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1.INTRODUCTION AND EXECUTIVE SUMMARY
I. The Challenge and The Opportunity

Global climate change presents California with@esichallenges to the health of its people and
ecosystems and the vitality of its economy. Pryperplemented, the solutions to climate
change can also present enormous opportunitiesCahi®rnia Legislature and Governor
Schwarzenegger approved AB 32, the California Glg¥&rming Solutions Act of 2006, which
requires the state to cut total greenhouse gas (@&r&sions such as carbon dioxide {Cky

25 percent by 2020 (compared to “business as usual”

economic activity.) 2 —
Prior to the passage of AB 32, Governor 20

Schwarzenegger issued a 2005 Executive Orderéhat

an even more ambitious climate change response 15 M2 a8

program: an 80 percent GHG emission reduction by
2050. Other nations and states are now adoptisg thi | o
aggressive reduction target in light of recent rsitfie
findings that suggest the world may soon be regchin | 51
tipping point on climate change impacts. Given 147
California’s expected population growth, this 2050 0 ‘ ‘ ‘

reduction target creates great challenges forttite,as e e e e iy
it requires a 90 percent per capita reduction irGGH
emissions (see Figure 1-1). Meeting this targét wi
require a sense of urgency for vastly more efficiese of
energy and the virtual elimination of all GHG enuss from the state’s energy infrastructure.

9.88

Figure 1-1: California Per Capita
CO,-Equivalent (tons per persc

Despite these seemingly daunting challenges, Cai#® climate change policies can benefit the
state’s economy, environment, and residents. Deusj cleaner energy and transportation
systems will give California a chance to improve siecurity of fuel supplies, address stubborn
air pollution concerns, and develop better desigr@dmunities and buildings. The
development of better methods of moving peopleguatls throughout the state is another
opportunity to improve economic efficiency and reglypollution and congestion in the
implementation of our climate change response @agrin many cases, these solutions provide
important co-benefits by addressing difficult andd-standing problems. Among them is the
inequitable distribution of the environmental castsociated with California’s electric power
and transportation infrastructure.

Continuing California’s long-standing traditioniohovation on environmental issues, AB 32
has given the California Air Resources Board (CARBgadership role in forging new
approaches to diminishing the state’s carbon fautpExisting California programs have
demonstrated that major air pollution reductions lsa achieved through economic and
technological advancements. For example, newrelgawer plants in California now emit 90
percent less ozone and particulate forming NitroQzides (NOXx) than they did two decades
ago due to technology-forcing regulations. Stechnology-forcing standards have also
resulted in California’s greenest new passenger @aitting 99 percent less Volatile Organic
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Compounds (VOC) and NOx than vehicles did in 19F0licies supporting aggressive energy
efficiency upgrades, as well as higher energy praoed a transition toward a service-oriented
economy, have all helped California keep its pgitagelectricity consumption flat for the past
few decades. California has achieved this fegtai, through a balanced portfolio of policies,
performance standards and market-based incentiMesse State policies addressed important
market failures: pollution externalities; marketipers to private sector Research, Development
& Demonstration (RD&D); misplaced financial incergs; and imperfect information for energy
consumers. As California turns its attention tmbating global climate change, new State
policies designed to surmount these and other mméalteres must expand in scope and
creativity.

Others
8.4%

Nt

Transportation
41.2%

]

Electric Power
19.6%

Industrial / T
22.8% Ag & Forestry
8.0%

Figure 1-2: Carbon Emissions by Sector

As shown above in Figure 1-2, GHG emissions rdsuih many activities ranging from
transportation to manufacturing to agriculture. li¢d@s implemented under AB 32 and the
Governor’s Executive Order for 2050 must addrelssegltors of California’s economy so that all
significant sources of GHG emissions participatbath the challenges and opportunities
afforded by this critical piece of state legislatioThis broad-scaled approach is the most likely
to create a level playing field, and address ne®rdtive energy sources that could be used in
multiple sectors. For example, policies need togaize that electricity and biofuels will likely
compete with more traditional transportation fualghe future; therefore, policies that address
only the electric sector or only the petroleummefy sector are unlikely to achieve the goals of
AB 32.

The initial AB 32 target of reducing California’sH& emissions back to 1990 levels by 2020 is
the critical first step toward reducing emissiond glacing the state on a trajectory to meet long-
term GHG reduction goals. The long-term reducgoals for 2050 and beyond are equally
important and will require fundamental changesansumer behavior, in energy use, and in the
infrastructure that supports virtually all econoradativity. In some cases, the state will
encounter tradeoffs between the actions necessdmyng about the wide scale transformation

of a carbon-free economy with those that may baingut the lowest cost emission reductions in
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the short term. This report identifies recommeratfatto achieve both short-term and long-term
goals. Balanced and innovative approaches ardycleseded.

[I. Major Strategies and Opportunities

AB 32 instructs CARB to create the Economic andhfetogy Advancement Advisory
Committee (ETAAC) and instructs ETAAC to do theldaling:

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

ETAAC has identified five major strategies for prating economic and technology
advancement. The Committee believes these pgtipgoaches are key to California’s success
in tackling the climate change challenge. ETAAC ais® identified five key areas of
opportunity, places where the state must focuatiention to deliver the GHG emission
reductions and ancillary benefits needed for clergiccess. A general description of each of
these strategies and opportunities follows. A miamow each recommendation in the report
reflects these major themes is included in a clitatte end of this introductory chapter.

Strateqgy #1 Accelerate GHG Emission Reductions

AB 32 establishes a fixed timeframe for Califortoaachieve a 25 percent reduction in GHG
emissions relative to current levels. This 202Cefr@ame is useful because it provides business
and policy makers specific targets for long-teranpling. However, the competing interests of
many different stakeholders -- including industajgor, environmentalists, land owners, and
others -- has led to a regulatory system for pt@geproval that can be complex, time-
consuming, costly, and often litigious. Gridlockwd not serve California as it looks to future
solutions to the climate change conundrum. ETAAS identified areas (for example the
deployment of advanced large scale renewable eresggtion 5.111.B and methane digesters —
Chapter 6.1I.A, etc.) where the project approvalgaess could be improved without
compromising environmental integrity. To compelenbmplete this task, however, will
require addressing the special interests thatexghae existing system to begin with. Leadership
and skill to help design politically acceptable gromises will be needed.

There is an urgent need for investments in GHG sonsreductions before the AB 32 cap goes
into effect in 2012 because some investments iticodar technologies may preclude other
choices that would lead to even greater GHG emmsgductions. In many cases, delaying these
investments will also delay the total benefit dii@as that could be taken today to reduce GHG
emissions.
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Lingering regulatory uncertainty has stymied somteptial investments. These “early actions”
by the private sector could proceed at a fasteg ffdbe potential economic benefits of early
actions were made explicit. The actual economigevaf “credits” for early action depends on
market and regulatory decisions that may not osoarediately. If ownership and
guantification of these “early action” credits wenere clearly defined, increased investment in
GHG emission reduction projects could begin to fleaving California in a much better
position to cost effectively meet the AB 32 GHG ssimn reduction targets.

Strateqgy #2 Balance a Portfolio of Economic and Technology Rigies

Placing a price on carbon and other GHG emiss®ascritical step towards responding to the
climate change threat as it allows private mart@iacorporate the value of reducing these
emissions into their everyday business decisi@ise potential option is a market based “cap
and trade” system which establishes a cap on alieM@HG emissions that would ratchet down
over time. A declining cap can send the right@signals to shape the behavior of consumers
when purchasing products and services. It woldd shape business decisions on what products
to manufacture and how to manufacture them. Estabg a price for carbon and other GHG
emissions can efficiently tilt decision-making tada&leaner alternatives. This cap and trade
approach (complemented by technology-forcing peréorce standards) avoids the danger of
having government or other centralized decisionemakhoose specific technologies, thereby
limiting the flexibility to allow other options temerge on a level playing field.

If markets were perfect, such a cap and trade systeuld bring enough new technologies into
the market and stimulate the necessary industiRto solve the climate change challenge in
a cost effective manner. As the Market Advisoryr@attee notes, however, placing a price on
GHG emissions addresses only one of many marKatdaithat impede solutions to climate
change. Additional market barriers and co-benefasld not be addressed if a cap and trade
system were the only state policy employed to imgiet AB 32. Complementary policies will
be needed to spur innovation, overcome traditioraket barriers (e.g., lack of information
available to energy consumers, different incentfeesandlords and tenants to conserve energy,
different costs of investment financing betweenviilials, corporations and the state
government, etc.) and address distributional ingptom possible higher prices for goods and
services in a carbon-constrained world. Investewgnues from any allowance auctions in low
carbon technology development and deployment walatly increase the benefit of putting a
price on carbon. Performance standards (i.e. @nsger kilowatt-hour, per mile traveled, per
units produced, etc.) also have a proven histoguotess and need to continue to be part of
California’s strategy. In complying with a perfoance standard, a regulated entity should have
the choice to use a mix of technologies that brihgsentity into compliance on an equivalent
basis with a particular performance standard. dfiteon, California can consider revenue-
neutral fee shifting to reward the purchase of logabon products (see Chapters 2.111.E and
3.IV.G).

These complementary economic and technology denwedopstrategies form the core of

ETAAC's policy recommendations found in this repokany of the strategies outlined in the
following pages of this report would be much madifective with appropriate price signals that
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flow from a declining cap on GHG emissions combingith near and long-term development of
low and zero carbon alternatives. A well conceidearse portfolio featuring both market-based
policies and regulatory measures will be more iffitand less costly than relying exclusively
on options from either category of potential sans on their own.

Government policy should not attempt to pick tedbgg winners. Rather, performance-based
programs—whether market-based, command-and-cootroicentive oriented—should be the
normal course of business. ETAAC makes a numberaafmmendations based on the need to
help emerging technologies move through demonstraahases to achieve full commercial
viability. For instance, policies shaping develgmnhand demonstration of innovative
technologies may differ from those focused on ihiwng technologies into the marketplace on
a commercial scale. The best approach may beptmosunew technologies to the point where
they can stand-alone within a market structureadtarized by performance standards and
carbon prices that become a part of everyday aetisiaking by consumers and businesses.
Full performance battery electric and fuel cellietds, for example, are two major zero tailpipe
emission technologies currently under developm&hile both technologies will require
significant government involvement to become falbmmercialized, ETAAC does not advise
selecting one or the other as the preferred futaenology. In the shorter term, plug-in hybrids
using clean electricity as part of their vehiclelfmay compete with other vehicle technologies
using lower carbon advanced vehicle fuels. Thiasdards, policies, and incentives should be
aimed towards establishing a level playing field &wering barriers to technologies that can
then compete based on price, efficiency, emissimmsyenience, and other factors.

Flexibility in program design and implementatiorllwe necessary to minimize the negative
economic impacts that might result from AB 32 inmpéntation and to recognize the need to
phase-in new, low-and zero carbon technologiesthecstate’s economy. Preserving flexibility
for changing circumstances in the future is yetlamoimportant goal embedded in the work of
ETAAC. Electric power generation stations and otbems of capital intensive infrastructure
being planned today may become the primary enaerygscss for advanced vehicles of the future.
The crossover and spillover effects of today’s staeent decisions will present significant
challenges and opportunities for both energy aasportation sectars

Strategy #3 Create Innovative Public Funding to Complement Pivate Investment

One result of the lack of a clear price for GHG ssions today is the inadequate level of RD&D
for new low and zero carbon technologies. Compaimeest much less in RD&D than is
socially optimal because they expect a high returtheir capital investments, may not capture
all the benefits of RD&D investments, and RD&D isiaherently risky undertaking.

Stimulating innovation in new technologies is tloalgof RD&D. Broadly speaking, there are
two ways to foster innovation: by funding RD&D ditly or by requiring improved performance
in the marketplace. In the energy sector, wheveteehnologies are often very capital intensive
and integrated into complex production systemslartted approach that uses both methods is
clearly desirable.

The policies created to support AB 32 will galvansignificant private sector investment in
California, but this expected investment will neténough to reach all areas necessary to
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achieve the overall GHG emission reduction goBISAAC reviewed areas where public
financing, possibly leveraged with private capitaln stimulate innovation and accelerate
adoption of cleaner products. ETAAC has identitieel technology demonstration/pre-
commercialization phase in a product’s life cydeaecritical stage for this type of investment. If
California decides to adopt a cap and trade sy#tatrincludes the auction of emission
allowances, ETAAC proposes that a California Carbarst — discussed in greater detail in
Chapter 2.II.A — can direct investments in RD&D diménce technology pilot projects in
disadvantaged communities and throughout the Staalifornia. Often, these projects offer
co-benefits such as improved air quality or emplegtn Investments from the California
Carbon Trust can fill RD&D funding gaps by leveragithe capabilities of universities, State
agencies, non-profits and other pioneering resdagatters throughout the state.

If auction revenues from a carbon cap and tradeesyare large enough, they can also be used
to reduce the negative impacts of some of the mistertionary elements of California’s current
taxation system. In addition, these revenues cprddide resources for GHG emission
reductions. This represents another potentiallyoirtant policy option because it could improve
the economic efficiency of the overall Californiecoeaomy. Alternatively, these revenues could
address Environmental Justice issues by assistimgneinities or industries that are
disproportionately affected by climate change oclopate change mitigation programs. Any
such assistance should not eliminate the incegtirated by placing a price on carbon, but
instead should help with short-term transitiona taore competitive, low-carbon economy.

California does have a variety of existing inceatiund programs underwriting RD&D and
related research activities (outlined in Appendlix IThey typically serve specific functions. At
present, none of them specifically target GHG eimisseductions and they also are not
currently coordinated to achieve the maximum amotficb-benefits. ETAAC recommends that
the State of California make an affirmative comnatto RD&D programs geared toward
GHG emission abatement (see Chapter 2.11.B), aathé»e how to best integrate these climate
change priorities and existing State funded progratith existing environmental and energy
policy goals. The State should also consider trga new organization to house these and
other programs. By not just supporting, but adyiyomoting clean energy innovation,
California has the opportunity to seed the marlaehwith promising new technologies that may
provide critical tools to achieve AB 32’s reductitamgets. This seeding effort will also bring to
market solutions necessary to meet the 2050 gaakcafbon-free economy. This will also drive
new investment dollars to California and betterd@aur state to attract and nurture the most
promising clean energy start-up businesses.

Strateqy #4 Foster International and Domestic Partnerships

California should learn from the European Union atiters in the international community that
have already moved forward on the implementatiopadities designed to respond to global
climate change. California can learn from bothges that have worked and those that have
not. Success on the climate change front domédlgtzzn benefit greatly from partnerships
between the public and private sector (see ChdpliéH), between State and local
governments, between the State and Federal govatpama between the State and other
nations. Broad deployment of clean technology gelherally drive down costs and lead to
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subsequent generations of innovation. Californisteverage agreements with western U.S.
states, Canadian provinces, the European Uniorytited Kingdom and other countries and
integrate with Federal programs (such as the rcsigihed “Energy Independence and Security
Act” — H.R. 6) if AB 32 is to accomplish its expeesl intent. Achieving genuine success on
climate change will also require the transfer efad technology to developing nations, including
China, India, Mexico and Latin America. Exportipgth information on public policy solutions
and the benefits of a strong Cleantech industopesexample recommended by ETAAC (see
Chapter 2.11.B); partnering with other states, Heeleral government, and other nations on low
and zero tailpipe emission vehicles is another Gesgpter 3.1V.E).

Within the state, leveraging and coordinating RD&fiibrts of State and Federal labs, private
research institutes, universities and non-profiaoizations is a major opportunity for California
to garner cost-effective emissions reductions anbenefits. CARB has initiated two projects
that will offer stakeholders consolidated documdhiminating climate research efforts and
priorities in California. The California ClimateeBearch, Development, Demonstration, and
Deployment (RDD&D) catalog will present climateatdd research and commercialization
efforts underway in California in a publicly avdla, searchable database. The California
Climate RDD&D Road Map will delineate each Staterary’s research priorities in support of
AB 32’s climate change response goals. The catalagd road map were initiated in October
2007 and will be completed by April 2008. A coaralied effort would ensure that market and
policy signals reach and influence RDD&D being feddt these innovation centers (see
Chapter 2.11.B). Such an effort may facilitateipglinitiatives that reflect real technological
progress and may help individual innovations achitee necessary scale more quickly. This
could be accomplished by a new entity charged wotrdinating low and zero carbon research
efforts, or it could be accomplished by an exisfiigate or public entity. The CPUC recently
acknowledged a similar need and opened a procetmitmnsider creating a “California Institute
for Climate Solutions” to be administered withinl@ania universities.

Strategy #5 Leadership Across State Agencies

There must be effective leadership across all Sigeacies to reduce GHG emissions from their
own governmental operations and from the stakensltiey oversee and/or regulate. Just as all
sectors of the state’s economy need to participatige opportunities and challenges of meeting
California’s GHG emission reduction goals, all 8tagencies must also participate (with
Cal/EPA playing a key government coordination rol€his sort of coordination will also be
important for planning efforts to adapt to the @b change effects that could still potentially
occur even if atmospheric GHG levels are stabilizeavoid the most severe negative impacts
(see Chapters 3.IV.H and 5.V.H).

Many new technologies and practices to lower GH@sions will also have co-benefits such as
less air pollution or lower water consumption. Bame will also lead to higher costs and may
even exacerbate other policy challenges. It vélhecessary for California to identify and
manage tradeoffs that will occur as it addressesaté change. Tradeoffs among different

public policy objectives should be integrated asral§ State agency decisions -- those associated
directly with AB 32 as well as other air pollutioagulations, infrastructure development, and so
forth. Such reciprocity is needed to avoid an Uerheed set of regulatory and project decisions
that would result in missed opportunities to helgetrclimate change goals and integrate these
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goals into other State programs. AB 32 calls foeanual Report Card summarizing progress
from all State agencies (section 12892). ETAAGrsgty supports this Report Card as a way of
providing regular feedback. If possible, thesede@ards should be strengthened with
independent, third party verification.

Opportunity #1: Accelerate Efficiency Measures

The most cost-effective GHG emission reduction opities continue to be investments in
energy efficiency. Whether it is more efficientldings, appliances or motor vehicles, initial
up-front investment is rewarded - often very quyckivith reduced energy use and lower overall
costs. While California has led the nation in 8img and appliance efficiency, the State has
significant opportunities to do much more. In sasases, further technological innovation is
needed to create more efficient products. In othees, faster adoption of existing and
emerging technology needs to be encouraged (sga€283.111.C, 3.IV.E; 4.1Il.F; 5.11.A,

5.11.B).

ETAAC believes that new types of financing will irase the development and adoption of
energy efficient technologies and practices. Cgueatly, financing policies that can be
implemented through utilities or municipalitiesiterease efficiency are recommended (see
Chapter 2.1Il.F, G). The potential use of auctwaceeds to help finance efficiency upgrades to
lower energy bills in historically disadvantagedrsuunities is another opportunity to achieve
efficiency, while also meeting AB 32’s Environmeniastice goals.

Opportunity #2: Remove Carbon from Energy Sources

California’s future sources of electricity, trangfabion fuels and heating fuels will need to be
zero or near-zero carbon by 2050. Renewable enectyologies such as wind, solar, and
others offer the technical potential to generdtefaCalifornia’s electricity, but there are a
number of technical and implementation challenpaswill not be simple to overcome.

ETAAC examined the opportunity of how to quicklyake up these sources of renewable energy,
(such as wind, solar, and geothermal steam) bo#iterdistributed generation and central
utility-scale power plants. ETAAC identified th&sues in increasing the State’s Renewable
Portfolio Standard to 33 Percent by 2020 — payiagiqular attention to the barriers that must be
overcome (see Chapter 5.111.C). In addition, biosnssurces, if coupled with carbon
sequestration, could produce renewable energy i®spghd permanently remove carbon from
the atmosphere provided that there are no net seleffects from growing the biomass (see
Chapters 4.11.D; 5.11l.1 and 6.11.A).

Electricity storage has the potential to enablééigenetrations of renewable energy in
California’s power supply portfolio. Technologigsch as pumped hydro storage, compressed
air, thermal storage, batteries, or hydrogen camsform intermittent renewable generation into
a reliable resource for energy planning (see Chné&pbé.F). Electricity storage in the form of
plug-in electric vehicles has the potential to battiuce reliance on fossil fuels in the transport
sector and allow for even greater utilization afsérg and future renewable electricity
generation (see Chapter 5.1V.G).
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In the AB 32 timeframe, ETAAC believes fossil fugalscluding natural gas, can play an
important role for both power generation and hepti@ver the long term, fossil fuels such as
natural gas are most likely to play a valuable foldraditional uses and as a feedstock for
vehicle energy supplies if carbon can be sepamatddpermanently stored. Large scale
deployment of low carbon, zero carbon and eventhegearbon biomass energy will likely
require methods to permanently sequester carbatifofia should continue to partner with
other states, Federal agencies and internatiomglgya to encourage RD&D to find cost-
effective and safe methods of sequestering &if@ams from power generation (see Chapters
4.11.C; 5.V.I).

Opportunity #3: Rethink Transportation to Lower Demand and Carbon Emissions

Transportation by far accounts for the largesttfoamcof GHG emissions in California, roughly
40 percent of the state’s total inventory. In erdemeet 2050 GHG goals, the transportation
sector will need to accomplish a dramatic transitmnew low and zero carbon technologies.

ETAAC recommends that California build upon exigtBtate programs to reduce air pollution
and "decarbonize" the state’s transportation syst€hese existing programs include the Pavley
— Schwarzenegger vehicle GHG emission regulatitvesl.ow Carbon Fuel Standard, the
Low/Zero Emission Vehicle program and the Zero-Eiois Bus program. California should
also initiate a near-term program to reduce GHGssimns from Heavy-Duty Vehicles (HDV).
The infrastructure to deploy technologies emerdiom these State programs must also be
based on low or zero emission fuel supplies.

In addition to transportation technology itselfisitime to rethink current methods of mobility
for both freight and people. California’s growthmotor vehicle purchases and State
investments in road infrastructure occurred largkiging a period in time when transportation
fuels were inexpensive. This is no longer the cd¥ecreasing Vehicle Miles Traveled (VMT)
is critical to meeting AB 32 GHG emission reductgmals. Reducing this growth will also yield
important co-benefits such as diminishing the tio® in traffic congestion and the
corresponding improved quality of life. Putting@ace on carbon is one way to help reduce
vehicle use and congestion. Yet these approackdsrated in scope. They must be
complemented by pricing for other currently unpdi¢eansportation costs, alternative transit
options, such as electric rail, and urban and sfadudesigns that provide better and affordable
alternatives to the internal combustion engine (Seapter 3.1V). Local government land use
planning decisions will need to be coordinated sitite-wide priorities to encourage transit-
oriented residential and commercial developmenithd\t such coordination, overall VMT will
climb due to current population growth rates. Tikigist one of many ways in which local
governments are a key partner with the State inptging with AB 32.

California’s freight systems will need a similadyamatic overhaul. California’s coastal ports
and Central Valley freeways have become increagicmhgested. Alternative modes of goods
movement have become both a necessity and an apfgiio reduce GHG emissions and other
criteria air pollutants.
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Opportunity #4: Reduce GHG Emissions from Industry, Agriculture, Forestry and Water

Forest, agricultural and industrial practices @sot GHG emissions due to energy consumption
and other activities. Significant opportunitiesséxo reduce these GHG emissions through
established best practices such as the expandexf asmbined heat and power in industry (see
Chapter 4.11.C). In addition, both the agricultared forestry sectors hold the long term potential
to sequester carbon in biomass and soil (see Gtaypit& and Chapter 7.11.B).

Water use in California is extremely energy inteasiToday, more than 19 percent of

electricity, 30 percent of natural gas not usedefectricity generation, and 88 million gallons of
diesel fuel per year are used to treat, delivertagat water in California each year. Policies and
technologies that increase the efficiency of tla¢est water delivery systems and reduce end-use
will produce multiple benefits. Less demand fotevaesources translates into reduced
emissions of C@and other air pollutants since less energy is ts@dimp, treat and move

water. Other economic and environmental benelfsts #ow from water efficiency (see Chapter
8.11LA and 8.11.B). There is also an opportunitydapitalize on soil-sequestering benefits of soil
and biomass and reduce end-use water demand bigipgpincentives for sustainable practices,
including the application of compost (see ChaptBr.& and 4.1V.N).

Opportunity #5: Capture Cleantech, Economic, Health, and Environrantal Justice Co-
Benefits

Many policies designed to combat climate changeatsmbring about substantial economic,
health and environmental co-benefits for the Stéatealifornia. For example, climate policies
can stimulate the Cleantech industry in Califopriaviding both economic growth and jobs.

The Cleantech industry encompasses everything &ltemative energy generation to
wastewater treatment to more resource-efficienisiréhl processes. Although each of these
industries is unique, they all share a common thréreey rely upon new and innovative
technology to create products and services thapetarfavorably on price and performance
while reducing our collective environmental footyri Given its legacy of entrepreneurism and
clean energy innovation, Californmwell positioned to attract venture capital invesnts in
Cleantech companies. In 2007, California led thtgon in Cleantech venture capital with $1.78
billion, representing 48 percent of total U.S. @legh investments of $3.67 billion. This
represents a 50 percent growth over 2006 in vemuestments in California companies.

Cleantech represents a new export opportunity, @eantech products will increasingly be
needed worldwide to address climate change and ofiadlenges associated with the decreasing
availability of water and other natural resourcBsirthermore, Cleantech is spurring new
employment opportunities in such fields as solargy and energy efficiency device

installation. ETAAC proposes State supported ingiprograms to encourage the development
of these kinds of green-collar jobs (Chapter DIjl.

At present, the State of California is doing litibkeencourage the manufacturing of Cleantech
products within state borders. In fact, it is guppssible that many Cleantech companies will
locate their manufacturing operations out-of-stateije keeping their corporate headquarters
and RD&D facilities in California. (This trend éready undereway.) The State should consider
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a variety of policy recommendations to make it mezenomically attractive to both inveand
manufacture solutions to climate change in CaliarrSuch incentives would allow California
to more fully reap the economic benefits of thedppexpanding Cleantech industry (Chapter
2.111.C).

Some policies designed to combat climate changeezirce pollutants affecting local public
health. Ground level ozone and black carbon (a tfdine particulate mostly from diesel
combustion) contribute to both climate chahged major public health problems that exist in
California? Assessing existing regulations for public heaHutants such as ozone and fine
particulate regulations were outside the scopa@®BETAAC report. Nevertheless, ETAAC
acknowledges the importance of existing progranatoeve public health standards and
welcomes innovations that would further these gadiite also meeting AB 32's GHG emission
reduction targets. In addition, ETAAC has idestifia number of opportunities to reduce,CO
and other GHG emissions along with reducing ozawtkfime particulates.

In evaluating potential policy and technologicakf to comply with the challenges of AB 32 ,
ETAAC recognized the need to develop solutions délvaid imposing undue compliance
burdens on disadvantaged communities suffering fitoric pollution levels. Instead, ETAAC
has explored how AB 32 could create new econonpodpnity for these same communities.
Many recommendations were designed in part to Bpaity reduce pollution in Environmental
Justice areas (see Chapter 2.11.A). In other ¢diggher evaluation may need to occur when
specific implementation measures are developedARRECor other agencies or organizations to
maximize Environmental Justice benefits and minendsadvantages
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[Il. Summary Message

California has a prime opportunity as it seeks &etithe challenges embodied in AB 32. By
acting sooner rather than later, California caneothie costs of transitioning to an economy less
dependent upon carbon and other GHG emitting ersgsces. At the same time, it can reap
the rewards of a more sustainable, efficient amdpmsditive economic system. The opportunities
linked to AB 32 cut across all sectors examinethisa ETAAC report: transportation;
industrial/commercial/residential energy use; eleity/natural gas; agriculture; forestry; and
water. Renewable energy, alternative fuels, amdggrefficiency could create environmental
benefits and jobs in all stages of economic devetyg, ranging from RD&D to manufacturing
and the rest of product and equipment lifecycles.

Policy makers, industry and consumers must beanima that the long-term effects of decisions
made today will still be with us in 2020, and inmgacases, in 2050 and beyond. Land-use
decisions and choices about new electric powerrgéna infrastructure will either help or
hinder California’s efforts to meet both the 2020 2050 GHG emission reduction targets.
Development of new kinds of clean vehicles and motitensportation technologies over the next
decade may dictate whether the state is on a toayetoward meeting the AB 32 mandates or
falling behind the curve on achieving these critioag-range goals.

Californians are ready to respond to the climasnge challenge. Meeting the timeframe
outlined in AB 32, however, California must do foowing:

» Continue the state’s long-standing commitment t@renmental policy and build on the
success of existing programs and regulations ieraaldevelop low and zero carbon
solutions;

» Establish a clear market price on carbon to proth@ancentives for business and
consumers to reduce their carbon emissions eftigiand invest the value of any
resulting auction or fee revenues to achieve amitireductions;

» Attract and leverage private capital for produciiveestments;
» Develop and retain new green collar jobs;

» Adopt polices and measures that facilitate the kihblusiness and technology
innovations that have made California world renoayne

* Develop and maintain a capability to assess angsagplicies and measures over time as
new conditions emerge and new technologies ardajm@ Other parts of the U.S. and
the world are also investing in Cleantech and Galifi needs to maintain its leadership
position to comply with AB 32;

» Continue partnerships at the State, national, ar@lniational level with leaders on
climate change mitigation strategies.
In addition to mitigating the dire impacts of cliteachange, effective action on AB 32 can also
yield the co-benefits of cleaner air, new industaed jobs here in California. The knowledge
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and products created in response to AB 32 wilhgfiteen both the California economy and the
state’s international leadership on environmersislies.
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IV. The Role of ETAAC

ETAAC was created to facilitate the developmemeaiv policies and technologies as

quickly and economically as possible, includindiatives that reach outside of direct GHG
emission regulations. CARB provided several speaifeas of focus for ETAAC and
requested that the Committee look broadly at isthegsrelate to CARB, other State agencies
and the State Legislature:

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

Identify the areas where public sector investmetitical to overcoming barriers to
achieving the California’s climate protection oltjees by 2020 and 2050 and discuss
whether those investments should be at the lotatle $r Federal level, or some
combination thereof;

Identify advanced technologies with the greatesGGhission reduction potential, their
commercial status, and the steps necessary to atisbrasignificant market
penetration;

Identify export opportunities for California bussses that specialize in carbon reduction
technologies and services;

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

Review and comment on the findings and recommenisbf the Cal/EPA Market
Advisory Committee, to the extent that report af$egeliberations of ETAAC.

To meet these objectives, CARB appointed membetfset& TAAC in January 2007. Members
were selected based on their knowledge and expéntigelds of business, technology research
and development, climate change and economicf(Biographies of members are listed in
Appendix I.) The Committee is chaired by formerRB\chairman and former Cal/EPA
Secretary Alan Lloyd, Ph D. The Committee vice-€ls®Bob Epstein, Ph D., noted engineer
and entrepreneur, and co-founder of Environmentaiepreneurs.

ETAAC has endeavored to adhere to the followinggeneral principles while carrying
adhering to its mission and tasks:

1. Address near, medium and long-term goals

2. Encourage early action

3. Foster collaboration at all levels of government
4.
5
6
7

Encourage public and private research, demonstratid development

. Leverage California’s centers of innovation
. Establish a level playing field and do not pick m&ns and losers
. Maximize public health and socio-economic benefits
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8. Address Environmental Justice concerns
9. Participation across all sectors
10. Flexible approaches

This final ETAAC report reflects consensus viewsewltonsensus was reached, and reflects a
range of differing points-of-views when there wasgral support that fell short of a consensus.
Each recommendation may not necessarily reflectithes of every ETAAC member.

ETAAC met several times throughout California (8gg@endix Il) and received presentations by
members of California’s technology community. Meg$ were subject to the Bagley-Keene
Open Meeting Act and webcast to allow significappartunities for public comments and input.
ETAAC also received numerous suggestions from #émeal public for ways to reduce climate
change emissions (a summary table of the suggess@resented in Appendix VI). ETAAC
has also agreed to develop an Internet websitevat.etaac.ordgo provide access to details of
the technologies ETAAC is reviewing as mechanissmsomply with AB 32.

The work of ETAAC is designed to complement ongagfigrts to reduce GHG emissions in
California. The recommendations contained in teort 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 emission reduction goals outlined in AB &mments received by ETAAC regarding
the development of specific rules have been callatdside of this report for consideration
during the appropriate regulatory development psce
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V. 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 contaanshapter offering economic/financial
strategies for climate change solutions that diratross sectors, followed by one chapter for
each of the six specific sectors analyzed fronaadspoint of policy and technology strategies
and opportunities (transportation, industry/comnadesidential, electricity/natural gas,
agriculture, forestry sector, and water). ETAACG&Bnments on the Market Advisory
Committee report also comprise a chapter in tipsnte Finally, detailed information on energy
and transportation technology advances is includéde Appendix V and VI, respectively.

Developing solutions of the scale required by timaate change challenge will be a complex
endeavor. lItis therefore important to recogniw tach of the proposed policies included in
this ETAAC report will inevitably interact with orenother. Each recommendation put forward
by each ETAAC sector subgroup contains criticabtinfation on expected GHG emission
reductions and an expected timeframe for achiethage reductions when each policy is
considered as a stand-alone option. The “timefta®etions of each policy recommendation
are designed to indicate which of these policieskzin place in the near term (in time for the
2012 deadline of AB 32), medium term (in time foe 2020 deadline of AB 32), or long-term

(in time for the 2050 deadline under the GovernBxecutive Order). ETAAC did not prepare a
full scale implementation analysis for these rec@mdations individually, or as an integrated
program (which would depend on the menu of chasedscted). ETAAC did, nonetheless,
identify major co-benefits and mitigation requirerteewhen such information was known and
available. ETAAC believes that the benefits, cossks, trade—offs and uncertainties associated
with climate change response policies must be radsparent as California moves forward
with the implementation of AB 32. In the final dyss, it is vitally important to understand and
fully communicate the rich diversity of informatiamcluded in this ETAAC assessment so that
California policy makers and the general public hemntify solutions to AB 32 that are fair,
balanced, and effective.
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VII. Mapping of Recommendation to Categories, Timeframe and Responsible Parties

Category of

Document .
recommendation

2- FINANCE

Accelerate GHG Emission
Reductions

Balance a Portfolio of
Economic and Technolog
Innovative public finance
Accelerate efficiency
International and Domestic
Partnerships

Balance a Portfolio of

Economic and Technology
Innovative public finance

?Japture Economic, HealthBy 2012
and Environmental

International and Domestic
Partnerships

A - Create a California Carbon Trust >f3y 2012

B - Promote Clean Energy Innovatio
and Commercialization

C - Leveraging AB 32 to Spur
California Job Creation and
Manufacturing

D - Clean Technology Workforce
Training Program

Capture Economic, Healt

and Environmental hBy 2012

Capture Economic, Healt
and Environmental

Balance a Portfolio of
E - Fee and Tax Shifting (Feebates) Economic and TechnologyBy 2012
Accelerate efficiency

Innovative public finance
Accelerate efficiency

"By 2012

F - Municipal Assessment Districts By 2012

G - On-Bill Financing for Small
Business Energy Efficiency Projects

3. TRANSPORTATION

Accelerate efficiency By 2012

Accelerate efficiency

Rethink Transportation to

Lower Demand and CarbdBy 2012
Capture Economic, Health,

and Environmental

A. Planning: Smart Growth and Trar
Villages

Rethink Transportation to By 2012

B - Pay-As-You-Drive Insurance Lower Demand and Carbon
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Timeframe

Responsible
parties

CARB
Legislature
Other

CARB
CEC
CPUC

Legislature
CPUC
Other

Other

Legislature
Other

Other

CPUC
Other

CEC
Other
Cal Trans

CARB
Other
Cal Trans
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C. Congestion Charges

D. Employer-Based Commute Trip
Reductions

E. New Vehicle Technology
Improvements

F. Low GHG Fleet Standards and
Procurement Policies

Balance a Portfolio of
Economic and Technolog
Rethink Transportation to%y 2012
Lower Demand and Carbon

Rethink Transportation to
Lower Demand and Carbol%y 2012

Accelerate efficiency

Rethink Transportation to By 2020
Lower Demand and Carbon
Balance a Portfolio of
Economic ano! 'I_'ec:hnolog)éy 2012
Accelerate efficiency Bv 2020
Rethink Transportation to y
Lower Demand and Carbon

Balance a Portfolio of

G. GHG-based Vehicle Feebates anBtconomic and Technology

Registration Fees and Indexed Fuel Accelerate efficiency

Taxes

H. Air Quality Incentives Programs
and Standards

|. Create Markets for Green Fuels

4 — Industrial, Commercial &
Residential Energy Use

A. Cleantech Tax Incentives

B - Rebates for Load Reduction

C - Improve Policies for Combined
Heat and Power Plants

D. Distributed Renewable Energy
Generation: Solar PV

By 2012
Rethink Transportation to
Lower Demand and Carbon

Balance a Portfolio of
Economic and Technologyé
Capture Economic, Health,
and Environmental

Balance a Portfolio of
Economic and Technology
Remove Carbon from
Energy Sources
Rethink Transportation to By 2012
Lower Demand and Carbon
Reduce GHG Industry, ag,

forest, water

y 2012

Innovative public finance
Accelerate efficiency
Accelerate efficiency
Reduce GHG Industry, agBy 2012
forest, water

Accelerate efficiency

Reduce GHG Industry, agBy 2012
forest, water

By 2012

Remove Carbon from

Energy Sources By 2020
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Legislature
Other
Cal Trans

CARB
Other

CARB
Other

CARB
Other

Legislature
Other

CARB
Legislature
Other

CARB
Other

Legislature
Other

Other

CEC
CPUC
Other

Legislature
CPUC
Other
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E. Customer Choice of Electric Serv Remove Carbon from

Provider

F - Building Efficiency Programs an
Incentives

G - Combustion Devices: Energy
Efficiency

H - Industry - Government
Partnerships to Reduce Industrial
Energy Intensity

I - A Revolving Fund for Technology Accelerate efficiency

Demonstration Projects

J. Develop Suite of Emission
Reduction Protocols for Recycling
K. Increase Commercial-Sector
Recycling

L. Remove Barriers to Composting

M. Phase Out Diversion Credit for

Greenwaste Alternative Daily Credit forest, water

N. Reduce Agricultural Emissions
Through Composting

O. Evaluate and Improve Policies fo

Qualified Waste Conversion
Technologies

5. ELECTRICITY AND NATURAL
GAS

A. Energy Efficiency Program
Coordination

B. Aggressive LED Energy Efficiency,

Programs

C. Support an Increase in RPS to 33Economic and Technolog

Percent by 2020

I

Energy Sources By 2012

d

Accelerate efficiency

Accelerate efficiency

International and Domesti®y 2012
Partnerships

International and Domestic
Partnerships

Coordinate Across State By 2012
Agencies

Innovative public finance

Reduce GHG Industry, ag,By 2028

forest, water
Reduce GHG Industry,
forest, water

Reduce GHG Industry,
forest, water

a9y 2012
a9By 2012

Reduce GHG Industry,

ag
forest, water By 2012

Reduce GHG Industry, agBy 2012

Reduce GHG Industry,

ag
forest, water By 2020

Reduce GHG Industry, agBy 2012

By 2020
y 2050

forest, water
Capture Economic, Healt
and Environmental

Accelerate efficiency

Accelerate efficiency

Balance a Portfolio of
Remove Carbon from %y 2020
Energy Sources
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By 2020

By 2012

By 2012

Legislature
CPUC

CEC
Other

CARB
CEC
Other

CEC
Other
CalEPA

No answer

CARB
CIwWMB

CARB
CIwWMB

CARB
CIWMB
Cal Trans

CARB
CIWMB

CARB
CDFA
CIWMB

Other

CARB
CPUC

CARB
CEC
CPUC

CARB
CEC
CPUC
Other
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D. Competitive Renewable Energy
Zones

E. Renewable Energy Technology
Assessments

F. Electricity Storage as an EnablingEnergy Sources
Technology for Renewable Energy Coordinate Across State

G. Plug-in Electric Drive Vehicles asEnergy Sources

Storage Devices

H. Smart Grid as Enabling Technolo
for Renewables and Clean Vehicles

I. Carbon Capture and SequestratiorRiemove Carbon from

Geological Formations

J. Low Carbon Electricity GenerationEconomic and Technolog

Plan

K. Unifying Standards for Climate-
Related Programs

6. AGRICULTURE

A - Manure to Energy Facilities

B - Enteric Fermentation

C - Agricultural Biomass Utilization

Accelerate GHG Emission
Reductions

Remove Carbon from By 2012
Energy Sources
Remove Carbon from By 2012
Energy Sources
Remove Carbon from

By 2012
Agencies
Remove Carbon from

By 2020

Rethink Transportation to
Lower Demand and Carbon

Accelerate efficiency
Remove Carbon from
Energy Sources

By 2012

Energy Sources By 2020

Balance a Portfolio of
Remove Carbon from %y 2012
Energy Sources

Balance a Portfolio of
Economic and Technolog
Coordinate Across State
Agencies

By 2020

Remove Carbon from

Energy Sources By 2012
Reduce GHG Industry, agBy 2020
forest, water

Reduce GHG Industry, agBy 2020

forest, water By 2050
Remove Carbon from
Energy Sources By 2020

Reduce GHG Industry, agBy 2050
forest, water
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CEC
CPUC
Other

CEC
CPUC
Other

CEC
CPUC
Other

CARB

Legislature
CPUC

Other

CARB
CEC
CPUC
Other

CARB
CEC
CPUC

CARB
CEC
CPUC
Other
CDFA
CalEPA

Other
CDFA

CARB
CEC
CPUC
CDFA
CalEPA
SWRCB
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: : Remove Carbon from By 2012

D - Dedicated Bio-Fuels Crops Energy Sources By 2020
By 2012

E - Soil Carbon and Sequestration ]Ic?{educe GHG Industry, agBy 2020
orest, water By 2050

F - Riparian Restoration and Reduce GHG Industry, aggy gg%g
Farmscape Sequestration forest, water Bz 2050
Accelerate efficiency By 2012

G - Fertilizer Use and Water

Management Efficiency Reduce GHG Industry, agBy 2020

forest, water By 2050
7. FORESTRY

Remove Carbon from
A - Link Forest Fuels Management ¢éEnergy Sources By 2012

Biomass Utilization Reduce GHG Industry, ag,

forest, water

B. Reforestation and Forest
Management for Enhanced Carbon
Storage

Reduce GHG Industry, agBy 2012
forest, water

Remove Carbon from

) ) Energy Sources

C - Urban Forests for Climate Benef'%educe GHG Industry, ag,By 2012
forest, water

D. Endorse "California Climate Capture Economic, HealthB

PN : y 2012

Solutions” Program and Environmental

8. WATER POLICY
Accelerate efficiency

. . Reduce GHG Industry, ag,
A. Establish a Loading Order for forest, water By 2012

Water Coordinate Across State

Agencies

Accelerate efficiency

Reduce GHG Industry, agBy 2012
forest, water

B. Establish a Public Goods Charge
Funding Water Improvements
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CARB
CEC
CDFA
CalEPA
SWRCB

CEC

CDFA
SWRCB
USDA/NRCS

CDFA
USDA/NRCS

CEC

CDFA
SWRCB
USDA/NRCS

CARB
Other
CDF

CARB
Other
CalEPA
CDF

Other
CDF
Cal Trans

CARB
Other

Legislature
CPUC
Other
SWRCB
DWR

Legislature
CPUC
SWRCB
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! IPCC, Fourth Assessment Report (AR4), Working @ratReporfThe Physical Science Bas&ummary for

Policymakers, 2007.
2 The California Almanac of Emissions and Air Qual2907 Edition.
3 Stern Review, Cabinet Office - HM Treasury (2006).
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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 depleyt and development of greenhouse gas
(GHG) emission reduction technologies. The genguhlic contributed a variety of written
suggestions on financial tools to accelerate tik=sn technologies, which will be documented
at the ETAAC web site (www.etaac.9r@ his financial sector chapter sums up suggestion
brought forward during public meetings as well agtof informal meetings with
representatives from Cleantech companies, Cleamegektors, companies which operate in
existing carbon markets and members of the gréatrfinancial community.

