequestration. As describ&edction L above, CCS is also a two
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step process : (1) G@& captured from the air, a fuel or exhaust; andhi{@n transferred
into a natural sink (trees, algae, carbonate etdnjected into geologic formations for
long term storage. CCS will play an important rolelimate change response strategies
given the world’s continued reliance on fossil fughere are a variety of “pre” and post
combustion”, mechanical, chemical, and natural @artapture technologies that are
current available or under developméfit.

Technology Development

Hydrogen Energy, a joint venture between BP, Ridd and Edison Mission Group
offered a joint proposal to build a new hydrogemwpoplant for Carson, California. The
plant will convert carbon-rich petroleum coke itgdrogen gas and G@hrough a
chemical gasification process. The hydrogen géigivein be used to fuel a combined
cycle power plant to generate electricity. Appmately 90 percent of the G&
expected to be captured and sent via pipeline fmubgped into available underground
reservoirs for long-term storage, eliminating 4.8ion tons/year of GHG emissions.
The plant will be located adjacent to the existi@tineries in the Carson area and will
utilize the petroleum coke that is produced as-grogluct of local oil refining.

Currently, petroleum coke is trucked from refinerie the region to the ports where it is
loaded on ships for export to other nations to doaéd directly as a fuel. The Carson
Project will reduce truck trips and diesel emissiassociated with the petroleum coke
trade. It will also ensure that the g@missions associated with the use of petroleure cok
abroad or at home is captured and prevented frong lbeleased into the atmosphere.

_ Electricity Grid =0, Low Carbon; i Carbon Capture. = Gasification = Fuel (Petroleum Coke)
21— . s

Step #3 s T

v Y S

H_ydr‘ogen Powe_rSt'aiiOn ;

===y
-

Carson Hydregen Fower Project:

SCE has filed an application with the CPUC requgstiermission to assess siting and
design for this coal-based hydrogen fired IGCCéduko CCS
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Among emerging options for large-scale {/f®moval are new chemical solvents,
alternative physical/chemical separation methodgehsystems based on mineralization
processes, and concentration of Q®flue gas via high-oxygen combustion or chemical
looping. EPRI is currently evaluating these optiand intends to develop appropriate-
scale projects to speed the validation and deplaywiethis promising technology and to
improve the economics of integration with coal poplants.

One particularly promising new G@ost-capture technology is the chilled-ammonia
process. The current monoethanolamine (MEA) profsemoving CQ from the flue
gas of a PC plant has several disadvantages, ingllmlv CQ, loading capacity of the
absorbent materials and high energy consumptioimglabsorbent regeneration. The
chilled-ammonia process increases loading capatitywer temperatures by using high
concentrations of ammonium carbonate absorbethteft saves energy by regenerating
the absorbent at high pressure. Early data frowrédbry-scale equipment indicate that
removing CQ from a PC plant using the chilled ammonia proceay reduce electricity
output by only 10 percent, compared with 29 perdenthe MEA process. Because of
these promising early results, EPRI is working witetom to build a 5-MW chilled
ammonia pilot test facility, expected to begin @tiem in 2007 and provide capture test
results in 2008. A C@storage test could follow in 2009.

In addition to the technical issues associated @{@s there are a series of legal and
regulatory issues which will need to be addresse aroperty rights, long term

liability, permitting and regulatory consistenéy These issue are not unique to
California, but are arising on an internationalEd Texas recently enacted legislation
addressing the property rights and long term lighélssociated with CO2 sequestration.

Applying CCS technology to the G@&missions streams of fossil fuel-based electric
generation represents a challenge for the US andidinld. The EPRI's February 2007
research papeElectricity Technology in a Carbon-Constrained Fetudemonstrates
that successfully deploying CCS technology provithessingle largest “wedge” of
carbon emissions reductions that could be achibyete electric utility industry in
meeting a goal of reducing 2030 emissions levelO&0 levels. It is clear that broad
commercial deployment of CCS technology is theaaitcomponent of achieving long-
term reductions in GHG emissions, both domesticatlg internationally. The recent
MIT study, The Future of Coalalso endorses this course of action: “We concthde
CCS is the critical enabling technology that wotredduce CQ@ emissions significantly
while also allowing coal to meet the world’s pregsenergy needs.” The Western
Governors Association and the US Council of Maywsge both adopted resolutions in
support of spurring CCS technology for power geti@na In compliance with AB 1925,
the CEC is in the process of preparing a repoitetsubmitted to the California
Legislature in November 2007, with recommendatimnshow the State can develop
parameters to accelerate the adoption of costieféegeologic carbon sequestration
strategies.”

Technology-Specific Barriers
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Financial: The experimental nature of coupling IGCC with Ci€&hnologies creates
added risk and cost during all phases of a any-teear project. While engineering and
construction designs for a traditional coal plasgtdess than $1 million, an IGCC plant
cannot be built without a Front End Engineering ibe¢FEED) study. Such a study
costs $10-$20 million and takes 10 to 14 monthsotoplete. Because commercial-scale
IGCC technologies are new, the risk of cost-ovesraonstruction delays and delays in
achieving anticipated reliability levels, are aljtmer than for a traditional coal plant.

This added risk and cost create financing challerigean IGCC investment. Assured
and timely cost recovery, typically achieved byy@s you go” proposals, is necessary
for large IGCC projects to obtain financing and mderward. For example, the Ohio
Public Utilities Commission recently allowed AmexnrcElectric Power (AEP) to recover
an estimated $23.7 million in first-phase IGCC poastruction costs through a 12-
month generation surcharge. AEP proposed a sqaioask of recovery during
construction to cover financing costs, and a tipindse to recovery the costs of the plant
after it becomes operational. Similarly, the Indidutility Regulatory Commission
approved the requests of two utilities for defeanadl recovery of IGCC pre-construction
costs. Colorado, Indiana and Pennsylvania alligeofull cost-recovery assurances for
IGCC and CCS by statute; Colorado additionallyudels recovery for replacement
power costs associated with unplanned IGCC platsigas.

Regulatory Before IGCC technology can provide a critical pativard a low-carbon
future, it must become economically competitivéialde, and more broadly applicable
to lower rank coals and higher altitude conditioR®licy makers must understand,
however, that combining a chemical process (gagitin) with a mechanical process
(coal-based power generation), and then captundgsaquestering the gasified carbon,
is not simple and has yet to be definitively dentiaied anywhere in the world today.

Government support for IGCC/CCS development is ee¢d help direct the industry
toward this higher risk technology investment. T$upport can take the form of
accelerated depreciation; investment and produtéwmredits; research, development
and commercial demonstration funding; performaraéamty guarantees; and public-
private partnerships to develop, construct andaiperommercial scale IGCC plants.

S. Nuclear Power

At present, nuclear power provides about 15 peroe@alifornia’s total electricity
supply. Three reactors supply California: PG&E’'2@2MW Diablo Canyon; San
Onofre, a 2254 MW facility operated by SCE; and3B&0 MW Palo Verde reactor in
Arizona, which features a 27 percent California evghip share. All three plants began
commercial operations in the mid-1980s. Theirentroperating licenses will expire
during the 2022-2027 timefrant2.The re-licensing of these nuclear reactors veill b
determined by the federal Nuclear Regulatory Comaimis(NRC). The California
utilities are in the process of completing religagsstudies, which are expected to be
completed in the 2010-2011 timeframe. If the stsigive re-licensing to be feasible
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and economic, the utilities will prepare applicasdor NRC approval. The most likely
barrier for relicensing is not any technical chadjes, but public resistance.

Nuclear power provides fuel diversity, enjoys lopecating costs, and generates virtually
no GHG emissions. Nuclear generation is experignaifrenaissance” as utilities and
independent power producers explore its potential garbon constrained electric
generation market. The Federal government, throliglhoan guarantees included in
Energy Policy Act of 2005, has spurred renewed@stein nuclear power. Throughout
the U.S., 21 projects have been announced anad &egious stages of the permitting and
licensing?® though none has yet been constructed.

How much of this capacity actually gets built rensaio be seen. The last generation of
nuclear power plants to be built experienced sigait siting issues, cost overruns and
delays. Nuclear proponents argue new technoldgvesr development risks and
associated costs.

The largest barrier to new nuclear developmentalif@nia is a regulatory one. Under
existing California law (Public Resources Code 255fhere is a moratorium on the
construction of new nuclear power plants until@tC finds that there is a federally
approved, high-level nuclear waste disposal fgciNucca Mountain Nevada has been
designated by the U.S. Department of Energy aglaleivel nuclear waste site. The date
for operations has slipped several years with #te dow stretching out beyond 2020.
Until Yucca Mountain is certified and operationad,unless there is a change of the in
California state law, the CEC will be precludednfricensing any new nuclear power
plants here in California.

Despite these obstacles, a potential new nucleaepplant is being proposed by the
Fresno Nuclear Energy Group, LLC.

Technological Developments

New technologies for nuclear energy generatiorusies load following, now common in
France. An example of new technology is the AP10@8igned to be capable of startup
from cold shutdown to hot standby in 24 hours. lilee, it is capable of cooling down
from a reactor critical condition to a refuelingepgtion in 24 hours. Technology
advances include enhanced safety features, cremtinglear island consisting of a
proven four-loop reactor cooling system designrdwain safety systems, double
containment, in-containment borated water storageere accident mitigation, separate
safety buildings, advanced ‘cockpit’ control rocand an undetectable radiation release
to the public under any accident scenario. Intamdielectrical safety includes full load
rejection of 100 percent to 3 percent without axptap, four emergency diesel
generators, and two smaller, divers SBO D/Gs. HNigsvcharacteristics include airplane
crash protection and explosion pressure wave. éftielency has also improved to 35
percent (the typical current U.S. plant is 33pat efficient), and now uses 8 percent
less uranium to generate each MW of electricity.
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Technology-Specific Barrie

Technologich Long-term waste disposal has been an on-going idgat still needs to be
resolved.

Financial: The capital intensity of nuclear generation igrtang, and increases the risk
profile for investors. Furthermore, the levelizexicof new plants is hard to estimate,
since few plants are being built.

Institutionat Public concerns over plant siting, safe operatiwh\aaste disposal pose
significant barriers. There are global concernsuabiee proliferation of nuclear
materials. New fears have emerged in the postWkld regarding nuclear plants as
targets for terrorists. Finally, lack of qualifiabor pool is also a concern.

Requlatory The California Moratorium is a significant regidey hurdle. No new nuclear
plants may be built in California without a cleapository for waste.

T. Future Game Changers: Making The Case for Stat€Energy RD&D

The ETAAC Energy subgroup Group recommends thee $taCalifornia make an
affirmative commitment toRD&D programs geared tatlv&HG abatement. The
technologies needed to support GHG reductionsarmthier years beyond 2020 do not
yet exist. While the State of California currerfiiyds a variety of RD&D programs,
these programs are not currently focused on meas@HG reductions. Moreover, the
State’s individual subsidy programs in most casesiat coordinated with one another,
creating inefficiency and missed opportunitiesdost-effective GHG emission
reductions.