With billions of dollars now being invested in Cheéach companies, California has a unique
opportunity to create new jobs and entire new itreessright here in our own backyard. Smart
economic development policies that take advantédgew 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 environtaldeadership. Many startup companies want
to grow in California. They want to maintain a stiganexus between manufacturing, research,
development and deployment (RD&D), and proximityrtajor markets. Yet barriers to this
potential and highly beneficial synergy remain. 3@barriers can result in relocation of
Cleantech companies to other states and regions.

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

» Existing state financial incentives and grantsiarikely to be sufficient to spur the
needed innovation in GHG emission reduction teabgiek to comply with AB 32.
CARB staff produced a document (see Appendix idtjig the various state grants
available under existing programs. While some eséhprograms may be beneficial, they
are not yet coordinated to achieve maximum impacAB 32's GHG emission
reduction targets (see recommendation C below.BABets the stage for a timely
opportunity to rationally link the State’s numerdug disparate RD&D programs to
make sure they are coordinated and focused on eagiag GHG emission reductions.

» California would benefit from a cogent financiat@ntive 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
State$ it is unclear if such systems encourage or dismgeiinnovation. Though the
ETAAC financial sector subgroup does not presuraé dh emissions trading system will
be created under AB 32, it does believe that th&eSteeds a significant incentive system
to help assure that compliance is achieved at lop@ssible cost. This incentive system
should also encourage investments in Californigsadl/antaged communities to address
broader Environmental Justice and economic devetopigoals.

* Revenue neutral shifting of fees and taxes canwgage the distribution and purchase of
cleaner products and fuels.
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» California is well positioned to attract venturgital investments in Cleantech
companies. California led the nation in Cleanteghture investments in 2006 with $1.13
billion, representing 44 percent of total Cleantastestments in the U.S. However, the
amount of invested capital is not the same thingraductive investmentThe State
should encourage private investment that is infarimgpolicy trends and technology
advancements in order to generate both robust etsioramd environmental returfis.

* International Partnerships can help create exgpodunities for California Cleantech
companies. As California continues to transforno imigreener economy, the State will
need to provide a pathway for clean technology rfeantured in the state to be
showcased in other nations. If California is gdiodpe a leader in developing the
technologies of tomorrow, it will be important thiaese technologies gain traction
throughout the world. There is ample opportufotyCalifornia to create this market
since economies large and small are looking faree practices to cut their carbon
emissions. A key aspect to developing these iatemal linkages and partnerships is to
ensure that California has an active presenceesethations. It is the State’s duty to
foster linkages between Cleantech businesses ifofféh and businesses throughout the
world. These linkages will not only encourage othations to use California’s home
grown technologies, but provide a venue to leaouahow best practices give
businesses incentive to keep innovating. Exisiatifornia trade offices in other
countries should showcase the State’s accomplistsnaga offer information on
California’s clean technologies and correspondingjriess opportunities.

* At present, the State is doing little to encourtigeemanufacturing of products in
California. In fact, it is expected many Cleanteompanies may be moving their
manufacturing out-of-state while keeping their lpaatters and RD&D facilities in
California. The ETAAC finance sector subgroup dud ook at the comprehensive set of
issues related to attracting and keeping manufiacfum California, but rather focused on
issues pertaining to AB 32 or to the manufactuohgroducts in California directly
impacted or created by AB 32.

From these overriding themes, the ETAAC financémsesubgroup issued two central
recommendations and a set of additional policiesged to support activities in all of the
subsequent ETAAC subgroup reports: transportairwystry/commercial/residential,
electricity/natural gas; agriculture; forestry; amdter. An ETAAC analysis of the Market
Advisory Committee’s report in chapter 9 examinew Imarket structures will also impact early
actions, innovations and price signals in eaclhe$¢ economic sectors of California.
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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 createsiaeentive fund using allowance revenues to
encourage carbon reductions in sectors inside atside the cap, while also supporting
environmental justice goals, actively managingdadon market, and encouraging RD&D
efforts. Activities could start prior to 2012, hilg to set an early price signal for carbon and
other GHG emissions.

» Timeframe: In place by 2012.

* GHG Reduction Potentialhe potential for GHG emission reductions woudgheind on
the Carbon Trust’s funding source (initially frorarky auction proceeds or some other
source) and the cost of acquiring carbon rightise Trust is likely to secure reductions at a
cost equal to or slightly less than allowance auncgirices. In other words, for every
million dollars of CQ allowance auction revenue provided to the Truatghly one
million tons of CQ would be reduced.

» Ease of Implementatiododerately difficult. Barriers include the follomg:
0 Assumes some auction revenue.

0 Requires the creation of a new market maker. It male sense to house the Trust
within an existing entity or create a new entitgideed specifically to encourage the
development and execution of GHG emission redugifojects outside the cap. This
entity could be a public entity or a public/privatetity.

» Co-benefits / Mitigation Requirementdany 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 demonstradiot research in areas where
private investment is lacking.

0 Supports Environmental Justice goals of empowearargmunities and reducing
criteria and toxic pollutants.

* Responsible Partie§io be determined. Could be an existing agency ifebamation of
California Air Resources Board (CARB) and regicaialboards, the California Treasurer’'s
office, etc.) or could be a new entity.

Problem: California would benefit from a financial mechsmi that stimulates investment in
GHG emission reduction projects and technologidsih capped and uncapped sectors of the
state’s economy. This financial mechanism canessdthe following problems:

* Barriers and early failures in emerging markets@étG emission reductions.

» Lack of financial support for projects in disadweged 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 RD&D projects.

Possible Solution A California Carbon Trust could serve four imiamt roles as the manager of
an incentive fund for carbon and other GHG emissaaluctions in California. Its primary
purpose would be to achieve GHG emission reducteysnd those coming from the AB 32
caped sectors, helping California to reach its &éious reduction targets. The second purpose,
closely linked to the first, would be to furtheetBnvironmental Justice goal of empowering
communities to take part in achieving emission afidns of both carbon and other criteria toxic
pollutants. A third role for the Trust would bederve as a market maker and price stabilizer
during the early years of the carbon market. Aredfourth role would be to fund University
research and “first project” demonstration finaigcin areas where private sector funding is
lacking. The Trust's activities could start prtor2012, jump-starting GHG emission reductions
in California, helping to establish an early prstgnal for carbon and other GHG emissions.

1) Achieve Additional GHG Reductions and Address Carbon Market Failures

This Trust would achieve its primary goal of recu(GHG emissions outside the cap of a cap
and trade system -- reductions that cannot be eldiny regulated entities -- by offering to
purchase the carbon benefits from projects that stget requirements of being additional, real
and verifiable. Qualified projects would competsdzhon a project-proposed price of carbon.
This process would operate in parallel with privattiset investments, but would have greater
flexibility to fund reductions that would achieveBA2 goals but may not receive private sector
funding. For instance, private sector investmemy need to achieve rapid payback times to
attract private capital, with the benefits of retilugs in the future greatly discounted. By taking
a long view of meeting GHG emission reductionsG2@and 2050, the Trust could invest in
projects that may have a greater overall redugi@mdollar of investment, but a longer lead
time. The Trust could also address other gaps ahdds in the carbon market, encouraging a
variety of projects that are having trouble findexgress to capital from the private sector. The
Trust would not fully fund the project, but woulffer enough of a financial incentive to allow
the project to become financially feasible.

To ensure the integrity of the carbon reductione, Tirust should generally limit funding to
projects for which clear measurement and verificattandards exist. For example, project types
could include those for which the California Climaction Registry has accounting protocols or
those projects that can produce measurable anithbézienergy efficiency gains or low carbon
energy generation. In some cases, it may be apptefor the Trust to encourage projects for
which no protocols currently exist, or projectswgfreat potential but some uncertainty. In such
situations, the price paid for carbon reductionsiide reduced to account for the risk. The
Trust could consider keeping some percentage bboareductions in reserve so that
environmental integrity can be maintained in caggroject failures.

The Trust’s standard project selection process evbalbased on the relative cost-effectiveness
of emissions reductions, similar to the State’ssasful Carl Moyer program. The Trust could
issue requests for proposals periodically (quartarlannually, for example), and applicants
could include municipalities, hospitals, schootsnenunity organizations, nonprofits, or any
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other project sponsor outside of the cap. An appba to the Trust for funding would detail the
project’s plans, including the quantity of emissida be reduced and a proposed price at which
the project will sell the emission reductions te frust. A “Dutch auction” or descending price
auction could be used to find the lowest cost mtsjand determine the price at which the Trust
decides to purchase carbon reductioBecause the Trust does not fund entire projadits,
projects would have to be financially viable thrbuggcombination of their own balance sheet
and the additional value of selling the carbon o#ida credits to the Trust.

The Trust could choose to do one of two things withcarbon it has “purchased” from emission
reduction projects. Both of these choices havetted benefit of ensuring that carbon
reductions occur within California and that investts stay within the state.

* The Trust can retire the carbon credits for pulllenefit.Credits earmarked for
retirement might have no real market value or mggige double-counting concerns.
For example, the Trust would retire the creditsegated by an energy efficiency
program that allows the associated Load Servingygwot claim credit by reducing its
own emissions. All carbon reduction projects thab aalue co-benefits such as
abatement of air pollution would have to be retired

» Credits from Trust projects that value only carbuoight be eligible for sale in the
voluntary marketsThe revenue generated by these sales could dEpktinto the
Trust and used to invest in further reductionssditle buyers might include state
agencies, corporations, or individuals (througlotiset program) that want to offset
their emissions.

Note that the Trust could potentially be designethsit some of the carbon credits it purchases
could be used by capped entities as a flexible tamge mechanism in the regulated market.
These credits would come from certain approvedegtdypes for which protocols exist.

2) Encourage Environmental Justice Goals and Projects with Co-Benefits

By setting aside some portion of its funds to ksritiuted to projects based on geographic
location, demographics, and/or associated co-hsn#fis Trust could also help to reach
important environmental justice goals. Distribgtiinds based on geography or demography
would ensure that disadvantaged communities re@epre-determined amount of funding for
projects that not only reduce carbon emissionsalsat foster community development and
protect low income consumers from rising energgesi

In addition to (or instead of) distributing fundaded on geography or demographics, the Trust
could choose to favor projects with ancillary bésesuch as green collar job creation,
technology demonstration, or criteria and toxidygan clean-ups. In these cases, the Trust
would pay not only for carbon reductions, but woalslb consider co-benefits such as local air
quality benefits. For example, a project that blNOXx in addition to C£could be

financially rewarded not only for the decreasedoar but also for the NOx reduced by the
project. By attaching either a time value or a gtary value to co-benefits, the Trust would
create incentives for projects that not only hegpifGrnia reach its GHG emission reduction
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targets, but also achieve Environmental Justicésgaach as job creation and pollution
abatement.

For example, a project applicant might want toafétthe Heating, Ventilation, and Air
Conditioning (HVAC) system at a multi-family resid@l building. A market barrier exists
because of the discrepancy between who makes pitaldavestment and who ultimately reaps
the benefit of that investment. In this case,lthiéding owner must front the capital while the
tenants benefit from lower utility bills. The Ttuseates an incentive to help overcome the
market barrier by offering to purchase the progctirbon benefit from the building owner. The
building owner benefits because he or she is reigsdalfor the retrofit up to the value of the
carbon reduced, while tenants benefit from lower@dy bills, not to mention more efficient

and better quality air conditioning and heatinghieir homes. The State of California benefits
from the reduction in carbon, and capped entitieh s members of the business sector benefit
because California is closer to its emission radadfrget at no expense to them. In this
example -- as in all instances where the Trust dioudike this type of project investments -- it is
important to note that the State would have to esklany overlaps with programs eligible within
the scope of a GHG cap, to avoid double countimcerify crediting issues.

The selection process for projects with co-bene&fasid be similar to that for projects that
involve only climate change benefits. Projects lddae judged on relative cost-effectiveness,
compared with other projects in the same catedmgdd on geographic location, specific co-
benefits, etc). Projects would also need to banfomlly viable through a combination of their
own economics and the additional value of the aareductions, plus whatever values the Trust
assigns to the co-benefits. Again, the GHG emissduction credits could be retired for public
benefit or possibly sold into voluntary markets.

3) Actively Manage the Early Carbon Market and Mitigate Price Volatility

The third role of the Trust could be as an enabii¢he early carbon market in California. The
Trust could purchase emission reductions that baea certified as tradable credits and sell or
retire them as needed in order to help stabilizeQhlifornia carbon market. The Trust could be
particularly valuable in seeding the market andiftang it in the early years. In later years, as
the California carbon market grows and maturesrdleeof the Trust as “market maker” would
diminish.

The Trust could also be designed so that someeagdibon credits it purchases from projects
outside the cap could be used as a flexible comg#idedge in the regulated market. These
credits would come from certain approved projepes/for which protocols exist, and would
only be sold into the compliance market as neededléviate price spikes. The Trust would thus
act as a “shock absorber,” buying credits from eapgntities when demand for carbon is weak -
- in order to support higher prices needed for stveent and innovation -- and selling credits
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 the way thaFdderal Reserve Bank manages interest
rates. This active management should decreadikdélibood of the regulatory process
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overreacting or reacting too slowly to volatilelwan prices. As a dynamic manager of the price
of carbon with a long-range view, the Trust wouddfprm the role of a market oriented safety
valve and obviate the need for static regulatiarthss price floors or ceilings.

Specific rules for intervention in the market woblave to be developed in advance. The market
regulating role of the Trust would be carried oyt independent body of experts. This would
be a preeminent group, comparable to the Fedes®rRRe board or the California Independent
System Operator, which currently manages the mgjofitransmission resources for the state’s
electricity grid.

Considerable public comments were received bofavar and against the role of the California
Carbon Trust as an active market maker. The patezftectiveness of this role will depend on
the overall design of both the regulations andsthecture of the California Carbon Trust.

4) Encourage Research, Development, and Demonstration

A fourth role for the Trust would be to fund Unigéy R&D, as well as demonstration projects
and first production facilities. These areas lag&quate private funding, but can produce
valuable technology advancement, accelerating GiM{Sson reductions and supporting
economic growth. The Trust could set aside somegpéage of the allowance revenues to be
spent in these areas, with funds to be distribbtestd on judgments of the relative promise,
reliability, and cost-effectiveness of projectyarious categories. This really encompasses two
related, but separate, uses of Carbon Trust funds:

» University Research and Developmenhie Trust would provide funds for RD&D of the
technologies needed for a low carbon future. e af the Trust in funding University
RD&D should be considered alongside the proposdifio@aa Institute for Climate
Solutions currently under consideration by the CRd@s to prevent overlap and
duplication of efforts. The Trust could possibéng as a source of funds for the
Institute.

» Demonstration and First Production FacilitieBy supporting demonstration and first
production facilities, the Trust could bridge arpontant gap in the financing of new
technologies. Public sector managers generally ttemonstration, first project
financing, and commercialization as the respongyof the private sector, while most
private sector financiers are unwilling to investreese early stages due to the high level
of risk. This dilemma creates a financing gap tequires a novel solution. The Trust
could provide the financing and capital necessamgddress this problem and encourage
the commercialization of clean energy technologiBisis could be done in many
different ways. (See “Support Demonstration Fidnd=inance Sector Section I, C,
below.)

Funding Sources for the Carbon Trust
Revenues for the Trust could come from the auafalowances, from penalties or fees for

non-compliance post-2012, or from another sourcé s the general fund or borrowing
guaranteed through repayment from auction revenBased on historical experience, revenue
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from penalty fees is expected to be minimal. Catifw Environmental Quality Act mitigation
fees are another possible revenue source to corisifléhe Trust is set up as a public-private
partnership, private sector businesses would bthanpotential source of funding. If the Trust
is designed to be a market maker and has the @yttmpurchase and sell carbon credits, an
additional source of funding would be the saleeftitied, tradable carbon credits. Finally,
another source of funding could be the sale ofaarleduction credits into the voluntary market.

The State might consider offering one or more eawlgtions of a small percentage of the 2012
allocations. This early auction proposal presuppdbat the state has decided not to grandfather
all allocations based on historic emissions andeséablished a minimum percentage of
allowances to be auctioned in 2012. One or marg aactions would help to set an early price
signal and would remove some of the uncertaintyahde-making, jump-starting the market
for carbon in advance of 2012. A price discovesyigud would probably reveal a price lower
than expected,; this is what has happened histtyricabther similar schemes. Early auctions
would allow the state to “learn by doing,” essdiyiaerving as a trial period. The State would
have the opportunity to learn and make adjustmesfisre 2012. If the State decides against an
early auction, the Trust could be funded initidHyough the State’s general fund or through a
loan, or through other sources.

Any auction revenues are legally a fee and thug mest the legal standard established by the
Sinclair Paint court decision. A “Sinclair Teséquirement means that the fee must be
reasonable and there must be a nexus betweenrhesplof the fee and the use of its revenues.
The Trust passes the Sinclair test because bofle¢hend the Trust's expenditures are intended
to cut carbon emissions in California.

Consideration should be given to designing the flass public/private partnership in order to
leverage private capital in addition to the pulbtioney used to purchase credits. Involving
private capital could provide access to resoutttasshould help improve the economics of the
Trust, particularly in the earlier years of opesatbefore 2012. Another possible benefit of
involving the private sector would be a contrachmguntee that Trust revenues would be
restricted to the purpose of diminishing GHG enaissi

Models for the California Carbon Trust

TheCarbon Trust (UK) is an independent government-funded company a@at2001. Its
mission is to accelerate the country’s move towartisv-carbon economy by developing
commercial low-carbon technologies and working waitisiness and the public sector to cut
emissions. The Carbon Trust carries out five ddfeifunctions: (1) information and education;
(2) practical solutions, knowledge, and resourcediisinesses and public sector entities that
wish to reduce energy use and emissions; (3) fgna@idvice, and demonstration for low carbgn
technologies; (4) developing new, low carbon busses; and (5) investing in clean energy
technologies with commercial potential.

TheClimate Trust is a non-profit formed in 1997 in response to aadgon law that requires
new fossil fueled power plants to offset a portditheir CQ emissions. The Climate Trust
provides high-quality offset projects for powerrms regulators, businesses, and individuals,
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The Climate Trust is one of the largest buyersfisetds in the United States, with a portfolio of
sixteen projects that are anticipated to offsetniléon metric tons of CQover project
lifetimes.

The Carbon Market Efficiency Board is a market-regulating body proposed in the Warner
Lieberman "America's Climate Security Act" (S. 219This Board would be authorized to
trigger relief remedies to protect the economyasecof volatile prices or unpredictable markg
events. Operating under the oversight of the UBaienent of Treasury, the Board would be
authorized to allow increased borrowing of allowasor to temporarily expand the National
Emission Allowance Account, so long as the captare years is tightened enough that
cumulative emissions reductions remain unchanged.

—

TheClimate Change Credit Corporationis a nonprofit corporation proposed in the Warner
Lieberman Bill. The Corporation would receive angttion allowances and distribute the
proceeds. Auction revenues would be distributedrajseven clearly delineated categories.
Examples include 20 percent for a public-privatgrgaship to commercialize low and zero-
emissions transportation sector technologies athacieg vehicle miles traveled, 10 percent fd
air quality improvements, and 10 percent for mifiggiimpacts in disadvantaged areas.

=

B. Promote Clean Enerqy Innovation and Commercialiation

Support California RD&D and commercialization effodayto ensure that critical innovations
are available to contribute to GHG reductions ituffe years. Optimize current programs toward
the climate change goal and consider new prograrasdomplish objective. Consider creating
a new entity to coordinate these efforts.

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

0 Recalibrating current subsidy programs that arestrattured to measure GHG
emission reductions could be politically challergin

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

0 The State currently has no scale-relevant prographaice to support
demonstration projects for emerging technologigsiew financial vehicle may
need to be created to fill this gap by sharing bekween public and private
sectors.

o Complicated State programs make it difficult foe fhrivate companies to identify
opportunities for them to participate.

» Co-Benefits / Mitigation Requirementdany benefits, no mitigation requirements:
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o Would fill the “innovation pipeline” with promisingew technologies that could
substantially cut carbon and GHG emissions.

o Would orient disparate clean energy programs towadinifying goal of
decreasing GHG emissions without decreasing theritapce of other public
policy goals.

o0 Would better ensure that public and private RD&®$ are informed by public
policy objectives.

o Would close a critical gap in the clean energy stnent ecosystem by
supporting demonstration projects.

o Would ensure greater linkage and enable more @féecomparison across
current programs by creating consistent calculadioavoided costs.

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

* Responsible PartiesCalifornia Energy Commission (CEC); Californialffic Utilities
Commission (CPUC); CARB. Could involve the creatadrihe new organization
referenced below.

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@eductions. Moreover, the State’s
individual subsidy programs are in most cases pbimally coordinated in pursuit of the
principal current objective of AB 32 -- GHG emigssoreduction -- causing inefficiencies and
missed opportunities for improved performance. t@nof that, other states are implementing
programs and incentives to attract Cleantech corapas part of their economic development
strategies.

Possible Solution The State of California should make an affirmateenmitment to RD&D
programs geared toward GHG abatement. By nosjygporting but actively promoting clean
energy innovation, the State has the opportunisetx the California marketplace with
promising new technologies that may aid in achig®@HG abatement goals -- particularly for
the beyond 2020 goals,. This will also drive naweistment dollars to California and better
enable our state to attract and nurture the mashiging clean energy start-up businesses. The
State should also consider creating a new orgaoizéd house these and other programs.

What is “Cleantech”?

The Cleantech industry encompasses a broad rargyediicts and services, including
everything from from alternative energy generatmmwastewater treatment to more resource
efficient industrial processes. Although some efs#hindustries are unique, all share a common
thread: they rely upon new and innovative technpltogcreate products and services that
compete favorably on price and performance whitieiceng our collective environmental
footprint.
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According to categories established by the Cledn@apital Group, total U.S. venture
investment in Cleantech was $2.54 billion in 20@alifornia received $1.13 billion or 44
percent of the total. To be included in the Cleahtcategory, products and services must dofthe
following: optimize use of natural resources; offerleaner or less wasteful alternative to
traditional products and services; have their ganasan innovative or novel technology or
application; add economic value compared to trauwidi alternatives.

The eleven Cleantech categories measured are:

Energy Generation & Fuels
Energy Storage

Energy Infrastructure
Energy Efficiency
Transportation

Water & Wastewater
Air & Environment
Materials
Manufacturing/Industrial
Agriculture

Recycling & Waste

Companies in these categories may not always mtr&etselves specifically as “Cleantech”
and investors likewise may not necessarily condigemselves to be “Cleantech” investors.

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

Support Demonstration Finance:Create a single or a series of financial vehitdesupport
demonstration finance for projects that have paldity high climate change abatement
potential. This may include, but is not limited ttean generation technologies, energy
efficiency industrial applications and vehicle demsiwations 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 financial architectdficlean energy. Public sector managers view
demonstration as the responsibility of the privsgetor, while private sector investors view it as
too risky. The demonstration finance fund couldtractured to leverage a combination of
public funds already nominally dedicated to sudbrés and private funding, and/or it could be
funded by royalties, shared savings or shared cachexlits banked for future use. The proposed
California Carbon Trust (Finance Sector Sectio)lis one option to consider for this role.
Organizing principles for a demonstration finantferé could include:

» Establish Public Sector Tenant8Vhere possible, use the State of Californiantpand
city and/or other large scale public sector custsms “anchor tenants” for
demonstration projects.

» Support Specific Projects with the Highest Liketii@f Return A process should be
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established whereby projects having the highestitikod of making a major
contribution to climate change mitigation, but tve speculative for the private markets,
are given first priority.

Enable Market/Consumer Choicén addition to technology specific demonstration
projects, support a broader set of investmentsfrastructure for demonstration projects
of technologies that can showcase their meritsn@gane another (i.e. biofuels
infrastructure versus renewable energy transmigaifoastructure.

Encourage Broader Participation in Procurement Resses Consider using a
demonstration fund to allow emerging technologeepdrticipate in electricity and fuels
procurement by funding their above-market cost camept.

Partner Where PossibleBecause demonstration projects come in all shapé sizes, it
would be optimal to allow the private sector totiggpate. Debt and high risk equity
from the private sector at market rates could hglam with contributions from the
public sector in the form of serving as a backstomitigate against above-market costs
and risks.

Link Current Demonstration EffortsThe Public Interest Energy Research Program
(PIER) and the Emerging Technologies Coordinatingri€il (ETCC), both funded by
investor-owned utility (IOU) ratepayers, have furdsilable and actively pursue
demonstration projects. In addition, the CPUCoisstdering a proposal by Pacific Gas
& Electric and Sempra Energy to create an analogtiee ETCC specifically for
renewable resource demonstration projects. THésgse while very important, are all
immature, not coordinated, and not geared to addhesnew mandates of AB 32. At
some point it may be useful to link all demonstmatproject funds and to consider a
broader funding source than just IOU ratepayers.

Specific technology areas that merit attention feodemonstration finance program include:

Clean Generation Support initial megawatt (MW) scale installatahat prove
technical feasibility and enable project financiogemerging technologies.

Energy Efficiency TechnologieSupport demonstration projects for industrialipment
to accelerate the adoption of emerging, yet tedtliyiproven, energy efficiency
technologies$.

Clean Transportation Support vehicle demonstrations of low and zengssion
transportation options including light, medium drehvy duty plug-in hybrids, dedicated
electric vehicles, and hydrogen or other advanaets?

Target RD&D Funding for Carbon Reductions: Promote the use of public funds to support
research specifically for technologies offeringgrgtally high climate change abatement value.
Consider linking the current individual subsidy grams into a unifying framework with a
common set of reduction objectives, possibly inclgda consistent approach to State-calculated
avoided costs. Accurate and consistent calculati@voided costs would help identify the most
cost-effective technology options and better entumeRD&D funding is efficient and attuned

to commercialization.
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Leverage California’s Centers of Innovation: Leverage and provide coordination among the
existing RD&D efforts of State and Federal labsyate research institutes and universities.
Currently there is no single source of informatiadrout what the referenced centers of
innovation are working on or how their researclopties are established. A coordinated effort
would ensure that market and policy signals reachiafluence innovation centers. Such an
effort may enable policy initiatives that refleet technological progress and may help
individual innovations achieve scale more quicklhis could be accomplished by a new entity
charged with coordinating low carbon research &ffar it could be accomplished by an
existing private or public entity. The CPUC redgicknowledged a similar need and opened a
proceeding to consider creating a “Climate Solgibrstitute” to be housed within California
universities.

Engage the Private Sector:Create visible onramps for private sector supfoorearly stage

clean energy innovation. Create a roadmap of tae’'S technology priorities citing public
funding of certain sectors where applicable (i.eere funding starts and where it stops). Where
it makes sense, create financial vehicles tharégesboth the public and private sectors.
Develop a program including an outreach campaighehables our state to more effectively
attract and nurture the most attractive low carstant up entrepreneurs. Create industry specific
public private partnerships in support of low carlmijectives to ensure private sector
knowledge, engagement and support.

Consider Creating a New Entity to Coordinate Thesé&fforts: A single focused entity may
be well positioned to act as a coordinator of pehmotivated technology innovation, for
example by administering targeted State grant fdoidspecific technology challenges —i.e. the
“golden carrot” approach to goal-setting and rew&8dch an entity could also enable the
multiple public and private centers of clean enangvation in California to communicate,
share research, seek private funding, and moverenegchnologies through the procurement
processes of the major state energy providers. ofdenization could also act as the principal
agent for external market development and techiydi@sfer to demand centers outside of
California. Finally, such an entity could play @wable “connective tissue” role in helping to
coordinate State incentive programs toward the 2BeBluction goals, and in providing the
private sector with insight into the structure availability of incentive funding.

The organizational form and supporting revenuectiine of a new entity would be dependent on
the objective. A variety of organizational modetaild be considered including:
» Create a new State program authority within antiegsState agency;

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

» Create a private vehicle that manages public faddunds to accomplish public
objectives similar to the Carbon Trust;

» Create a private nonprofit organization that dagisnmanage public fees.
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In response to public comment on this issue, ETA&€Ebgnizes the potential value of initiating
this coordinated process via the creation of @watide “Action Plan” that would “enable
California’s agencies and institutions to avoid ldzgtion, maximize coordination, leverage
resources, ensure cost-effective results, andifgeyaps in necessary effort§.”
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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 carbderdaof California-manufactured products.
Amending current disincentives in the Californisisome tax and sales tax codes would help
ensure that California is competitive with othextes in attracting Cleantech capital investment.
A Cleantech manufacturing attraction initiative lwbhbelp the state proactively attract and grow
companies here.

* Timeframe:in place by 2012.

* GHG Reduction Potential Significant, but difficult to quantify. Potentiegéductions
depend upon the type of manufacturing establishéthiifornia and the proximity of
manufacturing locations to where goods are soldumed. The manufacture and
transportation of products manufactured in Calii@ffior use within state borders is likely
to generate fewer GHG emissions than those prodeataifactured elsewhere.

» Ease of implementatioModerate.
» Co-benefits / Mitigation Requirementdany benefits, no mitigation requirements:

0 Reduced GHG emissions due to California’s loweboarenergy supply (relative
to other states and countries with Cleantech mahwuiag);

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

o To the extent that this encourages the adoptiaheain energy technologies,
California residents can expect improvements imaality.

» Responsible partiesCPUC; State Legislature; California Business $pamtation and
Housing Agency.

Problem:California currently faces stiff barriers to devglog a strong Cleantech manufacturing
sector. Nearly 340,000 state manufacturing job®Wsest in a recent five year period.
Cleantech manufacturing could help create new folvsplace these employment losses and
create a substantial multiplier effect with supgiand the transportation and financial sectors,
while also reducing GHG emissions.

Companies contemplating moving products from theratory to full-scale manufacturing are
under strong economic pressures to locate outt#.s\While many states provide incentives to
attract Cleantech investment, California’s corp@iatome tax apportionment formula imposes

a higher tax burden on those hiring and investiitginvthe state’s borders. Imposition of a sales
tax on manufacturing equipment installed for inestase makes capital-intensive expansion in
California significantly more expensive than in akhany other state. Out-of-state
manufacturing results in increased emissions dfarabeing released into the atmosphere due to
less efficient and higher carbon content energpléesa  Encouraging in-state manufacturing
would therefore result in both lower GHG emissiand significant in-state economic benefits.
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Possible SolutionsCalifornia can benefit from a time-limited incerdiprogram that promotes
the growth of in-state Cleantech manufacturinge @bal of a “Buy California” campaign
should be to get a new market started, rathertthareate corporate dependence on another
entittement program. California cannot match theemtives offered by every other state. But
California could act to remove the current disiricess in the State’s income tax code that
reduce a company’s tax bill when it decides to goutside of California. State policy makers
should also take action to ensure that availalp@alaesources in California are competitive
with other states.

California should examine state policies from Massaetts, Washington, Oregon, and New
York, which are moving aggressively to promote Gteah manufacturing. These states offer a
combination of grants, tax incentives and crediisns and guarantees, and seed capital to
promote local jobs and the adoption of technolodmgeloped and/or manufactured in those
states. These efforts often dramatically lowerdiygital costs for companies that locate in those
states. If California takes its leadership forgea, we will lose high quality jobs, significaixt
revenues, and other benefits of having a thriviteaGtech sector.

Here are a few examples of what these other stia¢edoing. Oregon -- which does not have a
state sales tax -- approved House Bill 3201 regeatprovide a 50 percent income tax credit up
to $20 million (up to ten percent of the annualtaighe facility over five years if renewable
energy systems and components are manufacturéatd). sCalifornia provides no comparable
investment credit and subjects new manufacturingpegent to a sales tax that generally
exceeds eight percent. As a result, a compangogiating a $40 million capital investment
could face a final net projected cost of approxagha$23 million in Oregon for that facility, but
close to $43 million for an identical facility inaGifornia.

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 thaiskachusetts offers an additional incentive
(an extra $0.25/watt for solar and an extra $2.a@/Vor fuel cells) if components are
manufactured in Massachusetts. Similarly, Washimgtwacted Senate Bill 5101 in May 2005,
establishing production incentives for individudissinesses, or local governments that generate
electricity from solar power, wind power or anaecattigesters. The incentives range from
$0.12/kilowatt hour (kwWh) - $0.54/kWh, dependingtenhnology type and where the equipment
is manufactured.

One example of how to address California’s competidisadvantage is found in SB 1012
(Kehoe), which extends California’s self generaiimcentive program to combined heat and
power projects and requirdse CPUC to “provide an additional incentive of 8DkWh from
existing program funds for the installation of diy&hg technologies that are manufactured in
California by companies that maintain their priratiplace of business in California.”

Because fuel cell systems and solar panels are thrgable goods, it makes sense from an

environmental standpoint for them to be manufactai@mestically. These technologies offer
direct carbon reductions by generating clean et#gtr Locally produced clean energy

2-16



ETAAC DRAFT FINAL — to be Considered for Adopti@i11/08

technologies offset GHG emissions associated wmorting large heavy equipment from
across the country or the world. Early actioneettuce the California’s CQevels should not
only consider end-use applications, but lifecyaiedoict transportation impacts on the climate
and the environment.

Along with GHG emission reductions, fuel cells,ascnd wind technologies generate virtually
no NOx, SOx, or other harmful particulates. Accatlierg the adoption of these technologies in
California will also improve overall air quality drstate living standards. On top of the
environmental benefits, AB 32 could also work warsdier the state economy. There will be an
estimated $14 to $19 billion of additional U.S. &léech investment between 2007 and 2010,
resulting in 40,000 to 50,000 new jobsState Cleantech retention and attraction polisidis

help ensure that California benefits from the jolation and economic development spurred on
by its environmental leadership and the passagdd?2.

In addition to the direct “green collar” job creatithat can come from promoting in-state
manufacturing of clean energy technologies, a beilaéfmultiplier 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
year 2013. Building high production volumes shaduétb drive down production costs, enabling
the industry to contribute significantly to achiewent of the 2020 targets contained in AB 32
with progressively fewer incentives going forward.

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

. Coordinate with relevant public and private segianties including the California Labor
Federation, the California Manufacturers and TetdmoAssociation and TechNet.

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

-  Develop additional recommendations that may inclagancentives for up-front capital
costs and State tax credits for businesses thatleae energy equipment produced in
state.

e Analyze effectiveness of other State policies tyaase in-state manufacturing.

«  Develop a comprehensive list of California’s exigtincentives and educate Cleantech
companies and investors about their availability.

. Highlight benefits of green manufacturing clustaduding: the ability to share
resources,; strategies for obtaining land use psym@tcess publicly-funded training;
economic trend information; energy efficiency st¢s; financial services
information; greater supplier access.
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. Identify existing manufacturing in California thads the potential to take companies to
the next level of success and offer the necessguyost mechanisms.

D. Cleantech Workforce Training Program

At present, California lacks a program to addresskiorce needs across industries that are
developing and deploying advanced clean techndagi€alifornia. Creating a new program in
this area could address demands for the skillefmare necessary to serve the Cleantech
industry’s needs.

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

» Ease of ImplementationStraightforward. Models for successful workforcagrting
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 California; lower
turnover rates with skilled workforce.

0 Apprenticeship opportunities and new curriculumdoademic institutions that
cater to clean energy sectors.

0 Increased coordination between community-based fanark training programs,
apprenticeship programs and community college arogr

o0 Labor-management training partnerships in Cleanseckors.
o Expansion of high-quality, career oriented emplogh@pportunities.
0 Increased tax base for California.

* Responsible PartiesThe California Labor and Workforce DevelopmeneAgy would
administer. The Employment Development DepartniEBD) would develop and
manage the RFP process and track performanceoohdioation with the State
Workforce Investment Board (WIB), a panel of expavbuld develop priorities,
principles and criteria, and require accountabiliBanel makeup would include
employers, labor representatives, and trainingnarogoroviders (including community
college district representatives and workforce arohomic development agencies.)

Problem:California’s initiatives to address global climateange are boosting demand for a
skilled and trained workforce. Already, workforsleortages are being reported in areas such as
heating, ventilation and air conditioning. A tectally educated workforce is vital for

California’s emerging energy sectors to be comppetind for the state to attract service and
supply-side businesses to the area.
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Possible SolutionsEstablish a “Cleantech Workforce Training Prograhdt could effectively
equip workers with skills in advanced energy tedbgies at a cost of $3,000-$6,000 per trainee
annually. The Cleantech Workforce Training Prograould leverage this funding through
additional public and private funds. The goal wookdto double its funding base. To the greatest
degree possible, this program would utilize exgnogram infrastructure, including the
California State Advanced Transportation Technolaggt Energy program within the

community college system and building trades agpeship training programs.

This program would support, create and coordinatéos-by-sector training efforts tailored to

the needs of new and existing Cleantech busine§gaming programs must be employer-

driven and reflect true workplace needs.

A properly designed and executed Cleantech Workforaming Program would lead to
business-government-labor partnerships that suppgxing skill development and quality
employment opportunities. It would also keep Califa’'s economy more competitive.
Curriculum development in related fields could @mepstudents and the state’s labor force to
serve the growing markets in emerging energy sgcsteering them to meaningful, career
oriented jobs. This highly skilled labor pool couhen also attract new businesses.

The Cleantech Workforce Training Program would datate appropriate State agencies and
departments, the private sector and non-profitiestto do the following:

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

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

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

» Promote skilled trades in construction, manufaotand utilities to serve the specific
needs of the New Energy economy;

* Encourage resource-sharing and best practice models

E. Fee and Tax Shifting (Feebates)

Adjust specific State fees and taxes in a reverugral manner to encourage the distribution of
low carbon products.
* Timeframe: In place by 2012.

* GHG Reduction PotentialThe reduction potential depends on the spe@fiwr fee.
(See below for specific examples.) The principaiddfit is to encourage innovation and
to encourage consumers to purchase products vatteggrGHG emission reductions by
reflecting the cost of carbon in prices that constapay.