By not just supporting -- but actively promotingah energy innovation -- the State has
the opportunity to seed the California marketpladé promising new technologies that
may aid in achieving GHG abatement goals--partityilaeyond 2020. This will also
drive new investment dollars to California and ée#nable our State to attract and
nurture the most promising clean energy start-ugr@sses. Support for clean energy
innovation may include such actions as:

e Support RD&D for GHG Abatemerromote the use of public funds to support
research of technologies with potentially high GEléatement value. Consider
linking the current individual subsidy programstwaé common set of reduction
objectives, possibly including a unified approagiState-calculated avoided
costs. Accurate and consistent calculation of aasbicbsts would better ensure
that RD&D funding is efficient and attuned to commmalization.

. Leverage California’s Center of Innovatiobeverage and provide coordination
among the existing RD&D efforts of State and Feldetzs, private research
institutes and universities. Currently there issmmle source of information
about what the referenced centers of innovatioman&ing on or how their
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research priorities are established. A coordinafémt would ensure that
market and policy signals reach and influence iation centers. Further it
may enable policy reforms that reflect real tecbgamlal progress and may help
individual efforts achieve scale more quickly.

«  Support Demonstration Financ8upport first MW installations that prove
technical feasibility and enable project financfogemerging technologies. The
absence of this kind of financial support is a Bigant impediment to the
maturation of new generation technologies, andmnsistently identified by
thought leaders as a major gap in the financidlisecture of clean energy. A
structure that leverages public funds nominallyicked to efforts such as this —
e.g. PIER funds — with private funding at the pcbjevel could find the right
balance of risk-sharing to accelerate technologiuration.

. Engage the Private SectdCreate visible onramps for private sector supfuoort
early stage clean energy innovation. Consider digphvate partnership that
leverages private sector support for public seabpectives. A single, focused
entity may be well positioned to act as a coorainaf policy-motivated
technology innovation, for example by administeriagyeted State grant funds
for specific technology challenges — i.e. the “guldarrot” approach to goal-
setting and reward. Such an entity could also engda multiple public and
private centers of innovation in California clearesgy to communicate, share
research, seek private funding, and move matutentdagies through the
procurement processes of the major State energydars. The entity could
also act as the principal agent for external madkeelopment and technology
transfer to demand centers outside of California.

A host of emerging clean technology opportunitiagenbeen identified; however, there
is no single “silver bullet” that will provide thechnological solution for GHG
abatement. Rather, a diverse portfolio is neeldatibcludes energy efficiency,
renewable resources and accompanying enablingdbies, improved new and
existing generation technologies, development diamacapture and sequestration
systems, and others. In addition, effective pefianust be in place to help bring
emerging technologies to the market. The Statéatifornia needs to implement parallel
policy and technology efforts in order to meetaggressive GHG reduction goals.

Additional Recommendations

ltem Relates To

1. To encourage wider adoption of LED lighting, congam Energy Efficiency —
education is necessary to increase awareness bétiedits LED
and availability of consumer-ready LED products.

1. Initiate a study or form task force to assess the PHEV/EV - Storage
potential of using of depleted electric vehicletbaes, with
roughly 80 percent State of charge left to preedergy to
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residences or commercial buildings.

Develop rebate from ARB to consumers who choog
to buy PHEVs perhaps funded via a “fee-bate” agsksn
highly polluting automobiles sold in California.

sePHEV/EV —
Transport

Work in concert with the Low Carbon Fuel Standar
to possibly create credits through the sale oftetity as fuel.
These credits could be sold to petroleum distrilsytand the
funds from these sales may go to utility/EV custmre help
utilities offset AB 32 emission obligations.

i,PHEV/EV —
Transport

Allow Zero Emission Vehicles regulations to set
standards for PHEVS.

PHEV/EV —
Transport

Encourage early implementation of PHEV/EVs by
reducing the emission system battery warranty requents
during the start up years through partnerships gnudiities,
auto manufacturers, and ARB.

PHEV/EV —
Transport

The California government can play a key role in
information-sharing efforts, and making sure thisress of a
proprietary effort in smartening the grid. EPRHhKselliGrid
Consortium, with founding members including ABBeth
Bonneville Power Administration, Con Edison, Eleste de
France, and Hitachi, is working to establish annogtandard
for smart-grid interoperability. Similarly, the @wise
Alliance, under the guidance of the US Departméiidrergy
and the PNNL is developing supportive open starsland
guidelines.

Smart Grid

California should actively investigate the upgraties
distribution-level infrastructure that will be nesztito support
both increased DG penetration by renewables angdiver
flows associated with a PHEV/EV fleet. Ratemaking
treatment for these utility investments should toelied and
implemented on the most accelerated timeframe Iplessi
consistent with technical feasibility and the steathrket
deployment of the technologies in question.

PHEV/EV —
Transport; Smart
Grid

Organize and expand the current level of effothm
science and business of CCS. For example, UCmayside
participation in CCS RD&D can occur through a naélo
research institute, such as DOE’s Lawrence Liveemor
Laboratory”’.

CCS

California should investigate, in a collaborative
manner, the renegotiation of existing high-pollgtimport
contracts to the effect that California ratepayerds actively
support the near-term testing and development of
sequestration sites for GHG emissions associatéd wi
California electricity consumption.

CCS

10.

Coordinate potential plant capacity additions and

CCS

retrofits with ongoing program objectives to maxamihe
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commercialization potential of CCS technology

11. Joint guarantee provided by consuming States aald
producing/generating States for indemnificationhaf
indefinite insurance liability risk associated witile CO2
sequestration of the first few projects as curgetitére is no
insurance available for CO2 sequestration

cG6CS

12. Collaborate on integrated financing issues assetiat
with CCS issues

CCS

13. In line with SB 1368, provide utilities with ratased
reimbursement for all R&D expenditures associatél their
collaboration of new and emerging CO2 technologies.

CCS

14. Encourage further development of CCS technologi
that use algae to make biofuels.

pCCS

15. Fostering interactions between consuming and coa

producing/generating States should include:

a) Closer collaboration between all utility
commissioners

b) Support “Capture-Ready” requirements for all n
generating facilities. “Capture-Ready” refers ®C and
PC power plants that are located in immediate pnayi
to a suitable sequestration site, and existing gipeline,
or a verified pipeline rout to a remote sequesirasite
and have space on site and any other essentiatdéedb
allow CO2 capture facilities subsequently to begnated
without extended outages.

C) Support construction of new CCS projects
including out of State CCS projects with assetsaied
to supply electricity to California.

| CCS

)
=

16. Investigate incorporating storage into the grid to Renewable; Storage
balance out variable output renewables — solamand.
17. Ensure full valuation of CO2, environmental andeoth Renewable

benefits. Synchronize different valuations amoragpams
and technologies.

18. Continue existing incentives for distributed Renewable
technologies, and adjust to account for actualgyner
performance, environmental attributes, and econswiie
scale.
19. State support for development of new technologies fRenewable
geothermal exploration.
20. Accelerate research into material cost-reductions. | Renewable
21. Incentives for clean energy equipment manufacturingkenewable

facilities in the State, including Manufacturingzéstment
Credits, property and other tax exemptions, as agetither
programs as services such as recruiting, creafiolean
energy equipment manufacturing “enterprise zones”.

Renewable

22. Workforce training for utility procurement officers
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field operators and other employees on technology
characteristics and operations.

23. Expansion of funding to RD&D incubation centers.

Renewable

24. Change the gasification law to allow diversion dred
for gasification of municipal solid waste.

Renewable

25. Incentivize landfill operators to use landfill gas
energy generation.

Renewable

26. Simplify permitting for renewable project
developments through coordinated decision-makioggss
between State and Federal agencies such as catsaid
permitting activity within interagency coordinatibgdies or
through master agency agreements, establishirepeec!
permitting pathway, and/or fast-tracking permitteféprts.

Renewable

27. Extend timeframe for Production Tax Credit (PTC)
and Investment Tax Credit (ITC) — a clear, consissggnal to
the market that PTCs and ITCs can be expectedaohrger
term would increase clean energy investment anggis)y
and continue momentum in lowering costs and coirtqu
supply of materials for technologies productionrsas wind
and solar.

Renewable

28. Improve transmission access for renewable energy

. Renewable

29. Support Federal funding under section 413 of tHgb2
Energy Policy Act for demonstration projects of aneed
coal technologies using carbon capture and se@tiestr with
a focus on those locations and coal types thaharenost
abundant.

0IGCC with CCS

30. Provide specific development goals for the
advancement of IGCC technologies that focus on majo
components that will result in higher availabilitgcreased
performance and lower cost.

IGCC with CCS

31. Address legal and regulatory barriers/issues aataut
with CCS, including regulatory and policy certaitdy
eliminate all liability for sequestering carbon end
scientifically-based Federal standards.

IGCC with CCS

32. Provide financial incentives for permanent geologic
carbon dioxide sequestration.

IGCC with CCS

33. Develop a regulatory framework for injection wells
and carbon dioxide pipelines.

IGCC with CCS

34. Guarantee assured and timely cost recovery or 4sa
you go” for large IGCC projects.

vy IGCC with CCS
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Background Status Report on Transportation Seatutins and Sources
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Appendix IV: Summary Table of Public Response tgurst for Climate Change

Suggestion

direct photoelectrochemical
H2 generation from Water
increase recycling and
materials-specific waste
limits

Pollutant saving

Emission Control Technologies

CcOo2

5mmtCO2-eq

petroleum coke to H2-fueled CO2,

turbine for electricity
generation

improved fuel/air mixing
increases combustion
efficiency

pulse corona discharge to
control soot from
combustion

more HOV lane stickers to
incentivize high mpg
vehicles

fuel and oil additives for
improving vehicle mpg

H2 ICE and fuel cell transit
buses

on-board water to H2

sequestered

CO2, others

soot

CcOo2

CO2, others
CcOo2

CO, PM, HCs,

generation for ICE intake air others

fumigation

fuel taxes to encourage highCO2

mpg vehicle development
high-albedo materials to

110-210Kg

reduce a/c cooling demands CO2/year/100sq

SCR for ferry boats

solar, wind, fuel cell ferry
boats

split cycle retrofit kit for
existing engines

advanced mpg display in
cars to inform/incentivize
drivers

improve electricity
generation efficiency by

m treated roof
NOx, THC, PM

CO2

NOx, PM, 50k
tpd CO2-eq for
CA diesel fleet
CO2

.64mmtpy
CO2/yr from 32

enhanced turbine H2 coolingplants

system control
relocate power plants to oil
fields for CO2 sequestration

na

Cost Contact Contact  Organization

Last First

Name Name
$2.08/kg Oakes Thomas Solar Hydrogen Co.
H2 w

Smithline  Scott Californians Against3téa
$2B capital, Rau Tiffany Carson Hydrogen Power
2 percent
Iyr
operating
$199/gas Mogford  John Tadger Group International

engine
na Harris Godfrey Pulsatron Technology
na Kutaka- Joy citizen

Kennedy

na Phelps Kyle Advanced Lubrication
Technology
na na na na
$12,900 for Gilchrist ~ Steve Canadian Hydrogen Energy
large Company
diesels
na Fromm Larry Achates Power
$0.0 - $0.20 Taha Haider Altostratus Inc.
/sq foot
17 percentWeaver Chris EF&EE
of vessel
constructio
n costs
na Culnane Mary San Francisco Bay Area
Water Transit Authority