» Ease of implementationRelatively straightforward; requires legislataetion.
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» Co-benefits / Mitigation RequirementBlone expected.

» Responsible partiesChanges would be enacted by the State Legislahdehen
implemented by current State agencies.

Problem: Existing incentives and labeling schemes arednotg enough to influence consumer
choices and move California toward a low carbomecowy. This is particularly true in the
transportation sector, the largest source of &&t& emissions. California needs to increase the
incentive for the distribution and purchase of pretd with significantly lower carbon content.

Possible SolutionsUse existing tax and fee structures to encoutagsumers to purchase
lower carbon products. The goal this kind of fad tax shifting is to encourage the distribution
and purchase of products that either generatgdek3 emissions during their manufacturing
lifecycle or during their actual use. Example gatées include the State excise tax on
transportation fuels and car registration feessaesbwith new vehicle purchases (see the
Transportation Chapter for more information).

A standard measurement of lifecycle GHG emissionsransportation fuels is instrumental to
the development of the Low Carbon Fuel Standard5&)C The LCFS can be used to compare
alternative and cleaner fuels against a galloretrioleum-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 dngihemission fuels. A proposal to do this
can be found at “California Clean Fuel IncentieThe surcharge is estimated to be 1/10 cent
per gallon over the current tax of $0.18 per galldhe primary advantage of this approach is to
help lower the initial costs of low emission fualsd not to create a disincentive for high
emission fuels. As alternative fuels are introdlioger time, adjustments may also be needed to
protect funding for public transportation and otimérastructure.

The State can also create incentives for the ptamtuand purchase of cleaner vehicles by
ranking vehicles in class according to GHG emissioer mile driven. The cleanest motor
vehicles in each class would be eligible for timfi@archase State incentives. The highest
emitting motor vehicle in each class would payghbr initial license fee to cover the costs of
the clean car incentives. A proposal to implentkist mechanism is being considered by the
legislature — AB 493 (Ruskin) - “Clean Car Discotoit Families”?

This general “feebate” approach can be applieshyopaoduct category for where there is
already well defined measurement of carbon coraedtfor which there is a State tax or fee
assessed at the time of purchase.

F. Municipal Assessment Districts

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

* Timeframe:n place by 2012.
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* GHG Reduction PotentiakVould accelerate deployment of renewable energy
generation.

» Ease of implementatioiRelatively straightforward.
» Co-benefits / Mitigation RequirementBlone expected.

* Responsible partie®articipating municipal governments.

Problem: With current State and Federal subsidies, thaliaton of efficiency upgrades and
clean distributed generation (such as solar phdt@medqPV) and solar thermal systems) is now
much more cost effective for many residential amehimercial property owners. Nonetheless,
many disincentives to installation remain. A majmaining challenge is the lack of
information on the part of many homeowners, redideand commercial developers, and
construction companies. Perhaps the most cribicabstacles, however, is the high upfront cost
of these technologies and the other financial lgrthat end-users must overcome.

Possible SolutionsThe City of Berkeley has proposed an innovativeeigy Assessment
District” which could remedy many of the disincenas to install clean on-site distributed
generation systems. It is a novel approach andheggromise to be tremendously effective if
used widely throughout the state. The approackdqmatentially be expanded to include energy
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 distiion 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 Y the 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 taxobir a fixed period, typically 20 years or so.
The assessment is officially in “second positios’adien on the property — behind property tax
and in front of the mortgage — giving excellentwség and a corresponding low interest rate. A
20-year period fits well with the expected minimlifatime of solar PV panels, with different
periods possible should this model be adaptedtferdechnologies.

The City of Berkeley is working to create a citywidoluntary Energy Assessment District of
similar design concept. In this specific case, propowners (residential and commercial) could
install solar PV systems and make energy efficiemgrovements to their buildings and then
pay for the cost as a 20-year assessment on tlogieiy tax bills. No property owner would

pay an assessment unless they chose to includetbeerty in the program. Those who do
have work done on their property would pay onlytfe cost of their project and fees necessary
to administer the program.

This program solves many of the financial hurdeesrfg property owners. First, it significantly
reduces the upfront cost to the property ownercofe, the total cost of the system may be less
when compared to a traditional equity line or magg refinancing. This is because the well-
secured bond should provide lower interest ratas th commercially available. (Another factor
is that the City would require multiple projectsh® aggregated in order to reduce construction
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costs.) Third, the tax assessment is transfetsdiigeen owners. If the property is sold prior to
the repayment of the assessment, the next ownddwaike over the assessment as part of their
property tax bill.

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

G. On-Bill Financing for Small Business Enerqy Efftiency Projects

To overcome cash flow and capital constraints fealsbusinesses, utilities could finance
energy efficiency projects using ratepayer andfbensources of funds, including, when
appropriate, leveraging opportunities with privatddlic lending institutions.

» Timeframe: In place for 2012 targets.

* GHG Reduction Potentialt-5 percent reduction of GHG emissions from sinadliness,
assuming an emissions reduction potential of 1Qpe80ent with 10- 15 percent of small
business participating.

» Ease of ImplementationModerate to implement. This type of financing baen done
before.

» Co-benefits / Mitigation Requirementslectricity load reductions and cost savings ® th
small business.

* Responsible PartiedJtilities as the program administrator.

Problem:Technology and products are available to redueeggrconsumption in buildings and
manufacturing operations that can result in netggnand cost savings for small business in the
long run. The problem is that many small busingesigenot have the capital to make the upfront
investment needed to install the improvement.

Possible SolutiongOn Bill Financing (OBF) is a method whereby demaadings are

purchased the same way supply is purchased: hyoimé¢h in installments paid via a line item on
the utility bill. OBF simplifies the financing amqhyback for these energy efficiency projects,
enabling small businesses to implement energy gaaeasures that they would otherwise be
unable or hesitant to implement. The CPUC andtiaslshould work together to explore
existing OBF programs to determine the optimum rhmlamplementing a cost effective
program. In developing the OBF program, utilitd®uld also weigh the overall value of
ratepayer expenditure for OBF against alternativestments in energy efficiency projects, and
ensure that the OBF is at least as cost effectwatzer successful, cost effective efficiency
programs. Where OBF design proposals differ fretatdished norms and would impose
unacceptable risk, appropriate means of cost regamast also be included. San Diego Gas and
Electric Company has recently implemented an ORIigiam and all IOUs will have an OBF
program by 2009.
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! Taylor, MargaretThe Dynamics of Innovation and Cap-and-Trade Pratggto be published).

2 Stack, Balbach, Epstein and Handgjieantech Venture Capital: How Public Policy hasriated Private
InvestmentMay 2007.

% While one specific project has set a precedenC#®A mitigation fees for GHG emission impacts, the
development of CEQA guidelines to respond to ABs3&ill under development. The Governor’s Offide
Planning and Research (OPR) is in the processw&fiolging CEQA guidelines for the mitigation of GHEissions
or the effects of GHG emissions. OPR is requirelansmit the guidelines to the Resources Agencyrdyefore
July 1, 2009. The Resources Agency must certifyadapt the guidelines on or before January 1, 2010.

* See Industrial,Commercial and Residential Used®d@taft Section Il. E.

® See Transportation Sector Draft Section Ill. B.

® Comments of the Natural Resource Defense CoundPAAC Draft Report, submitted Dec. 10, 2007.
http://www.arb.ca.gov/cc/etaac/121307pubmeet/contsneeceived_prior_to_12-13 meeting/wang-
nrdc_etaac_comments_final.pdf

’ Stack, Balbach, Epstein and Handgjieantech Venture Capital: How Public Policy hasriated Private
InvestmentMay 2007.

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

® http://www.e2.org/ext/doc/AB 493 Ruskin Factshedt.p

2-23



ETAAC DRAFT FINAL — to be Considered for Adopti@i11/08

3. TRANSPORTATION SECTOR

|. Introduction

Transportation accounts for over 40 percent chmihropogenic greenhouse gas (GHG)
emissions produced in California, making it theyést source of these climate change
gases in the state. These substantial sourcesludrc dioxide (C@) and other GHG
emissions are divided among different segmentkestate’s transportation
infrastructure (see Figure 3-1 below). Califoreiransportation sector impacts on
global climate change are clearly dominated by lgzesdo fuel the state’s large fleet of
motor vehicles (See Figure 3-2 below.) These GH&gons flowing from various
modes of travel and goods movement are a funcfiofl pmotor vehicle technologiés:
(2) carbon intensity of transportation fuels; (8gmll transportation activity levels.
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Figure 3-1: Greenhouse Gases by Transportation M@#%RB Inventory for 200%)
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Transportation GHG Emissions by Fuel 186.9 CO2e Tot al
in 2004
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Figure 3-2: California Greenhouse Gas Emissiong-bgl Type (CARB 2004 Inventory)

Achieving California’s AB 32 climate change goalsl wequire addressing all three of
these aspects of the transportation system. Soiitégs to address these three primary
challenges in the transportation sector are alr@a@iace or are currently being
developed. It is clear that ultimately solutioagtobal climate change will require
setting a price on carbon as well as new and fachiag motor vehicle and fuel
technology standards. The ETAAC transportationosestibgroup recommends
additional measures to achieve the following pupbticy goals:

« Conserving energy by lowering aggregate passemgkfraight motor vehicle
miles traveled (VMT);

« Substantially lowering GHG emissions released pdiTyY

« Lowering the impact of fuels and technologies ofif@aia’s massive
transportation sector carbon footprint.

According to the California Department of Transptidn (CalTrans), the number of
vehicles in California is increasing at a proparttely faster rate than the state’s
population. There are many reasons why. Amonthee rising standards of living --
which boosts vehicle ownership and global tradené increasing freight movement
throughout California. The state’s VMT figures@tontinue to rise, in part, due to
longer commute distances. But expansions in nomtvgps are playing an even larger
role. Average on-road fuel economy has been dagliprimarily because traditional
family cars are being replaced with less efficiggtit-duty trucks and sport utility
vehicles (SUVs). Levels of congestion on Califatsiroads and highways are also up,
leading to still further increases in per trip Glé@issions.
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California drivers used an estimated 18.1 billi@ti@ns 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 continue, gasoline use @elated C@emissions in the
transportation sector will grow by approximately@rcent over the next 20 years. This
increase carries a substantial environmental paigeas well as economic penalty: a $13
billion increase in the cost of fueling the trangption system (assuming a cost of $2.40
per gallon of gasoline). Considering that ovep&écent of the petroleum consumed in
California is imported, the near total reliancdtd transportation sector on this fuel
exposes the state’s economy to price spikes crégtédue dynamics of national or
international markets. The corresponding outfldwapital from California to countries
and regions supplying petroleum reduces the pum@aewer and living standard of
growing numbers of state citizens.

Forecasts regarding California’s transportatiort éemsumption need to accommodate a
key piece of climate change legislation (AB 149@)jch will reduce the GHG emissions
from new automobiles by about 30 percent by 201ith this law in place, California’s
gasoline consumption is expected to be essenfiatlyhrough 2025, but diesel fuel
consumption is expected to approximately double this same periot.

There are already several policies intended toedeer transportation GHG emissions, as
well as a number of factors that can potentialbréase these same emissions. It is
imperative for the State to develop and implemkeasé existing policies while
considering new policies needed to meet the gdaAB®B2. Table 3-1 below
summarizes key policies in place or under develapnmeCalifornia.

Table 3-1: Existing Policies Affecting TransportetiGHG Emissions

Standards Incentives RD&D
(Regulations)
Mobility e AB1493 * 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 * Investments in travel Consortium (DOE)
Emission Bus program| alternatives «  H, Highway
* Federal Tax Credit for (infrastructure deployment
hybrids with different H, generation
«  Movyer Program (ozone | technologies)
precursor and black carbon
contributions to climate
change)
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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)

* Marine vessel speed
reductions

» Port expansion*
Air * Airport expansion
plans*

Fuels e Low Carbon Fuel |« Low taxes on fuels, * State and federal R&D
Policy compared to world averages*

* Tends tdncreaseGHG emissions

In order for California to continue to grow (anda fdalifornia citizens and businesses to
prosper) better options for personal and freigdmigportation are clearly needed. And
yet, to avoid dangerous climate change, the Stast mduce its transportation-related
GHG emissions. Some of the policies describetlisxdhapter may operate by limiting
emissions or setting a more appropriate price amsportation options, while others
create new opportunities for travel and freighpstent. All of these approaches are
essential complements to the deployment of cleagtgicles running on cleaner fuels.
Thus, it is crucial that the State ensure that é@anbon travel options are expanded.
Some of the new opportunities include:

* Smart Growth plans by local governments to makéiwgland cycling more
feasible.

* Bus Rapid Transit (BRT) systems (which are opegasinccessfully in many cities
worldwide.)

* Personal Rapid Transit (PRT) systems (which coslg relieve traffic
congestion.)

* Smart Cards to ease the use of different transtesys.
* Low speed transit options such neighborhood etee#hicles (EV).

« Transit villages that make bus, rail and perhap$ Riedes preferable ways to
travel.

+ Electric passenger and freight rail systems thatdcalso offer air quality and
congestion benefits (but which require significaeaviestments.)

The ETAAC collected and reviewed a substantial amho@iinformation on technology
transportation and other innovations. This makésiancluded in Appendix V. Because
research, development and deployment (RD&D) of temhinologies in the
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transportation sector is advancing rapidly, a wieldsas been established as a resource

that contains or point towards many of the repgmssentations, and other
documentation (www.etaac.org). Table 3-2 belowt@imis relevant AB 32 Early Action
measures already being developed by CARB.

Table 3-2: Measures Contained in CARB’s Draft Ea&btion Plarf

Name

Summary

Estimated emission
reduction
(MMTCO2e)

Low Carbon Fuel

Require the carbon intensity of transportationduel

10-20 by 2020

Standard decline 10 percent by 2020.

Smartway Truck Require existing trucks and trailers to be rettedit Up to 6 by 2010 and

Efficiency with devices that reduce aerodynamic drag. 20 by 2020

Tire inflation Require tune-up and oil change tactans to ensure | 0.54) by 2010 and
proper tire inflation as part of overall service. 0.20 by 2020

Port Electrification

This early action allows docked ships to shut off0.5 in 2020

their auxiliary engines by plugging into

shore side electrical outlets or other technolagies

New Passenger

GHG Standards for post-2016 model year vehicles

y42020; 27 by

Vehicle GHG 2030

Standards

Heavy duty hybrid Lower GHG Emissions through heavy-duty hybrid | 0.5to 1.7 by 2020
trucks trucks

Air conditioning

Restrict HFC-134a sales to constsne

Options range from
0.1 to 2 by 2020
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II. General Policy Recommendations for the Transpam@ation Sector

Enhance Research Development & DemonstrationThe ETAAC transportation sector
subgroup proposes a California Clean Transport&iD&D Program that substantially
increases State investments in low-carbon andcaetmon technologies. These efforts
should focus on RD&D to accelerate market adopdioon-road and non-road
transportation and goods movement technologie® ehld goal should be to achieve
greater cost-reductions in technologies that redid& emissions as well as improve
durability, reliability, and product life. As matwehicles are weaned off petroleum
fuels, new ways of charging for the use of roadwdrastructure and operations
currently underwritten by Federal, State and lgea taxes funds will need to be
developed. Many methods for supporting such rekeaxist, including direct grants,
solicitations, State procurement policies, and ma&B 118 (Nunez)s a constructive
new tool for guiding such RD&D activities, but atidnal funds may be needed, perhaps
generated through auction revenue or other clitizd@ge related fees.

Encourage Private and Public Investment: The three key GHG emission reduction
strategies identified in the Introduction of thisapter — reduce or shift demand for VMT,
boost efficiency, and expand use of low carbomisity fuels -- could be accelerated if
California created financial mechanisms to encoeliagestment in advanced energy and
manufacturing technologies. State and local bandurthority could be used to establish
investment funds that are used to encourage dewelopof clean technology companies
to build new manufacturing facilities in Califorréad add to the state’s employment
base. For example, The United Kingdom’s (U.K.)loar Trust is an independent, not-
for-profit company set up by the U.K. governmentige public sector revenues to
support low-carbon technologies using a privateeseapproaci. As described in the
Chapter 2 (the Financial sector) of this ETAAC mepGalifornia could set up something
similar in the spirit of the California Instituté Regenerative Medicine.

It is important to encourage private sector as a®llo public sector RD&D. Private
research funds are much larger than public fundstaends to focus on innovations not
being supported by the public sector. Clear amsistent public policy decisions and
regulations will provide direction that encouragjes private sector to make investments,
and to direct their research dollars in the mopt@riate and strategic areas.

Coordinate Between Levels of Government and the Rrate Sector: The transition to
a low or zero carbon economy in California will veg radical shifts in virtually all
industries. This is particularly important in ttnensportation sector, where vehicle
manufacturers and fuel producers and distributarstine coordinated in a way that still
meets customer needs while enabling the developafienany new cleaner vehicle
technologies. Given the scope of the task facialif@nia, effective collaborations will
become increasingly important. Reductions in traeenand will certainly require
common goals and strong ties between local, Statd-aderal agencies. As described
below, the California Fuel Cell Partnership is jose of a number of examples of
successful public/private partnerships.
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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 istemial barrier to commercialization
of hydrogen fuel cell vehicles. The California FGell Partnership is a collaboration pf
31 members to overcome barriers that would faceichehl members working to solve
these problems alone.

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

Since 2000, the Partnership has placed 170 ligiyt\ghicles in California, and fuel
cell passenger cars and buses have traveled naratmillion miles on California’s
roads and highways. There are currently 25 fuddtagions, with others planned.
During 2008-2012, the Partnership members will i to improve vehicle driving
range, fuel cell durability, and station accespreparation for commercialization of
fuel cell technology. Other important future ckealjes include making the fuel
infrastructure sustainable by producing hydrogemfrenewable sources. Yet another
challenge is maximizing efficiency through enertptisns that produce stationary heat
and power in addition to hydrogen vehicle fuels.

Sourcehttp://www.fuelcellpartnership.org

Increase Consumer Education and ChoiceConsumer education on environmentally
friendly technologies or habits has worked in @athfa; both the Statélex Your Power
campaign and Federghergy Statabeling program have proved effective in shrigkin
energy usage. The State should emphasize thetamgerof public education and
outreach programs for the transportation sectollaino existing efforts like “Spare the
Air” to reduce or defer driving on bad air qualdgys. A much broader public outreach
effort is needed, nevertheless, to address gldibahte change. As a greater range of
choices of vehicles and fuels become availablgilitbecome important to provide
information to consumers so that they make edudadtettes to reduce GHG emissions.
This information can complement market-based incest However, the evidence about
the effectiveness of public education campaigrectieve public polices is lackirg.

3-7



ETAAC DRAFT FINAL — to be Considered for Adopti@i11/08

Thus, these programs will require monitoring, eaibn, and adjustment to make sure
they are cost-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 of3h5 emissions associated with their
purchase$® Consumers are then allowed to make an educatkddiive decision to
reduce their carbon footprint if they so choos@&RB is in active discussions regarding
such green labeling efforts. At present, motoricleb sold in California already have a
smog index labet® GHG emissions information will also become péithis label by
2009. The State Legislature may want to consigiehér labeling efforts referencing
energy use and corresponding emissions of diffdtesté or the emissions that were
produced in making or shipping consumer goodseélad transportation.

Realize Economic, Ecological and Environmental Jugte Co-Benefits: It is notable
that each one percent reduction in transportati@mgy consumption (or rate of
consumption growth) could add up to $440 milliorammual savings. CalTrans
calculates that every one percent reduction in @Htssions from the transportation
sector (through decreased VMT, improved vehiclanetogy or fuels) stops 1.81 million
metric tons (MMT) of GHG emissions from being reded into the atmosphere. This
one percent reduction in energy yields a totakstate GHG emission reduction of 0.5
percent? The decreased cost of purchasing fuels will ésalt in macro-economic
benefits because of a shift of consumers’ dollesfpurchasing imported oil to
purchasing more in-state goods and services. g sf climate change policies in
California found that implementing AB 1493 woulduer vehicle GHG emissions by 31
million metric tons of carbon dioxide equivalentfMCOE) in 2020 compared to a
business-as-usual scenario. This equates to ipaghpercent of this legislation’'s GHG
emissions reduction goal. At the same time, thedauld increase gross state product by
about $50 billion (over a 2 percent increase) &edcreation of about 22,000 jobs (a 0.1
percent increase) due to this macro-economic effect

In addition, lowering petroleum imports will crearergy security benefits. Rising
petroleum imports into the State of Californiandahe increasing concentration of oil
reserves and production in unstable areas of thkelwaoraises concerns about both the
security of supply as well as the market powermoéign oil producers. Policies that cut
petroleum consumption and imports address theatededind pressing problems as well.
These benefits are realized through both a reduatitcransportation energy
consumption and a shift away from petroleum-basetsf

The GHG emission reduction strategies recommenaleithé transportation sector are
also expected, as a whole, to achieve significabtip health and Environmental Justice
benefits. Strategies to reduce GHG emissionsdrrtinsportation sector lower fuel
consumption and generate significant air quality ather environmental benefits
through reduced “upstream” emissions from oil refies and fuel transport.
Furthermore, important synergies exist betweenf@ala’s decades-long fight against
air pollution and the current effort to respondjtobal climate change. Many of the
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State’s air quality strategies (e.g., anti-idliegulations, the Zero Emission Vehicle
(ZEV) and Zero Emission Bus (ZEB) programs) offey keductions in GHG emissions.
Because many criteria air pollutants such as taekiatarbon in particulate matter and
ozone also accelerate global climate change, alitgyolicies 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 cestgon, saving time now lost in traffic.

They may also lower the number and severity ofitraiccidents, reducing the associated

property damage, injuries, and mortality. Theskc@s may also stymie water pollution
and other forms of environmental degradation.

Key Environmental Justice Issues for Transportation

Several important environmental justice conceresparticularly relevant to
transportation and deserve special attention ago@ah proceeds to implement its
climate change goals. These include:

Improve mobility. Access to affordable, safe, and convenient trisvaiitical for
economic development. Opportunities to improvesasavhile reducing vehicle
travel should be the cornerstone of transportaiwhland use planning.

Reduce existing air pollutionEmissions from transportation vehicles (espegciall
diesel equipment) and the facilities that fuel theng., refineries and distribution
networks) disproportionately impact low-income coomities and people of color.
The state should prioritize GHG reduction polidiest yield cost-effective ancillary
air pollution reductions in these communities. Teselopment of a low-carbon
transportation system, such as low-carbon fuelysctydn, should be focused as
much as practicable on delivering net air pollutieductions for impacted
communities.

Create economic opportuniti?olicies and programs to lower GHG emissions in
the state have the potential to generate greeargolys, and these opportunities
should preferentially benefit disadvantaged indiiald and communities.
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[1l. Shifting Demand for Mobility and Goods Movement

Vehicle travel is a major contributor to globalnctite change. Demand for highway
travel by US citizens continues to expand due faufagion increases and growth in per
capita transport demand. Between 1980 and 196Bwaiy route miles increased 1.5
percent while VMT increased 76 percent in the U8e Texas Transportation Institute
estimates that in 2003, the 85 largest metropoétaas experienced 3.7 billion vehicle-
hours of delay, resulting in 2.3 billion gallonsviasted fuel and a congestion cost of $63
billion.** Traffic volumes are projected to continue growitnp > Convenient and
efficient public transportation and transportattmand management (TDM) systems
are critical measures to reduce VMT and GHG enissio

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 importateraal costs are ignoréfl. Thus,
there are many measures that will both reduce GidiSstons and internalize some of
these costs by pricing vehicle travel per mile. laved planning measures will also lead
to reductions in these “externalities.” Some ttal@mand strategies that are likely to
have larger or more certain effects include:

* Improved planning such as Smart Growth and TrariBdges;
» Pay-As-You-Drive insurance and road pricing.

ETAAC has also evaluated employer-based commuytedduction options. Some of
these options are more likely to result in sigafit GHG emission reductions than
others.

Other possible approaches to managing passengéreggia vehicle traffic were

originally developed as methods to reduce congestiml improve traffic flow. They
could reduce GHG emissions from the perspectiveddicing time spent idling in traffi¢
with a traditional gasoline or diesel engine (ifadtditional trips resulted). However, it |s
unclear whether strategies to reduce traffic comges- in particular those strategies that
make driving faster without providing incentivesuse alternate modes of transportatipn
-- will in fact reduce travel overall, in part dteelatent travel demand (itself a
controversial topic/) While idling can increase GHG emissions in converl
vehicles, high vehicle speeds can also boost GHiGs&ns due to lower fuel efficiency.

Improving transit systems is another way to redBes emissions in the transportation
sector. Increased funding of public transit systemay be needed so that California
residents have more travel options. These systambe expensive if designed to
provide reliable, affordable transit options to tdensity neighborhoods.

New approaches to public transit are advancinglhapand deserve further study for
suitability in California. Some of these featumgproved technologies that can be used in
current transit systems, such as electric-hybrgebuand fuel cell buses. Others are more
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novel approaches that may have greater potenti&G emission reductions, such as
BRT and PRT systems. Due to limited time and reces) and because these approaches
are developing rapidly, ETAAC was unable to conielely evaluate these options. More
study of these technologies and approaches aramntad. Each technology or approach
is at a different stage of development and maytraatifferent type of evaluation. For
instance, hybrid buses may be suitable for deploynwelay, while it may be more
appropriate to develop PRT pilot projects. In asctohg studies relevant to California’s
distinct transit needs, the ongoing research apéréence from other parts of the world
should be considered. For instance, several BREB)s are now in successful service in
cities around the world, while the first modern P&/Etem is only now being installed at
Heathrow airport. This suggests that BRT systenghiie closer to deployment here in
California than PRT systems. Nevertheless, near-teplementation should not be the
only criteria to judge new clean transportatiorhtezlogies. New technologies and
approaches should also be evaluated on projectds &nission reductions, costs, and
associated benefits such as reduced congesti@ategteansit access for all communities,
and the potential for manufacturing and other emplent in California.

This chapter identifies economic and technologimabvations for transit systems linked
to improved transportation planning and roadwagipg, but does not rank specific
transportation system technologies. More infororatian be found in Appendix V.

A. Planning: Smart Growth and Transit Villages

Planning measures can shift investments in housmdgransportation infrastructure in a
way that would reduce GHG emissions over the lengntby providing desirable and
low-GHG transportation options, largely by replacautomobile trips. Partnerships
between the State government and regional and &meadicies are critical to achieving
these goals

Smart Growth is an urban planning and transponattmategy that emphasizes growth
near city centers and transit corridors to preveban sprawl. This approach promotes
mixed-use, infill and transit-oriented developmerdansit, bicycle and pedestrian-
friendly infrastructure; preservation of open spaf@rdable housing; and other
strategies to reduce traffic injuries and imprdwe livability of urban neighborhoods
including non-residential speed limits, roundabptgarking maximums, shared parking,
flexible zoning for increased densities and mixeds) innovative strategies for land
acquisition and development, and design emphasissemse of placé®

« Timeframe Implemented by 2012. Emission benefits will thome to increase
through the 2020 and 2050 timeframes as new dewv@opincorporates these
concepts.

« GHG Reduction PotentialCalTrans estimates that the average househahdyli
in a transit village could emit 2.5 to 3.7 tonssI€&Q, annually than a traditional
household? These figures are based on a CARB study estiméatmsit village
household private vehicle mileage reductions ofaxmately 20 to 30 percent
annually?®
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Ease of ImplementationThe obstacles to implementing smart growth pddicie
will vary among regions, but ultimately will reqaieach regional development
agency to make reduction of GHG emissions a planpiiority. State-level
legislation requiring regional transportation ageado address smart growth and
then provide appropriate implementation incentiweslld enable regions to move
closer to sustainability.

Co-benefits / Mitigation RequirementSmart Growth policies play a critical role
in reducing GHG emissions while improving the eaogo Urban in-fill housing
can be an effective tool to prevent creating matrughs from existing farmland.
Proponents point out that smart growth can redueénd, increase walking, spur
transit use, curb obesignd promote cleaner aff-

Responsible Partiestand use decisions are made at multiple levels of
governance (e.g, building and urban design, looailrg and use separation,
regional integration with land use patterns).s itherefore imperative that several
interventions and policies are required at diffeiastitutional levels.
Nonetheless, these should be consistent and coraptamy with Smart Growth
priorities.

o State Governmentin June 2007, the CEC releasédte 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 sectr.CalTrans has also looked at ways to
reduce VMT. One of its programs is the Regionaldpkint Process,
which establishes 20-year goals to reduce VMT oggéonal basis. The
State Resources Agency should amend CEQA guiddiinesognize
transportation impact measures that are not bitseards automobiles
over other modes of travel. In addition, polica®l requirements relating
to CEQA, the California Transportation Plan, hogsgtement updates,
the California Water Plan, and storm water plaas, @l affect local land
use planning and development. These State agemitié® critical in
providing incentives for linking ongoing State phamy processes with
local and regional GHG emission reduction strategie

0 Land Use Agenciesimplementation of Smart Growth policies by local
agencies to reduce VMT will be particularly impartéo meet AB 32’s
GHG emission reductions. California local land agencies, such as San
Diego’s SANDAG, provide regional plans for morei@gnt 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. 3r@aowth blueprints
have been completed for the Sacramento, San FcarBesy Area and
Southern California and are under developmentheradreas including
the San Joaquin Valley.

o Land Use AdvocacylLand use agencies such as the Smart Communities
Network?® provide information sharing and best practiceddoal
government and regional planning agencies.
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o Regional Transportation Agencie3he Metropolitan Transportation
Commission (MTC) is an example of a regional tramgiion agency.
MTC is the transportation planning, coordinating &inancing agency for
the nine-county San Francisco Bay Area. It isoesfble for regularly
updating the Regional Transportation Plan, a cohmgrsive blueprint for
the development of mass transit, highway, airg@aport, railroad,
bicycle and pedestrian facilities. The latest R&atures Smart Growth
development patterns. MTC has developed new gsli¢unding
programs and technical studies to foster smart grawcluding transit-
oriented development, regional growth planningi@tearea plans, and
parking policies.

0 Developers Developers are the integral part of smart growth
implementation. Equipped with sustainable prasticevelopers can
build structures that generate fewer GHG emissilugsto upfront
construction decisions as well as ongoing dailyrajens.

Problem: Urban sprawl can increase and lock-in high rat@ésdMT, subsequently
increasing GHG emissions and leading to inefficlantl use practices. In addition,
urban sprawl requires high rates of land consumptinich threatens farmland. Urban
sprawl can also lead to inefficient spending ofggoment funds on new infrastructure
while leaving existing infrastructure unattendédThe low rates of physical activity
associated with urban sprawl are also thought ve hanegative effect on peoples' health
and well-being>

The current Williamson Act mechanism used to kegmfand in agricultural use and
delay housing or commercial development may notigeosufficient incentives for
farmland owners to prevent urban sprawl and halgtiowth of VMT. A large share of
Williamson Act land in San Joaquin County is in frenewal status, for example. Other
states are more proactive than California in sugopgpsmaller family farm operations.

Possible SolutionsThe most important vehicle for implementing meneart growth
planning is the coordination and provision of cetest incentives in infrastructure
planning and development. Tying funding for thasgvities to Smart Growth goals,
including GHG emission reduction goals, will encge smart growth planning.

One form of Smart Growth is Transit Villages, whate typically mixed-use residential
and commercial areas that are designed to maxacizess to mass transit systems.
They are usually located within one-quarter to ba#-mile (0.4 to 0.8 kilometer) of a
mass transit station. Transit oriented developroantreduce VMT by 20-30 percent
compared to conventional lower density developm&W¥ith higher densities, more
consideration is needed regarding how neighborhsbds: open space, bike paths, and
pedestrian corridors. Other considerations inckaduating how urban dwellers travel
within and between different cities. Along withpnoved transit, pedestrian, and
bicycling infrastructure, these Smart Growth hogsand land use practices are critical to
reducing VMT. More electrified light rail systerase also needed for intra-city travel
and as collectors linked to inter-city transit gyss.
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Incentives to provide residential housing closertgployment centers, to support transit
oriented development, to expand telecommuting,tange video-conferencing in lieu of
air travel, could all dramatically reduce VMT. Mid-use development where shopping
and services are within a comfortable walking dis&afor residents could also play a
major role in cutting GHG emissions from the traorsgtion sector.

Adding GHG emission reductions to the CaliforniaviEmnmental Quality Act (CEQA)
guidelines is yet another important complimentaslyqy that will encourage Smart
Growth. Such a change to CEQA is already undervigagyJanuary 1, 2010, new
guidelines to address global climate change wilhserporated into CEQA® Though
ETAAC has not been actively engaged in this rulangprocess, ETAAC endorses one
specific change to the proposed CEQA guidelinesliomate change to encourage Smart
Growth. The use of "Level of Service" (LOS) as @asure of environmental impacts for
transportation projects under CE&Ahould be replaced with broader measure of access
to goods and services and quality of life. Becabseé'LOS" matrix values only
automobile convenience, projects that may incraeasess to goods and services and
improved quality of life by facilitating other moslef transportation are likely to be rated
unfavorably under LOS (see the Appendix V for mafermation).

B. Pay-As-You-Drive Insurance

Pay-As-You-Drive or Pay-Per-Mile insurance assesgdigidualized premiums based
upon miles driven instead of the calendar yeawignog motorists a new option to save
money by driving less and therefore minimizing irgce risk. Pay-As-You-Drive
premiums incorporate traditional risk factors sastdriving record and vehicle make and
model. They also still reflect insurance coveragevices selected by the consumer
themselve$®

» Timeframe: Pay-as-you-drive insurance could be implementackty, either
through California regulation or insurance compsanosvn initiatives.

* GHG Reduction PotentialApplying the results of studies assessing méeag
changes related to fuel prices, researchers hayecped that pay-as-you-drive
insurance could lead to up to a 12 percent redudti@riving and energy usé.
Even a more modest benefit of a several percentctexh in driving would
achieve significant GHG emission reduction bengfits

» Ease of ImplementationThere are a range of challenges that insurance
companies face related to offering Pay-As-You-Dihgirance, including
product start-up costs, explaining to customerd#reefits of a new pricing
scheme, mileage verification costs, consumer aaoeptof at least some
monitoring (even if only of mileage), and loss oémium dollars from existing
low-mileage customers.

» Co-benefits / Mitigation RequirementsGovernment incentives to promote Pay-
As-You-Drive insurance appear to be very cost cditipe when viewed from
the vantage point of reducing air pollution andisgVives. Other government
transportation-related expenditures aimed at agigethese objectives are often
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more costly*" A 1 percent reduction in VMT typically lessensalosehicle
crashes by about 1.2 percéhtAlthough it is difficult to predict actual
congestion alleviation, even a small decreaseiuingrdemand can limit
congestion delay¥

* Responsible Partiestnsurance Companies; transportation agencies; C/AR&Re
Insurance Commissioner.

Problem: At present, automobile insurance premiums daadetjuately factor in the
number of miles driven by consumers. This subsitlyourages more driving, leading to
increased VMT, GHG emissions, and traffic accidents

Possible SolutionsConvert insurance to a variable priced servicetbasiders risk
factors such as driving record. Several key ogiuns can play a major role in
changing current insurance practices so that thegumt for climate change impacts.

o0 Insurance Companiesinsurance companies are the ultimate arbiter of
products that will be offered to consumers and flaeg some challenges
in implementing this type of insurance. But insw@companies also
have the flexibility of instituting a Pay-As-You-De strategy and some
have already put forward pilot programs based @itisurance schenté.
Since 2004, for example, the General Motors AcceggaCorporation
(GMAC) has offered mileage-based discounts to Qrskthascribers
located in certain statés.

o Transportation AgenciesCalTrans is the State agency that is pivotal to
alleviating traffic congestion and implementing segsful transit systems.
CalTrans is likely a critical player in making PAg-You-Drive
operations successful.

o State Insurance Commissioiithe State Insurance Commission plays a
significant role in determining how insurance comipa set rates for
consumers. In 2006, insurance companies wereextdsrthis
Commission to place more weight on each individisaler’s record,
rather than his/her zip code. The State Insur@uweamission could
mandate insurance companies adjust rates baseslromtich consumers
drive. This is currently given little weight. Sgoheck mileage records
could provide information to verify the mileage pided by consumers.

C. Congestion Charges

Congestion pricing uses electronic transpondetisdrvehicle, database-linked cameras,
and other barrier-free means to charge driverb@sédnter heavy traffic congestion
zones. This system works well in combination vattblic transit, and can be used as a
source of funding for improved public transit sysge London, Norway, Rome,
Singapore, and Stockholm are urban centers whetecangestion pricing has already
been successfully implemented.
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«  Timeframe: Initial project(s) in place by 2012; with additial potential projects
feasible in time for 2020 targets.

. GHG Reduction Potential Exact reductions would depend on the areas cdvere
and specific program design. Potential GHG emissieductions of one
million tons per year or more could be achieveapiplied to areas responsible
for 10 percent of the state’s vehicle GHG gas eimiss® The City of San
Francisco Climate Action Plan sets a goal of remiydi65,000 tons per year of
CO; emissions by reducing VM. The San Francisco County Transportation
Authority has identified congestion pricing as § kemponent of that
strategy’®

. Ease of Implementationtocal planning authorities need legal authonitni the
State to implement congestion pricing. State stdpo planning and/or initial
set-up of congestion mitigation pricing systems ldaiso be beneficial.

«  Co-benefits / Mitigation RequirementdReductions of pollutants such as fine
particulates and ozone forming pollutants, and cgduos in traffic deaths and
injuries, are examples of major co-benefits. Reesrcan be used for projects
to accommodate increased demand for alternativas asitransit, walking, and
bicycling. Public hearings and outreach can hequé these improvements to
mitigate disadvantages and maximize improved ttamsl other transportation
co-benefits to meet AB 32’s Environmental Justiocals.

« Responsible PartiesThe State Legislature would provide legal authoritycal
transportation planning agencies would be resptnib evaluating potential
projects, such as areas with existing effectiveditasystems or the potential for
effective transit, with support and coordinatioanfr CalTrans and Regional
Transportation Agencies as needed.

Problem: VMT is an important contributor to global climateange, air pollution, and
other congestion-related problems.

Possible SolutionsCongestion pricing has the potential to redua#it jams, VMT,

and GHG emissions. Under congestion pricing, dsiaee charged via electronic and
other barrier-free options to enter an area of héeaffic. London reduced GHG
emissions from road traffic by 16 percent withsxdbngestion pricing aréaJowered
traffic, and improved transit and bicycle {8eThe City of Stockholm is estimated to
have reduced C{and particulate emissions by 14 percent, whiclassgguto
approximately 100 tons per weekday 24-hour pelto8uch congestion pricing
programs could offer varying fees based on diffetiens that factor in co-benefits.
London, for instance, offers exemptions for eleotars? Other factors could be studied
during the local planning process for Californi@ages. Revenues collected under such
a program could be used for transit improvemenhtss turther reducing VMT and traffic
congestion. Roadway improvements could also bdidates for this source of funding.

The City of San Francisco is currently seeking tivenforward with a congestion
charging project covering access to downtown amhiceother areas of San Francisco.
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San Francisco is also conducting a study to be tmetpby the summer 2008 for a
possible second project that would cover traffitshots like the downtown area.

The California Legislature should adopt legislagoviding local governments with the
authority to implement congestion pricing projeafter a public review process that
includes a local public hearing. CalTrans and Begji Transportation Agencies should
examine appropriate opportunities to support amidinate potential projects within the
state.

D. Employer-based Commute Trip Reductions

Employers and their employees can reduce GHG emnsly reducing drive-alone
commuting.

«  Timeframe: Could be implemented by 2012.

«  GHG Reduction Potential:Varies based on option(s) chosen.

«  Ease of Implementationvaries based on option(s) chosen.

«  Co-benefits / Mitigation Requirement¥:aries based on option(s) chosen.

. Responsible Parties:CARB; employers; employees; and potentially cgthe
based on the specific option chosen.

Problem: Just over one fifth of personal travel is for contimgi to work. According to a
2000 US Census and National Household Travel Sujustover three quarters of these
US commuter trips are drive-alone trips. What thertslates into is that roughly 17
percent of personal travel is drive-alone commthas could be minimized through
employer-based policies.

Potential Solutions:Several employee trip reduction policies are alyaaglace in
California, designed to lower air pollution. Exmg employee-based strategies that
reduce VMT will reduce more GHG emissions and otiepollutants if they are
expanded to cover more employers. Other prograsigided to limit or offset other air
pollutants such as nitrogen oxides (NOXx), volatilganic compounds (VOC), fine
particulates (PM), and carbon monoxide (CO), frewiand development (e.g. a new
shopping mall) could also be expanded to requuactons of GHG emissions.
Strategies such as increasing transit usage, aedt@ly also telecommuting and

flexible work schedules, could be promoted eitteeex@panded mandatory programs or as
voluntary measures.