$500/liter Rutherfor Rob Roted Design Ltd.
displaceme d
nt
na Rhett Norm citizen
$140k- Speranza  John Distributed Energy Systems
$260k per
plant
na Zozula Kerby Ventura County APCD
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25
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27

28

29

30

31
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and oil recovery

replace high GWP solvents HFCs, PFCs
with flammable low-GWP

solvents

oxygen fired combustion for CO2, others
electricity generation & easy

CCs

battery bicycles recharged CO2, others
from nuclear power

ethanol-based fuel borne
catalyst to improve
combustion efficiency
pressurized oxygen fired
combustion with
sequestration

external combustion and
detonation rotary engine

CO2, others

50k-100k tonnes
CO2 /day in CA

20 percent -60
percent CO2
reduction
college campuses to use  CO2, others
multiple "hybrid"

technologies

natural gas replacement for CO2, others
wood burning

stoves/fireplaces

ultra capacitors for electric CO2
vehicles

vehicles that have limited CO2
run on battery power or run

on a solar powered monorail

H2 fuel cells to replace CO2
marine APUs

install smart meters to CO02

increase consumer

awareness of electric power
consumption

Smart Signs connected to CO2
hiway remote sensing to
make motorists aware of
vehicle condition

biofuel technology for
passenger cars

COo2

plug-in hybrid vehicles with CO2
larger batteries

require dockside ships to us€€02
cold ironing

microsolar panels to CO2
supplement residential

electricity

synthetic engine oil to CO2, others

increase engine efficiency
charge fee for low mpg cars CO2, others
to subsidize high mpg cars

$0.085/kw- DeVanna

hr

$1,000-
$1,500 per
unit

na

na

7-11 year
payback

$3400/unit
+ $50-
$70/year

na

$150k/mile
for rail,
$10k/car
$3400/kw

$100-$400
per unit

na

less than
$1000/vehi
cle

na

$3.5M/bert

h, $1M/ship
$300/75W
$7-$8/qt

na
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na na MicroCare, 3M, others
Leonard Clean Energy Systems
Jamerson  Frank Electric Bikes Worldwide
Reports
Randoll Bill Accelerated Solutions

Fassbend Alex ThermoEnergy Corporation

er
Saint- Gilles Quasiturbine
Hillaire
Clark Woodrow LA Community College
District
na na Sempra Energy, others
Chambers Phillip UusmMC
Roane Jerry Roane Inventions
Bruns- Stefan Hannover Export
Wustefel Management Conusult
d
na na na
na na na
Ellis Chris Hykinesis Inc.
Nortman  Pete EnergyCS
Waugh Mike ARB
na na na
Suel Patrick na
Hodge Cal For a 2nd Opinion Inc.
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Neste Oil's techology to
convert vegetable/animal fat
to diesel fuel

liquefied landfill gas for COo2
vehicular use
plasma magneto- COo2

hydrodynamic power

generation using decaying
isotopes

react CO2 with H2 to make CO2
a fuel for electricity
generation

rebates as incentives for
LSVs

hydraulic, pneumatic
systems for vehicle regen
braking

electrification of airport
GSE

use waste heat from
residential a/c to heat water
for house or spa
CEQU-based fee structure na
for GHG emissions

remove barriers to better  na
forest management
flywheel batteries for port
cranes

100 mpg cars at reasonable CO2
cost

fuel cell vehicles using H2 CO2
from renewable sources

COo2

CcOo2

CcOo2

CcOo2

cellulosic ethanol CO2 by 80
biorefineries percent
biodiesel from algae CO2
on-board ammonia for COo2
reducing NOx

capture landfill gas for CO2, CH4
power generation

increase average vehicle CO2

ridership through
ridesharing incentives

Demand Side Management, CO2, others

reduced population growth
proprietary substitute for

blowing agent for 500k tonnes
polyurethane and CO2-eq
polystyrene foams

tax rebates for residential CO2

solar water heaters

decentralize worksites for CO2

large organizations to reduce
commute emissions
convert diesel engines to

CO2, others

CO2 15 percent
-20 percent

$.72-$1
/gallon
LNG

na

na

na

na

$20k/unit

$550-
$700/unite

na

na

$3k-
$1ik/car
na
$7/gallonly
ear

$.52/L

na

na

na

na

F-gases, HFCs, na

$1500
rebate/unit
na

CO2 down 20 na
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$250/crane

Hodge Cal
Watkins Larry
Vahab Christian
Ralston Jack
Drushell Theo
na na
Pasek Randall
na na
Craft David
na na
na na
Starr Gary
Simmons  Blake
Simmons  Blake
Jacobson  Wiliam
Bennet Russ
Bishop Josepth
Bennett Russ

Kalinows Tim
ki

Del
Chiaro e
na na

Funk rnéfe

For a 2nd Opinion Inc.

SCAQMD

Peeker Atomic Energy
Systems Inc

ECO2

Davis Electric Cars

CalStart, etc.

SCAQMD

G&S Mechanical Services

MBUAPCD
USDA Forest Service
VYCON
ZAP
California Fuel Cell
Partnership
Sandia National
Laboratories
ndgaNational
Laboratories
SY-Will Engineering
Redding Power

Traffic Bulldog

Redding Power

Foam Supplies Inc

Bernadett Environment California

na

Omnitek Engineering
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natural gas percent -25
percent
ice storage air conditioning CO2 4-6 tpy up to Kuhlman Paul Ice Energy Inc.
to shift a/c loads to off peak CO2- $30k/install
hours eg/commercial  ation
building
solar conversion of ambient 450 tpd CO2 per $5- Stechel Ellen Sandia National
CO2 to fuel 100k gallons $6/gallon Laboratories
MeOH produced gasoline
equivalent
produced
truck APU CO2, others $1350 Dennehy  John Emerson Suphal
installed,
$120/yr
convert all Cl & Sl engines CO2, others equal or  Hotaling  Dick Fleet Multi-Fuel Corp
to run on plant-based fuels less than
current
fuels
use nuclear power, iron-seedCO2 $.10/kw-hr, na na nrc.gov, planktos.com
oceans to increase algae trillion
dollars
fuel additive to improve fuel CO2 $03- Taplin Harry BTU Consultants
economy $.12/fuel
gallon
treated
continue incentives for CHP CO2 50 percent $1800- Wong Eric California Clean DG
projects reductions over  $3000/kw Coalition
central power plus .5-2
plants cents/kw
scrubber for removing CO2, others 10 percent McGinne Mike EcoShield
VOCs without combustion -100 SS
percent
cost of
convention
al thermal
oxidizer
systems
hybrid HVAC using evap  CO2, others $15/sq ft Lentz Mark Lentz Engineering
cooling, heat exchangers and Associates
thermal storage
install solar collectors as  CO2, dust na na na na
Salton Sea evaporates to
reduce dust and generate
power
install flue gas condensers CO2, CH4, na Abma Sid Sidel Systems USA Inc
on boilers/heaters to recoverreduced by 10
latent heat percent -15
percent
reactors to reduce ag waste CO2 $500/unit Semerau  John na
for burial/sequestration and
oil recovery
ban high consumption light CO2 na na na na
bulbs, incentivize residential
solar panels, etc.
restore ecosystem CO2 200 na Coleman  William Planktos
productivity tons/hectare
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proprietary battery for EVs, CO2
200 Wh/kg, $150/kw-hr
new EV CcOo2

system to recycle exhaust toCO2 reduced 23
the intake of vehicle enginespercent , others
subsidize retrofits of existingCO2
technologies

capture potential energy of CO2

trains descending long
grades as electricity

public outreach and
education to remind people
where resources come from,
what happens to wastes
recuperated gas turbines to CO2
replace locomotive engines

COo2

improved drying process for CO2 8.5M
clothes dryers and flue gas tonnes/yr in
cleaning Germany
tree sequestration

outreach - reduction is the na
solution, technology is not

hybrid, alt fuel, other CO2
"green" vehicles
lithium batteries - H2isa  CO2

storage medium not a fuel

expand electric rail service CO2
throughout the State, and

nuclear power

diesel-electric hybrid class CO2 down 30

6&7 trucks percent -60
percent

fuel cell CHP systems CO2 down 20
percent -50
percent

incentives to reduce cost of CO2 down 30
HD hybrid vehicles percent -60
percent

increase us of polyurethane CO2 down by 15
foam panels and spray-on percent -20
insulation to reduce buiding percent

energy losses

unique CO2 separation CO2, 10ktpd for
technology to reduce CCS 500MW plant
costs

35 trees = 6 cars

$150/kw-hr
$1B-$2B

y
$9000/retro  Covit

England

ChristophElectrochimica

er Development
Woodbur Rick

Commuter Cars Corp

Raymond na

fit Paul

na na na na

$5M/mile Bartley Tom ISE Corporation

na na na na

$1.126M/lo  Pier Jerome JR Pier & Associates

comotive/2

Oyrs

na Curtis Fritz na

low McBheGreg UCDavis Urban Forestry

n

na na na na

na na na na

na na na na

na na na na

$47k/truck  Truebloo Tom International Truck and
d Engine Corp

$7/kw Slangerup Tom ClearEdge Power Corp

installed, 6

cents/kw-hr

incremental Van Bill WestStart-CALSTART

costof 50  Amburg

percent -

100 percent

20 percent Womack  Frank Air Products and Chemicals

-200 Inc.

percent of

convention

al

insulation

cost, but 15

percent -50

percent

energy

savings

na Graham Wendy Air Products and Chemicals
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high speed maglev, as used CO2, 743ktpy $19B Perdon Alberto
in Shanghai capital,
$394M/yea
r operating
battery-powered school bus  CO2, 100 $225k- na na
percent $250k/bus,
reduction saves
$8250/yr in
fuel
State funded solar and wind na na na na
power installed on industrial
roofs
Advanced Energy Storage toaCO2 $00- Wong Eric
flatten electric grid load $800/kwhr
curves
electric efficiency CO2, others na Cleveland Frances

improvement through
automation and DG

automated equipment and CO2 down by 43 $8000/loco Smith Wade
ground power to reduce percent motive

locomotive engine run time;

High Speed Train in CO2 down >$33B Smith Wade
California Corridor 12.4B pounds

H2 generator based on CO2 down $2.5-$5/kg  Shuster Terry
ethanol reforming 1ktpy H2