However, the cost-effectiveness of these programst clear. Policies that lower the
per-mile GHG emissions of personal travel will teadnake policies to reduce VMT less
cost-effective. (Of course trip reduction poliches/e other benefits such as lower levels
of congestion.) Furthermore, placing a price ¢/&G emissions may tend to reduce
the need for trip reduction policies. Note thapsent, there i1so price attached to air
pollutants. So if one is imposed on GHG emissitims need for other policies like those
discussed below will be less than the need to obair pollution. And in some cases,
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eliminating commute trips may not reduce GHG emnissias much as it might first
appear since the employee who does not commuteussagnergy in their home office
and may make other trips (e.g. for lunch) that twewuld not have otherwise. ETAAC
recommends that the CARB study the cost-effectiseé all policies it proposes to
undertake, incorporating the factors noted beloary analysis.

0 Mandatory programs for both existing and new conenttgtvel Two
existing mandatory programs cover both existingleggys and new land
development. South Coast Rule 2202 requires erapayith over 250
employees (with a few exceptions) to reduce emm@dsips and provides
employers with a menu of how to options. Employas either reduce
emissions, and/or purchase credits for mitigatiSmmilar rules could be
applied to other areas where the potential to reduive-alone
commuting exists. Parking cash-out programs ap¢han example.
Employers are required under state law to allowleyges to “cash-out”
the value of free parking that is provided at thgoyer’'s expense, under
certain circumstances.

Several existing California programs are aimecaedticing air pollutants
for new development, including -- but not limitexl-t additional
employee commute trips. Developers subject to NEPBEQA may be
required to mitigate air pollution emissions. Ttate is currently
developing standards for addressing GHG emissindsruCEQA. Many
project developers are integrating evaluationdiofate change impacts
of their projects on a case-by-case basis. A numib&ir Quality
Districts have adopted “indirect source rules,” ethrequire on-site
reductions of some or all of the expected emissfsnsh as NOx and PM)
or paying a mitigation fee (for instance, San Jaadfalley Rule 9510.)
These rules would also reduce GHG emissions if eig@a to cover these
pollutants, especially in cases where GHG emissdnctions are not
already required as mitigation under CEQA.

o Shifting commute trips to other modes of trav®ther modes of travel
include ridesharing, public transit, walking, andyeling. These modes
can be promoted as a compliance option for mangatagrams.
Employers can also support these options on a taslybasis to increase
employee-satisfaction and demonstrate environmstealardship under
an Environmental Management System or as a stamg-aheasure.
These shifts are not expected to lead to opporgriior additional
personal travel by vehicle, or at-home energy aséhis strategy is not
intended to affect the type of work schedule.

o0 Telecommuting:With its leading role in promoting information
technology, California seems well suited to teleomting, where
employees work from a home-based office. (Telecatmy also includes
satellite workplaces that are closer to home).s Bhiategy can become a
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compliance option for mandatory programs. Likeph&vious option
described above, telecommuting can be promotedvatuatary basis by
employers for identical reasons. Home energy usagkl potentially
offset travel-based GHG emission reductions. ETAACNot attempt to
guantify these values.

o Compressed Work Schedulddnder compressed work-week schedules,
employees work a smaller number of longer daysh sisca four-day 10
hour work week, or work seven days of 12 hours eaehn a two week
period. Commute travel would be avoided on thetaythe employee
did not drive to work. Additional personal trawld at-home energy
usage complicates the question of whether a net @idiSsion benefit
should be expected, and if so, whether a measuirapkect could be
determined.

However, compressed work schedules are often rstteftective for
California employers because state law requiresngay of overtime
compensation for work performed by an hourly empewho works in
excess of eight hours in a single day or more #tahours in a single
work week. (This is more restrictive than Fedéal, and all other states,
where overtime pay is required after 40 hoursueak). As a result,
employers have a disincentive to schedule a foyredanpressed
workweek schedule because the last two hours ¢f temehour workday
incur time and a half wage rates. Split shiftsZérhour operations (12
hours on, 12 hours off) are even more costly. f@alia allows for
“alternative schedules,” but only under very dehilndustrial Welfare
Commission wage orders that are difficult to impéernand rarely used.
At present only 11,000 out of California’s 800,08l0s employers operate
under these “alternate schedule” rules.

Changes to state labor law are contentious andvevssues such as
safety, flexibility, cost savings, and politicsTAAC does not have the
expertise or responsibility to consider all thesetdrs and is therefore not
able to make any specific recommendations. Howetviarclear that
CARB should conduct a study examining the followfagtors: How

much would wages be decreased by these changasoinlaw? Would
lowering wages for hourly workers currently earndagly overtime wages
disproportionately impact low-income communitiesl éinerefore conflict
with AB 32’s Environmental Justice provisions? Miiis measure lead to
a change in work schedules without changing belnavin addition,
health and safety concern outcomes should be dieaingis well as the
probable size of the expected net GHG emissionsctih.
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IV. Improving Vehicle GHG Emissions Performance

ETAAC has identified technology-forcing standardsl @conomic incentives as key
pathways to low and zero GHG emission vehicleske Imost measures that improve
efficiency, these policies may pay for themselvas do not require public sector
subsidies.

There are a number of successful programs that#te can build on. CARB’s AB 1493
regulations establish a critical, performance-basestem for driving low-carbon vehicle
technology into the market through 2016. The ZEdgpam is leading the development
of zero tailpipe emission vehicles that are expketddbecome commercially available
around the time that follow-up standards to AB14@Rild take place (see projections
below). Bridge technologies like plug-in hybridwosild be available even before that
date. The main priorities of this section is teatée the development of new standards
taking advantage of new technology for low and zailpipe emissions passenger
vehicles and to expand those efforts to includerbdium and heavy-duty vehicles.
While these efforts are focused on cutting carboissions, California should also
partner with the Federal government to demonstosteand zero carbon technologies
can also help form the basis for urgently needgutoved Federal fuel economy
standards.

The section also describes complimentary pricicgmemendations that will facilitate
compliance with these standards. Incentives teedxthese standards will also be
examined. Another key financial incentive for lawd zero tailpipe emission vehicles is
the “feebate” recommendation described in the FizduSector Chapter (Chapter 2-E) of
this report and below?
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CEV city electric vehicle

FPBEYV full performance battery electric vehicle
FCAPUV fuel cell auxiliary power unit vehicle
FCEV fuel cell electric vehicle

H2ICV hydrogen internal combustion vehicle
HEV hybrid electric vehicle

NEV neighborhood electric vehicle

PHEV plug-in hybrid electric vehicle *

E. New Vehicle Technology Improvements

While forward thinking when written -- and vitalisnportant for near term AB 32
compliance — AB 1493 does not capture the full pidéfor GHG emission reductions
now technically possible from motor vehicles. HFatance, the legislation covers only
passenger vehicles and the cost-effectivenessasaybased on gasoline prices ($1.74
per gallon) that no longer reflect real world cdiuis. A more comprehensive standard
for post-2016 vehicles of all types would net egesater GHG emission reductions and
can help foster partnership opportunities natigratid internationally.

« Timeframe: In effect by 2020.

« GHG Reduction Potential4 MMT by 2020; 27 MMT by 2030 for passenger
vehicle standards. Not estimated for transportoket

- Ease of ImplementationChanging vehicle manufacturing lines may be cliftti
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« Co-benefits / Mitigation Requirement¥ery high co-benefits, including
reductions in up-stream refinery emissions andcedueliance on imported
petroleum. A supporting in-state clean fuels istinacture of would maximize
these co-benefits.

« Responsible Partie€£ARB; auto manufacturers.

Problem: Continued reductions in vehicle GHG emissions$ el necessary beyond the
2016 end point of California’s first round of pasger vehicle standards to account for
currently available technology and future developtee The recent U.K. King Review

of low carbon motor vehicles found significant dgphent market barriers. These
barriers include fixed capital investments in olteahnology, the need for economies-of-
scale to make new technologies economical, andd&hbigh-priority given to fuel
economy in consumer purchagesSince vehicle manufacturing is a global industry,
these same barriers affect vehicles available liidDaia. Although the medium and
heavy duty transport sector is sensitive to fuelgs, market barriers also exist to
developing new technology for this sector.

Possible Solutionsin September 2004, CARB approved regulationgtiice GHG
emission reductions from new motor vehicles. Tégutations apply to new passenger
vehicles and light duty trucks and will be phasedrom 2009 through 2016 model
years. Between 2009 and 2012, these standardsuwiGHG emissions by 22 percent
compared to the 2002 fleet of passenger vehiclédigim duty trucks. Mid-term —
during the 2013-2016 time frame — these standailtlsuw GHG emissions by
approximately a 30 percent.

CARB intends to present new standards in the fogutirter of 2012, which would
impact the 2017 model year. The ETAAC transpastatiector subgroup believes that
follow-up technology-forcing performance standaads an immediate priority in order to
accomplish the following:

o Take into account the full range of emerging vehtelchnologies;

o Partner with other countries in the European Umind elsewhere that are
currently developing new standards;

o Provide manufacturers with adequate lead timettodiice cleaner new
vehicles.

These standards can also build on the State’s ZBgram, which is intended to help
drive the development of automotive technology thidltlimit GHG emissions. Some of
these technologies are available today (i.e. hgprdile others will be available in the
mid-term?’ The timing of the rule adoption process shouldédble enough to
accommodate an accelerated schedule to providieisafflead time for manufacturers to
bring new vehicles to market based on new standardsrket in 2017.

Assuming that the new standards call for about pesGent reduction from pre-AB1493
levels beginning in beginning in 2017, this measuwoeld achieve about a 4 MMT
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reduction in 2020. The reduction achieved by théasure would significantly increase
in subsequent years as clean new vehicles repldeewehicles in the statewide fleet.
CARB staff estimates a reduction potential of 2tpat® -- 27 MMT* -- in 2030.

Additional decreases would be achieved if new Jelstandards were also applied to the
heavy duty trucking sector, which accounts for hyeane-fifth of transportation sector
emissions. In particular, new engine, transmisdio®, and aerodynamic designs, idle
reduction, and advance auxiliary power units callienately reduce GHG emissions
from new freight trucks by one third to one H3IfAlthough the freight industry is
sensitive to fuel prices, technologies that slasth ¢onsumption have been slow to find
their way to market. Comprehensive standards shootl delay the planned near-term
implementation of Smart Way efficiency improvemeraatained in CARB’s Early
Action Plan. Instead, the results should be inoc@afed into a broader look at driving
innovation and the uptake of existing technologi€se Early Action Plan discussion of
hybrid technology identifies a number of import&eteral and private sector partners,
and international coordination can also play aakle role in this effort.

Potential Heavy Duty Vehicle Near Term and Future Bchnologies

» Vehicle Technologies

Accessory Electrification (air conditioning, etc)

Efficiency Improvements (lubricants, brake andrbepdrag)

Aerodynamic Drag

Vehicle Mass Reduction

Tire Rolling Resistance

Other Factors (vehicle weight, road speed, logistitaximum loaded weight restrictions)
Advance Auxiliary Power Units

» Engine Technologies

Improved Selective Catalytic Reduction
Engine Friction Reduction

Engine Controls Refinements

Improved Air Handling Efficiency

Low Temperature Combustion
Homogeneous Charge Combustion Ignition/Partial @d&ompression Ignition
Sturman Digital Engine

Post Combustion Heat Recovery

Thermal Management Engine Improvements
Fuel Cell Electrochemical Engines

» Drive train Technologies
Continuous Variable Transmission
Automated/Manual Transmission
Hybrid (hydraulic and/or electric)
Electric Drive

Sources: International Council on Clean Transpddat and National Academy of
Sciences ZiCentury Truck Partnership
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F. Low Carbon Fleet Standards and Procurement Polies

Performance standards and procurement policiefacditate implementation of low and
zero carbon vehicles.

« Timeframe By 2012, expanding to heavy-duty vehicles by®02

» GHG Reduction Potential This recommendation can complement the
implementation of AB 1493 standards and post-2@46dards; as well as the
ZEV program.

« Ease of ImplementationPotential barriers are the need to increase “etgril”
for the continued development and implementatiolowfand zero emission
vehicles, helping to mitigate current price prensuior these vehicles.
Companion fuel infrastructure policies will be @al to success.

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

« Responsible Partie€€ARB; Federal, State, local and other fleet owrerd
managers.

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

Possible SolutionsMany local fleets have requirements for the fuglir®my of the
vehicles they purchase. The first component &f $shiggested policy is setting standards
to require certain fleets to purchase vehicles withaximum GHG emission rate. The
standard could be structured as an average oVeeta{f or 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. Hardwyers of new vehicles
instead of sellers would be responsible — and waldd receive the benefits of more
efficient vehicles. Such a standard may be suljeletss procedural or jurisdictional
challenges than the AB 1493 rule impacting vehimeéufacturers. This policy should
be applied to State fleets immediately, and evéiytal other public and private fleets
that receive any funding through State tax or &&nue and/or utility ratepayer revenue.
In addition, the Energy Policy Act (EPACT ) nowaalls State and local agencies to
achieve petroleum reduction goals relying on hybadd other high-efficiency vehicles
instead of purchasing lower-efficiency vehicles tt@uld in theory burn ethanol blends
such as E85 (but instead use higher levels of gesplFor instance, the State of
California has recently completed a purchasingngeaent that will assist State and
many local agencies to purchase gas-electric hylbniat achieve a minimum of 42 miles
per gallon, instead of the State minimum standaf@§ miles per gallons for other
vehicle of similar type.
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In addition to passenger vehicles, this type aidaad could apply to CARB'’s transit bus
fleet rule and could be considered for other fteéts that would reduce GHG emissions
from vehicles such as refuse trucks and port deyagks.

As a second step, Federal, State, regional antidogarnment agencies -- as well as
utility and other private fleets — should parti¢ggpén advanced technology vehicle
demonstrations. This effort should start immedyafBargets should be set with the
ultimate goal of reaching a 100 percent ZEV talgeP035 or sooner. Vehicle fleets
would then be fully transitioned to zero carborhtemlogies before AB 32’s 2050
deadline for cutting total GHG emissions by 80 petc The State of California and
several organizations represented by ETAAC mem(leesBay Area Air Quality
Management District, PG&E, and the University ofifdania — Davis) are among the
organizations helping to demonstrate hydrogendaklcars by including them in their
fleets. Procuring ZEVs and PHEVs in fleets dutimg demonstration and early
commercialization phase will achieve several imgargoals, among them the
development of advanced vehicle technology an@stfucture and enhanced air quality.

G. Vehicle Feebates, Reqgistration Fees and IndexEdel Taxes

Fiscal incentives to promote more fuel efficienhiates can complement carbon
standards without restricting customer accessttl eange of vehicle choices. Options
include a revenue-neutral vehicle “feebate” progfaee Chapter 2-E). Additional
potential approaches include the idea of basingcieelegistration fees on GHG
emissions. Yet another would be to base fuel¢agls on GHG emissions and indexed
to match inflation and keep pace with VMT increases

« Timeframe By 2012.

« GHG Reduction Potential Indexed fuel taxes will affect about one-third of
California’s emissions (from gasoline and dieselfand could have a significant
impact. Itis not possible to estimate the avddaGHG emission reduction
potential at this time. The other measures a@etpected to offer a substantial
benefit by improving the GHG emission rates of foatiia’s entire vehicle fleet.

« Ease of ImplementationPotentially difficult.

« Co-Benefits / Mitigation Requirementiicreased gas taxes could be used in part
to increase transit opportunities for low-income ather communities; changes
to registration fees could be phased-in to givesaarers time to adapt.

« Responsible PartiesState Legislature; State implementing agencies.

Problem: Adjusted for inflation, fuel taxes have steadilgEsed as road usage, GHG
emissions, and infrastructure needs have all isecdramatically. The Legislative
Analyst’s Office (LAO) has identified a critical ed to increase fuel taxes to fund
infrastructure upgrades. In addition, standards dine set based on different vehicle
types may not completely reflect the climate chamgponse benefits of purchasing
vehicles in a class with lower GHG emissions.
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Potential Solutions:Many countries create a market pull for more editiand therefore
cleaner vehicles through higher fuel taxes andsteggion fees levied on GHG emissions
directly or on surrogate factors (vehicle weigimgiee displacement). Upfront costs can
be especially effective, such as vehicle purchasestthat are reduced for low carbon
vehicles and increased for high carbon vehicles. UK. indexes vehicle registration
fees according to tailpipe GHG emissions, whilerzary and Japan bases its fees on
other factors that relate to GHG emissions, suadngme displacement and vehicle
weight. Vehicle registration policies affect betkisting vehicles as well as new vehicle
purchases. A phase-in period for existing vehictadd be considered by State policy
makers to facilitate a smooth transition to thig/qeoneering system. This approach
would send the right price signal to consumers.

California’s LAC*! has observed that just to maintain current infaastire, gas taxes
should be increased by ten cents per mile. Bogsiia revenue collected from fuel taxes
can also provide fiscal resources for new pubéagit systems. These systems could be
designed to serve regions where consumers may beafiected by increased fuel costs,
regions where Environmental Justice has been ap.isfaxes on gasoline in Japan are
approximately triple that of California's combin®@.63 per gallon for Federal and State
excise taxes. Some Europe countries impose tax&g imes that level. A modest tax
increase in California’s fuel tax would providetimal maintenance of road infrastructure
and transit while still falling well below fuel tag imposed in most other developed
countries>? Indexing fuel taxes to inflation and VMT (as fwsinsumption per mile is
likely to fall without reducing the need for inftascture) is crucial to avoid future
funding shortfalls. The State should also encoeisagnilar policies at the Federal level.

H. Air Quality Incentives Programs and Standards

Air quality programs such as the Carl Moyer incemfprogram do not include a value for
diminishing GHG emissions. Coordinating GHG enassieduction programs with
existing air quality improvement programs (for be#hicles and other sources) would
help meet AB 32’s climate change response goalsould also improve the efficiency of
incentive programs to cut both GHG emissions ahdradir pollutants.

e Timeframe: By 2012.
« GHG Reduction PotentialTo be determined, based on funding levels.

« Ease of ImplementationMay be difficult to coordinate initially,, butém easier
to implement over time compared to managing sepauaicoordinated programs.

« Co-benefits / Mitigation RequirementLo-benefits include criteria pollutant
reductions.

« Responsible PartiesState Legislature as needed; CARB; regional anal loc
implementing agencies; any new organization crettediminister GHG
emission reduction funds.
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Problem Several types of State air quality incentiveds are available to decrease
pollutants such as fine particulates and ozoneuib&dte State and Federal standards.
Many of these programs focus on vehicle retrofithey have not traditionally reflected
the need to treat GHG emissions as air pollutaAtspollution control standards now
need to recognize both GHG emissions and moretitadl pollutants as high priorities.

Possible SolutionsThe Carl Moyer Memorial Air Quality Standardst@ihment
Program provides incentive funds (currently $140iom per year) toward

the incremental cost of new engines and equipnimattgo beyond State minimum air
quality requirements for NOx, PM, and reactive migajas (ROGY? Eligible projects
include cleaner on-road, off-road, marine, locor®tnd stationary agricultural pump
engines. Forklifts, airport ground support equiptmand auxiliary power units are also
eligible for State retrofit funds. The State, Brgmership with local agencies, is also
implementing a new Proposition 1B Goods MovemengRm, to upgrade technology
and reduce air pollution emissions and healthfrisia freight movement along
California's trade corridor¥. This State program is funded to provide $250ianill
annually over four years.

Any incentive funds that are available for GHG eswn reductions in the transportation
sector are likely to overlap with these existinggrams. Coordination is clearly needed.
A project could be funded if it meets cost-effeetiess criteria when both types of
reductions — climate related and criteria pollutantare recognized, even if it could not
qualify based on just one or the other. This wdildely require the revision of program
guidelines for existing programs. This approach ddeeady been implemented for the
Bay Area Air Quality Management District’s Transgation Fund for Clean Air program.

It is important that technology-forcing standardsagnize GHG emissions just as
climate change response incentives and measurésonsder effects on other air
pollutants. Tailpipe standards should consides presminent GHG emissions such as
nitrous oxide (NO) and methane (G Standards such as federal Clean Air Act Best
Available Control Technology should evaluate GHGssons as an environmental
impact along with other air pollutant emissionxc&ptions can be rendered. (For
example, the Federal Clean Air Act Lowest Achieedbimission Rate does not allow for
evaluation of cost or co-benefits/dis-benefitsf ABC encourages continued efforts by
State and local agencies to coordinate and inle@&lG emissions into existing air
quality programs.
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V. Low-Carbon Transportation Fuels

After VMT are reduced and the energy efficiencyraftor vehicles is upgraded, there
will still be a need for large quantities of altative, cleaner transportation fuels. The
lifecycle GHG emissions of transportation fuels laeeng addressed through the Low-
Carbon Fuel Standard (LCFS) mandate being develop&iARB. The ETAAC
transportation subgroup notes that other fuelnarmtives to encourage low carbon fuels
are covered in Chapter 2 (the Financial sectoiffewise, biofuels production is covered
in Chapter 6 (the Agricultural sector).

|I. Create Markets for Green Fuels

The LCFS mandate being developed by CARB addreékedgecycle GHG emissions of
transportation fuels. However, independent ineestmight expedite achieving or even
exceeding that standard and creating a basis &getduture reductions, while creating

opportunities for additional in-state production.

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

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

« Ease of Implementatiometermining the lifecycle GHG emissions of biofuisls
complex, but measurement systems are already dewaoped by CARB as part
of the LCFS. However, providing the results oStanalysis to consumers would
require tracking of specific fuel blends down te tietail level, a level of detail
not currently envisioned under the LCFS protoddlnew tracking system would
therefore be required. That said, it is also dlat significant additional
technical analysis would not be required to devslagh a tracking system.

« Co-benefits / Mitigation Requirementsow-GHG emission fuels may have
better environmental performance on other dimerssibat in some cases may
create other negative air quality impacts. CareWaluation of these impacts is
clearly needed. Policies should ensure that aveater pollution are not
exacerbated by the LCFS.

« Responsible PartiesCARB; oil and gas industry; biofuels industrig@ricity
industry; possibly the auto industry.

Problem Biofuels and other new alternative fuel prodwes have either a positive or
negative on global climate change depending onymtosh methods and other factors.
Current corn-based ethanol production often reke&$¢G emissions similar to, and
sometimes higher than, traditional fossil fuel g@ortation fuels once all of the air
emissions effects are accounted for. New techmedogill be needed to significantly
lower the GHG emissions of biofuels as well as ionprco-benefits8®> The LCFS should
be designed so that it encourages technologiesltivet down GHG emissions. One
approach might be to encourage California farmeitlect and use agricultural waste
as a bio-fuel feedstock to complement the exisBARB regulatory requirements.
International, Federal and State standards foaswile low carbon bio-fuels are
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currently being developed. So far, however, theyot offer any environmental
performance information to consumers. With adddidracking standards, these
systems could be used to engage consumer demangjtha “Green Fuels Labeling
Standard” in California.

Possible SolutionsA voluntary or mandatory Green Fuels Labelingngtard could be
created to guide consumer purchasing preferentieis.is especially important for
biofuels because of the potential negative envimmtiad and social implications of
different feed stocks and cropping methods. Orastevderived biofuels are fully
commercial, new incentives could be used to explaadblending of biomass-derived

fuels with conventional fuels beyond LCFS requiratede.g., cellulosic ethanol blended

with gasoline, renewable diesel blended with péiesel). This information could be
included on fuel content labels.

Next Generation Transportation Fuels

Some next generation transportation fuels may requeéw refueling infrastructure and
market rules. For example, the expected introdaatif plug-in hybrid and full

performance electric vehicles will probably requsmme new supply infrastructure (e.d.

meters and appropriate tariffs). CARB’s ZEV revipanel projects that such needs w
occur within the expected lifetime of the elecggneration, transmission and distributi
systems being planned today. Forward-looking ptemwill be necessary to capture th
potential synergies between energy sources employeachditional electricity use and
new vehicle fuels. Similarly, the introductionfagl cell vehicles would necessitate a
refueling infrastructure.

Several different State agencies have roles totplansure that the private sector has
appropriate incentives and regulatory frameworkhst the next generation of

transportation fuels can help California meet lithate change goals. Specific issues t
require evaluation and action include appropriagr@y procurement by the electricity
sector -- enabling new vehicle technologies to $exllas energy storage for the electri
grid -- and addressing how increased electricitpaed for charging up vehicles does |
add to California’s overall peak demand for eletyi

on
e
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VI. International GHG Emission Sources

International shipping and aviation are two sou@eSHG emissions that are continuing
to grow. Only international cooperation will fulddress these large contributions to
global climate change. The ETAAC transportatioct@esubgroup encourages State and
local agencies to consider actions under theirecimegulatory authority to address these
GHG emissions. Policy options include marine viesgeed reductions and carbon-based
landing fees. Some policies designed to reducg &lissions -- such as speed-
reduction zones for marine shipping -- are expetdqatovide climate change response
co-benefits. Some jurisdictions have used reveraugral incentives. Airport landing
fees that vary according to the N@®missions of different planes is one prime example
It is also possible to lower GHG emissions fromim&aports and airports through the use
of cleaner energy sources to provide shore-baseemfor vessels, electric service
vehicles, and so forth. These changes could peawgbortant co-benefits in the form of
improved air quality.

Aviation is both intrastate and international, gmesents some unique opportunities.
Because fuel is a major cost for the aviation ingu#t has pursued significant energy
efficiency improvements in recent decades. Abeasdase in other areas of the broad
transportation sector, efficiency is only partloé solution. Better fuels and better
infrastructure will also be needed. Californiaslgpublicly support RD&D
investigating biofuels and other alternative fufelsuse in aviation applications.
Increases in Federal support for RD&D for advanagiedraffic management systems
would help improve the air travel infrastructurelaould provide modest reductions in
aviation-related GHG emissions. Potential airgagiansions should only be considered
if the GHG emission effects are justifiable duetioer co-benefits. The State of
California could consider a detailed evaluatiomoiv to reduce the carbon footprint of
air travel in the state (or alternatives), inclugladl three of these aspects: better aircraft,
better fuels, and better infrastructure.

The International Marine Organization and Interowdil Civil Aviation Organization
plays an important role in establishing many typesnvironmental requirements for
these global market sectors. The Federal governwiralso need to play a leading role
in encouraging international cooperation on broadenrts to reduce GHG emissions.
Today, for example, California does not have th@auity to set engine GHG emission
standards for these sources. Any proposed chaogéstraffic control patterns will
require cooperation from the Federal Aviation Adistiration.
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VII. Priority Actions

Item

Relates To

Who

1.

Introduce standards to dramatically
reduce GHG emissions from both
light and heavy duty vehicles

Improved Vehicle GHG
performance

CARB, auto industry, heavy
duty vehicle manufacturers,
Federal government

117

2. Implement requirements for low Low GHG Fuels CARB, Federal government, oj
carbon fuels industry, electricity industry,
auto industry, biofuel industry
3. Plice a price on carbon through a capverall strategy CARB, Federal government
or tax
4. Tie infrastructure funding to Smart | Transportation Demand State Government, Land Use
Growth goals Management/ Transit/ Agencies, Regional
Pedestrian & Cycling Transportation Agencies,
Friendly Developers
5. Incentives for Transit Villages Transportation Demha Same as above
Management / Pedestrian &
Cycling Friendly
6. Coordinate Air Quality Incentive & | Improved Vehicle and CARB, local air Districts
Standards with GHG Obijectives Stationary Source GHG
performance
7. Replace Automobile Level of Service Transportation Demand State Resources Agency; stat
as the benchmark for CEQA Management / Transit/ regional, and local
transportation evaluation Pedestrian & Cycling transportation planning
Friendly agencies
8. GHG Based Vehicle Feebates Improved Vehicle GHG | State Legislature, CARB
performance
9. GHG Based License Fees Improved Vehicle GHG | State Legislature &
performance implementing agencies
10. Indexed Fuel Taxes Transportation Demand | State Legislature, implementin
Management and Low GHG Agencies
Fuels
11. Congestion Charges Transportation Demand/ | State Legislature, local
Transit/ Pedestrian & Cycling transportation planning
Friendly agencies, CalTrans/Regional
Transportation Agencies
12. Pay-as-you Drive Insurance Transportation Demand surance Companies, State
Insurance Commission,
Transportation Agencies
13. Employer Based Commute Trip Transportation Demand/ CARB, employers, employees
Reductions Transit/ Pedestrian &
Cycling Friendly
14. Improve fuel LCA GHG Low GHGs CARB, CEC, Universities,
measurement Federal Government
15. Create Green Fuels Markets Low GHG Fuels CARBanil gas industry,

biofuels industry, electricity
industry, possible the auto

industry
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4. INDUSTRIAL , COMMERCIAL AND RESIDENTIAL ENERGY USE

|. Introduction

California has the largest and most diverse matuifiag) and industrial sector in the
country. Manufacturers in the state range fromllsbmautique shops serving local or
custom needs to large facilities that are ownedlblgal corporations. Nearly every type
of manufacturing is done in California, includingraspace, chemicals, pulp and paper,
computer technology, biotech, food processing,rance. Manufacturers, in turn,
depend on extensive networks of local and globapkers for raw materials, component
parts, and ancillary services.

Through energy use and process emissions, Cakfonanufacturers account for 18
percent of total state greenhouse gas (GHG) emissiQil refiners and cement plants
represent fully half of the industrial sector GH@issions. Not counted in these totals
are the GHG emissions associated with transpontagovices related to both suppliers
and goods movement to retail consumer accounts.

Electricity is a significant cost component for rosgnufacturers operating in the state.
California has traditionally been a high cost stalteen it comes to electricity supplies. In
fact, the current rate premium is estimated to%be&cent. That said, industries
operating in California have shared in Californiargergy efficiency successes. As a
result of State policies promoting energy efficignuer capita energy usage has gone
from roughly equivalent to the national averagattout a third less than the national
average, according to the California Energy Comimis@CEC). These savings have
been achieved in the industrial, commercial, astiential sectors. Even with these
significant energy savings, however, Californidectricity, labor, tax and real estate
costs combine to make the cost of doing business28percent more expensive than
the national average. These costs come on tdped2 percent cost burden US
manufacturers face generally when competing intemally.

Pressures linked to globalization translate ineorteed for California companies to adopt
cost-effective energy efficiency measures to rersampetitive. This end-use

efficiency, when combined with the high percentafeenewable, hydroelectric and
nuclear power in the state’s electricity generatior, makes California manufactured
goods much less carbon intensive than products factowed elsewhere. If the policies
adopted under AB 32 inadvertently encourage indugtroduction to shift to

unregulated regions of the world, &G emissions would actually increase while state
employment would decrease, lowering state tax nee®n This scenario is a lose-lose
outcome for the industrial, commercial and resi@isectors and that must be avoided.

Thus, the challenge for California policy makersigncourage further GHG emission
reductions from the state’s manufacturers (and gwgpliers) and commercial
enterprises without adding costs and burdens tbatdiead to declining production and
leakage to other unregulated regions. This caacbemplished if technologies,
regulations and tax policies support adoption at-@fective GHG emission reduction
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measures. To that end, the following discussiothByETAAC industrial sector
subgroup outlines the technological advances thatld be supported by State programs
and policies. Also addressed are the policy bartigat need to be removed to improve
competitiveness and to prevent leakage of GHG eéonis®utside of AB 32’s

jurisdiction.

Other important State policies and emerging teaugiek discussed in this chapter relate
to end-use energy management tools and technoj@giesg them energy efficiency
improvements, distributed generation, customeraghof energy supply, building and
appliance standards, and different waste managgmegitams and techniques. (Chapter
5 — devoted to electricity and natural gas -- costatility and supply-oriented
opportunities. Opportunities to shrink transpaotafuel use and emissions are discussed
in the Chapter 3). All of these tools, technolegiad policies can reduce the carbon
footprint of California’s industrial, commercial dmesidential sectors of the economy.
Also outlined in this chapter are some of the psing opportunities to capture and cut
carbon on the demand-side of the energy equation.
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II. Industrial Technologies and Policies

A. “Cleantech” Tax Incentives

Tax policies such as those addressed in Assemby/I506, 1527 and 1651, all authored
by Assemblyman Juan Arambula in 2006, would engisanall (and large) businesses
to undertake measures to meet AB 32 goals thatdvathlerwise be cost prohibitive.

«  Timeframe: In place 2012.

. GHG Reduction Potential:1-5 percent reduction of GHG emissions from small
business, assuming an emissions reduction potefitifl-30 percent per
business with 10-15 percent of small businessqjaating.

« Ease of Implementation:Moderate. Requires passage of legislation laed t
development of new 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 Ghidsion reduction measures
limits business’ willingness to implement these sugas. In addition, many measures do
not have a positive economic return. Economicntiges will increase the
implementation and development of clean technotogiel reduce costs for business.

Possible SolutionsETAAC should consider tax policies such as tradressed in
Assembly Bills 1506, 1527 and 1651 to encouragdlgarad large) businesses to
undertake measures to meet AB 32 goals that wdhkhwise be cost prohibitive. AB
1506 requires Business, Transportation and Housgancy (BT&H) to study how to
provide incentives for small businesses to adag#redr technologies. AB 1527 would
provide research, development and deployment (RD&kxredits to small businesses
doing research related to clean technologies. 8%l Mould give a 10 percent income
tax credit for the purchase of Cleantech equiprbgrgmall businesses.

B. Rebates for Load Reduction

Expand load reduction rebate programs to includeeiectric generation technologies.

« Timeframe In place by 2012.

¢« GHG Reduction Potential0.1 to 0.4 million metric tons (MMT) (assuming a
GHG emissions reduction of 10-20 percent; implemikgon for 1-2 percent of
electricity usage; and total GHG emissions of 10d™or electricity
generation.)

«  Ease of Implementation Easy to moderate.
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. Co-benefits / Mitigation RequirementdReduces demand on natural gas-fired
peaker generation units which often have highessiwons of priority pollutants
than base load power plants.

. Responsible PartiesUtilities.

Problem Many technologies that could provide GHG enaissieduction benefits (as
well as peak demand reductions) fall through tlaeks of current rebate programs
funded by electric utility ratepayers.

Possible SolutionsExpanding load reduction rebate programs taigkelinon-generation
technologies are one possible solution. Exampieside solar technologies that provide
refrigeration or cooling services without combustar compression, waste heat
technologies that provide refrigeration or cooliagd energy storage technologies that
allow peak reduction and demand response as anatltes to running polluting peaker
units. (See the Appendices for descriptions oftamthl load reduction technologies.)

C. Improve Policies for Combined Heat and Power Plats

California has yet to tap the full potential of Gomed Heat and Power (CHP) facilities
to decrease C{and other GHG emissions. The Waste Heat and Cd&bkduactions Act,
AB 1613 (Blakeslee) signed into law in 2007, offarsopportunity for California to
promote new CHP under 20 megawatts (MW) in sizke [Egislation seeks to reduce
GHG emissions and achieve other benefits by prargdtie combined generation of
electricity and thermal energy (i.e. process heagre it can be accomplished more
efficiently than generating electricity and therreakrgy through separate processes
(please see the Combined Heat and Power sectitwe apppendices for additional
technical descriptions). This ETAAC recommendatowers policies to promote those
CHP projects that “qualify” (discussed below) forgroved treatment under State
regulation, whether it is small new CHP under AB36new larger CHP facilities, or
existing CHP that will contribute to lower GHG esimns and criteria air pollutants.

« Timeframe In place by 2009 for 2012 goals.

« GHG Reduction Potential CCereductions of 25-45 percent are possible with
well-designed CHP systems, resulting in 0.6 toMMT annually per 1,000
MW of installed CHP capacity. ETAAC estimates t@atlifornia could add
between 2,000 MW and 7,300 MW to the 9,200 MW offC¢dpacity currently
installed in California.

« Ease of ImplementationModerate.

« Co-benefits / Mitigation RequirementsCHP will reduce criteria pollutant
emissions from fossil fuel-fired electricity gengoa. CHP balanced in size
with nearby demand can help avoid transmissioridratks, decrease
transmission losses and provide other operatiografits. However, CHP
cannot be "dispatched" (i.e. turned on and offnaich electricity demand, so it
must be integrated with dispatchable power ger@raifihe California Public
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Utilities Commission (CPUC) must manage the fdwmadtion of costs and
benefits of increased CHP on utility customers.

« Responsible PartiesState Legislature; California Air Resources Bb@ECARB);
CEC, CPUC; private industry; utilities.

Problem CHP installations can provide significant enyeefficiency improvements in
industrial applications by generating electricydisplace retail purchases while using
otherwise rejected heat for process heating onrgolA CHP project can contribute to
AB 32 goals if it is designed to consume less thah the most common alternative:
separate fuel combustion at on-site boilers anctrstéy generation from natural gas-
fired combined cycle units. Consumption of lesd tuanslates into fewer GHG
emissions. While CHP is not a new technology, curBtate and utility policies limit full
deployment of cost-effective CHP into the industsictor and commercial sectors.

Possible Solutions ETAAC recommends that the State first definaindonstitutes
qualifying CHP, determine the total amount of CHRemtial that meets the qualifying
criteria, and then adopt a statewide target t@lihatpredetermined amount of qualifying
CHP by 2020. While AB 1613 directs the CEC to emsetain guidelines to establish
criteria for new small-scale CHP, ETAAC recommeadseffort to establish qualifying
criteria for CHP facilities that are not under AB1B’s jurisdiction. Whether CHP
projects are qualified could depend on the techgietoemployed, the equipment being
replaced, alternative supply emission charactesistitility operational issues, and other
relevant factors. (Emission reduction requiremectsi-effectiveness, as well as other
factors are requirements to qualify for the CHPgpams established under AB 1613.)

The following actions would accomplish the goakgpanding qualifying CHP:

o ETAAC recommends that the CEC address in its margltated Energy
Policy Report update -- and the CPUC and CEC ircladheir next joint
Energy Action Plar- an explicit strategy for obtaining zero and low
carbon electricity generation (see Chapter 5, Htgtgt and Natural Gas
sector). This strategic plan should evaluate gmagiate target for
qualifying CHP as a low carbon option and then hetee whether a
standard and/or incentives should be set forypliibcurement of
qualifying CHP.

o Small scale CHP was previously eligible for CPUG-generation
incentives, which have now expired for fossil fgelmbustion technology.
Large scale CHP is also subject to some, althoaglalh departing load
utility charges. These factors diminish the finahimcentives for
installing CHP and should be re-examined (alondpwitpacts to other
ratepayers) for opportunities to facilitate theemives of AB 1613 for
small scale CHP and AB 32 for all qualifying CHP.

o0 To maintain maximum CHP system efficiency and eoaicwiability,
CHP systems usually need to be sized to satishgiaty’s full thermal
load. This may result in the generation of moeeeicity than can be
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consumed on site. Consequently, California neeasaintain the current
power purchase program administered by the CPUQtdified
Facilities (QFs) to maximize CHP system efficieacy economic
viability. In addition, California needs new CHRehdly transmission
tariffs from the California Independent System Gper (CA ISO) and a
robust wholesale market able to purchase this exgeser from
appropriately sized CHP facilities

0 Evaluate the GHG emission reduction benefits of ®lBomparing the
facility’s efficiency against a “double benchmarkiie combined
efficiency of the separate production of electremadl thermal energy that
would have occurred had the CHP plant not beenldeed.

o Provide incentives for utilities to participatethre development of
qualifying CHP.

D. Distributed Renewable Enerqy Generation: Solar F

Based on an assessment of California’s solar ressurooftop solar photovoltaics (PV)
have the technical potential to generate 74,000 M\aeak output. While the peak solar
output is not a direct match with electricity systpeaks in demand, solar PV can clearly
make a substantial contribution to reducing thedrfeethe most expensive (and often
most polluting) peak power requirements. This mebbgy has significantly higher than
market costs today. If the right steps are takertosts are projected to drop below
conventional grid power by 2020 in regions of tbertry featuring the best solar
resources. ETAAC recommends that California bardexisting solar incentive policies
by reducing system installation costs and ensuhagresidents and businesses receive
compensation for the economic value of net excles$riz generation.

«  Timeframe: In place 2012-2020 for 2020 goals.

. GHG Reduction Potential:Every 1,000 MW of solar PV installed yields net
reductions of 1 MMT CQ@per year.

«  Ease of ImplementationDifficult to reduce system costs to parity withdyri
costs or below; low to moderate once costs areceztiu

«  Co-benefits / Mitigation Requirementdncreased distributed renewable energy
resources will reduce pollution for peaking powkamnps and help avoid
transmission bottlenecks. They will also creap@gential clean energy source
to charge-up zero emission vehicles. Increasebbyment of solar PV will also
likely lead to greater innovation and world-wideags of this distributed
generation option, further reducing costs and agenew markets for clean
energy.

« Responsible Parties:State Legislature; CPUC; utilities; Californesidents and
building owners.
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Problem The recent McKinsey Repdutates that from a national perspective, there are
several barriers to developing a vibrant solar Parkat. These barriers lead to wide
variations in predictions about the scale of futexésolar deployment. Cost
compression and climbing up the learning curve mapction and installation

efficiencies are keys to expanding the solar PVketarEach doubling of manufacturing
capacity drops solar PV cell costs drop by aboypé@@ent Despite a recent silicon
shortage that created temporary price spikes, gregress has been made in decreasing
solar PV cell costs. The future success of solainithalso depend on the level of cost
improvements achieved in module efficiency, DC-Afbwersion efficiency, inverter
design, installation, and interconnection compbiybi

The Silicon Valley Leadership Group created “SoéfT” as a means to address some of
these challenge’s SolarTech discovered that U.S building and itetian expenses
comprise 20 percent of solar PV system costs cozdpar 10 percent in Germany and
Japan, where workers are paid comparable wages grEatest difference in costs was
explained by differences in the building and ifdstadn standards of each respective
market. SolarTech also found that building pelanid utility interconnection costs in the
U.S. are also a substantially higher proportiototd!| solar PV system costs than they are
in European and Japanese markets.

Potential Solutions California currently offers substantial subsglie reduce the high
initial capital costs of solar PV systems. TimedsE metering recognizes solar PV
generation provided during peak periods of demasdahhigher economic value than
off-peak generation. Another incentive is fed¢aal credits that expire at the end of
2008. One more opportunity to promote solar PVictvits identified in the McKinsey
Report’ is to pay distributed generators for excess eg#gtproduction.

Residents and businesses should be compensatibe fealue of power provided to the
grid when the value of solar PV output exceeds/tiee of on-site use. PV solar reduces
carbon emissions by displacing the need to purchesk power from fossil generators.
This policy is especially valuable for residentsl &msinesses with low demand for
electricity or multi-unit buildings where it is netonomically feasible to split solar PV
output to each individual meter. This sort of esscpower purchase policy would also
facilitate the goal of "zero net energy" buildings.

Other potential policies that could be employedubinstallation costs for solar PV
systems include these recommendations from theo8iNalley Solar Center of
Excellence:

* Performance Standards

* Installation Standards

» Utility Interconnections and Rebate Processes

» Building Permits Standards

* Education & Training (see Chapter 2-D)
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* Financing Tools (see Chapter 2-F)

Rebates, tax credits, and other incentives carcows solar PV current high costs to
achieve near term GHG emission reductions througthauindustrial, commercial and
residential sectors. To provide the greatest l@mgitimpact on climate change in
California, the nation, and the world, solar PVIwged to benefit from innovation that
allows PV solar to compete with grid electricitytivmut subsidies.

E. Customer Choice of Electric Service Provider

For many years, Californians have demonstratedimedt® purchase electricity from
providers other than the incumbent utility. Howewhis option, known as “direct
access,” was suspended in California during thegynaisis of 2000-2001. The CPUC
should examine whether the expansion of directssccan assist the state in reaching its
GHG emission reduction goals.

« Timeframe: 2008 for 2012 goals.

« GHG Reduction PotentialReopening direct access purchases would provide
climate change benefits if customers voluntarihaage with energy service
providers (ESP) to purchase renewable energy Athigvels than required in
the renewable portfolio standard (RPS) for the mlsent utilities (or take other
actions to reduce GHG emissions.)

e Ease of Implementation.ow to Moderate.

«  Co-benefits / Mitigation Requirement$he CPUC must ensure that utility
ratepayers are protected and that ESPs are hefiptopriate standards.

« Responsible PartiesState Legislature; CPUC.

Problem: The GHG emission reduction goals of AB 32 will lasier to reach with the
support of many individuals and businesses.

Individuals can take personal responsibility fatueing GHG emissions by changing to
Compact Fluorescent (CFL) bulbs or purchasing aidylehicle, for example. An open
retail electricity market expands this option tolude electricity purchasing so they can
choose to increase the level of carbon free renlensurces beyond current RPS levels.

Customers not grandfathered under the pre-200ks8&m date for direct access
purchases may not directly contract for higher Ilewé renewables than the amount that
their utility is required to procure on their behle. 20 percent by 2010.) Such direct
access arrangements can also include load managemnergy efficiency and other
demand-side system improvements to lower GHG eamissi

Possible SolutionsThe CPUC is now conducting a proceeding to itigate lifting the
suspension and re-opening direct access. The GRO@d examine whether offering
the opportunity for customers to purchase eletyritirough direct access purchases
could support AB 32 goals.
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lll. End User Energy Efficiency

F. Building Efficiency Programs and Incentives

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

« Timeframe In place for 2020 targets.

GHG Reduction Potential3—13 MMT (Green buildings have the potential to
reduce energy use in buildings by 30-70 percenildi®gs are responsible for
39 percent of the state’s GHG emissions. If thesasures are implemented in
25-50 percent of the buildings in the state by 2@36issions related to
electricity use in buildings could be reduced lip 33 MT per year.)

«  Ease of Implementation Moderate.

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

*  Responsible Parties CEC; building industry; building owners.

Problem The use of energy in buildings is a large congmbrof California’s carbon
footprint. The Governor started a “Green Buildimgiéiative” to reduce energy use in
state building, and the CEC periodically updatesrgy efficiency standards for new
construction in the state. Existing technologiessafficient to reap significant energy
efficiency savings if incentives are aligned cotiseand policies support their adoption.

Possible Solutions The following are ideas are presented by thAA&T industrial
sector subgroup to encourage better energy perfar@ia new buildings and to
encourage cost-effective building retrofits:

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

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

o Fund and organize the collection of climate chatega and develop software
to aid in building designs that would work well vitegional climates to
minimize energy use.

o0 Encourage CHP systems where appropriate.

o Maintain an online directory of California greenilding technology and
service providers so that businesses and resilamtseasy access to this
information.

o Provide education and training for contractorsriergy efficient alternatives
and green building technology.
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G. Combustion Devices: Energy Efficiency

Develop uniform energy efficiency standards fortgbles of combustion devices.

* Timeframe In place by 2012.

* GHG Reduction Potential0.3 to 1.3 MMT (assuming a 10-30 percent
improvement in efficiency; implementation for 2088rcent of
industrial/commercial total state combustion; astdltemissions of 14.5 MMT
CO; for industrial/commercial combustion.)

» Ease of ImplementationModerate.

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

* Responsible PartiesCARB; CEC; local air districts; product manufaetrs.

Problem More efficient combustion devices would redéwwel usage and GHG
emissions. Energy efficiency standards are cureset by the CEC for some appliances
(e.g. water heaters), but uniform efficiency stadddave not been established for other
types of combustion devices.

Possible SolutionsThe CEC should establish energy efficiency shaasl for new
combustion devices, especially for the commergidl iadustrial sectors. Regional air
pollution control districts, CARB and CEC shoul@thassess links and trade-offs
between energy efficiency and air emission limifsiese same air districts should also
revisit combustion regulations to identify oppoitigs at industrial, institutional and
commercial boilers, steam generators and procedsrisdo incorporate:

o Emission limits expressed in terms of mass emisspen unit of power
output rather than the current practice of emissmmcentrations;

o Design of new units to maximize heat recovery;
o Fuel utilization and heat transfer optimization;
0 Insulation of piping.

H. Industry-Government Partnerships To Reduce Indugial Enerqgy Intensity

To make the state’s industrial sector more competand climate friendly, California
should join the “Superior Energy Performance Pastmip.” Led by the Federal
Department of Energy (DOE), the Federal EnvironmleAtotection Agency, the
Manufacturing Extension Partnership, and a numberdustrial firms that include 3M,
Dow Chemical, DuPont, Ford, Toyota, and Sunocg, phiblic-private partnership is an
effort to improve energy management across thetocpun

«  Timeframe: In place by 2012.
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. GHG Reduction PotentialBetween 10 and 25 percent from participating
facilities.

. Ease of Implementation:Moderate. Requires staffing and developmesuch
a program within the California Environmental Potiien Agency (Cal/EPA) or
the CEC (which already has some experienced st@ffst share resources may
be available from DOE.

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

«  Responsible Parties:Cal/EPA; CEC; member companies.

Problem: Industrial facilities are not aware of the salbsial energy savings available to
be developed at their own facilities and lack trenagement systems required to
continuously shrink their overall energy intensity.

Possible Solution: This initiative will certify facilities for engyy efficiency and achieve
significant cost effective GHG emissions reductioffsese energy savings and emission
reductions will be secured through company commitsie2nergy management plans,
adoption of best practices, and an annual repootmgompliance with AB 32 reduction
targets. Resources to assist industry includesta@ining, and assessments. The
proposed incentives for meeting the AB 32 emissanluction goals include public
recognition and perhaps a funding preference dRID&D project solicitations.

I. Revolving Fund for Technology Demonstration Prgects

A new program foCalifornia Demonstrations for Industrial Energy fieologies
(California DIET) would accelerate adoption of egieg, technically proven energy
efficiency technologies through industrial demoatstn projects. A low-cost loan fund
could be created and could be replenished by liegadn successful demonstration
projects, shared energy savings, and shared carbdits banked for future use or sale.

« Timeframe In place for 2020 targets.
+  GHG Reduction PotentialNot estimated.
«  Ease of Implementation Easy to moderate.

«  Co-benefits / Mitigation Requirement€Encourages the development and
commercialization of new climate friendly technakgy

. Responsible PartiesCEC; State Legislature.
Problem Companies are reluctant to be the first to atleginologies coming onto the
market, particularly when the technologies couttpprdize tried and tested traditional

manufacturing processes. The risks are simplygteat when a failure could threaten the
health of the company, relationships with suppli#re confidence of consumers, etc.
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Until proven under actual operating conditions, egimg technologies will not pass
muster with Federal, State or local permitting ages) will not qualify for utility rebate
programs, and may not qualify for financing. Buthout successful demonstration
projects, cutting edge technologies will never gaioothold in any market. At present,
there are limited funds to overcome these barr@ndy eight percent of the current State
Public Interest Energy Research program is allacetendustrial RD&D purposes. Yet
another issue is that there is often uncertaingr appropriate reimbursement rates for
the State portion of cost-share funding when a @mpvishes to retain equipment from
a successful demonstration. The extent to whiekigling wage laws apply to further
private investment in technology developed with sdavel of public funding is yet
another sticking point.

Possible Solutions A new program fo€alifornia Demonstrations for Industrial Energy
Technologies (California DIET) would accelerate titin of emerging, technically
proven energy efficiency technologies. Industi@inonstration projects of these
technologies could be encouraged through the udedbllowing:

o A low-cost loan fund, to be replenished by royaltie demonstrated projects,
shared energy savings, and shared carbon crediteddor future use or sale.

o Demonstration funds disbursed on a cost-sharing basndustry or project
developers.

o Clear guidelines on cost-reimbursement for the ipudtiare of the costs of
RD&D equipment that host companies wish to keegr afticcessful
demonstrations. These guidelines should facttmerfollowing: the
environmental benefit of encouraging continuedafsgiccessful
demonstration projects; fair reimbursements foripigector dollars invested
in equipment costs; and the value that the Statddweceive from return of
the cost-shared equipment.

o Clarify the boundaries of prevailing wage requiratse

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

o Encouraging industry supported technology transifiel promotion.
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IV. Waste reduction, Recycling and Resource Manageemt

ETAAC recognizes the hierarchy of waste reductiense, and recycling to reduce GHG
emissions. (According to CARB figures for 2004, 5MMTPY of CQ, was emitted

from landfills alone.) These waste management strategies also avoiséngyeuse and
other environmental impacts associated with extrgcprocessing, and transporting raw
materials. Eliminating upstream emissions by redyaecycling and composting can
result in substantial climate change mitigationdfgs. If California recycled all of its
aluminum cans, High Density Polyethylene plasticse(l for food containers, etc),
corrugated cardboard, magazines, third class manspaperand composted its

organics (e.g. food scraps and lawn trimmingsyoitild achieve GHG reductions
equivalent to removing more than four million cren the road!

ETAAC did not receive waste reduction/reuse profso&ich as product design for
reuse/recycling or producer take-back programa)@int in the report writing process
when the Committee could adequately evaluate agrd¢bmment upon them. ETAAC
strongly encourages CARB and its partner State@agemo fully consider these ideas as
climate change mitigation opportunities. The dbpe of benefits flowing from these
programs should also be tabulated. In this secBGIMAC makes a number of
recommendations that will help the State boostakny and composting of organic
material, which can also offer multiple co-benefits

ETAAC also considered proposals related to energgyction from waste materials that
are already landfilled or would not be covered gy hierarchy described above. CARB
subsequently decided to move ahead with develapmegasure for landfill emission
reductions, and thus we express support for reddaimdfill GHG emissions through
energy recovery without evaluating specific optiofgchnical information on landfill-
to-energy is covered in the Appendix IV. In tAigpendix, anaerobic digesters and
high-temperature waste conversion processes acelulgt  Potential demonstration
projects are also identified that could illustrategher information regarding the
technical, regulatory, and policy barriers relat@these technologies.

J. Develop Suite of Emission Reduction Protocol®if Recycling

Development of the appropriate protocols for theyecéng sector will result in GHG
emission reductions far beyond the limited sucessdable through minimizing fugitive
methane emissions from landfills. Recycling itgalh truly act as mitigation measure to
reduce GHG emissions across all sectors of theoaepn

* Time Frame: 2008-2010 for 2012 goals.

* GHG Reduction Potential:Not Estimated.

* Ease of ImplementationModerate.

» Co-benefits / Mitigation Requirement€o-benefits include energy savings and
greater waste management efficiencies.
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» Responsible Parties:CARB; CIWMB.

Problem: The recycling industry consists of a broad amgthlyi varied group of

interested stakeholders including local governmantkprivate sector recycling, waste
management and manufacturing companies. Evergfteacondary material used in
new product production has to be separated frosoiisce. This is true whether that
source be separated recyclable material or disdamdste material collected, sorted, and
processed by the recycler for sale to mills anditersefor use as a feedstock material.
Processors are often required to further cleanpanckss feedstock for input into the
final manufacturing process of new products. Duthe complexity of this process, no
protocols have been developed to provide prope&mnitives to recycle in order to reduce
GHG emissions.

Possible SolutionsThe use of secondary materials in the manufagprocess reduces
GHG emissions through almost every stage of progractuction. From extraction of
natural resources to transportation, preprocegsinganufacturing, and then the final
stages of production, the use of post-consumemslacy materials saves substantial
energy and resources. Tracking these emissiorttieds across sectors and properly
attributing them to deserving entities is necessasffectively grow the recycling
infrastructure in California.

CARB, in consultation with California Climate ActidRegistry (CCAR), California
Integrated Waste Management Board (CIWMB) and dtiterested agencies and
stakeholders, needs to ensure that the AB 32 Sgdéplan includes a process for
developing and adopting a suite of recycling proteearly in the rule-making process.
Potential protocols could include methods for gifging and reporting the following:

o Direct GHG emission reductions attributed to enesgyings attained
through the use of secondary materials in the nzentwfing process.

o Life-cycle emission reductions associated with céiog.

o Emission reductions from the production and/orafssompost.

o Local government protocols that include the lifeleyimpacts of all solid
waste-related decisions.

K. Increase Commercial-Sector Recycling

Recycling offers the opportunity to cost-effectivelecrease GHG emissions from the
mining, manufacturing, forestry, transportationd atectricity sectors while
simultaneously diminishing methane emissions frandfills. Recycling is widely
accepted. It has a proven economic track recospafring more economic growth than
any other option for the management of waste aheratcyclable materials. Increasing
the flow through California’s existing recycling oraterials recovery infrastructures will
generate significant climate response and econbariefits.

* Time Frame: 2008 for 2012 goals.
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* GHG Reduction PotentialA modest 25 percent increase in recycling of
commonly disposed materials would generate overMNTCO,E in emission
reductions.

» Ease of ImplementationModerate.

» Co-benefits / Mitigation Requirement€o-benefits include meeting waste
management goals; boosting residential and comale@ctor participation in
State recycling programs.

» Responsible Parties:CARB; CIWMB.

Problem: For 18 years, State-mandated recycling effort® iecused on residential
recycling to meet California’s waste reduction aedycling goals. The private-sector
recycling industry has expanded the recycling ®dbmmercial and industrial sectors,
particularly with respect to metals and electroni€ee commercial sector alone
generates 63 percent of California’s waste. Totlsy/commercial sector recycles at a
significantly lower rate than the residential sectbarge office buildings, for example,
recycle only 6 percent of their waste, compareihéostatewide average of a 54 percent
diversion rate. Moreover, highly-recyclable cardltband paper make up the single
largest component of disposed commercial wast@€2éent). When disposed in
landfills, these materials generate significant ante of methane, among the most potent
of GHG emissions.

Multi-family dwellings (which are considered pafttbe commercial sector) recycle at a
significantly lower rate than single family hous&ds The vast majority of Californians
living in single family housing have ready accessesidential curbside recycling
programs. Nevertheless, nearly 60 percent of eassdof multi-family housing still lack
basic recycling service. Although just 19.1 petedrCalifornians live in multi-family
dwellings, these housing units account for 26 pdroéthe residential waste stream.
Expanding curbside recycling to multifamily dweli;could divert an additional
329,000 tons of recyclable materials.

Possible Solutions: Recycling in the commercial sector could be tarigally increased

if CARB and CIWMB required any firm that generatesr more cubic yards of waste
per week to implement a recycling program thapigrapriate for that type of business.
Businesses should also be required to comply wateSletermined material-specific
disposal limits that would restrict the disposatedyclable materials -- such as
cardboard, paper, or construction and demolitiost&/a- regardless of whether it is
collected by a refuse company or hauled to thefihbg the business itself.
Furthermore, owners of multifamily dwellings shoble required to arrange for recycling
services that are appropriate for the multifamilyetling, consistent with State or local
law requirements.

L. Remove Barriers to Composting

Compostable organics make up 30 percent of Cald@overall waste stream,
contributing over 12 million tons annually to thtate’s landfills. This material
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undergoes anaerobic decomposition in landfills @redluces significant quantities of
methane, much of which is not captured by landglé systems. Composting offers an
environmentally superior alternative to landfillitgese same organics. Composting
avoids these landfill emissions, offers greateboarsequestration in crop biomass and
soil, a decrease in the need for GHG emission-sgigdertilizers and pesticides, and a
decline in energy-intensive irrigation. Composs baen proven to provide effective
erosion control and to drastically improve the gyaf ground water aquifers, both of
which could be crucial elements of mitigating thgacts of climate change.

* Time Frame: 2008-2012 for 2012 goals.
* GHG Reduction Potential:Not estimated.
» Ease of ImplementationEasy to Moderate.

» Co-benefits / Mitigation Requirement&mong the co-benefits associated with
composting is the creation of nutrient-rich soitsl dupporting sustainable
agriculture. Furthermore, the vast majority of msting takes place in-state, so
composting is truly a “California-Grown” technolagyvhile composting emits
Volatile Organic Compounds (VOC) and ammonia, tresessions have been
proven to be far lower than the emissions arisiognfthe same materials if they
were to simply biodegrade naturally.

* Responsible Parties:CARB; CIWMB; California Department of Transportatio
(CalTrans).

Problem: CIWMB has set a goal of cutting the amount of arganaterials that go to
landfills by half by 2020. CIWMB has also statédtteven if some of this material were
converted through other processes, the State vatillldeed at least 50 new large
composting facilities. However, new compostinglfies face a series of regulatory
challenges, siting problems, and artificially lcandfill costs which would make
achieving this State goal very difficult. Even therent backbone of California’s
greenwaste composting infrastructure is at rislabse of these regulatory obstacles.

Possible SolutionsCARB and CIWMB could take several steps to prantbe
expansion of composting:

0 The State could work with San Joaquin Valley Aifléte@n Control
District and the South Coast Air Quality Managemni@istrict to ensure
that they consider the net impact of any forthcamegulations on the
composting industry, including biogenic emissiond &HG emission
impacts. If cost-prohibitive mitigation measure éoiteria pollutants will
become required by a regional air pollution contlistrict, the State
should offer financial incentives to keep compgstrations in business.

0 The State should consider adopting a per-ton GH{Sstom surcharge on
landfill operators. This will minimize the compigte disadvantage that
composting faces. By incorporating the externalitynethane production
into the cost structure of the landfill industryher waste management
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options with lower GHG emission impacts will beeahb compete on a
level playing field.

0 The State needs to boost the procurement of conimogse by Cal Trans
and other State agencies; it should also encoymageirement of compost
by municipalities for use in parks, schools, andegal landscaping.

0 The State should work to increase the use of cotwitisin California’s
agricultural sector.

M. Phase Out Diversion Credit for Greenwaste Alternatie Daily Credit

In many markets, greenwaste composting faces ucalugetition for materials from
landfills because operators of landfills are ablgét “diversion credit” for using
greenwaste as Alternative Daily Coy&DC). This practice is another barrier to
developing a more robust composting industry inf@adia and contributes to the
climate change threat.

* Time Frame: 2008-2012 for 2012 goals.

* GHG Reduction Potential:Not estimated.

» Ease of ImplementationEasy.

» Co-benefits / Mitigation Requirementbtot estimated.
» Responsible Parties:CARB, CIWMB.

Problem: Landfill operators are required to cover thewactace of the landfill at the end
of every day to prevent odors and public healtksrisThe traditional material used for

this purpose is soil, but operators have found dlizr materials such as processed green
waste, auto shredder fluff, and tarps can alsosked tor this same purpose.

Under AB 939, the State's waste reduction and texytaw, the use of ADC is counted
as recycling, and the materials are not consid8aedlfilled.” This law was intended as
a temporary measure designed to spur the develdmharcollection infrastructure for
these materials, which could then be compostesitednl of a temporary measure,
greenwaste ADC has become the dominant end ubésahaterial. Existing policy
provides a perverse incentive for local governmemtsse greenwaste as landfill cover to
meet their recycling goals.

There are three ways in which this practice contab to global climate change. First,
greenwaste materials are porous and thereforecaneery effective landfill covers. As a
consequence, significant GHG emissions escapéhrtatmosphere. Second, the
greenwaste itself produces methane when it decossposaerobically in the landfill.
Third, this practice diverts these materials frasmposting and anaerobic digestion
processes that diminish GHG emissions. By progdin incentive for the use of
greenwaste as ADC, the State is inadvertently dmriing to global climate change.
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Possible SolutionsCARB and CIWMB should seek legislative authorityptzase out
the current diversion credit for the use of greesteas ADC.

N. Reduce Agricultural Emissions through Composting

Greater agricultural use of compost has been pravenbstantially reduce the demand
for irrigation and fertilizers and pesticides, vehihcreasing crop yields. This is an
extremely cost-effective way to reduce agricult@&G emissions while sustaining
California’s agricultural industry by returning @ugic nutrients to the soil.

* Time Frame: 2008-2020 for 2012 and 2020 goals.
* GHG Reduction Potential:Not estimated.
* Ease of ImplementationModerate.

» Co-benefits / Mitigation Requirementaégricultural compost utilization offers
significant water quality and erosion co-benefits.

» Responsible Parties:CARB; CIWMB; California Department of Food and
Agriculture (CDFA).

Problem: California’s agricultural industry is a significsource of GHG emissions.
These emissions can be linked to activities sucheaapplication and nitrification of
nitrogen-based fertilizers and pesticides. Thesmwmadlow of energy required to irrigate
California’s crops also contributes to global cltmahange. Given the difficulty in
guantifying the GHG emissions from this sectorj@dture is unlikely to be included
under a AB 32 carbon cap. While agricultural aseompost can reduce on-farm and
indirect agricultural sector GHG emissions, unpdecged regulatory and financial
challenges have significantly threatened the gresteswcomposting industry in
California.

Possible SolutionsCARB could partner with CDFA and the CIWMB to eééap
specifications and demonstration projects for usimgpost on a variety of California
crops. This would send the right signals to Catifa farmers interested in using
compost on their fields. In addition, farmers cbalso be given a direct monetary
incentive for reducing irrigation, use of fertilizg pesticides, and herbicides. Making
this transition to a more sustainable operatioriccba funded by several different means,
including a per-ton GHG emission surcharge on ldirigfping fees. Another option

would by market cap and trade auction revenue.

Finally, the State might consider developing prote¢o quantify the climate change
mitigation benefits associated with agriculturat w§ compost. These protocols would
allow farms to reduce their GHG emissions anda®llesponding offsets to other
economic sectors. To begin on this process, the 8tould need to quantify the avoided
fugitive emissions from landfills and then measiinee GHG emission reductions that
flow from less irrigation, less fertilizers, lesegticides, and less herbicides.
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V. Priority Actions

Note: Not Ranked in Priority Order

ltem Relates To Who
1. Encourage businesses to undertake measures through Industrial Legislature, BOE
“Cleantech” tax incentives Technology
2. Expand load reduction rebate programs to include no | Renewable CPUC, Utilities
electric generation technologies Energy, waste
heat use,
energy storage
3. Improved Policies for Combined Heat and Power Waste heat us¢ CEC, CPUC,
Industry
4. Solar PV and cost reduction and purchase of excess | Renewable Legislature, CEC and
generation energy CPUC
5. Customer Choice of electric service provider Renewable CPUC
energy
6. Building Energy Efficiency Incentives and Programs | Energy CEC, building
efficiency industry, building
owners
7. Industrial & Commercial Combustion Equipment EnergyEnergy CARB, CEC, local
Efficiency Standards efficiency Districts
8. Government/Industry Partnerships to Reduce Indalstri | Energy Cal EPA, CEC,
Energy Intensity efficiency member firms
9. Revolving Fund for Technology Demonstrations Industrial GCEC, Legislature
Technology
Demonstration
10. Develop Suite of Emission Reduction Protocols for Recycling CARB, CIWMB
Recycling
11.Increase Commercial-Sector Recycling Recycling CARB, CIWMB
12.Remove Barriers to Composting Composting CARB, CIWMB, Ca
Trans
13.Phase Out Diversion Credit for Greenwaste Altewsati | Composting CARB, CIWMB
Daily Credit
14.Reduce Agricultural Emissions through Composting | Composting CARB, CIWMB,
CDFA
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California Energy Commissioalifornia Solar Resourcestaff Draft paper in Support of the 2005
IEPR, April 2005.

McKinsey & CompanyReducing U.S. Greenhouse Gas Emissions: How Muéfhat Cost?U.S.
Greenhouse Gas Abatement Mapping Initiative, Deezr@b07, p. 62-63.

Solar cell costs have dropped by 19 percent @atth doubling in manufacturing capacity (Dr. Richar
Swanson, SunPower founder and CTO, June 2007.)

SolarTechCreating a Solar Center of Excellen@hite Paper), June 2007, p. 5.

McKinsey Report, p. 65.

® Ely, Charlotte, US EPA Region 9; figures basedrenWARM model.
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5. ELECTRICITY AND NATURAL GAS SECTORS

|. Introduction

The electricity and natural gas industries offsrgmificant challenge to meeting AB 32’s
mid- and long-term greenhouse gas (GHG) emissidnctéon goals. Yet these sectors
also offer golden opportunities for the State tddbupon its track record of bringing
promising energy solutions to market.

California must design a strategy that not onlyucss in-state emissions from electricity
generation (about 10 percent of the state's GHG=am inventory), but also recognizes
the need to cut GHG emissions from more pollutingaf-state electricity generators
(another 10 percent of the state’s GHG emissioantwy). Securing adequate natural
gas supplies for electricity generation, heating tiansportation is also a challenge (as is
developing alternative fuels to displace natural.)ga

ETAAC recognizes four major areas where the eleaind natural gas sector will play a
leading role in helping California reach a 90 patqeer capita reduction by 2050:

» Accelerating energy efficiency upgrades;
» Expanding renewable electricity supplies;

* Removing and storing carbon from residual fossl fand biomass electricity
generation facilities;

» Developing enabling technologies to increase lod/zsro carbon transportation
fuels from renewable electricity generators.

The ETAAC electricity and natural gas sector subgrapproached the challenge of
meeting AB 32’s GHG emission reduction goals frevo perspectives:

Technology CategoriesWhat is the development status of electricity gatien
and end-use technologies that promise to deliveralod zero carbon energy
services to California consumers at reasonables2oB{TAAC has assessed
which of these clean technologies should be furdinatyzed and has prepared a
more detailed Appendix with a broader assessmerioethe main "game
changers" listed in this chapter. Appendix IV -€Bground Status Report on
Energy Technologies -- provides a broader guicengrgy-related technologies
that could contribute to the State’s strategy tamicat climate change.

Policy Issues:What are the technological, financial, instituaband regulatory
barriers to the broad deployment of these cleami@ogies within the AB 32
compliance timeframe of 2020? Can they play airoleelping the State
maintain a trajectory to meet the even more agy@2050 GHG emission
reduction goals? If applied correctly, these peican foster innovation,
accelerate commercialization timeframes, and tatdimarket adoption. Getting
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the policies exactly right is critical to cultivag robust technological advances
within the parameters of current economic feadipili

Utility energy efficiency programs put into plageresponse to visionary State policies
have shown impressive results. California eleityriecsage has remained flat as national
rates of consumption have increased by 50 perdc@uatrent programs that support
energy efficiency by industrial, commercial, andidential end-users must continue to
generate "nega-watts" to help meet the state'ggmesource needs. In fact, energy
efficiency resources are expected to meet apprdglgnaix of the 11 gigawatts (GW) in
demand growth in California over the next decade.

State climate change policies need to recognizeahe of energy efficiency. Itis
important to recognize the importance of maintajremisting momentum on the energy
efficiency front, even if overarching AB 32 polisisuch as a carbon cap are
implemented. “Nega-watts” generated by energyiefficy programs produce no GHG
emissions. Because these energy savings are edgatuthe point of consumption,
inefficient transmission, distribution or transfation losses are avoided. In addition,
these carbon-free resources do not require theitiegror construction of any type of
power plant. In other words, energy efficiencynsch quicker to “construct” than any
other energy source and begins to “generate” paimeost immediately

The ETAAC electricity and natural gas sector subgracknowledges the recent
California Public Utilities Commission (CPUC) Deas (D.07-10-032) establishing
targets for statewide, long-term energy efficieptanning. The objective of this
planning effort is “zero net energy” constructiortie residential market by 2020 and the
commercial market by 2030. ETAAC underscores tiygortance of continued
technology development in the energy efficiencyhar® reach these critical targets.
Recognizing the long-term need for energy efficieacd the development of next
generation solid state lighting technologies suchight Emitting Diodes (LED), this
chapter’'s recommendations complement the end-usegy efficiency recommendations
located in Chapter 4 on industrial, commercial segidential energy use. These climate
change mitigation benefits will not only accrueGalifornia directly, but offer mitigation
benefits throughout the world.

California also has in place the most aggressinewable energy development goals in
the country. It is therefore quite likely Califaarwill maintain its leadership role in
terms of connecting the largest amount of renewabézgy supply to its electricity grid.
California boasts world-class wind, geothermal, soldr resources that can be greatly
expanded to meet future supply needs. This Chajeatifies potential policies for
permitting and siting of large-scale renewable gnaystems. Small-scale distributed
energy generation options -- such as onsite Cordbiteat & Power (CHP) and
distributed solar photovoltaics (PV) -- are alsdradsed in Chapter 4. California's
agricultural and forest sectors also have largantfiggs of animal and agricultural waste
resources that can be converted into renewablé&ielacsupply, as noted in Chapters 6
and 7.
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Development of renewable energy systems will hasigmificant impact on meeting
California's GHG emission reduction targets astatgty load growth is met with carbon
free fuels. As noted in Chapter 2 by the finans&dtor subgroup, Cleantech is also a
major economic development opportunity for Califarn

Another available avenue to secure GHG emissionctezhs in the electricity generation
sector is to capture and store the carbon emissibizssil and biomass fuels. ETAAC
recognizes this technology -- known as Carbon Gegnd Storage (CCS) -- is not just a
priority for in-state generation, but has broadgligations nationally and internationally
since coal-fired generation is much more prevatemtside of California. In respect to
AB 32, CCS technology can offset GHG emissions@ased with the coal-fired
electricity imported into California. DevelopmesftCSS is currently viewed as one of
several critical opportunities for broader natioaadl international efforts to reduce
carbon and other GHG emissions. ETAAC stressesrthertance of continuing to focus
California's efforts in this arena through parthgrs at the national and international
level to better assess the benefits, costs, anertamaties still surrounding this
technology.

Finally, ETAAC recommends a number of policiesdetér the development of enabling
technologies that can create a bridge between¢latrie utility and transportation
sectors. These policies also support sufficieméweable energy development to achieve
a 33 percent Renewable Portfolio Standard (RP$)d2020 timeframe. Electricity
storage has the potential to enable higher pergestaf intermittent renewable energy to
penetrate California’s power supply portfolio, &liag the state to take better advantage
of its abundant renewable resource endowments.pdtemtial for a transformative

effect from electricity storage is truly “game-clgamy,” and ETAAC recommends a high
priority pursuit of these technologies. Pumpedrbystorage, compressed air, thermal
storage or batteries can potentially transformrinittent generation such as wind and
solar power into dispatchable resources offering &lectricity supply to the grid,
reducing reliance on polluting gas-fired peakenfda Moreover, electricity storage in
the form of plug-in electric vehicles has the ptigdro reduce reliance on fossil fuels in
the transportation sector. ETAAC recommends amesgg/e program to develop
electricity storage technologies and infrastructurehe incorporation of aggressive
storage goals into utility resource plans and #netbpment of targeted incentives to
stimulate storage technology RD&D.

With the appropriate strategies, policies and itigen, these energy technologies will
spur monumental reductions in GHG emissions whitgiag the way that electricity is
traditionally generated and consumed. The majofithese recommendations will take
several years to fully implement. With the lifespef power plants being 40 years or
more, decisions made today will determine whethaif@nia can develop its full-
potential of low and zero carbon energy resources.
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[I. Utility-Level Programs to Accelerate Energy Efficiency

In the2007 Integrated Energy Policy Repatte California Energy Commission (CEC)
recommends establishing a statewide target designegpture 100 percent of the
economically feasible energy efficiency resourcése CEC expects the state to achieve
these targets through a combination of utility and- utility programs. These efforts

will include the following: more expansive StatdalBing standards; mandated energy
improvements at the time of a building’s sale; feaderal and State appliance standards;
local ordinances or codes limiting energy consuamtemerging technology
development; programs linking energy efficiencyhwignewable energy technologies;
and improved compliance mechanisms.

The coordination of these statewide energy efficygorograms and the development of
next generation solid state lighting technologiesthe two primary ETAAC
recommendations included in this section to supih@se aforementioned goals.

A. Energy Efficiency Program Coordination

ETAAC recommends coordinating energy efficiencygoaons to maximize GHG
emission reductions benefits as well as other $uadic policy goals such as improving
air quality.

» Time Frame: 2008-2012 and beyond.

* GHG Reduction Potential:Not estimated.

* Ease of ImplementationModerate.

» Co-benefits/ Mitigation Requirementsto mitigation required

» Responsible Parties:California Air Resources Board (CARB); CPUC,; uidsg.

Problem: New levels of coordination between utility enegfficiency programs and air
quality strategies will be needed under AB 32.

Possible SolutionsState air quality programs benefited from increasselgy efficiency
in the utility sector in the past. However, thesegpams did not adopt specific energy
efficiency requirements. Air pollution control tewlogies successfully achieved
reductions in unwanted by-products of combustidtenocleaning more than 90 percent
of criteria air pollutants. GHG emissions are famentally different because they are an
inherent by-product of combusting fossil fuels, aod a contaminant that can be
virtually eliminated through a cleaner combustioogess or destroyed by using available
stack-gas clean-up technology. Because of thesralila, increasing the scope of energy
efficiency programs could be a valuable strategyctdting GHG emissions. For
instance, one early action measure planned by C@&RBent plant energy efficiency)
and another under consideration for the Scoping @& refinery energy efficiency)
would specify energy efficiency as a measure topgmwith AB 32.
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While CARB considers these measures for the AB@&$Bg Plan to be adopted in
2008, the CPUC will be considering utility enerdfiagency program plans to be in place
between 2009 and 2011. These CPUC programs promlbetary industrial,
commercial, and residential energy efficiency, egolg “free riders” taking mandatory
actions, such as complying with Title 24 Stateding) standards. It is extremely
important for CARB and the CPUC to each providactuidance on how the
implementation of AB 32 could affect who is eligldbr California ratepayer-funded
incentives. The CPUC has set a precedent in e afsthe Governor’s Green Building
Initiative (GBI). In this case, State DepartmenGaneral Service (DGS) projects
undertaken under the GBI are not considered “frgers.” This allows DGS to receive
energy efficiency incentives under the current CRUIEs governing utility energy
efficiency programs. It will also be importantdptimize investor-owned and public
utility owned energy efficiency funding to maximiggteria pollutants and GHG
emission reductions along with energy savings. Sta¢ée might want to consider a short
term transition program to provide alternative fungdassistance for energy efficiency
projects providing climate change response benefitare not currently eligible for
utility ratepayer-funded incentives.

B. Adgagressive LED Energy Efficiency Programs

Energy efficiency is the first resource of choice@ding to the California Energy
Action Plan’s “Loading Order” and is among the mosst effective GHG emission
reduction measures. California must aggressivetgygithe next generation of energy
efficiency technologies to capture unrealized tézddrand economic potential. One
technology that cuts across multiple end usersgktlEmitting Diodes (LED).

* Time Frame: 2007-2012.

* GHG Reduction Potential:Not estimated.

» Ease of ImplementationModerate.

» Co-benefits/ Mitigation Requirementdlo mitigation required.
* Responsible Parties:CARB; CEC; CPUC.

Problem: Through its aggressive energy efficiency progra@adifornia has already
transformed the compact fluorescent lamp (CFL) miark ED technology provides the
next-generation of lighting energy efficiency opjpmities. These lights can save up to
30 percent more energy than CFL technology. LEDrelogy is currently being used in
niche markets such as traffic signs and supermaekegerated case lighting. The next
generation LED products -- as well as other sdhdkeslighting technologies -- have the
potential to again transform the lighting markBID&D is underway to improve fixture
design, thermal management, light diffusion, refiedesign, and others. However, most
of the technological advancements are taking platee laboratory and are not
transferring well to consumer markets. LED tecbgglsuitable for general illumination
is estimated to be five to ten years away fromdalhmercial status.

5-5



ETAAC DRAFT FINAL — to be Considered for Adopti@i11/08

Possible Solutions: The State of California should work with utiis to aggressively
deploy current LED technology. Furthermore, th&t&Sshould invest in near-term
development and demonstration of LED lighting salgdor general illumination,

identify and prioritize advancement areas that meets market needs, support RD&D
of other solid state lighting technologies, expe#ihowledge transfer to the marketplace,
and encourage open source sharing of intellectoglgoty. The CPUC is considering the
establishment of a California Institute for Clim&elutions, which could conduct much
of the needed RD&D in this area. The State mush@w to maintain the momentum
and continue to “fill the pipeline” to garner addital energy efficiency savings and
GHG emissions reductions. California can both skeagership and advance the LED
market by committing to use market-ready LEDs iblusector buildings and other
State-owned properties.
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[ll. Expanding California’'s Successful Renewable Errgy Programs

California possesses enough renewable resourcetbteithin its borders to provide
several times the current electricity needs ofstiage as well as make substantial
contribute to AB 32’s GHG emission reduction goaBalifornia has made some
significant progress on its way to meeting a steitée 20 percent RPS target by 2010, yet
there are still persistent barriers. If Californen address these barriers and then meet its
RPS target, it could facilitate acceptance of as RPthe Federal level. Resolving these
barriers will become even more critical if Calif@rcodifies a 33 percent RPS by 2020, a
goal that is supported by the Governor, the CECGRJC. This more aggressive
renewable energy target would help California compth AB 32 by introducing
carbon-free electricity into the state’s grid.

This section of the ETAAC electricity/natural ga&stors subgroup report contains both
policy recommendations for siting and permittingnefv renewable energy resources as
well as a brief status report on each specificrietdgy making major contributions to
the state’s supply portfolio. Appendix IV contaexdditional policy recommendations
addressing these issues: the trading of “unbundiE¥wable energy credits for in-state
renewable energy; CPUC renewable resource pri@angnpeters; production tax credits;
and other policy recommendations. It also containge detailed information on each
major renewable electricity generation technology.

C. Take Steps Necessary to Support an Increase ireRewable Energy to 33 Percent
by 2020 to Reduce GHG Emissions

California has the country’s most aggressive retdsvanergy development goals. More
can be done, however, if supporting infrastrucamd complementary policies are
developed. Policy makers (the Energy Action Tedmm Glimate Action Team, Governor
Schwarzenegger, and proposed legislation) aregpastiof increasing California’s
renewable portfolio standard (RPS) to 33 percerAR®0. There are a number of barriers
to achievement of this goal that must be alleviateakder to realize significant GHG
emission reductions through this change in StalieypoA focused, massive commitment
on the part of California’s policymakers is essgintETAAC supports exploring ways to
increase California’s renewable energy (or cartres-equivalent) supply to 33 percent
by 2020, contingent upon the following steps nemgstw achieve this goal.

« Timeframe 2008-2020

« GHG Reduction Potential8.2 MMTCGE for investor-owned utilities and 3.2
additional MMTCQE from municipal utilities by 2020 (based on cadtidn
cited in the Updated Macroeconomic Analysis of @lienStrategies presented in
the March 2006 Climate Action Team Report for gp88cent renewable energy
scenario.)