Advanced Truck Stop CO2 down 98k  $16,700/par Doty Carol
Electrification tonnes/year king space

cellulosic ethanol via acid CO2 down $1.02/gallo  Sumait Necy

hydrolysis, also from landfill 176ktpy/plant n
gas and waste

replace current IC engines CO2, others na Tour Oded
with Tour engines
solid oxide fuel cells CO2 down by  $10k/kW na na
400lbs/MWhr
CHP DG systems with fuel CO2 65ktpd 4-5 Castaldini Carlos
independent renewables cents/(kWe
+kWt)
bio-oils from microalgae 2M tpd for 30  $1/gallon Asmusse Keith
percent market n
share
tidal electricity generation CO2, others na Von  Annette
Jouanne
forestry and biomass for  CO2, 7M $2M/MW Reese Phil
power generation tonnes/yr
promote solar pv na na na na
installations
closed-cycle combustion CO2, 100 1/3-2/3 cost Stockton  Edward
percent of
reduction convention
al boilers
compression and turbo- CO2 na Chang Dan

expansion of process

exhaust stream to separate

CO2

incentives for hybrids to COo2 na na na
replace older cars, ala Moyer
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Orangeline Development
Authority

na

na
California Clean DG
Coalition

Xanthus Consulting
International

Amtrak

Amtrak
HyRadix Inc
IdleAir Technologies Corp.

Blue Fire Ethanol

Tour Engine Inc.
Bloom Energy

CMC-Engineering

General Atomics

Oregon State University
Colmac Energy
na

SOG

UC Davis

na
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program

January 10, 2008
Sacramento

Cal-EPA Headquarters

report.

,Approval vote on the final

enhance phytoplankton CO2
fertility as offshoot of Ocean

Thermal Energy Conversion

facilities

digestion and co-digestion ofCO2, CH4
organic feedstocks to

methane for CHP

suction to remove CO2 fromCO2, CH4
atmosphere

alt fuels for Container
Terminal Equipment
replace older equipment
with lean burn equipment
partial oxidation catalyst for CH4, NOx 41
vehicles percent
permitting fast track for CO2, CH4
businesses using green
technologies

focus on efficiency,
incentives for performance
instead of cap & trade, use na
tax refunds/feebates to

incentive technology
development and
commercialization

find substitute for Siin PVs, CO2
advance Ni-metal-hydride

for H2 storage in cars

better refrigerator insulation,CO2
lower appliance stand-by
power demand, prioritize
hiway lane access

CO2 capture via
hydrogenation to methane
innovative HVAC system
for improved indoor air
quality at reduced energy
consumption

wind power to generate H2 CO2
for vehicle use

CcOo2

COo2

CcOo2

6{0)

COo2

na Barry

na na

na Goodrich

na na

na Ayala

$18-

$30/vehicle
na

Bartley

Ryan

na na

na Johnson

na Deniz

na na

na na
na Mumma

na na
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Chris

na

John
na
William

Gordon

Hank

na

Ken

Gladys

na

na

Stanley

na

Ocean Renewable Energy

na

na
na

Jon's Marketplace
SwRI

Small Business California

na

na

na

NA

ECO2 (Norway)

Penn State

na
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! Shipp, Stephanie et aEyaluation Best Practices and Results, the Advaiiestinology Program
NISTR 05-714, May 2005; www.atp.nist.gov/eao/ir0b¢4/contents.htm

2 NIST, ATP;2004 Report on Economic Progresayw.atp.nist.gov/eao/2004annual/2004annual .pdf
3 callifornia Energy Efficiency Potential Study, Ixdvlay 24, 2006

* American Wind Energy Associatiotttp://www.awea.org/projects/california.htmMarch 31, 2007.

® Callifornia Energy Commissiorhttp://www.energy.ca.gov/electricity/gross_systemwpr.html April
16, 2007.

6 California Energy Commissioftalifornia Gross System Power for 2006Gigawatt-Hours (GWh).
http://www.energy.ca.gov/electricity/gross_systemwer.html April 16, 2007.

” Yen-Nakafuji, Dora.California Wind ResourcesDraft Staff Paper, California Energy Commissigpril 22, 2005.
8 Assuming an average emissions factor of 805 Ib&eZ@Wh.

9 “California Geothermal Resources”, E. Sisson-ilEgr. Tiangco, April 2005

10 USDOE Energy Efficiency and Renewable Ener@eopowering the West — California State Profile.

http://www1.eere.energy.gov/geothermal/gpw/profildifornia.html January 17, 2007.
1 hitp:/iwww.energy.ca.gov/electricity/gross_systemwer.html
12 |nformation regarding lower and higher temperatesource technologies primarily from “The Futufe o
Geothermal Energy”, 2006, Massachusetts Instithifieeohnology
13 california Energy CommissionComparative Costs of Central Station Electricitgr@ration TechnologiesStaff
Draft Report. June 2007.
14 http://www.gosolarcalifornia.ca.gov/solar101/oriimn.html Accessed August 12, 2007.
15U.S. Department of Energy, Energy Efficiency areh&vable EnergyReport to Congress on Assessment of
Potential Impact of Concentrating Solar Power fde&ric Power Generation February 2007.
18|, Stoddard, J. Abiecunas, and R. O’Connell. ‘fimic, Energy, and Environmental Benefits of Corceimg
Solar Power in California.” USDOE NREL. April 260P. A-6.
7 Abiecunas, J., L. Stoddard and R. O’Conn&tonomic, Energy, and Environmental Benefits ofd@atrating
Solar Power in California.National Renewable Energy Laboratory. April 2006.
18 . Stoddard, J. Abiecunas, and R. O’Connell. ‘fmoic, Energy, and Environmental Benefits of
goncentrating Solar Power in California.” USDOERR April 2006. P. A-7.