« Ease of ImplementationModerate to Difficult.
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« Co-benefits / Mitigation RequirementBisplacing fossil fuel generation with
renewable energy will reduce criteria air pollusaaver business-as-usual
scenarios.

¢ Responsible PartiesCEC; CPUC; CA ISO; CARB.

Problem California policy makers are currently considgrincreasing the State’'s RPS
goal. While the resource potential exists to achigreater renewable penetration,
California currently does not have adequate infuastire, the storage technology, nor
integration processes needed to support such eeae. California also lacks the
coordinated policy direction needed to remove im@etation barriers and support
additional renewable energy development. The CE@Gtsrmittency Analysis Project:
Final Report” dated July 2007 indicates that 3Z@et renewable energy is feasible,
“provided appropriate infrastructure, technologyl @olicies are in place.” The CEC
study determined that a significant increase iarsgéneration and wind generation will
be needed, with approximately half of the 33 petrcemewable energy coming from
wind. According to the CA I1SO’s “Integration of Remable Resources” report dated
November 7, 2007, wind generation presents sigmfioperational challenges in that it
is extremely variable and hard to forecast. Withik2CA 1SO report is focused on 20
percent renewable energy, it estimates that aeaserto 33 percent renewable energy
“could more than double the integration problemd emsts” associated with wind
generation. The CA ISO report also recommendsi¢velopment of new energy storage
technology that facilitates the storage of off paékd generation energy for delivery
during on-peak periods.

The current RPS does not explicitly encompass emgrgnewable technologies that
may develop over time. In addition, analysis ofesthon-renewable technologies with
GHG emission reductions potential would be usef@xpanding RPS targets, and
integrating these technologies with the RPS andrgiblicy goals in the future.

Possible SolutionsETAAC recommends that California take steps sga@g/ to support
an increase of renewable energy to 33 percent B§ &% all Load Serving Entities
(LSE) as a way to meet the State’s AB 32 climatnge goals. In particular, the State
should institute a process to resolve and examsuges related to increasing the RPS
target. The actions that must be taken are:

o Establish a multi-agency taskforce to identifyedisting and expected
hurdles to increased renewable energy contributimisdevelop a
coordinated action plan to alleviate the impediraent

0 Institute a process to re-evaluate whether andRB® targets should be
modified, giving due consideration to: 1) resolataf key issues such as
transmission development, CA ISO queue reform,ed@ctricity storage; 2)
existing utility resource portfolios, including egtayer protection and other
issues associated with sunk costs, and the migsoiurces needed to
accommodate other high-priority technologies ad aglntermittent
renewable generation; and 3) input from CA ISOghasn periodic review of
how a modified RPS will affect system integrity .
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0 Resolve key issues such as coordinated renewallentission development,
and CA I1SO queue reform. The inability to transpatver from new
renewable facilities to load centers constitutebalenge to achieving the
2010 RPS delivery goals. Successful reform of phiess is central to
achievement of current and future California RP&lgo

0 Increase support for electricity storage, as ddted in this chapter’s section
IV.F, to integrate intermittent and baseload rerde/@nergy resources, as
well as consider other technology-specific recomuad¢ions made in this
section and in the Appendix IV on energy techn@egi

o0 Develop GHG emission reduction and cost effectigsrwiteria for
gualifying technologies under the RPS and instituteview process by the
CEC to consider emerging renewable technologieso#met technologies that
may have equivalent or greater GHG emission redngotential.

o Coordinate among State agencies (CEC, CPUC andSCAto ensure that
adequate transmission, interconnection, and stdemfpmologies are
established for increased renewable energy corititsl

o Conduct a feasibility analysis in determining hamnathieve 33 percent RPS
in a cost-effective manner while maintaining systefiability. The analysis
should also consider potential ratepayer impaatsodimer cost effective
means (including those from other economic sectoraghieve the State’s
carbon reduction goals. It should also evaluagdriteraction of 33 percent
RPS with other policies advocated in this reparthsas higher penetrations
of Combined Heat and Power, recognizing that tieeeephysical limit to the
amount of non-dispatchable, off-peak energy thatiemaaccepted by the
California grid.

Some ETAAC members believe that any mandate teaser renewable energy supplies
must be contingent upon the successful completidheosteps described above.

D. Competitive Renewable Energy Zones

California possesses enough renewable resourcetjabteithin its borders to provide
several times the state’s current electricity nesd$ contribute substantially to GHG
emission reductions. However, there are still lagrch the way to sufficiently develop
these non-carbon energy resources.

e Time Frame: 2007-2012.

* GHG Reduction Potential:8.2 million metric tons of carbon dioxide equers
(MMTCOE) for investor-owned utilities and 3.2 additiohdMTCO,E from
municipal utilities by 2020. (These total emissieductions are based on the
calculation cited in th&Jpdated Macroeconomic Analysis of Climate Strategie
Presented in the March 2006 Climate Action TeamoRdpr a 33 percent RPS.
If renewable penetration exceeds 33 percent in 2GR emission reductions
would be higher.)
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» Ease of ImplementationThe resource zone designation process has comeghenc
and the CEC and the Federal Bureau of Land Manage{@eM) have created a
coordinated siting process. The transition to tiei& siting process will take
time, effort, coordination and communication. dpresents a paradigm shift in
the planning, resource development and permitting.

» Co-benefits / Mitigation RequirementdRenewable energy sources release zero
or near-zero emissions. Displacing fossil fuelegation with renewable energy
resources will reduce all criteria air pollutant®pbusiness-as-usual scenarios,
especially nitrogen oxide (NOX).

* Responsible PartiesCPUC, CEC and California Independent System Operato
(CA ISO) and other State agencies such as theoBakf Department of Fish and
Game and the Regional Water Quality Control Bodrlde following Federal
agencies would also be likely involved: BLM, Fisidawildlife Service, National
Park Service, Army Corps of Engineers, and DepartrokDefense land
managers.

Problem: Renewable resources are usually located signtfaigtances from urban load
centers and lack adequate transmission infrasteibburansmit power from where it is
generated to where it can be consumed. Becaubkedalilemma, some renewable
resource-rich areas, such as the Mohave Dese#, fean only minimally developed.
Many of these resource basins have a myriad oflife)dirchaeological and other siting
issues that must be addressed before developmérese renewable resources can
proceed in earnest. Federal and State agencygsexé site and permit renewable
energy projects can be complex, arduous, and bngghy.

In order to begin developing any renewable eneemegation project, land leasing and
permitting are required. Specific permitting heslvary by type of renewable
technology (e.g., wildlife impacts), and must coog to be fully assessed in the
environmental review process. Multiple levelswigdiction (Federal, State and local)
and associated processes for renewable develogmeeobmmon problemscross all
renewable energy technologies.

Another key to supplying more renewable energyéogrid is improved transmission
access. Gaining access to the grid can be exgeasd/time consuming. The financial
benefits are often too low to encourage developraénéw clean renewable generation.

Possible SolutionsCalifornia could adopt a policy to identify anssass Competitive
Renewable Energy Zones (CREZs) throughout the atatehen develop a strategy for
public agencies and other stakeholders to faalifa¢ next generation build-out of these
carbon free technologies. Supportive transmissifsastructure would be factored into
this planning process. This policy should be cedplith a coordinated siting,
environmental review and permitting process thabisrdinated between the Federal,
State and local agencies, similar to the CEC anBl’'Blcurrent joint National
Environmental Policy Act (NEPA)/California Enviroramtal Quality Act (CEQA)
process for concentrating solar power planthis new siting process will create
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common environmental documents and consolidatee Stal Federal permits within
one year. The program has a sunset date of Jahuaoj 2.

In 2007, both Colorado and Texas adopted poliéradas to CREZs. California has just
commenced such a process: the California Reneviza@egy Transmission Initiative
(RETI). Over the next two years, RETI will assemsewable resource zones, prioritize
those zones, and develop coordinated, cost-efeeotisource development plans that
could provide sufficient renewable capacity by 282@neet the AB 32 GHG emission
reduction targets.

RETI will build upon the work of the Tehachapi Gdibrative Study Group and should
accomplish the following:

. Statewide identification and assessment of CREZs;

«  Prioritize CREZs and create conceptual transmigsians for each of these
Zones;

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

In regards to permitting issues, the key is loSthte and Federal agency coordination
when multiple layers of jurisdiction exist. ETAASiggests a coordinated process that
retains the same level of current rigorous enviremtal review. A well-coordinated
Federal/State siting process will reduce the timelagal and administrative costs for
project developers, the cost of agency adminisinat taxpayers, and speed up
renewable development on a timeframe necessargéd AB 32 goals.

In making this recommendation, the ETAAC electyi@hd natural gas sector subgroup
emphasizes the importance of continuing progregsamsmission and resource
development efforts already in progress. Thismaoendation should in no way delay
current efforts in the development of CREZs anddnaission plans.

The inability to transmit electricity from renewahiesources to load centers constitutes a
significant barrier to achievement of RPS goalsuréntly, there are 118 renewable
projects in the CA ISO queue, representing 57,688. Mhe CA 1SO is exploring these
options to “clean up” the queue: clustered intensation studies; increasing the
reservation payment from its current level of $00,0ncreasing penalties for project
delay or withdrawal; prioritizing requests for intennection based on State policy
objectives; and integrating generation intercorinagblanning with transmission system
planning. Successful reform of this process idre¢to achievement of current and

future California RPS goals.

The California Investment Incentive Program (CIpyvides tax abatements for
qualified manufacturing facilities based on theeased value of the improvements
exceeding $150 million. The optional program fouwties is an incentive to encourage
certain types of industries to construct manufaetufacilities in California. Renewable
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energy projects are not considered qualified martufeng facilities under the CIIP and
therefore are not eligible for this potential takef. Adding renewable energy facilities
to the program will encourage renewable energy ldpees to build more power plants
in California, which will not only meet the goalsAB 32, but will also create
employment and the attendant tax benefits that ftom job creation.

E. Renewable Energy Technology Assessments

California has proven world-class wind, geotherarad solar resources that can be
expanded to meet future needs. Deployment of reblenenergy installations will have
a significant impact on meeting California’s GHGission reduction targets by
displacing more carbon intensive technologies eitser needed to meet growth in
electricity demand. Deployment of these “game ghagi technologies in large volumes
will spur significant reduction in carbon emissiarsgl alter the way energy is
traditionally supplied and distributed.

The technology assessment below addresses ceattagion technologies. Appendix
IV of this report contains additional information these and other technologies,
including equipment converting animal and agriaatuvaste to clean renewable fuels
and green electricity; distributed renewable tedbagies, like solar water heating, solar
photovoltaics (PV) and solar heating and coolirgganm tidal energy; and fuel cells that
tap waste gas as fuel.

* Time Frame: See recommendation C above.

* GHG Reduction PotentialSee recommendation C above.

» Co-benefits / Mitigation RequirementSee recommendatidd above.
» Ease of ImplementationSee recommendation C above.

* Responsible Partiest).S. Department of Energy (DOE); CEC; CPUC,; private
sector; local governments and others.

Problem: Though California has abundant renewable enarggurces, these resources
have yet to be developed at a sufficient scaledkenthe necessary reductions in carbon
and other GHG emissions to meet the near and lrmg-goals embodied in AB 32.

Possible Solutionsin the course of examining a wide range of renewabld clean
electricity generation technologies, the ETAAC #liety and natural gas sector
subgroup arrived at a number of technology-speoifiservations that may be beneficial
to CARB as it seeks to cultivate the developmera aibust state renewable energy
portfolio. The discussion which follows is not mé#o suggest that any technology not
referenced is unimportant to California’s energyfa; rather the observations about
energy solutions listed below appear to ETAAC tortsaifficiently publicized in current
debates over solutions to global climate change.
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o Wind Power: The CEC has estimated that there exists a totahteal potential
of 99,945 MW of wind generating capacity (includingth high-speed and low-
speed wind) in California, for a total estimate@mgy generation potential of
323.94 million MWhs? These numbers translate into a technical potentia
offset an estimated 130 million metric tons of £Q(It is important to note that
these figures do not capture estimates of the pateri off-shore wind resources,
which are described in Appendix IV.) A substangiattion of this carbon-free
energy is available through repowering of existingage wind facilities with
new modern multi-MW turbines. Despite the avaiigbof better wind
technology, there has been little progress in mpépaging wind facilities with
new and more efficient technology in CaliforniaARB should actively
investigate and promote repowering as an AB 32 tiamge strategy.

o Solar: California boasts one of the greatest solar ressuircthe world. NREL
estimates of technical utility-scale solar potdntigCalifornia are huge — 877,204
MW capacity to produce 2,074,763 gigawatt-hoursygar — many times the
state’s own peak electric needs. Only a very sfration of this resource has
been developed — 354 megawatts — with more progectsng on-line in coming
years from utility solicitations. Some policy atethnology development efforts
will be helpful to ensure further development aéttesource. Extension of
property tax exemptions or abatements would helgtdhe developers’ cost and
their power prices. Establishment of manufactuimgstment credits (MIC)
would encourage manufacturing and assembly in @al#, as opposed to other
states. Extension of the federal PTC — which wasntluded in the recently
passed Federal energy legislation - is also impottalower costs. Most utility-
scale solar technologies require substantial anscafntater for cooling. Dry-
cooled system development is underway to minimiateemwuse. Storage system
development is also underway, and should be availatihe fairly near term.
New parabolic trough plants will likely employ meit salt storage tanks that will
have the ability to retain heat efficiently to geate power off-peak, if needed, for
up to 12 hours. Solar farms are one option fdizuig Brownfield areas, such as
regions of the Central Valley that have been dahéyeexcessive salt/selenium
build-up.

California also has substantial potential for distred solar technology — both
electric and thermal systems. According to the CBGftop solar PV has a
technical potential of more than 74,000 megawattg.present, there are about
198.2 megawatts of grid-connected PV systeri$e California Solar Initiative
is a $3.2 billion, 10-year program that will bring-line new solar PV capacity of
approximately 3,000 MW. Solar PV requires consisyein, and eventual
augmentation of, existing policy to continue depahent and deployment.
NREL estimates that 65 percent of residential émgeftcent of California’s
commercial buildings could be outfitted with satatlectors for hot water
systems and for space heating and cooling systefire huge potential to offset
air conditioning peak load with solar-powered coglsystems is currently largely

5-13



ETAAC DRAFT FINAL — to be Considered for Adopti@i11/08

untapped. This technology would benefit from addgl study by the CEC and
State incentives.

Geothermal: California has the largest developed geothermaluregs in the

U.S. at approximately 1,900 MW. CEC studies hdw@ the potential for an
additional 2,900 MW using conventional flash and binary technologiekriown
resource areas. US DOE estimates California resqotential at between
12,200 and 15,100 MWX.In order to better pursue this valuable base load
renewable resource, California should consider takimg a number of steps.
Resource identification is a costly and time-consgnprocess, one that might be
assisted by targeted State intervention. The U8dgeal Survey is undertaking
a new resource assessment, updating the last m&s#sghich was completed in
1979. The new assessment, however, will not examéw technologies and
their potential in California, nor will it examirdérect uses, heat pumps, or other
non-conventional geothermal resources (like oltifeo-production or geo-
pressured resources). The CEC should suppomvitscomplementary
assessment to examine California’s geothermal patén a more comprehensive
and up-to-date manner. Roughly one-half of thé aba geothermal project is
estimated by the Geothermal Energy Associatioretcelated to subsurface
exploration and resource characterization. Thests@lso raise the greatest risk
to investors, and are usually not financially feéesi Cost-shared exploration
drilling by the federal DOE has been successftihépast. It should be explored
by the State of California in the future.

Biomass and Waste:Only 15 percent of the technically recoverable pté of
biomass wastes and residues from agriculture, iyraad municipal waste is
currently being converted into clean energy in oatia. Dedicated energy crops
could add to this rich state clean energy potemti#tie future. Biomass projects
require infrastructure to collect, process, tramspod store feedstock and then
distribute biofuel products. On top of that, cbtbaation among various industries
-- agriculture, forest products, electric powersteamanagement, chemicals, olil
and gas, and the automobile industry — has yet¢arao take full advantage of
California’s diverse biomass inventory. State tatprs could play an important
role in coordinating, and potentially underwritiriis critical stakeholder
cooperation.

Most biomass projects currently focus on power gaian and transport fuel
production such as ethanol and biodiesel. Angih@mising opportunity is in
biomethanation, or production of pipeline qualigtural gas generated from
biomass resources. Compared to biomass combubta@methanation provides
greater flexibility as a dispatchable resource; éoav, further technology
demonstration is needed to spur widespread comatigetion. As with other
biomass and waste projects, barriers relatingeddtock supply, regulatory
treatment and permitting issues also need to beeasied.
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I\V. Enabling Technologies for Zero Emission Electricityand Vehicles

There are several technologies that can improv&th& emission profile and/or service
provided by today’s electric grid. These techn@egan also provide infrastructure to
support advanced technology vehicles powered ly eission fuels.

F. Electricity Storage as an Enabling Technology foRenewable Energy

Energy storage addresses the need to integrateittency and works to shift excess
off-peak power production to peak periods of demamd, as noted below under plug-in
electric drive vehicles, achieve synergies thapsupboth zero carbon renewable
electricity for current uses and vehicle energgr iRstance, wind power is often
generated at night. The greatest demand for gligtin California’s occurs during late
afternoon peaks, when wind generation may be atidsvels. When energy storage is
used to provide the necessary services to integiate power into the grid when needed,
it displaces fossil fuel generation that would otfise be needed to provide ancillary
services (e.g., regulation up and down, rampiniysipg reserve) as well as meet
capacity needs. Energy storage can provide theyseaes more efficiently and without
the CQ emissions associated with fossil fuel generatibhus, large-scale successful
storage technologies can help to transform winckgeion into a reliable resource for
energy planning, enabling California to take full/antage of this renewable resource
abundant throughout the West.

« Time Frame: 2007-2012.

* GHG Reduction PotentialGHG emission reductions may vary based on the type
of peaking power that is displaced and the gemegatource of off-peak power.

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

» Co-benefits / Mitigation Requirement®otentially significant co-benefits, as
storage technologies may make wind power more @vailat times of peak
demand, when some of the most polluting and Id&stent fossil resources are
typically deployed.

» Responsible PartiesCA ISO is ultimately responsible, but CEC and CRYJ&/
roles during policy development and support. Paaeimvolvement of CARB as
coordinating entity, especially since electricityrage facilitates the market for
electric-drive transportation technologies, mighbae desirable.

Problem: Electricity storage has the potential to helggnate higher penetrations of
wind energy in California’s power supply portfoli&|owing the state to take better
advantage of its superabundance of this renewabtmirce. Research has been
conducted into this issue on a statewide level BRIAC notes that there is a lack of
consensus. The CEC’s Intermittency Analysis Ptdjéd®) was tasked with evaluating
the potential impacts of increased levels of inient renewable generation on the
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California grid. The IAP concluded that integratism RPS with a 33 percent renewable
energy contribution would require expansions ingraission infrastructure and changes
to operation of the grid. This CEC analysis dipa®, nonetheless, that there was enough
flexibility in the existing system of fossil resaas and pumped hydro stock to provide
this balancing function. The CA I1SO has acknowéstithe difficulty in planning for and
integrating wind resources in its recémiegration of Renewable Resources RepQA

ISO concluded that more storage resources are sggdse integrate the expected
increased penetration of intermittent renewablestime state’s electricity grid.

Several important challenges presently limit thiitgtof storage technologies to reach
full commercial status. The high price of battenigscourages independent wind farm
developers from developing a battery storage compiopecause it would drive
generation costs up to the point of being uneconorat the same time, there is
currently a lack of clear policy recognition of ttae of energy storage in managing
intermittent wind energy. Associated policy orukory direction to pursue
development of these technologies is still lackifigpe ability of electricity grids to
absorb intermittent generation is currently limiteédithout reforms, these limits could
be reached before the full potential of these reidevresources is exhausted (unless
other resources are added to compensate for times wind generation output does not
match electricity load profiles and CA I1SO balamcrequirements.)

Possible SolutionsThe potential for a transformative effect froraagticity storage is
truly “game-changing.” That is why ETAAC recommaerplrsuit of these storage
technologies. As described below, electric velsttgage can reduce the GHG
emissions from both electricity and vehicle usageferating as an energy storage
system for the grid when not being employed fondportation services. Other
stationary energy storage technologies such as @ditmgdroelectric storage, compressed
air, or batteries can provide the enabling techylo shift wind power from off-peak
generation to peak power consumption, providingspatchable resource to firm up
supply flowing to the grid. Storage may reduceifGalia’s current reliance on polluting
gas-fired peaker plants to firm intermittent enecgytributions. Storage could also
provide emergency and remote-area power supplies.

The State of California should recognize the valuenergy storage and encourage the
advancement of energy storage technologies thrthegfollowing technology push
programs:

» Utility Resource Planning: California should direct its utilities to integea
demonstration and deployment of electricity storghnologies -- including
MW installation targets -- over the full period @ed in their integrated resource
plans.

* Incentives for Technology Development:Utilities should develop procurement
plans to stimulate competition among storage teldyygproviders, analogous to
the “Golden Carrot” approach in demand-side manag¢mr the RPS program
for renewable generation. Under this approachyleggrs and utility planners
would develop performance specifications for stereaghnologies — including
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cost, reliability and environmental impact of tfudugion — and would establish a

durable framework for the financial support of teglogies that meet these
specifications. For example, utilities could haldompetitive solicitation for a
specified number of MW of storage capacity meetivegse performance criteria,
and technology providers would compete to meetdéetified need.

Energy Storage Background: Examples of Non-Vehicl&torage Technologies

Flywheel Storage: Flywheels are effective for smoothing short-télnstuations. Pacifig
Gas & Electric (PG&E) is testing a CEC-funded 100Mproject in San Ramon,
California.

Pumped Hydro Pumped hydro is the most widespread energagosystem in use on
power networks with large scale capacity. Duddauick deployment, pumped hydro
can be particularly effective for wind resourceghwdiurnal generation profiles. Pumpsg
storage facilities can be developed with minimaliemmental impact if they use

existing reservoirs or otherwise previously devebbpites. Modern pumped storage
facilities operate at approximately 75 percentcéficy and cost from $1,500 to $2,50(
per kilowatt, depending on how much existing infinasture can be used.

Compressed Air Energy Storag@&his technology reduces “parasitic” loads at a
conventional power plant — a form of energy storadmit is not presently used to
generate electricity directly.

Batteries: Older technologies are commercially viable, winigsver technologies are
being tested. For example, Sodium-Sulfur BattdiiNsS) are a technology being

demonstrated at over 30 sites in Japan, offeringertian 20 MW of capacity with store
energy suitable for daily peak shaving. The curliénof the batteries is about 15 year

The largest NaS installation is a 6 MW unit for VokElectric Power Company that can

store energy for approximately 8 hours. Combinadegy quality and peak shaving
applications in the U.S. market are under evalnatidmerican Electric Power (AEP)
has been using a 1.2 MW NaS battery in Charlestd\ast Virginia over the course of
the past year and plans to install a 2.4 MW elsesvhrethe same state in 2008. AEP
recently announced a plan to install six 1-MW NaS8dries in conjunction with wind

projects to assess the benefits of combining inte¥nt renewables with energy storage.

In both of these examples, costs are currentlyipitbre -- $4,500 per kilowatt -- though
prices are expected to drop within the next tems/dae to the economies of scale
associated with mass production. Flow batteriesaaspecial class of battery where
electrolyte is stored outside the main power cethe battery, and circulated through it
by pumps, like a reversible fuel cell. Flow batsrcan have relatively large capacitieg
and are gaining popularity in grid energy storaggliaations.

Thermal storage These technologies store heat, usually from holity-scale and
distributed active solar collectors in an insulategository for later use in space heatin

domestic or process hot water, or to generateraiggtoff-peak. Some new utility-scale

solar plants will likely employ molten salt andd#ih” water storage technologies to stc
energy for as much as 12 hours off-peak, whenuhassnot shining.

pdl
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G. Plug-in Electric Drive Vehicles as Storage Devis

As noted earlier, plug-in hybrid and dedicated &iedrive vehicles (PHEV/EV) could
serve as energy storage devices. (Fuel cell \eshauld also serve this purpose.) The
primary advantage of this approach is that thebéles can be charged at night, when
less expensive (and potentially less polluting)esscelectrical generating capacity is
available. As noted above, they also have thenpiatdo support the electric grid
reliability. In the future, it is possible that-gsite generation of hydrogen for fuel cell
cars could be another form of vehicle-based stoiragedition to the possibility of fuel
cell/battery hybrids.

* Time Frame: 2012-2020.
* GHG Reduction PotentialNot 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 and other electric driveiglgs that could potentially
store energy from the grid face a variety of tedbgieal, financial, institution, and
regulatory barriers. For example, continued improent is needed regarding capacity,
durability and enhancement of current grid infrastiure to enable multidirectional flows
of both actual energy and the data necessary taton@md manage power. PHEV/EV
technologies feature higher upfront costs than enhenal vehicles largely due to high
cost of today’s batteries. Fuel cell vehiclesas® not yet commercially available. The
actual fuel and climate benefits from PHEV/EV atldeo electric drive vehicles depend
on a variety of factors. They include the amotfritroe 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 potemtas-sector transfer of GHG
emissions. Even though the charging of PHEV/EV typically occur during off-peak
hours -- when there is excess capacity on the-gtltk increased energy consumption
still contributes to GHG emission reductions (alla¢ia lower rate.) As demand for
electric transportation options grows, GHG emissithrat would otherwise have been the
responsibility of the transport sector will shiftthe electricity sector. This shift of GHG
emissions between sectors does not frustrate AB GBIG emission reduction targets.
Absent mitigating measures accounting for increasetectrified transportation, a
carbon cap imposed on the electric sector couladdamntage advanced vehicle fuels that
cut GHG emissions.
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Possible Solutionsin order to reduce disincentives for substituhectricity for

petroleum transportation fuels, a level playinddfimust be created for all fuel sources
once fuel alternatives reached commercial stafusarbon cap that stretches across both
transportation and electric utility sectors couttiiave this goal, although there are
numerous other policy considerations. Since thEVWHV market has the potential to
supply distributed generation to the grid duringkpbours or provide ancillary services

in the future, this approach offers multiple betsefiPHEV/EV technologies enable
greater reliance upon off-peak renewable resowodsnay provide cleaner and less
expensive peak and ancillary service resources.

H. Smart Grid as Enabling Technology for Renewableand Clean Vehicles

Today’s grid was designed to only transmit eledirirom central generation source to
the point of consumption. A “smart” and interaetigrid and communication
infrastructure is necessary to enable to the twgleav of energy and data needed for
widespread deployment of distributed renewable giom resources, PHEV/EVs, and
end-use efficiency devices.

e Time Frame: 2007-2012.

* GHG Reduction PotentialThis is a support technology that does not diyectl
reduce GHG emissions. However, the ability tomsee carbon-free electricity -
- such as solar PV -- is also improved by a snmdt grhese grid upgrades also
help minimize GHG emissions by avoiding the needperate the least efficient
power plants to meet peaks in electricity demand.

» Ease of ImplementationModerate.

» Co-benefits / Mitigation Requirementstwo-way flow of energy and data would
allow customers to respond to price signals to gomesless energy at peak times
of demand, when the lowest efficiency fossil uaits operating. Peak days of
energy demand often coincide with “spare the apstian California. Reducing
fossil generation at peak gives a boost to regiamajuality.

* Responsible Parties:CPUC; State Legislature.

Problem: Today’s electricity grid is essentially 1950'8rastructure out of sync with
modern telecommunications technologies and emeirgjte distributed generation
technologies. Inadequate sensors limit transmisswer congested lines. The
connective tissue necessary to enable more sagteti management of both supply-
and demand-side resources is lacking. The grid beimodernized to enable increasing
amounts of distributed resources generated neatspoi consumption, which would
reduce overall electricity system losses, and spording GHG emissions. Two-way
flow of energy and data is needed to allow custsneerespond to price signals to reduce
usage at peak times, when the lowest efficiencsilidised units are operating.

5-19



ETAAC DRAFT FINAL — to be Considered for Adopti@i11/08

Possible Solutions: California should actively investigate upgratteslistribution-level
grid infrastructure that will be needed to supmth greater penetrations of distributed
generation renewablesdthe power flows associated with plug-in PHEV/EVs.
particular, the CPUC should work with utilities@asure investments in smart grid are
implemented on the most accelerated timeframe IplessFurthermore, State
government can play a key role in improving infotima-sharing efforts, including
making sure there is less of a proprietary effgrsbpporting developments of open
standards and guidelines for smart grid interopktyglsuch as those being developed by
the Electric Power Research Institute’s (EPRI)lligied Consortium and the GridWise
Alliance.
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V. Carbon Capture and Storage

I. Carbon Capture and Sequestration in Geological Brmations

Demonstration of carbon capture and sequestrafi@$s] in geological formations is a
key opportunity for California to benefit from naial and international partnerships.
Broad commercial deployment of technology for C&§eological formations faces
significant challenges. Nevertheless, it offepogential opportunity for achieving long-
term reductions in GHG emissions, especially oateonal and global scale.

» Time Frame: Demonstration projects can be in place by 201#) potential for
full commercialization by 2020.

* GHG Reduction PotentialCalifornia has the technical potential to stor2
gigatons CQin oil and natural fields, and the capacity inglealine formations
may be one or two orders of magnitude grefteFhe Intergovernmental Panel
on Climate Change (IPCC) estimates that CCS hagdtential to abate CO
emissions by between 15-55 percent of the cumeatiternational mitigation
effort needed by 2100.

» Ease of ImplementationDifficult.

» Co-benefits / Mitigation RequirementBlemonstration of this technology may
facilitate large benefits if it results in commetcapplication in coal-dependent
areas outside of California. The energy requicediCS would require
additional fuel combustion (which could be offsethe extent that CQnjection
displaces steam for oil production). Some techgieto capture C{also
reduce criteria pollutants like NOx and SQf fuel combustion increases,
without better emissions control, emission decreasay be required in areas that
fail to meet California clean air standards. Lepgkdask must be assessed at a
general level for the technology and at specifieptal storage sites.

» Responsible PartiesFederal and State governments and agencies; psgeter.

Problem: Geological CCS refers to the separation (or capiof CQ from industrial

and power generation sources and then the traasiporto storage locations for long
term isolation from the atmosphere. (Biologicalrage is addressed in the Chapter 6-E
and Chapter 7-B.) Many component technologie€fof have already been developed,
but both the size and number of demonstration ptejre very small with respect to the
scale necessary to mitigate significant future, @@issions. Commercialization of CCS
technologies will require a willingness to bear ithidal high cost and potential risks of
first-generation systems and continued technicahaces to build up the required
infrastructure. The low end of cost estimates eartgnd to start at $25 per ton or more
for capture and compression. Cost estimates \@guse, in part, the technology has not
been demonstrated. Part of that cost can potlriti@lrecovered if C@is used for
Enhanced Oil Recovery, while transportation anddtipn is an additional cost.
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In addition, there is relatively little experientedate at the Federal or State level in
combining CQ capture, transport, and storage into a fully iraegd CCS system.
Regulatory uncertainties and legal issues regarngiiagerty rights and liability are still
significant barriers for CCS that must be resoleetbre CCS could play any major role
in meeting AB 32's GHG emission reduction goalsscéss and liability issues present
another challenge. Different states have diffelaws regarding land rights, pore rights,
and mineral rights; therefore, developers of CGfquts face varying state regulations
pertaining to underground storage. More imporiaittie long term responsibility and
liability associated with the CCS projects mustlearly defined. Monitoring techniques
and standards that need to be approved at varauesgnental levels, and then accepted
by the insurance industry, have yet to be put&e@! The issue of long-term liability for
gradual or catastrophic future leakage is cleagiypering demonstration projects.

Possible SolutionsCalifornia should continue to participate in parships such as
WESTCARSB to advance technology assessments andrgrations. Key priorities
identified by WESTCARB for upcoming pilot projedtsCalifornia and other western
states include:

» Testing technologies

Assessing capacity

Defining costs

Assessing leakage risks

Gauging public acceptance

Testing regulatory requirements

Validating monitoring method$

The support of federal funding is especially impattsince CCS has even greater
importance nationally than in California. Interioatl partnerships should be leveraged
to spur efforts to develop lower cost carbon captachnologies, as well as storage
research to the extent that there are common clggléeand solutions (most likely for
deep saline formations).

The State should also work with the Federal govemntrto address the legal, regulatory,
and safety barriers and issues associated with @If8.important issue is the
development of a legal framework to address lomgrieability associated with carbon
sequestration® Private insurers may lack a framework for evahga€CS projects,
especially multi-generational liability. The Fedeand State government could play a
productive role, while carefully balancing the mgsts of taxpayers and the need to
maximize incentives for careful carbon managementsibns by the private sector.

Currently, potential pilot projects are evaluat@daocase-by-case basis under general

Underground Injection Control permitting requirerteenThe Federal Environmental
Protection Agency (EPA) has delegated to the QalifoDepartment of Oil and Gas
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Resources (DOGR) jurisdiction over California mbdanatural gas fields. (The EPA
retains regulatory oversight). The Federal EPArkaponsibility for deep saline
formations and DOGR is also developing its own l&tions for deep saline formations
(and can work with EPA to request lead permittiegponsibility once that process is
completed). Drawing on the lessons learned froap#rmitting process for pilot
projects to develop standards and guidelines abthte and Federal level may also help
CCS project developers navigate the permitting gsst’

Unlike most energy efficiency measures, CCS iskehfito bring a positive economic
return under even the most optimistic scenarioeeatlly foreseeable. In addition to
these efforts, a clear and reliable price signaldfacussed elsewhere in this report)
and/or performance standards such as AB 1386 willdressary to commercialize this
technology.
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VI. Low Carbon Electricity Planning; Unifying Progr am Standards

J. Low Carbon Electricity Generation Plan

California needs to plan now for low and zero carpower supplies that will serve the
end-use needs of residential, commercial, and tndusustomers while also achieving
AB 32’s GHG emission reduction targets.

* Time Frame: By 2012.

* GHG Reduction Potential:If the electricity generation sector is requitednake
reductions based on the AB 32 GHG emission redugaals, this plan would
assist in meeting a 25 percent reduction by 202i0088@percent reduction by
2050.

» Ease of Implementation:Moderate.
» Co-benefits / Mitigation RequirementBto mitigation required.
* Responsible Parties:CEC; CPUC; CARB; utilities.

Problem: Investments in power generation infrastructure yosldl “lock-in” GHG
emission rates for 2020 and potentially 2050.

Possible SolutionsThe State currently conducts long-range energgrphg that can
serve as a foundation for meeting AB 32’s long-eggals for low and zero carbon
resources. This planning timeframe will need ttees beyond traditional approaches
that are geared towards power plants with a playioamstruction cycle of several years.
For instance, new centralized natural gas-firedgygulants release less GHG emissions
and other air pollutants than existing imported gemerated electricity and older natural
gas power plants, but more GHG emissions than gredfigiency and renewable
resources. As noted in the Industry/Commercial/fRegial Use chapter, State efforts to
increase CHP also need to be considered in plafioirdimate change mitigation and
procuring reliable, cost-effective supply optiorfBower plants typically have a lifespan
of 30 to 40 years. Decisions made today on new psugplies need to consider AB 32's
2020 and 2050 GHG emission reduction goals.

K. Unifying Standards for Climate-Related Programs

California’s multiple programs for renewable enedgyelopment, many of which were
described above, have been largely designed iatisnlfrom one another with the intent
of stimulating innovation or improving environmehnp&rformance in discrete
technology sub-categories.

« Time Frame: 2012-2020.

* GHG Reduction Potential:Not estimated. This policy initiative is inteettito
enable better coordination of multiple climate-tethprograms, which may
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increase program efficiencies and hence increas® &ission reductions over
time.

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

» Co-benefits / Mitigation RequirementdNot estimated. Closer coordination and
common frames of reference across climate charggrgams may reveal 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 ¢teréain percentage of the state’s total
electricity supply, and solar PV programs aim thi@ee specific capacity installation
targets from just one renewable energy fuel. Odpgortunities in renewable energy
development -- such as waste heat recovery andameitapture and utilization -- are not
fully developed under existing State programs. uigtothese are important programs
individually, they do not encompass all of the tealbgies relevant to the unifying
challenge of GHG emissions mitigation. The Statesource planning process is not
optimized when these efforts are uncoordinatedth@3mplementation of AB 32
proceeds and carbon savings become a higher mdsiay priority, there may be value

in better coordinating these programs so that #éneall directed towards a common end.
Clear ownership rights and credits for early actesrecommended above, will aid in
establishing this coordination, but other stepsaeded as well.

At the same time, ETAAC recognizes that cuts in, @@ typically not thexclusivegoal

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

advances. The intent of this recommendation ensure that these disparate technology
programs emphasize innovation that is cost conmpeiit the long run, so that low or
zero carbon energy supply technologies can ultiipai accurately benchmarked
against each other.

As an important aside, ETAAC notes intense debate@rning carbon offsets in a cap
and trade program. Some ETAAC members are condé¢hae a broad offset program
will lessen the incentive for innovation within ¢egal sectors. The continued role of the
targeted clean energy programs discussed aboveMeoysupport technological
advances within a climate change framework and Imedty to counter the innovation-
suppressing effects of a broad carbon offset progra

Possible SolutionsCARB should pursue a uniform strategy for implatagon of new

carbon reducing technologies after 2012, with carbguivalent savings that would link
all existing clean energy programs and mandatdlsacfions within the electricity and
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natural gas sectors that result in such savingdda@ntribute to GHG emission
reduction targets under AB 32. Such a policy ptesian incentive for all energy market
participants to undertake what are now generalhgcognized beneficial climate change
response activities. It would also provide cetiato those making investments that
credits for GHG emission savings will accrue tantheThis unifying standard, however,
should not jeopardize programs that play importalgs in nurturing certain technologies
to a position of market readiness. Such progrdrosld continue in a targeted and
efficient manner, connected to the climate chaeganme by clear performance metrics
that apply across all technology categories. imrdgard, the State should, as a first
priority, begin to develop a unified GHG emissi@mt@unting process across clean
energy programs, to support rationalization of gond financial priorities post-2012.
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VII. Priority Actions

Note: Items are not ranked by priority.

Item Relates | Who
To

1. Create a process for the early valuation of carli@ee Carbon CARB
report introduction Chapter 1) valuation

2. Ensure that Energy Efficiency programs are cootdoha | Energy CARB,
with AB32 strategies to maximize GHG benefits. gSe | Efficiency | CPUC,
Appendix 5.A) utilities

3. CARB can work with the building standards setting Energy CARB,
agencies, the CEC and CPUC to encourage rapid Efficiency/ | CPUC, CEC
deployment of currently available LED lighting LED
technology, as well as encourage development and
demonstration of LED lighting suitable for general
illumination. (See Chapter 5.B)

4. Allow for the use of unbundled Renewable Energyd@se Renewablel CPUC and
(RECs) generated within California for Renewable Energy CEC
Portfolio Standard (RPS) compliance. (See Chédpter
section Il and Appendix V)

5. Revisit pricing structure of renewable portfoliastiard Renewable Legislature,
and either modify or eliminate to simplify the stture. Energy CPUC and
(See Chapter 5 Il and Appendix V) CEC

6. Authorize and implement development policy and plan Renewable Legislature
for Competitive Renewable Energy Zones. (See @napt Energy CPUC
5.C) Developm | CEC,

ent Zones | Ca./federal
land use
agencies

7. The State of California should recognize the vale Storage CPUC
energy storage in advance vehicles and/or non-kehic
storage as an enabling technology for intermittent
renewable sources. Storage in vehicles to praede
low GHG vehicle energy and shift-off peak energpte
peak may also facilitate both greater renewableggne
A “golden carrot” program or other technology push
programs may be a good approach. (See Chapter &F |&

8. Create legal framework for long term liability asigded | Carbon Federal
with carbon sequestration, including issues refgtin Capture Government
legal rights, as well as regulatory framework for and | » California
monitoring storage and ensuring compliance. (See | Sequestrati| Legislature,
Chapter 5.1) on energy and

environment
al agencies
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9. Create financial incentives to spur CCS technolayy Carbon Legislature
implementation. (See Chapter 5.1) Cag)ture
an
Sequestrat
on
10. Provide property tax abatements for renewableggner | Renewable Legislature
projects. Amend the California Investment Inceativ Energy
Program (Government Code 8§ 51298) to include
renewable energy projects as “qualified manufaeturi
facilities”. The CIIP provides tax abatementsdoalified
manufacturing facilities based on the assessec \althe
improvements that exceed an investment minimum of
$150 million. (See Chapter 5.D)
11. Consider the role of low-carbon power in the nextision | Other CPUC, CEC
of the Energy Action Plan (see Chapter 5.M) Technolog
ies
Additional Recommendations Addressed in Other @napt
12.Regulatory reform to encourage capture of metheora f | Biomass to| Water
anaerobic digesters. (See Agricultural Chapter) energy Quality
Control
Board
13. Create incentives for unsupported distributed gpticar Solar CPUC
that reduces gas, like economic solar hot water and | water and | CEC,
advanced solar thermal (solar heating and coolii@ge | SPace Legislature
Industry, Commercial & Residential End-Use Chapreat | N€2ating
Energy Appendix section G) igg"ng
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! For example, resource exploration and identifizatf geothermal resources require land rights fest
secured or leased before exploration. Both FedediState agencies are involved with leasing of
California land, and mixed Federal/State/privatellacan mean multiple levels of processing. Tais c
cause delays and disagreements among the ageirti@st, a significant part of the cost of a “gnéeld”
project may be attributed to the delays associattdleasing and permitting.

2 Yen-Nakafuji, DoraCalifornia Wind Resource®raft Staff Paper, California Energy Commissiapril
22, 2005.

% Assuming an average emissions factor of 805 IGB2&ZMWh.

* U.S. Department of EnergReport to Congress on Assessment of Potential ingpa@@oncentrating
Solar Power for Electric Power GeneratioRebruary 2007.

® Callifornia Energy CommissioGalifornia Solar ResourceStaff Draft paper in Support of the 2005
IEPR, April 2005.

® California Energy Commissioggrid Connected PV Capacity (kW) Installed in Catila.
http://www.energy.ca.gov/renewables/emerging_retdesaGRID-CONNECTED PV.PDMecember
31, 2006.

" Denholm, P.The Technical Potential of Solar Water Heating &xlce Fossil Fuel Use and Greenhouse
Gas Emissions in the United Stat8REL Technical Report, NREL/TP-640-41157, Marcl®20

8 Sisson-Lebrilla, E., Tiangco, VGalifornia Geothermal Resource8alifornia Energy Commission,
April 2005.

° U.S. Department of Energy, Energy Efficiency areh&vable Energyzeopowering the West —
California State Profilehttp://www1.eere.energy.gov/geothermal/gpw/profil@ifornia.htm| January 17,
2007.

10 california Energy Commission, Quarterly Report,siM8oast Regional Carbon Sequestration
Partnership, May 2005, p. 8.

11 california Energy Commission, Quarterly Report,siM8oast Regional Carbon Sequestration
Partnership May 2005, page Beducing US Greenhouse Gas Emissions: How Muchhas @b6st ?
December 2007 page 58arbon Dioxide Capture and Geologic Storagép7, p. 33.

2 Myer, Larry, WESTCARB Regional Partnership Phasé>Hoviding Underpinnings for Deployment
California Energy Commission, May 11, 2006.

13 The state of Texas, where € used routinely for increased oil and natural geoduction, has passed a
law accepting liability for a potential “Future Geproject with CCS that Texas is hoping will be &bed in
Texas.

14 personal communication from George Robin, US EB&ife Southwest Region, Water Division,
Underground Injection Control, to Ed Pike Decemb@007.
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6. AGRICULTURAL SECTOR

|. Introduction

Agriculture in California generates $31.7 billionfarm receipts. The state’s agricultural sector
utilizes nearly 10 million acres of irrigated craptl and 41 million acres of public and private
rangeland to support significant animal productiofgriculture also requires inputs that
generate greenhouse gas (GHG) emissions and aithaiapts. Among these inputs are energy
sources such as diesel fuel, natural gas andielggtwhich are used to power field equipment
or processing systems. It is estimated that in 2a04€alifornia agricultural sources accounted
for about 30 million metric tons of carbon dioxiéguivalents (MMTCGE)? It is estimated that
raising these agricultural crops also absorb 028rMIMTCO,E annually via plant respiration
and photosynthesfs.

While the carbon cycle returns the majority of tbésbon to the atmosphere, sequestering a
portion of this carbon or converting it into rend&aenergy, fuels or permanent products, would
translate into a significant reduction of Califaisi carbon footprint. Thus, the agricultural
sector also offers the opportunity to reduce GHG@sslon reductions through the capture of
carbon and/or production of renewable low-carbasiu Other specific farm-related GHG
emission sources can also be controlled and netigaT echnologies that can deliver these
benefits already exist in many cases. Yet a coadedsearch, development and demonstration
(RD&D) effort and new regulatory incentives andgnaims will be needed to meet the GHG
emission reduction goals included in AB 32.

In this chapter, seven areas have been identti@dotffer the most promise for climate change
mitigation in agricultural settings. A summarytbése areas is given in Table 6-1, which
includes current estimates of the gross and teah@i®, reduction potentials for each identified
technology. The ETACC agricultural sector subgrpugects that there is the technical
potential to derive about 17 MMTGE of climate change mitigation benefits from Catifia
production agriculture, which is about 10 percdrthe goal for 2020 or about 3.5 percent of the
2004 California inventory.

Table 6-1: Summary of California Agricultural Pragns to Reduce GHG Emissions

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

(units/yr) (units/yr) (MTCGE/yr) (MMTCO,E) (MMTCOE)
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 Biofuels 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

Note: These estimates will need to be refined @&B efforts based on technical feasibility and ewonics.
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While many of these technologies described aralileaand available today, further RD&D
programs are needed to launch critical elemenésatimate response program by 2012. The
keys to developing the full menu of opportunitieghe agricultural sector is to prioritize
research needs, establish easily accessible g@daethodologies, protocols for monitoring and
verification, provide ability to receive carbon @its or private and/or public incentives, conduct
grower outreach and education, and receive theezatipn of regulatory agencies in developing
needed infrastructure. All of these barriers cambercome, but will require a robust multi-
agency and industry cooperative effort.

The Agricultural Global Warming Solutions Prograesdribed below will net genuine GHG
emissions reductions and carbon capture from tie based agricultural sector through
technologies for energy production from manure laindhass, improved enteric fermentation,
cropping systems for biofuels, sequestration db@arn soil and farmscapes, and improved
efficiency of fertilizer.
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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 utitehane rich biogas is well established and
could generate up to 350 megawatts (MW) of newweiée energy productioh.

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

GHG Reduction Potential3.1 MMTCGQGE (assuming the 1,800,000 mature dairy cattle in
the state and a nearly equal number of suppork segresent a gross potential of 6.1
MMTCOE; processing manure in these systems reducesngeémissions while
producing renewable energy, rendering a net beokéibout 1.7 MTCGE per dairy

animal; operating these systems requires investarghexpertise on the part of the dairy
operation, thus the technical potential of 6 MMTLGs expected to be reduced roughly
half.)

Ease of ImplementationWhile the technology exists, the key to develgmrprogram 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 emissioeductions achieved with these systems,
including the recently developed “Livestock ProjBeporting Protocol” by the California
Climate Action Registry.

Co-benefits / Mitigation RequirementBigesters are effective at reducing volatile
organic compounds (VOCs) from lagoons, a relatigaall emission source on most
dairies, but the combustion of biogas in an engpngenerate electricity can emit NOx.
Controls can reduce the amount of nitrogen oxid@x)Nin exhaust gasses. Nevertheless,
the types and sizes of engines typically used mwwtion with a dairy digester they may
not be available, cost effective or able to meealair district NOx requirements.

Digester biogas also contains impurities, includigdrogen sulfide (k8), which must be
removed from the biogas before combustion in thggrenif a NOx control device is

used. If the KIS is not removed from the biogas, the sulfur ingkleaust gas will

destroy the control device and render it ineffextiidditional beneficial vector control
and water quality improvements can result from orpments in the manure management
system during the implementation of a digesterqmioj

Responsible Parties:For permitting, the State Water Resources Contoalr® (SWRCB)
and regional water quality control boards, CalifarAir Resources Board (CARB) and
local air quality management districts. For engrglcy, pricing and funding, the
California Energy Commission (CEC), California Haltilities Commission (CPUC)
and the California Pollution Control Financing Aatlly (CPCFA). For implementation
and funding, private anaerobic digester technotmgyipanies, dairy owners, producer
groups and local governments. For overall stateypadhe California Environmental
Protection Agency (Cal/EPA) and member boardscesfiand departments and the
California Department of Food and Agriculture (CDFA
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Problem: Less than 1 percent of dairy manure is currentbe@ssed in digesters in California.
In the current marketplace, it has been difficattfirojects 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 padetivered to the grid. On the regulatory front,
projects can see uncertain and potentially costipitive requirements for permitting new
digesters and engines. Air and water requirem@ntle local air and water boards make
digesters significantly more expensive to build anthil a lengthy approval process.

Possible Solutions:Effectively addressing climate change by the Caiif livestock industry
will require significant cross media coordinatiogtWween regulatory agencies to continue
successful air quality improvements while redudBtgG 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 appm@vaanure-to-energy systems based on
regional risk to groundwater and air is needed: dxample, there are well-developed National
Resources Conservation Service manure impoundrterdagds that may be suitable for many
locations and more feasible than hazardous weaastelatds. Areas where there is high
groundwater impact risk could be treated with neirangent requirements.

Cross media coordination to promote strategieedace GHG emissions will be helpful in each
of the agricultural areas suggested in this cha@eicause of their GHG emission reduction
potential and lack of technical barriers, methaigesters could be used as a demonstration
program for how this coordinated approach couldéesloped and function. A whole systems
approach should be pursued to balance the beaéfitsutable to these projects with other
environmental goals so that the net result is #@igesising the concept of “net environmental
benefit.”

In addition to a clear pathway to achieving permitapproval, more certainty in the
marketplace must be ensured by developing a stdmdatracted price for power from manure-
to-energy facilities. If regulatory and price @énty 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 standamigyptools and new incentives to accelerate
development of manure-to-energy facilities statenages regulating water, air, electricity,
natural gas and solid waste.

Water Quality: A salt loading and compliance process for anaerdigiestion needs to
be developed to address the salinity concernseo€tmtral Valley Regional Water Board
(CVRWB). This will require research on the saltanutrient content of liquid digestate
to inform the development process, especially Haigestion proposals. CVWRB
should also develop a simplified design proces®tp assess and develop criteria to
determine the potential need for pond reconstrociind pond/digester liners that is
practical and clarifies regulatory oversight angrapal processes. Consider the
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possibility of potential sites for “Tier 2” type pds to be grouped by site characteristics
and each group can be assessed for leakage pbfentia

Air quality: Need to develop a regulatory compliance mechaaits@ARB for dairies
with cow numbers below district permitting thregieto use distributed generation
equipment to produce electricity from biogas. Btate should determine the net air and
water quality benefits of digesters in order torpote this climate friendly technology.

Electricity: As of January 1, 2008, the existing The Self-Garmardncentive Program
will no longer provide incentives to certain dibtried generation technologies, thus
eliminating incentives for electricity generatedrr biogas. This program should be
amended to continue to provide incentives for elett produced from biogas in
anaerobic digestersA CPUC program should be developed to require etegtilities to
purchase excess electricity from biogas produdticen attractive rate. To promote
competition, the CPUC should also implement poweclpase agreements that have
flexible terms such as three-, five- and ten-yggmeaments instead of the sole offerings
currently available from investor-owned utilitieReview existing agricultural tariffs to
determine whether rate structures discourage loiggd generation and modify rates
where appropriate. Eliminating demand charges i#MBIO (net metered biogas)
operations that have only infrequent service infgtiions due to routine maintenance is
also recommended as long as maintenance is couldoféipeak. Finally, the CPUC
should permit the owner/generator (i.e. the farmoégn electricity generating biogas
distributed generation system to retain the enwirental attributes. These attributes
include carbon reduction credits and any Renewabkrgy Credits (RECs) not directly
related to Renewable Portfolio Standard (RPS) c@mpé or other specific contractual
arrangements. All RECs and carbon credits sharddua to the farmer generating the
electricity. The generator can then own and negmthe sale of those attributes, which
are sure to become more valuable over time.

Biogas: The CPUC, in partnership with natural gas uéiitand biomethane producers,
should conduct research to investigate the typdere of biogas impurities, (including
the co-production biogas) to determine if bio-mathgas quality standards are needed.
The CPUC has established a market price refereRRMo provide a target price for
renewable energy contracts and to determine diigilior financial incentives.
Determining a MPR for biogas provides policymakaansopportunity 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 nayield an accurate number.
Developing a separate MPR specifically for biogaggets could facilitate new
development by providing price targets for genesasmd key market data for utilities.
Since each of these digester systems can costthranes1.2 million (not including
scrubbers, catalysts or compression gear), sectirengpitial capital for development and
construction is vital to create a viable market.

The CPUC should therefore assess existing interdiom processes and costs to
determine whether they are appropriate for intrtidacof bio-methane into the natural
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gas transmission system and develop uniform stdsdar introducing biomethane into
natural gas distribution pipelines. Utilities skibbe required to interconnect biogas
electrical generators under the Rule 21 procedsavitxed time frame and with
prescribed resolutions in case of delays. Iffppation and injection is a preferred use of
biogas, monetary incentives should be given aret¢éonhnection costs shared among
natural gas utilities. Whereas the potential gati@n of electricity and transportation
fuel from biogas exists for the majority of farnmsGalifornia given the right incentives,
injecting biogas into natural gas supply system oy be financially feasible for five

to ten percent of state farming operations, pogsitdating an uneven market
opportunity among farms.

Solid Waste: Legislative and regulatory clarification is neededarding which State
agencies have jurisdiction over which parts oftittgyas production and utilization
process. For example, the role of the Californtadrated Waste Management Board
(CIWMB) needs to be clearly defined.

B. Enteric Fermentation

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

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

GHG Reduction Potential0.8 MMTCGQGE (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 aboutNITBRO,E per mature dairy cow).

Ease of Implementation:Feeding to National Research Council (NRC) dines to
optimize efficiency can be expected to reduce dvenaissions. Productivity
improvements from breeding and better managemeuwtipes reduces the methane output
per unit of product produced thereby reducing derathane output and energy inputs.
The use of agents such as concentrates, oils, haneg, probiotics and propionate
precursors are aimed at suppressing methanogemesimproving feed efficiency, but
their effectiveness and other impacts must be olyefnd thoroughly considered over a
longer term (20+ year) development timeframe. @Wérhas been estimated that
methane emissions can be reduced up to 30 peexumt(ng to about 0.39 MTCOZ2E per
head based on mature dairy cow), with about 16gméifcom NRC recommended feeding
practicegsg, 11 percent from specific agents, andr8gmt from long-term management and
breeding:

Co-benefits / Mitigation Requirement®ne key benefit may be improved feed utilization
which boosts the productivity of animal feeding @tions. In addition, better 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.
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« Responsible Parties:University of California and California State Uniggy systems
(for developing a sound applied research progr@DYF-A for developing a statewide
animal feeds and feeding program.

Problem: The production and release of methane duringstiign (fermentation) of food is a
natural part of ruminant biology. Feed is alsodbstliest input to managing animal production
operations. Because of the cost, animal die@aiifornia have been highly optimized for
maximum efficiency of production and, thereforedigidnal improvements may be more costly
than their potential returns in productivity. Faegis 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 efiiectind can be implemented with a variable yet
economically optimized system that exists todagtaBlishing a baseline and developing
protocols to accurately measure this technologyretjuire a significant amount of research
work.

Possible Solutions: Efficiency of feed is an important ongoing efftor nutrition experts in the
California animal industry. With additional resefafunding, these experts can continue their
work with additional focus on cost effective metbamissions reductions. A significant
research program that focuses on California camaitand diets as specifically related to the
avoidance of GHG emissions and other air qualityceons is needed to develop new approaches
and establish protocols for this technology. Omaeocols have been developed, California
Department of Food and Agriculture,, UniversityG#lifornia and California State University
systems can assist with dissemination of resultlseé@roducer 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 italale for sustainable energy and fuels
production’ Only a small portion of these resources is ciityariilized.

» Timeframe: 2020 (25 percent implementation) to 2050 (10@¢m@t implementation).

* GHG Reduction Potential 4.1 MMTCGE (assuming a potential for 920 MW of energy
production or 11 million barrels of oil equivaldntbiofuels each yedtfrom 8 million
tons of agricultural biomass; additional techricalvailable resources including 14
million tons of forest residues and 9 million tafother green biomas$ a total
potential for over 16 MMTCgE from 3,600 M MW or about 43 million barrels of oi
equivalent could be derived from all available bas%)

» Ease of ImplementationThis program would require significant privatedgublic
investment in new biomass processing facilitieshevéas both biochemical and thermo-
chemical technologies are projected to produceedtesttive transportation fuels when
RD&D targets are reached, thermo-chemical technyolegkely to be more appropriate
for California. (See Chapter 4 regarding othedfstcks.) Both technology and
regulatory hurdles exist and are discussed below.

6-7



ETAAC DRAFT FINAL — to be Considered for Adopti@i11/08

» Co-benefits / Mitigation Requirementsl'hese facilities would provide energy and
national security because they would displace samperted outside fuel and energy
resources. Emissions from open burning and othpacts of biomass waste disposal
would be reduced by utilizing this resource forrgygroduction. Depending on the
technology, there could be some level of envirortiedempact that would need to be
mitigated when developing new facility sites.

* Responsible Parties:For permitting, SWRCB and regional water qualitytrol boards,
CARB and local air quality management district®r &nergy policy, pricing and funding
the CEC, CPUC and CPCFA. For implementation andifg, private anaerobic
digester technology companies, dairy owners, predgmups and local governments.
For overall state policy, Cal/EPA and member boanffgces and departments and
CDFA.

Problem Power generation from biomass is well-estabklistechnology in the state with 30
existing biomass direct combustion power plantegsing 569 MW However, the cost of
producing wholesale electricity from biomass udimgse older facilities may not be cost
effective because of low efficiencies. Advancesrtmochemical technologies are being
developed, some that possibly combine the producti@lectricity and renewable liquid fuels.
However, a significant amount of investment id sileded to prove these technologies on a
commercial scale. The ability of these facilitiesell power is not certain, however, as the
utilities have not always been willing to buy povilerm third-party renewable generators.
Ownership of the RECs is also subject to diffeiimgrpretations, particularly when it comes to
the GHG emission reduction values that go beyoad#iting of carbon emissions.

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 jigtigehs including the CIWMB under
regulations that are designed for solid wasteifees| CARB and local air districts. Few plans
for biomass conversion plants have been approveecent years. It is estimated to take up to
five years to permit and build a thermochemicalvarsion plant in California with the current
uncertain regulatory process.

Possible Solutions:California could be a much more active playerenaloping and deploying
advanced technologies for converting biomass tb tagdue transportation fuels. Making
California a suitable marketplace for advancedusts production is a key to technology
development. Incentives and research supporteséau to encourage the development of an
advanced biofuels industry in California. This lcbunclude investment credits, low interest
loans, and fuel tax credits, as well as ongoingetor RD&D funding. 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. Reguis 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 glawinership of the RECs and carbon credits
in future rulings and regulations.
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Both biochemical and thermo-chemical conversiohnetogies are being actively developed for
conversion of biomass by many public and privaterac Biochemical conversion relies on
specialized mixtures of enzymes or acids to breatda cellulosic material to derive desirable
sugars that ferment into etharidlGenerally corn and grasses have been the prefiereelstock
because of the high sugar yield and low lignin eaht Thermo-chemical conversion transforms
biomass into gaseous carbon and hydrogen compasedsdirectly for energy production or
reconfigured into liquid fuels using synthesis s

Developing alternative uses for biomass would cemgnt regulatory programs requiring
farmers to reduce open burning of residues. Famgike, approximately 1.1 million tons of rice
straw is produced annually, with over 95 perceilatle from the Sacramento Valley. In 1991,
a law requiring the phase-down of rice straw bugniras passetf. This spurred the industry on
to manage rice straw though intensive non-burnitegraatives that cost the California rice
industry approximately $16-$18 million each y&arOther commodity providers in the San
Joaquin Valley are facing the same regulatory piresto reduce or eliminate open field burning.
These regions are ideal for investment in a commeifacility capable of using rice straw or
other locally-produced biomass. Such investmeatdcoontribute significantly to AB 32
objectives and address the economic burden expexddoy rice growers and other farmers
complying with burning phase-down legislation.

D. Dedicated Biofuels 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 Stand#£&S) establishes a statewide goal of
reducing the carbon intensity of California’s trpogation fuels by at least 10 percent by 2020.
Biofuel crops grown and processed in Californialddwelp meet this new standard. As noted in
the Transportation Chapter, it is important to steefuels development towards lowering the
GHG emissions of biofuels on a life-cycle basis.

» Timeframe: 2012 (25 percent implementation) to 2020 (10@¢at implementation).

* GHG Reduction Potentiall MMTCOZ2E per year (assuming up to 500,000 acoed
be available in the near term for starch, sugarainttops for producing biofuels;this
would result in an estimated 180 million gallonsetianol or 2.6 million barrels of oil in
biofuels equivalent.)

» Ease of Implementation:While the technologies are readily availabledonversion of
sugar and starch crops to ethanol and conversioiisafed crops into fuel with improved
energy efficiency and reduced emissions the dewedop of biofuel crop production in
California to supply these facilities will requiegtensive crop production research and
long-term market commitment by the facilities ahd tommunity. Much research on
issues associated with renewable fuel productiorewe and ongoing and dispersed
throughout the world. Funded by Federal, Statepivéite monies, access to this
research is of paramount importance for the agucail and regulatory communities to
make sound decisions regarding best-approachesdwang forward.
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» Co-benefits / Mitigation RequirementgJsing fall and winter cover crops could help
reduce the potential for dust emissions in sompping systems. There is also potential
for growing biofuel crops with saline water or aidtseffected land that is moving out of
conventional production in the San Joaquin or Inigh&falley.*® For example, several
winter cover crops being considered as biodiessl &ocks can extract selenium and salt
from the soil. New biofuels facilities would regaiipermitting and mitigation of any
local impacts.

* Responsible Parties:Cal/EPA and member boards, offices and depatsn@&bFA and
the agricultural community should work with thevatie and public research community
to coordinate and prioritize California biofuel prproduction research needs. To avoid
duplication, the U.S. Department of Agriculture @ should serve as clearinghouse
for biofuel crop production research. The CECRBAand CDFA should coordinate on
biofuel crop lifecycle assessment. Private biofiterhpanies, the fossil fuel industry,
agricultural producers, producer groups and looaegnments should work together on
fuel processing implementation and funding. Fonpiing of new biofuels facilities,
the SWRCB and regional water quality control boa@&RB and local air quality
management districts, and local land authorities.

Problem Several commodity crops in California suffer frommahishing markets and the
ability to shift to biofuel crops would help farnsewith new options in crop rotations.
Technology is readily available to more efficientlynvert sugar and starch crops to ethanol
while minimizing emissions. The development okttéchnology, however, requires market
certainty. At present, there is no establishedeStatding for biofuel field crop RD&D.
Unfortunately, other Federal and private grantsnatebeing directed to California biofuel field
production research.

To have a viable biodiesel 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 geatdtional oil needed to make processing
economically feasible. Priority must be giverdeyeloping a hexane extraction process that
can obtain state regulatory approval while meetiregagricultural industry’s oil crushing needs.

Possible Solutions:California government can send a strong marketsidnat there is a long-
term biofuels market in California by making it alipy and regulatory priority. This would spur
the long-term investment needed in conversionifees| California also needs to develop a
dedicated funding source for biofuel 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 biodiesel witits own borders in a sustainable manner.
Winter cover crops, which can be grown as biodiésssdl stocks, can sequester carbon because
they add biomass back into the soil. New enerfgient production techniques could deliver
greater CQ@benefits over production of ethanol in older ptaintother parts of the country by
taking advantage of California’s proximity to feedrket outlets for distiller’s grain (i.e. dairies
and livestock operations).
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A central biofuels informationlearinghouse that links information resourcessfase of access

and serves as a repository for information andstéml all stakeholders needs to be developed.
This resource should be housed at the USDA Bdisiiricultural Library or other appropriate
and accessible location and should be availabie@nlIThis collection would be of great use to
stakeholders around the nation -- and the wondhe are growing biofuel crops, researching
production issues, and planning for the futureeyfban use the latest research results to develop
up-to-date and relevant research projects. Ergptinat biofuels researchers and decision

makers have access to the latest research wilitéaeithe development of the U.S. biofuels
industry and make the best use of public and pilratestment in biofuels research.

As land use changes occur to accommodate poteotiakersion of crop and non-crop lands to
biofuel production a number of research areasne#ld to be addressed in California to avoid
unintended environmental or ecological impacts:

o Changes in water needs, availability, and wateltyuepacts;

o Competition for grains and oilseeds, and impactéood and feed availability and
prices;

o Lifecycle assessment and GHG emission accountinigiéduels production;

o Recommended sustainable residue removal tatesintain soil organic matter levels
for soil health;

o Assessments of co-benefits of biofuel productioichsas soil quality, reduced erosion
from marginal crop lands, and enhanced wildlifedfgs.

E. Soil Carbon Sequestration

Soil is a major reservoir for carbon and nitrogetthie terrestrial environmehtlt contains twice
as much carbon than terrestrial vegetation andtrimnesphereombined Though much work
has been done on Midwest crops such as soybear®andittle is known about the
sequestration potential of California’s 400 agtietdl commodities. California has abundant
acreage of permanent crops such as wine grapdsuinahd nut trees that could benefit from
further research to determine above and below grsequestration potential. The term
“conservation tillage” designates crop productigstems that maintain a minimum of 30
percent plant residue cover on soil after plantmlgich has significant potential to reduce GHG
emissions.

California’s rangelands managed open spaces andioattlands may also serve as an expansive
carbon sink via maintenance and enhancement ohbeodos materials and soil organic matter to
effectively sequester GHG emissions. Current mresesuggests that the implementation of
certain management practices to improve overdllogganic matter has a net benefit to the
sequestration of range and pasture laffd8ractices include improving grazing management,
using improved species, sowing legumes, fertilizangd irrigating as appropriate or feasible.
Unlike intensive agriculture, rangelands are uediland may provide greater long term soil
carbon sequestration benefits. Of California’s tfillion acres, 41 million are range and

pasture lands which represent a major statewidesrepy for GHG emissions. Preliminary
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research demonstrates that rangeland and workmigdapes have the potential nationwide to
sequester 17.5 to 90.5 MMT annudly.

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

GHG Reduction Potential3.1 MMT CQE (assuming California agricultural soils can
sequester or displace about 0.4 to 0.8 M;E@er acre over a 10-20 year period using
various technique¥’ if sequestration technologies were applied temlpland in
California, reductions could add up to about 6.1 MBIOE per year, not including the
unknown potential from rangeland and open spadéphthat figure is technically
feasible since these approaches may be difficuthpdement or quantify.)

Ease of Implementation Conservation tillage is currently used on ldsss 2 percent of
California's annual cropland. There will be littteno ability to make any operational
changes without financial support and incentivemancial credits for GHG emission
mitigation will greatly benefit a significant pasta of the farm population in California. A
simple, web-based interface, such as the NutrighiGreenhouse Gas Evaluation Tool or
NUGGET (see page 6-14) should be expanded to Gadornia commodities and made
readily available to growers and all interestedipaito allow the selection and
quantification of site-specific management strageghat are sustainable, reduce
environmental impacts and are potentially moreifable. However, ranchers and land
managers would require specific direction on whaabbhceous species effectively
sequester carbon and how to properly manage thvasg $ystems.

Co-benefits / Mitigation Requirementdroduction practices that minimize tillage are
gaining interest because they can provide manyec@fiis that improve soil and water
quality as well as reduce fertilizer, dust, watengumption and diesel fuel usage.
Conservation tillage requires less fuel use congpyeonventional tillage. Enhanced
rangeland sequestration may promote the developofid¢ad use strategies that conserve
open space and prevent urban sprawl.

Responsible Parties:CDFA and the agricultural community should warikh the private
and public research community to coordinate anaripide California soil carbon
sequestration research needs and coordinate witllAUNIRCS to develop incentive
programs. CDFA and the agricultural community std@oordinate with CEC and the
SWRCB on water and energy efficiencies of soil oarproduction practices. CDFA and
USDA/NRCS should work with the ranching communitglahose interested in funding
additional research to evaluate what perenniahaual grasses sequester carbon. They
should also investigate what management practitesnee overall soil organic matter in
order to develop voluntary management practicesddand managers on how to
implement management strategies in an effectiveneran

Problem: Converting to reduced-till production alternativeguires a number of significant
operational changes, and each of these requirepfeant 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 changesctidtl return the stored carbon to the
atmosphere.
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One primary hurdle for adoption is that conservatittage requires that crop residues be left on
the soil surface which would then interfere withréwv irrigation practices. Use of subsurface
drip can facilitate the adoption of conservatidlagie by overcoming the need for furrows as a
means to deliver water to crops. California haggated relatively little in RD&D to overcome
hurdles to adopting conservation tillage and ofaeorable practices for carbon sequestration.

Establishing and monitoring the amount of carbanest 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 Solutions:Quantifying soil carbon sequestration is only oag pf a larger accounting
puzzle that needs to address soil carbon and gascemissions of methane (gtnd nitrous
oxide (NO) holistically to be valid and effective. Wherespic soil carbon sequestration
recommendations are made based on the new restasanformation will need be used in
models and ultimately in web-based documentatiofstthat provide growers the mechanism to
obtain support and incentives to make potentiatatpmal changes through carbon credits. A
monitoring network integrated with modeling will becessary and aggregation of credits on a
commodity or regional basis is the likely way tfeatmers can participate in the carbon market.

Additional research is required to evaluate ramgkacarbon sequestration capability
specifically reflective of herbaceous species id around California rangelands. Further
research will aid land managers in the developragégtidelines and management practices to
preserve and enhance California’s rangelands ananee soil organic matter. Research should
also encompass the result of livestock grazingaoigeland to manage invasive species and
promote healthy and regenerative landscapes tiiahwie likely sequester carbon.

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

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

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

e The Secretary of Agriculture should actively sup@ominimum of $15 million in
funding annually for five years for research on Gei@issions and carbon
sequestration in agriculture through a nationaréBuch as the Consortium for
Agricultural Soils Mitigation of GHGs (CASMGS) ié 2007 Farm Bill and ensure
coordination among all participating CASMGS ingiitas and USDA agencies
nationwide.
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The GHG Reduction through Agricultural Carbon Erdeanent Network
(GRACENET) should be expanded beyond its currergi® to better represent the
geographic diversity and spatial variability of GH@issions across the U.S.
GRACENETrepresents a coordinated national effort by the A@@ricultural
Research Service to provide information on theustaf soil carbon and GHG
emissions related to current agricultural practidéslso 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
be comparing common management scenarios at ezatiole. The soils, crops and
condition will be location specific, but consistenéthods and detailed record keeping
will be used to facilitate cross-location companismd to ensure quality control.
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Recommendation: Additional State Soil Science RD&Rnd Web-based Tools

Further State sponsored RD&D is also needed todrdwer questions about how soil texturd,
crop rotation, residue type and amount, all infeesgield response and alternative tillage
choices, and, ultimately, corresponding reductiofSHG emissions. A dedicated and
significant research funding source on the ordehade to five million dollars to investigate
these practices in common California cropping pastés well-justified. More funding for UC
Cooperative Extension in this area is critical.

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

Yet another exciting field of research that coudtbhreduce GHG emissions is "precision
farming," a term that refers to carefully tailoriagil and crop management to fit the different
conditions found in each field using three techgae - remote sensing, in-field sensing,
geographic information systems (GIS) and globaltrsng systems (GPS). Using GIS recort
keeping systems, farmers can record all of thed faplerations such as planting, spraying,
cultivation and harvest (along with specific infaton such as type of equipment used, rateg,
weather information, time of day performed, et®Remotely sensed data can be analyzed and
added to the GIS using soil maps, digital terraid field operations information as ground trugh.
This can be used to guide further field operatideesspraying, fertilizing and irrigating plus it
would serve record-keeping purposes.

=

Current USDA research using dynamic, process moglélas created geospatial tools for
guantifying nutrient fluxes to air and water, chasgn carbon stocks and GHG emissions acnoss
a range of management practices in San JoaquiMarmed Counties. This initial research
project will have an emphasis on computer modehater and air emissions from dairies and
provide a decision-making tool for economical ub&dilizer and manure resources called th
Nutrient and Greenhouse Gas Evaluation Tool, or BEG. This tool will utilize GIS
capabilities to capture spatial and temporal valitgin agricultural, environmental, and
climatic conditions. The DeNitrification-DeComptish (DNDC) model is also being used fol
these studies. It will take $600,000 over a tworyeaiod to implement this effort on dairies
statewide.

[1%)

With its unique Mediterranean climate, Californ@nunates the nation with our 1.8 million
acres of tree crops valued at $6.7 billion. THeseagricultural 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. .
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F. Riparian Restoration and Farmscape Seguestration

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

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

« GHG Reduction Potential 2.9 MMTCGO,E (assuming 500,000 acres on the edges of
cropland and rangeland might be available for rget&tion or farmscaping with woody
shrubs and trees and that annual carbon storageéhsvimitial 20 years of vegetation
growth amounts to 5.8 MTGE per acre).

« Ease of Implementation:A current challenge is to facilitate the processestoration to
increase both biodiversity of native species amstbeated ecosystem services. A toolbox
of management practices, and an understandingtehfia site-specific interactions (e.qg.,
grazing pressure, soil type, microenvironment, pladt species composition), would
facilitate greater establishment of restored nagnasslands on marginal lands.
Agricultural policies that favor soil conservatiand potentially enhance carbon
sequestration and nutrient retention would likedyréquired to help facilitate these
conversions. Eventually this understanding co@@imployed to mitigate and adapt to
climate change. This will require better inforneation the impact of land use history on
soil biology and soil carbon sequestration in refato plant species composition. As this
type of information becomes available, it will als® possible to scale up to landscape-
level predictions of carbon sequestration by geastd across different soil types and
management regimes. Assessments of tradeoffsvied@h land use change from
grasslands to other different types of ecosystemddalso be possible.

« Co-benefits / Mitigation Requirements'hese efforts can benefit erosion control, water
quality and wildlife habitat.

« Responsible Parties CDFA and the agricultural/ranching communitpshl work with
the private and public research community to cowtd and restoration research in
California ecosystems and coordinate with USDA/NRE&8evelop incentive programs.

Problem: The cost of installing an acre of re-vegetatioald be prohibitive if done only for
carbon credit generation. Based on estimates dodyw hedgerow plantings,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 additiomt enough data is available on
multifunctional benefits of woody species in agliatal landscapes in California to quantify the
value of other benefits. There are also possitap sses from wildlife that intermittently feed
on crops and issues with Federal cost support tfeeg=nvironmental Quality Incentive Program
and other Federal conservation programs).

There is no current data on the relationship betveteub and tree dimensions e.g., height or
diameter, and carbon sequestered in above- and lgetauind wood for the species used in
California, although some research is underwaye réte of growth per year needs to be
researched for the riparian and hedgerow specasth frequently used in California, under
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different site conditions. The growth rates anddypbiomass depend greatly on site
characteristics, nutrient and water availabiliyssessing the amount of carbon stored in
common species can be achieved with simple fieldsmementé*

Possible Solutions:Conduct research to quantify the carbon storaga fhese practices and
develop protocols that give landowners the abibtgenerate carbon credits (see Chapter 7 for
more information). This research program shouddluitle an economic and technology
assessment portion that develops the most costigfeapproaches and looks at monetizing the
other benefits. Additional support is needed tording and then managing implementation and
ongoing monitoring systems. As with all forms aflwon sequestration, commaodity or industry
programs to aggregate credits may be a suitabl®agip for marketing these credits, which, in
turn, could provide fiscal support for developmant performance monitoring.

It may also be possible to grow revenue generatagycrops or perennial biofuel crops in these
buffer strips, making installations more econonticattractive, particularly in combination with
Federal programs such as the Conservation Resergealh, etc. It may even be possible to
layer grasses with tree crops in such a way aave multiple environmental and economic
benefits or to “buy” annually the incremental vabfea long term crop asset (i.e. high value
wood like walnut) which provides incentive for plengs that would not otherwise occur.

G. Fertilizer Use and Water Management Efficiency

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

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

« GHG Reduction Potentiall.8 MMTCG,E (assuming reducing these emissions on typical
California crops in the order of 0.4 MTGBper acre per year by reducing fertilizer input
by 25 percent? if this were to translate to all California agtizwal crops, this could be a
potential gross emissions reduction on the ord@&®MMTCO,E; start-up and
implementation issues reduce this gross potenyiaialf).

- Ease of Implementation:Measuring MO poses a double enigma. Not only are
measurements of annuaj®l emissions laborious and therefore expensiy®, fNixes are
often very erratic and highly dependent on fesifian and irrigation levels. Nitrous
oxide fluxes are also strongly influenced by enmim@ntal conditions such as climate, soil
type, and cropping systef?. This makes extrapolation of the little availab&ta
measured across different cropping systems anatdigzones highly suspect

« Co-benefits / Mitigation Requirementsmproving fertilizer efficiency and water
management appear to be promising ways to redp©@e Nhese approaches should be
further investigated to measure impacts on crofayar and water quality, and returns on
investment for participating farmers. By combiniiedd information, soil measurements,
event-related PO measurements, and simulation modeling, a relatteial GHG
emission budget could be calculated under curneshipassible future conventional and
alternative cropping system scenarios for Calif@rni
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« Responsible Parties:CDFA and the agricultural community should workiwthe private
and public research community to coordinate anoripiie California fertilizer
management research needs and coordinate with UNEDval Resource Conservation
Service to develop incentive programs. CDFA armdagricultural community should
coordinate with CEC and the SWRCB to determinemg@kwater and energy
efficiencies from any operational changes.

Problem: One of the key barriers to reducing fertilizagputs is the potential impact to crop
yield that would reduce farm income and diminish émissions 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 cultivatioragtices, and ways to reduce
inputs without impacting yield. Research on nosgdils generally shows an increase in nitrogen
-containing trace emissions upon conversion fronveational tillage practices. This increase
has been attributed to an increase in soil bullsifennder no-til?’ Researchers suggest that
mitigation of nitrogen containing trace gas emissimay take up to 20 years of continuous no-
till management.

While it is estimated that 2D accounts for up to 32 percent of all agricult@&G emissions
(CHaaccounts for 50 percent, and £f6r 19 percerff) there is great remaining uncertainty
surrounding the BO emissions inventory. There is therefore a neawt only quantify the
amount of NO emissions, but also the uncertainty around estsnaf agricultural BO
emissions at multiple spatial and temporal scales.

Possible SolutionsOptimizing nitrogen-fertilizer application ratesttvimproved technologies
and management practices could provide the dowdsieflt of cost savings and,® reduction.
There may be potential “insurance” products foripgyarmers who reduce nitrogen use against
yield decline that occurs as a result. Additionadlome types of conservation tillage practices,
like strip tillage, may not have the same increasdsilk density that are found in no-till
approaches. The ETAAC agricultural subgroup sugggsiwers look to the full suite of
conservation tillage technologies — as well asrotfenagement practices -- that have the
greatest combined economic and environmental kisnefi

This type of quantification requires accurate measents of MO fluxes and well validated and
calibrated biogeochemical simulation models thatestimate annual2® budgets for a range
of representative cropping systems. A databaseeft-related and background@Nemissions,
crop development and controlling factors (e.g. soilperature, soil moisture, and soil mineral
nitrogen) must be constructed in a range of reptasige Californian cropping systems, soils,
and climates. This database could then be useditrate and validate the biogeochemical
models. Costs estimates for constructing thiskbdesa and developing a biogeochemical model
validated with California crops and soils would tcos the order of two to three million dollars.
The models could then be used for scenario ané-édcnalysis of potential agricultural
practices to minimize annuahb® and other GHG emissions in California agricultufBlease
see also the composting options in Chapter 4.IV.N.)