Ibid.
20 california Energy CommissiorCalifornia Solar ResourcesStaff Draft Paper in Support of the 2005 IEPRoriA
2005.
2 california Energy Commissioisrid Connected PV Capacity (kW) Installed in Califia.
http://www.energy.ca.gov/renewables/emerging_reidesdGRID-CONNECTED PV.PDFDecember 31,
2006.
22 sunPower: June, 2007
2 California Energy CommissiorCalifornia Solar ResourcesStaff Draft Paper in Support of the 2005 IEPRriA
2005.
24 Decision (D.) 07-01-018 in CPUC R.06-03-004, issdanuary 11, 2007, Conclusions of Law.
% p. DenholmThe Technical Potential of Solar Water Heating &miice Fossil Fuel Use and Greenhouse Gas
I256missions in the United Stat&REL Technical Report, NREL/TP-640-41157, Marcl®20

Ibid.
27 Formerly the San Diego Regional Energy Office (5I0R. This pilot program was set up in CPUC DecigiD.)
06-12-033, following the passage of SB 1, whiclalelished the California Solar Initiative. Thisqgiiprogram is 18
months in duration and sunsets in July 2008.
2 The CSI program was modified by SB 1 (Murray), fea 132, Statutes of 2006, and restricted theifund
mechanism to only electric distribution rates. TRUC, in Decision (D.) 06-12-033, interpreted S® tead that it
would be inappropriate to subsidize solar thermahhology that displaces gas with electric ratepdg#ars. Though
currently there is $100.8 million for solar thermmathe CSI, the funds can only be used to dispideetric usage.

# Based on an average yield of 77.5 gallons of ethaer dry ton and 72 gallons of FT liquids per thg.
From Recommendations for a Bioenergy Plan for Galif prepared for the Bioenergy Working Group,
by Navigant Consulting, Inc. April 2006

nformation derived from: Recommendations for adBiergy Plan for California;
http://www.energy.ca.gov/2006publications/CEC-6@®&-004/CEC-600-2006-004-F.PDF

%1t has been estimated that there is the poteuttistoring over 1 billion tones of CO2 in existing
California oilfields. There are several large s@@elogic sequestration projects in place: Stadleipner,
Norway; BP at In Salah Algeria; and, Encana at Wieylin Saskatchewan, Canada.
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%2 The volume of carbon dioxide that must be extihétem all power plant emissions streams is ordérs
magnitude greater than those used and sequesteeatianced oil recovery processes. A single 800-
megawatt coal-fired power plant will produce appneetely 6.1 million tons of carbon dioxide annually
compared to the approximately 5 million tons ofbear dioxide used annually by the largest enhanded o
recovery projects.

33 C0O2 Sequestration Options for California, ETAA@sty Myer, CEC, May 10, 2007

3 Topical Report: Development of Hydrogasificatioméess for Co-Production of Substitute Natural Gas
(SNG) and Electric Power from Western Coals, Rablb$oP.E. , NETL, May 31,2007

% pPresentation: Carbon Capture Corporation, ETAA&ht&mber 2007

% presentation: Greg Rau, U.C. Santa Cruz, ETAACy RE0O7

37 A number of deep, leak-proof geologic formatioasdbeen identified as candidates for long-term CO2
storage. These include depleted oil and gas reiserdeep saline formations, and unmineable caahse

In most cases, CO2 would be injected into such &ions as a supercritical fluid to maximize theaste
density. To ensure that injected CO2 would rem@ithis state, the geologic storage formations would
have to be at depths greater than 800 meters (hltfa mile) below the earth's surface. The eiffectess

of such formations for long-term CO, storage isghbject of much international research and mastynig
programs.

3 |PCC Special Report, Carbon Dioxide Capture anda§e, Summary for Policymakers

% There are ICGG plants operating in Florida, IndijaBalifornia, Delaware, Kansas, Italy, Spain, dapa
and Singapore.

0 There are currently two operating coal-based IG&@ts in the United States and two in Europe. The
two U.S. projects were supported initially under Bepartment of Energy's Clean Coal Technology
demonstration program but are now operating comialgravithout DOE support.

*L At high elevation, the air pressure - and heneadinsity of air - is lower. The output of all camstion
turbine-based resources, not just IGCC plant$us teduced at higher elevations.

2 The Essential Role of CO2 Sequestration in Stbii Atmospheric CO2, Greg Rau, U.C. Santa Cruz &
Lawrence Livermore National Laboratory, ETAAC, M&9,2007

“3 Letter to Alan Llyod, Ph D. Chair, ETAAC, from Q@erine H. Reheis-Boyd, COO, Western States
Petroleum Association, June 13, 2007.

** International Carbon Capture and Storage Prof@eescoming Legal Barriers, Robertson, Findsen,
Messner, National Energy Technology Laboratory,.DSE, June 23, 2006

*> Nuclear Power in California: 2007 Status Repoepred for the California Energy Commission, MRW
& Associates, June 2007.

“5 Nuclear Energy Institute, New Nuclear Plant Statsisf 8/07

*" Since LLNL is managed by the UC, it provides sal#mportant linkages to the ten UC campuses. The
Campus-Laboratory Collaborations (CLC) Program twedCampus-Laboratory Exchange (CLE) Program
are efforts to foster and support collaborativeassh efforts between the campuses and LLNL. Relsea
collaborations between LLNL and the UC campuseg mw@duced many beneficial results in the carbon
sequestration area. Three of the eight CCS profmiducted at UC campuses mentioned above were
collaborations with LLNL.
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