6-18



ETAAC DRAFT FINAL — to be Considered for Adopti@i11/08

[ll. Priority Actions

ltem Relates To Who

1. Develop a salt loading and compliance process that Manure Mgmt SWRCB/
apply to anaerobic digestion CVRWB

2. Develop a simplified process to help assess and Manure SWRCB,
develop criteria to determine the potential need fo | Mgmt CWRWB
pond reconstruction; develop criteria for pond/dige
liners that is practical and clarifies regulatoxesight
and approval process

3. Develop a regulatory compliance mechanism for Renewable CARB,
dairies with herd size below air district permigtin Energy CPUC
thresholds to use distributed generation

4. Amend the Self-Generation Incentive Programto | Renewable Legislature,
continue allowing incentives for electricity produc | Energy CEC and CPUC
from biogas in anaerobic digesters and allow excess
electricity sales

5. Require electric utilities to purchase excess gistt Renewable CPUC
from biogas production at an attractive rate and Energy
implement competitive power purchase agreements tha
allow a generator to keep RECs or compensate &on th

6. Review existing agricultural tariffs to determine Renewable CPUC
whether rate structures discourage distributed Energy
generation and modify rates where appropriate

7. Eliminate demand charges from net metered biogas Renewable CPUC
operations who have only infrequent service Energy
interruptions due to routine maintenance

8. Allow the owner/generator (i.e. farmer) of an elieity | Renewable CPUC,
generating biogas distributed generation system to | Energy Legislature
retain the environmental attributes, including GHG
value and emission reduction credits and any atber
directly related to RPS compliance and specific
contractual arrangements pertaining to RECs

9. Conduct research to investigate type and levelafds| Renewable CPUC, Natural
(including co-production) impurities to determirie i | Energy Gas utilities and
bio-methane gas quality stds are needed bio-methane

producers

10. Develop a market price referent for biogas as sXat | Renewable CPUC

renewable electricity to help remove uncertainty in | Energy

developing and contracting digester systems
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11. Assess existing interconnection processes and tmsts Renewable CPUC
determine appropriateness for introduction of Energy
biomethane into natural gas transmission systems;
develop uniform standards for introducing biomethan
into natural gas distribution systems
12. Share biomethane interconnection costs with naturgl Renewable CPUC
gas utilities and develop monetary incentives if Energy
purification and injection is preferred use of kasg
13. Clarify jurisdiction regulatory authority over tiéogas | Renewable CPUC
production and utilization process Energy
14. Develop incentives for using biogas as vehicle fuel | Renewable Fuel | CARB
15. Require utilities to interconnect biogas electrical Renewable CPUC
generators under the Rule 21 process as opposed tp Energy
FERC with a fixed time frame and a process to kesol
delay
16.Determine net air and water quality benefits of oxan| Renewable CARB, local air
digesters Energy districts, State
and regional
water board
17.Develop a thermo-chemical conversion facility pilot | Biomass UC/CSU/
project that utilizes agricultural byproducts (risteaw, biomass
tree and cane prunings, etc.) industry
18. Revise regulations to differentiate between solédte | Biomass CPUC
facilities that Municipal Solid Waste from fuel and
electricity generation facilities that use dedidate
agricultural, forest, urban tree prunings and diser
feedstock
19. Clarify ownership of RECs and GHG credits in future Biomass CPUC
rulings and regulations
20. Coordinate and prioritize CA biofuel crop produatio | Biofuels Growers
research needs w/private/
public research
institutions,
CDFA, CalEPA
& member
boards
21.Develop a national clearinghouse for biofuel crop Biofuels USDA
production research
22. Coordinate bio-fuel crop lifecycle assessment Biofuels CEC, CARB,
CDFA
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23.Develop a hexane extraction process that meets the Biofuels Biofuel and
needs of the agricultural oil crushing industry atate fossil fuel
environmental regulations companies,
growers, local
air & water
districts
24.Establish state funding for biofuel field crop rass Biofuels State/federal
agencies,
Congress,
Legislature
25.Regulatory oversight coordination for new biofuel | Biofuels State and
facilities regional water
boards, CARB
and local air
districts, local
land authorities
26.Coordinate and prioritize research for soil carbon Soil C Growers, public
sequestration in CA crop production and ranching | Sequestration & private
environments, including riparian and farmscapes research
restoration and any associated water and energy Institutions,
efficiencies USDA, CDFA,
CEC, SWRCB
27.Develop soil carbon sequestration and fertilizemng | Soil C USDA/NRCS,
incentives Sequestration CDFA
28.Coordinate and prioritize CA fertilizer mgmt resgtar | Fertilizer Growers, public
needs and any associated water and energy effiegercEfficiency & private
researchers,
USDA, CDFA,
CEC, SWRCB
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! california Department of Food and Agricultu€alifornia Agriculture Resource Director{2006),
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uptake = 120 MMTCGE = 75 (cropland) + 45 (rangeland).
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19 Assumes 20 percent efficiency in conversion ofrisss to electrical power and 45 percent efficiéndiiermo-
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1 Phillips, S., Aden, A., Jechura, J., Dayton, Dg &ggeman, TThermochemical Ethanol via Indirect
Gasification and Mixed Alcohol Synthesis of Ligrlnesic BiomasNational Renewable Energy Laboratory
Report No. TP-510-41168, Golden, CO, April, 2007.

15 California Health and Safety Code Section 41865.

16 california Rice Commission (2007).
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7.FORESTRY SECTOR

|. Introduction

Forests cover 30 percent of California. Photosysithiy forests is one of the few
processes that remove and store a portion of Qai#s ongoing greenhouse gas (GHG)
emissions every day. Conversely, the loss of fergsnerates carbon emissions,
accelerating the threat of global climate change.

Scientists estimate that deforestation is respteio approximately 20 percent of
global carbon dioxide (C£pemissions linked to human activity, adding alntosi

billion tonnes of carbon per yehrMost of this loss has occurred in tropical fosebut
the United States and California are not immumethé U.S., 1 million acres of private
forest lands were lost to development annuallyheyt990<,and housing is expected to
increase by about 25 percent on private land net@wmal forests by 2030.In

California, nearly 3 million acres of private for@sd rangelands are conservatively
projected to be lost to conversion over the neut ftecade$. Forest loss has a dual
emission impact: the loss of forest photosynthéeis removes atmospheric carbon; and
the emissions of stored forest carbon going batké@tmosphere through combustion,
decay and soil disturbance.

Similar to other ecosystems, forests are vulnerbggobal climate change. As
temperature and precipitation patterns change, $orast types will be lost and others
will shift their location and diversity. Currertrasses to forest health in California
already compromise forest resilience. Earlierrgpanowmelt coupled with unnatural
stocking in some forests -- too many stems per-acrgom decades of fire exclusion
now make some forests more vulnerable to wildfiests and water stressOther

forests are under-stocked, the result of stand-edimg wildfires or management
practices that maintain carbon stocks below thatural potential. The effects of climate
change will not hit all forests equally, and mamaggiorests to improve resiliency
requires a better understanding of processes foralt types.

Forests offer many opportunities to increase casgtorage and avoid GHG emissions,
thereby offering climate change mitigation oppoities under AB 32. The most
important potential forest sector solutions to eiemchange include the following:

* Enhancing carbon storage in forests and in woodyuts;

» Avoiding carbon emissions from forestland conversio

* Reducing wildfire emissions that result from unmakdorest conditions, forest
diseases and pests;

» Utilizing waste forest biomass to generate eleityrior other fuels;

» Substituting low-emission wood products for othellding materials that
produce high GHG emissions (e.g. concrete, steel).
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The full extent of opportunities from forests tatigte climate change has not yet been
realized. Until recently, there has been littlenpelling reason to pursue forest projects
for climate purposes. Additionally, many forestragement projects have been stymied
by broad disagreements over forest land manageanenbw public trust that
environmental values will be protected. Many peojgpes that would produce climate
benefits have already been debated, at least inipahe context of other forest issues.
Thus these topics are not entirely new and subatdit¢rature is available for each.

The California Air Resources Board (CARB) can brsadue and a new perspective to

the forest debate. CARB can have a significargogfiot only in addressing the climate
change threat, but in finding co-benefits that addiong-standing management concerns
surrounding California’s forests. This chapter magly does not focus on specific issues
related to forest protocols since these already lasseparate stakeholder forum before
CARB. The chapter does, however, highlight keyaanghere CARB action would have
significant impact.
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II. The Policy Context

California’s forestlands provide a wealth of ecasysand economic benefits ranging
from tree-covered watersheds that supply muchestate’s water, to wildlife habitats,
recreation and open space lands, to sustainabld prealucts and employment. Total
sales value for California’s primary forest produatas about $2.3 billion in 2000, with
approximately 112,700 workers -- earning $4.5 daillannually -- employed in the
primary and secondary wood and paper products indis

The durability and health of California’s foreste ¢hreatened by numerous factors.
These include the push to convert forests to déref uses as homes expand into
wildlands, the increased occurrence of intense-fuiés relative to historic fire cycles,
the lack of appropriate forest management in sam&saand increased stress on forests
from global climate change itself. Conflictingligy arenas also confound progress on
some projects, such as the “chicken-and-egg” dilareurrounding the siting of biomass
plants in conjunction with fuel reduction projedessigned to restore forests to more
natural structures.

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

Global climate change brings a new dimension tddab& and offers opportunities for
positive rather than negative outcomes across @hipe in the forest sector.
Recognizing that CARB has limited regulatory auityasver forest management, CARB
can nevertheless offer a broad bridging role tdfdhest sector by helping to develop the
frameworks, metrics, structure and incentive-bgs®ities for the sector to participate
positively in climate solutions.
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lll. Key Policy Principles

The overarching theme to guide forest sector pdican be summed up as: “Enhance
gain, avoid los&’ In essence, this recognizes that forests alr@edfprm a critical role
countering climate change emissions, but — witlperaew policies -- can do even
better. Enhancing gains and avoiding loss will fedgile” both forest ecosystems as
well asgforest landowners. (To ‘resile’ is to maksilient, to spring away from an
impact?)

Ways to enhance gain include:

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

. Reforest areas that could naturally support meaestr

«  Utilize excess wood biomass from projects desigonedstore forests to more
natural conditions to generate electricity or sexgdeedstock for future
alternative fuels;

« Improve efficiencies in wood utilization (includir@rvest and mill efficiency,
recycling of wood products, and productive usewfent wood waste.)

Ways to avoid loss include:

«  Keep the existing forest land base as forest, rdtfae converting them to
development and associated GHG-emitting activitseserving forestland can
take the form of increasing both conservation fisras parks and natural
ecosystems or retaining the working-forest lancelzdsndustrial and non-
industrial private forestlands that are most vidinég to conversion and
development;

. Retain a multi-faceted forest industry with su#ict infrastructure (mills,
equipment, workforce) to beneficially utilize woathterials consistent with
AB 32 goals;

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

« Understand climate impacts on forests and work tdsvéostering greater
resilience.

Public comments have suggested various additiahed for forests. These comments
also raised a number of important policy conceptemtation afforestation to provide
fiber for wood products or fuel; increasing smaidle wood-heat applications such as
wood densification; reducing the consumption of dpooducts; natural re-seeding
rather than re-planting following wildfire; and catmns regarding the efficacy of forest
thinning as a GHG emissions reduction measureh Bathese issues regarding how
forests can be managed within the context of cknctange can be explored as
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knowledge and discussions mature. For each oétb@scerns or ideas, the net life cycle
carbon benefits will need to be evaluated alongp ertvironmental and economic
impacts. These policy issues need further devebopnibut are beyond the scope of this
ETAAC analysis.

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

Use CARB'’s stature to reinforce the concept that fiests play a necessary
role in solutions to global climate change CARB can bolster public
understanding of forest processes, the role ofocasiiorage in trees and wood
products, and forest health needs.

Acknowledge forests as both a sequestration and ession sector in its own
right. Gains and losses in GHG emissions from the foexgtbs should be
tracked and included in the State’s GHG emissi@enitory, in addition to
whatever other important role forests may playfésets in voluntary markets or
“cap and trade” systems.

Develop climate policies appropriate to each forestub-sector Look for early
gains in forest contributions to climate stabiliaatappropriate to each class of
ownership and forest use (e.g. public and privattetected and managed,;
industrial and non-industrial; and large and sroalhers). It is not necessary to
pit sectors and management objectives againstaheh or to promote one-
dimensional goals under the guise of a climate tteriEhis is similar to the
approach recommended for low-carbon fuels, wheeeip technologies are not
singled out as winners but rather are left to peegon their own meritS. If and
when market options develop for sequestering faradion, owners will respond
according to their own motivations. It is premattw pick winning forest sectors
now, but we can find gains and policies within eagh-sector to encourage early
actions to reduce GHG emissions.

Establish flexible and durable frameworks for fores landowners to work
within, and let them find their own way to participate.
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IV. Key Overriding Themes
The ETAAC forestry subgroup makes the followingorenendations to CARB:

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

2. Establish the role forests will have in carbuarkets: Legitimate “gold standard”
forest carbon credits compliant with the standafdfie California Climate Action
Registry (CCAR) are already in play in the volugtearbon market and the European
Kyoto-based market. If a State, regional or nai@ap and trade market is established,
decisions will be needed to address these isstrestheroffsets will be allowed for
flexibility; how muchof the cap obligation can be met with offsets; ahat kindsof
offsets will be permitted (i.e. will forests beghle?)

The forestry sector argues it should be eligibla &gyitimate offset candidate should a
carbon market develop in California. The ETAACdstry sector subgroup cautions,
however, in its response to the Market Advisory &ep that“...in order for (an offsets)
market to work properly, offsets must be real, addal, permanent, enforceable,
predictable and transparentdll of which describe the current standards ofGRAR

and CARB policy. As they develop, CARB and CCARyma#so0 evaluate other registry
systems to determine if they provide equivalemdadads. Recognizing the hesitancy of
the carbon market and many stakeholders towaragptng forest offsets, CARB must
uphold rigorous and credible accounting in orderféoest carbon credits to have
meaningful market value. While California marketiions are in process, the forest
sector will meanwhile continue to participate ie #oluntary and Kyoto-based markets,
receiving highest value from carbon credits thaeéintlee highest standards.

3. Consider protocols for additional forest acties: Current CCAR Protocols address
“Forest Management,” “Reforestation,” and “Avoidedforestation.” New CARB and
CCAR stakeholder workgroups are currently evalggiwhether additional protocols or
guidance are needed for addressing public lantanuiorestry, biomass, wildfire
avoidance and other activities.
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Recommendations on Forestry Sector RD&D Needs

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

- Improve methods for assessing sequestration aresems;

- Test more efficient remote assessment techniquesfbon inventory, e.g. lidar;
spectral analysis from new satellite and convemfianagery;

- Model advances in the forest sector to inform statéssion data;

- Examine how forests become carbon saturated; exafmiast carbon exchange
through eddy flux;

14
o

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

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

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

- Stronger and more versatile wood-based buildingras.

There is always room for new ideas in the forestame Look for efficiencies in harvest
methods, equipment, combustion techniques, wodidaiton, and manufacturing in the
near future. The State of California may wantdasider how best to test incentives
such as small changes in tax structure, electniaiiys, positions in the regulatory queue,
grant funding, and purchase preferences for thigcein stimulating climate- and
energy-efficient forest projects .
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A. Link Forest Fuels Management and Biomass Utilition

Public support of forest fuel management projeatsmrovide a three-way climate gain
by restoring forest ecosystems to more resilientdtmns, directing excess fuels to
biomass energy production to help meet the StataisCarbon Fuel Standards, and
reducing wildfire emissions from intense crown girdDecades of fire exclusion have left
many forest stands in unnatural conditions, angdibnprojects can be designed to
utilize excess forest materials in ways that bemefih the forest and the climate.
However, recognizing the strong public concernsuréigg potential over-exploitation of
forests for biomass fuels, CARB should considermada bolster confidence in the
ecological basis for fuels projects. A “Green Bigls Index” may assist in this effort.

Time Frame: Fuel management projects are now underway, bujlate

limited. Develop a public process for Green Biofukeldex by 2012.

GHG Reduction PotentialHighly variable; based on assumptions of acres
treated; wildfires avoided or reduced; and develepinof facilities to produce
electricity and biofuels. Estimate 3 million mettons of carbon dioxide
equivalents (MMTCGE) per year at 2020 (.09 avoided emissions; 1.9gp@nd
fuels) assuming $400/acre average treatment c®stiilion from existing
sources; and an increase to $5 million for Cali@fforest Improvement Program
(CFIP) support?

Ease of ImplementationSeveral key barriers to biomass utilization prompt
development of a Green Biofuels Index. A “chickerd-egg” dilemma
confounds success in linking fuel reduction prgeotbiomass facilities. Biomass
facilities cannot be sited, sized and financed sithrsome horizon of dependable
supply. Dependable supply cannot be provided witpablic trust that forests

will not be overexploited by fuel reduction projectA federally-supported
“Community Wildfire Protection Plan” process nowcearages public input for
community fuel breaks and defensible space, butestges by stakeholders
continue on larger forest projects and post-fiteegge. State support of a “green
labeling” process could help identify projects thaget environmental standards
and help firm up a supply of fuels to support bismacilities. Efforts to

combine urban, agricultural and forest waste steeaould help stabilize supply.
RD&D is also underway on alternate fuels from weabtes. Wood products
laboratories are currently exploring conversionvobd to alternate liquid and gas
fuels (e.g. in-woods pyrolysis to bio-oils or gas).

Co-Benefits / Mitigation Requiremenidultiple benefits can accrue to forest
ecosystems, reduced wildfire emissions and biopaereration from
appropriate projects designed to improve foressgstem health and resiliency,
especially in face of climate change. Forest coebninclude: improved water
quality, reduced erosion, reduced sedimentatistrem habitats and
downstream storage facilities; improved wildlifebitat diversity; improved air
quality through a reduction in criteria pollutaatsd smoke emissions; reduced
risk to life and property; and greater employmentural communities. Increased
biomass utilizatioralso helps meet State biopower and biofuel tangbile
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reducing reliance on fossil fuels and other impbggaergy sources. In response
to public concerns regarding potential over-explon of forests, CARB should
emphasize the need for rigorous California Envirental Quality Act (CEQA)
and National Environmental Policy Act (NEPA) reviefuel mitigation projects
that incorporates a robust public process. (Asi@sote, forest carbon from the
various aspects of fuel reduction, “wildfire avaida,” and electricity generation
from biomass, should be accounted separately, amddnizant of the
importance of full accounting of upstream and ddvassn storage pools.)

* Responsible Parties:Ongoing international efforts by environmental
stakeholders may provide a model “Green BioFueklialy’ program for CARB
to consider. The model could be adapted for Qalifoin cooperation with local
and state environmental groups, the US Forest &(USFS), and the California
Department of Forestry (CDF).

Problem: Decades of fire suppression have left many fatsids with unnatural excess
levels of stocking (too many stems per acre) anavtir of mid-successional fuel ladders.
Excess fuels intensify wildfire behavior, impaasetosystems, and risks to life and
property. Stress from drought, pests and gloledate change further exacerbate
wildfire risks and damage. Fuel reduction projestsexpensive and require extensive
public processes for design, review and final apglo

Possible SolutionsSupport for a Green BioFuels Index -- comparable green-

labeling program -- developed with key stakeholdernsicrease public trust in
appropriate projects and address the gridlock ofept design and approval. A Green
Biofuels Index® would rank projects and improve public confideircbiofuel
sustainability. Based on the “green labeling” aptcthe index develops a green biofuel
protocol; uses environmental labeling to distingupsoducts; allows the market to reflect
efficient labeling and claims; gives preferencedogen biofuels; offers incentives for
environmental performance; and establishes aggregaen biofuels performance
standards.

In some cases small price increases for biopoweitdvmobilize more wood waste out of
the forest, at least to a break-even point to sugpel reduction cost§. State support

for technology development and demonstration ofllsseale, mobile gasification (or
other) units would be beneficial. State suppartfiore efficient conversion technology
to feed distributed generation plants one to fiwgawatts (MW) in size located near
supply communities could also help the forestryaewontribute to AB 32 goals.

B. Reforestation and Forest Management for EnhanceCarbon Storage

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

«  Time Frame:Additional gains by 2012 and ongoing.
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GHG Reduction PotentialCDF estimates cumulative sequestration from
reforestation projects of 15 MMTGM®y 2020 (assuming 0.53 MMTG@ear

by 2010 from 117,000 acres of forest establishefbrest and rangelands; 1.98
MMTCO/yr by 2020 assuming 430,000 acres establishedrestfand
rangelands?)

Ease of ImplementationRkReforestation is not limited by current technololgyt
proposals will need to assess project success@ndachanging climatic
conditions. Reforestation is a function of avaliéafunding. CDF already
provides delivery programs and CEQA compliancetivé&aCalifornia Forest
Improvement Program (CFIP). The California StedekB system can deliver
reforestation programs on State park lands. Tlidibg of carbon stores in
established working forests is a landowner managedexision. A high value
carbon credit for additional stored carbon is enmgrgestablished through the
accounting standards of the CCAR California FoR¥stocols and stimulated by
the rapidly expanding voluntary carbon market. &egment of national and
international markets for forest carbon creditd fuifther incentivize forest
carbon storage projects.

Co-Benefits / Mitigation Requirement®ultiple ecosystem and economic co-
benefits result from reforestation and enhancebarastorage in established
forests. Active planting with native tree spe@esl management of forest stands
to store additional carbon can provide watershemtovement, wildlife habitat
diversity, erosion stabilization, and forest healBtonomic benefits include
short- and long-term job creation in rural regifmesn forest management. The
CEQA process is already in place for CFIP and taremagement mitigation
activities. CCAR Forest Protocols currently addré=sorest Management” and
“Reforestation” Projects.

Responsible PartiesCDF for technical support and program delivery;
CARB/CCAR for protocol adoption; State Resource Wgeand California
Environmental Protection Agency (Cal/EPA) in sugpotes; State Parks
Department for reforestation on state park lantsteS egislature for potential
tax and other incentives.

Problem: Millions of acres of native forests on privatelastate ownerships in
California are estimated to remain below naturatlshg capacity due to wildfire or
forest management that maintains forests below taegbon 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.

Industrial forestlands under conventional managemaentypically managed to store
lower carbon stocks in the forest than their ndfpogential, being instead managed to
move forest carbon to the wood product pool. Wpiatiucts are an important carbon
storage pool, with storage lasting from days tdwees, but carbon loss does occur
between the tree in-situ and the harvested woodugto
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Possible SolutionsGains from forest management in established wgrkorests to
increase carbon storage and sustain the long-tevdugtion of wood products are
substantial. Forested land is now estimated taestqr approximately 14 MMTCE
from the air annually. Total carbon stored in €@ahia forests is estimated to be 1.7
billion tons. To build upon this base of carbogsestration, the ETAAC forestry
subgroup offers the following recommendations:

o Augment support for reforestation on private aradestands via existing

CDF cost-share programs and new forest carbontoéflgenue (CDF
suggests a $5 million CFIP augmentation).

CCAR Forest Protocols establish accounting starsdardreporting
additional forest carbon from ‘Forest Management &reforestation’
projects. A forest carbon market would incentideredowners to
participate in carbon storage projects, producorgdt carbon as a new
“forest product,” opting to increase rotation amgee size and forest
complexity with accompanying ecosystem co-benefits.

Income tax credits or other incentives would aaedéereforestation/
sequestration efforts by landowners.

Apply existing State Water Bond funds to reforastabf upper
watersheds to help develop water-holding capadispils and vegetation
and to mitigate effects of diminished snow paclstate water supplies.

C. Urban Forests for Climate Benefits

Accelerated urban tree planting programs will daoblscapes, sequester carbon, and
provide biomass for renewable biopower.

Time Frame: Program delivery systems in place and expandab9bh2 and
ongoing. Not technology limited.

GHG Reduction Potential:The CDF goal is to plant 5 million trees by 20&0 t
deliver 4 MMTCQE by 2030. The estimated GHG emission reductioargl
is 0.88 MMTCQE/yr at 2020 (0.14 sequestration; .05 shade; .68&ss).

Ease of ImplementationPlanting technology and delivery programs are diyea
highly feasible. Urban wood waste is a relativaysistent supply of material.
CDF has broad existing authority to implement itbd&h Forestry program.
Program and CEQA processes are established anéhgndgdarriers include the
following:

0]
0]
0]

The need for additional funding for tree plantinggate and local levels;
Ongoing maintenance costs associated with plantesl s

How to best site biopower generation facilitiekiing urban forest waste
streams with agricultural, forest and other woodtesa to serve as
feedstock.

Ways to overcome these barriers:
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o Pursue funding to augment tree planting: grantsgdbpand increased
USFS, city and utility support (e.g. the Sacramavitmicipal Utility
District and other utilities now provide free skddees if planted to
effectively reduce summer energy use);

0 Support expanded tree-nursery programs at exi€tidig and private
nurseries to provide tree stock for planting;

o Biomass facility siting is a function of regulatagency action, location,
energy price and dependability of supply.

« Co-Benefits / Mitigation Requirement3here are multiple co-benefits, including
energy efficiency from shading; park, recreatiama®l, street tree and property
benefits from trees; and reduction of landfill displ of wood wastesA CEQA
process is already established for mitigation negments.

« Responsible Parties:Urban cities and districts; CDF; State Parksd&pent,
USFS; California Department of Transportation.

Problem: A renewed state focus on existing Urban Forgatograms can deliver gains
in carbon storage, energy efficiency and energgyeton, but is currently lacking. Tree
plantings in strategic locations will store carlamtrees grow, provide shade for
buildings and parked cars (reducing energy emissi@m air conditioning) and shade
roadways to help reduce the urban Heat IslandteflBiomass facilities combusting
urban waste will divert wood waste from landfillsdasupplement feed stocks from
agriculture, construction and other sources. Cafterding from CDF Urban Forestry
program, USFS and Propositions 12, 40 and 84 artdficient to meet the goal of five
million trees planted by 2010.

Possible SolutionsFurther emphasis on possible grant, bond aret stburces of
funding to increase planting programs and provide stock. As biomass/biopower
capacity develops, urban tree programs and wootkvsa®ams will receive more
focused attention.

D. Endorse “California Climate Solutions” Program

California should champion home-grown products actibns that contribute to climate
solutions. Provide in-state purchasing prefereaoelpriority in regulatory queues
whenever feasible. Give preference to offset prtedcertified by the CCAR in voluntary
or cap-and-trade market systems.

* Time Frame: Now and ongoing.

* GHG Reduction Potential: The aggregate of all contributions from climate
actions.

» Ease of ImplementationCal/EPA and CARB in conjunction with private s®c
Trade Associations can develop an umbrella “CalioClimate Label” for
products and actions that result from (or are éerivm compliance with) state
climate policies and programs.
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» Co-Benefits / Mitigation Requirement&ranting preferences for California
entities where feasible will help counter compegitdisadvantage of entities
operating within an “early actor” state relativenton-regulated states. It will also
promote public awareness of climate change, cliraligtions 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 cit@ solutions but compliance
presents potential costs and competitive disadgarttaentities that compete with
unregulated out-of-state businesses.

Possible SolutionsRequire state purchase preferences for entitiestmply with a
new “California Climate Label.” Provide priority egulatory queues where feasible.
Give preference to offset products certified by GTia voluntary carbon markets and
cap-and-trade systems.
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* California Dept. Forestry and Fire Departmefhe Changing California; Forest and Range 2003
AssessmenEire and Resource Assessment Program (20@QR)//frap.cdf.ca.gov/assessment2003/

® Westerling, A.L. et al, "Warming and Earlier Sgrimcrease Western U.S. Forest Wildfire Activity,”
ScienceyVolume 313, No. 5789, August 18, 2006, p. 940-943.

¢ Millar, C, Stephenson, N. and Stephens, S.L., “@@nChange and Forests of the Future: Managing in
the Face of UncertaintyEcological Applications17(8), (2007), p. 2145-2151.

"Morgan, T. et alCalifornia’s Forest Products Industry: A Descripghnalysis Gen. Tech. Rep. PNW-
GTR-615. Portland, OR (2004): U.S. Department ofi@gture, Forest Service, Pacific Northwest
Research Station, p. 55.

8 Thanks to the Pacific Forest Trust for capsulizimg concept.

° Thanks to Connie Millar, USFS Pacific Southwess&ech Station, for reviving a word we can use for
this concept.

9 Farrell, Alexander E., and Sperling, Danigll.ow-Carbon Fuel Standard for California, ParPalicy
Analysis - FINAL REPORT University of California-Berkeley and University California-Davis: Posted
on 8/2/07:http://www.energy.ca.gov/low_carbon_fuel standand/#

See also: Baker, David R., “Emission Plan from TEam: State Must Reduce Greenhouse Gases, Carbon
in its Fuels,”San Francisco ChronicleAugust 4, 2007 C-http://www.sfgate.com/cgi-
bin/article.cqgi?f=/c/a/2007/08/04/BUNSRCLHF1.DTL &mow+carbon+fuel&sn=001&sc=1000

" ETAAC Review of Market Advisory Committee Repdtf08.

12See CDF CAT Report, 8/07 for assumptions andutations for projects on private forest lands

13 Turner B., Plevin, R. O’'Hare, M. and Farrell, Sreating Markets for Green Biofuels: Measuring and
Improving Environmental Performancénstitute of Transportation Studies, UC Berkelegnsportation,
Sustainability Research Center, Paper UCB-ITS-T$RE2007-1 (2007.)

14 personal communication, Dr. Han-Sup Han, Asso@atéessor, Forest Operations and Engineering,
Humboldt State University, Arcata, CA.

15 See assumptions per CAT 9/19/06, CDF — vers. 1.2.
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8.WATER SECTOR
I. Introduction

Water is one of the few sectors of California’semmy where the same policies can serve both
preventative and adaptive global climate changésgdtaking more efficient use of water will
reduce our demands on water resources and shardnrgy consumption associated with water
conveyance, pumping, heating and treatment. Caldorvater policies can therefore help the
State adapt to the effects of climate change vdide minimizing GHG emissions.

California’s current water use makes significamtabutions to the State's current GHG
emission inventory. The 2005 CEC repGelifornia's Water-Energy Relationshgoncluded

that the water sector is the largest user of etadtenergy in the state, accounting for 19 percent
of all electricity consumed in California, 30 pemtef non-power plant-related natural gas use,
and 88 million gallons of diesel burned every y&drat same year, Governor Schwarzenegger's
Climate Action Team estimated that the energy tieedove and treat water in California results
in the release of approximately 44 million tonga&, emissions annually.

The “embedded energy” of water -- which includes ¢énergy consumption associated with
water conveyance, pumping, heating, and treatingries significantly by location and use.
Based on research performed by the CEC’s PIER amogthe following table reflects the
embedded energy (apart from end use consumptiqojreg for indoor and outdoor uses of
water in Northern and Southern Californi@ihe difference between indoor and outdoor water
use in this table is attributable to wastewateattrent.

Southern California

Northern Californid

Indoor water use
(kWh / AF)

4,340

1,800

Outdoor water use

3,700

1,170

(KWh / AF)

The CEC report further noted that energy appliedater end uses—typically, water pumping
and heating—accounts for more than 50 percenteoivtiter-related energy consumption.
According to NRDC'sEnergy Down the Draifireport, end use energy is conservatively
estimated at 3,900 kWh/acre-feet (AF), a figure tieees not include outdoor water use. Total
energy savings per AF (including end use energy)levbe as follows:

Southern California| Northern California

Indoor water use, including | 8,240 5,700
end use (kWh / AF)
Outdoor water use (kWh / AF) 3,700 1,170

There is some potential for a double counting af-ese energy savings between water
efficiency programs and the electric and naturalgdity energy efficiency programs (e.g., for
showerheads, faucet aerators, clothes washers,Havever, accounting for the full societal
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benefits of these measures including water andggrearvingsand reduced GHG emissions --
larger customer incentives or more effective progdelivery mechanisms are justified.

There is a growing imperative to accelerate waserefficiency in California. Likely impacts of
climate change on California’s water supplies,grexipitous collapse of the San Francisco Bay-
Delta ecosystem, mounting evidence documentindrégtle state of Delta levees, and the recent
federal court decision to limit freshwater expdrtsn the Delta, all strongly suggest that the
State must transform its policies in order to aghimajor water savings through efficiency.

Despite some laudable progress in water use eifigieCalifornia’s efficiency potential remains
largely untappedA report from the Department of Water Resources &) \&htitledCalifornia
Water Plan Updat€Bulletin 160-05) estimates that water use efficiency can reducarurb
water use by 1.1 to 2.3 million acre feet (MAF) gear, and agricultural water by 0.5 to 2.0
MAF per year by 2030. Accelerating investmentattain this level of water conservation
savings by 2015 would result in total of approxietyaB0 million tons of GHG emission
reductions through 2030. Incentive driven advarmtegater-saving technology over the next 25
years could potentially push savings well beyorasélevels.

The CEC’s May 200%Vater-Energy Relationship Repantludes an avoided-cost based
analysis in Appendix D of present water conservasind efficiency programs. This analysis
shows that effective water conservation and efficygprograms can provide an entire string of
benefits, including energy savings, reduced airssions, and lowered natural gas prices. When
a unit of water is saved, so too is the energyireduo convey, treat, delivery, and safely
dispose of that unit of water. Region, elevatiod anergy source all influence water energy
intensity. A recent studypy Environmental Entrepreneurs estimated thabuprhillion acre-

feet of water and up to 7 million tons of g&quivalent emissions could be cost-effectively
saved by 2020. This study examined existing stulyemultiple public and private entities to
derive its estimates within the following categerie

« Water metering and tiered pricingvlove to 100 percent metered water use and tier
pricing to create an incentive to reduce high camsion;

« Indoor water use:Utilize fixtures and appliances that require lesger;

« Outdoor water use:Rely upon more efficient landscape irrigation;

« Non-revenue waterEliminate water that is lost or consumed, butmetisured, and fix
water losses due to leakage, evaporation and stonagflows;

« Agriculture: Increased use of drip or other micro-irrigatienttnologies and more
efficient conveyance and delivery systems can diiaally cut consumption.

The categories of energy efficiency include:

« Solar pre-heating for hot water applications;
« Conversion of biogas to energy at wastewater faasti
«  Water processing plant optimization.

The categories for water recycling include:
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« On-site conversion of wastewater for irrigation anitets. (Wastewater recycling can
also save energy when it displaces a more enetggsive water supply.)

«  Capture of storm water to recharge groundwateo eotvert into irrigation or
consumption supply.

The solutions listed above represent many cost#feopportunities to reduce the GHG
emission impacts from water use in California. TC 2005 Integrated Energy Policy Report
noted that the State could achieve all of the gm/forecast for the 2006-08 utility energy
efficiency program portfolio at 58 percent of theieipated cost by investing in water efficiency
instead® New policies, such as efficiency and GHG emissjoidelines for the use of energy-
intense ocean water desalination facilities, cadhlieve additional savings at virtually no cost.

In January, 2008 the CPUC approved $6.4 milliorpitot water-energy projects and associated
studies. This is the first use of electric ratepdyading applied to water efficiency
improvement projects. Included in the new prograr$341,000 for emerging technologies, plus
another $100,000 for evaluation of these same @ntetgchnologied.lt is hoped this program
can verify the benefits of technologies that savth bvater and energy.

By identifying cost-effective opportunities to re@uwater sector energy use through water
conservation and efficiency programs, California akso reduce its vulnerability to the effects
of climate change. Governor Schwarzenegger’s 2@&tkal report on climate impacts in
California entitledOur Changing Climatg@rojected a 30—60 percent loss in Sierra snowpgck
the end of the century under its lower GHG emissicenario. Those severe snow pack losses
would be even greater at higher GHG emission saenhakdditional climate impacts on
California’s include the effects of sea level nisethe fragile Delta levee system, a key
component of the state’s water supply infrastrigtand an increase in evapo-transpiration due
to higher temperatures. By reducing our dependepoa our scarce water resources today,
California will be better prepared to withstandgéerojected changes in the future.

However, the State is not on target to achievelé@stified water savings potential. A 2004
analysis by the CALFED Bay-Delta program revealett tn the urban sector, the voluntary
process based on the Memorandum of UnderstandiggrBieg Urban Water Conservation in
California “is not working as intended and its impan urban water use remains well below its
full potential.” The analysis noted that the agricultural waterafeiency program received

only 10 percent of the Federal and State fundinmeeted in the CALFED Record of Decision,
and the program is expected to achieve only 3 peafehe identified ecosystem and water
supply reliability benefit§.In evaluating the water-energy nexus, the CECchiftat water
efficiency policies, programs, and funding lagbehind those of energy efficiency. As the state
faces the emission reduction mandate of AB 32 hagtospect of reduced water supplies due to
climate change, these policy shortcomings mustlgié® adequately addressed.
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Il. Recommendations

A. Establish a Loading Order for Water

The State Legislature, the State Water Resourcas@®@oard (SWRCB) and the CPUC can
adopt a “Loading Order” policy for water that wouddoritize cost effective efficiency and
recycling measures over traditional supply opti@&wsch a phased approach by water agencies
and the State is entirely consistent with a contaamy increased emphasis on integrated
regional water management.

» Timeframe: In place by 2012.

* GHG Reduction PotentialThe Climate Action Team estimates that eacha&olu of one
million acre-feet nets GHG emission reductions afillion MTCO2E. The ETAAC water
subgroup estimates a reduction of up to 5 millioredeet or 5 million MTCOZ2E.

« Ease of ImplementationModerate. Unlike the energy sector, where most@energy is
delivered by investor-owned utilities that are de¢ed by the State, most water in
California is sold by public agencies under a défe regulatory structure.

» Co-benefits/Mitigation Requirements
0 Reduced demand for water will improve water quahtyhe Bay Delta;

o Improved irrigation efficiency will reduce pollutiorunoff into bays, rivers, and
streams;

o Reduced water consumption will make it easier toaga natural water shortages
and the alterations of California’s hydrology calibg global climate change;

o0 Reduced energy usage will cut air emissions cautirig to unhealthy levels of ozone
and fine particulates;

o Disadvantaged communities can reap economic beniefitioritized for access to
water use efficiency projects.

Responsible PartiesSWRCB, DWR, CPUC, State Legislature, Dept. of Healt

Problem: California currently does not have a procedurefaritizing water efficiency and
other alternative sources of water over traditi@rargy-intensive water supplies.

Possible Solution Model water resource planning and supply develaqt after the successful
electricity resource Loading Order establishedd@2by California’s principal energy agencies,
most notably the CEC and CPUC. The Loading Oreguires the utilities to: (1) pursue all
cost-effective energy efficiency savings; (2) me& generation needs with renewable and
clean distributed generation resources; and (@hfiemaining supply gaps with clean and
efficient fossil-fueled generation. This Loadingd®r was re-adopted by the energy agencies in
2005 and endorsed by the Governor. The Legislanuddied energy efficiency as the top
priority electricity resource in 2005, requiringathall utilities “first acquire all available engrg
efficiency and demand reduction resources that@seeffective, reliable, and feasibfe.The
Loading Order builds on the 30 years of succeds $tiate energy efficiency programs. Those
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programs have been a major reason why Califorpe¥'scapita energy consumption is one half
the national average.

The Loading Order for the water sector would la&k this:

» First, decrease demand through improved waterefity as the preferred approach to
addressing water supply reliability;

» Second, meet additional supply needs with alteraaources, including water recycling,
groundwater clean-up, and conjunctive use programs;

* Third, use environmentally responsible traditiosigply options.

The Loading Order for water would first require ages to seek cost-effective water efficiency
measures over new sources of water. The rankieffiofency measures should take into
account the GHG emissions embedded in the watgeudsleasures that maximize the
reduction of both water and GHG emissions woulgteritized. If demand for water cannot be
met though efficiency, the next step would be t@naemand through alternative sources such
as water recycling (processing used water or stamoff) to produce water suitable for
irrigation, toilets, or in some cases, consumptiSoch alternatives can be compared both on the
cost of water delivery and also on the GHG emissgnluctions. Agencies that demonstrate that
they are on track towards maximizing their effidgmpotential could simultaneously pursue
these alternatives if necessary to meet demanuall¥;iif demand cannot be met through
efficiency or alternative sources, new suppliedade tapped.

While a Loading Order would make an important fat&p to establish a climate-friendly State
water policy, it by itself it is not enough. Th&at must take these steps to put these policy
goals into operation: establish a process forrdeteng the efficiency potential and
corresponding efficiency targets; standardize eatadn, measurement and verification of
savings; and adopt regulatory and incentive progremachieve those targets.

A Loading Order would also need to be harmonizat wxisting policies including (but not
limited to) the California Water Code (sec 1063thjch requires an evaluation of measures or
combinations of measures that offer lower incremertsts than expanded or additional water
supplies; AB 1420 (Laird), which requires considieraof demand management measures as a
condition for water management grants or loans;athdr existing policies that the ETAAC
water subgroup did not have time to identify.

The State currently has voluntary water efficiepoygrams, among them the California Urban
Conservation Council. The intention of this ETAA€ommendation is to develop enforceable
policies modeled on the State’s proven and effeginograms in the electricity and natural gas
sectors.

B. Establish a Public Goods Charge for Funding Watelmprovements

The State should establish a program that colkegisblic goods charge from water users for
investments in water efficiency as a cost-effectirater supply measure and a GHG emissions
reduction measure.
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» Timeframe: Programs in place by 2012.

* GHG Reduction PotentialThis financing would accelerate implementatiothaf water
“Loading Order.” (See estimates of the one-for-bme between water and energy
savings in recommendation A above.)

» Ease of ImplementationSimilar effort to that used by the public goattairge in the
electricity and natural gas sectors.

» Co-Benefits/Mitigation Requirements:

o Can benefit disadvantaged communities by fundieglloater efficiency
projects;

0 Reduced water demand will improve water qualityhie Bay Delta;

o0 Reduced water consumption will make it easier toaga seasonal natural water
shortages;

o0 Reduced energy usage limits unhealthy levels ohezmd fine particulates
pollution.

* Responsible PartieSWRCB, CPUC, State Legislature

Problem:There is a lack of systematic public funds to emage water efficiency and recycling
in a cost-effective manner.

Possible Solution A Public Goods Charge on consumption of water @aodilected on water
bills and then used to fund end-use water effigigmprovements, system-wide efficiency
projects, and water recycling. The charge can baeted after the program used for energy
efficiency and managed by the California Energy @ossiort’

A Public Goods Charge is financed by a small sugshan rate payers. Despite these upfront
costs for ratepayers, the existing CEC energy pradras demonstrated an ability to generate a
positive return, which ultimately lowers customegls. A study by the RAND Corporation on
California’s energy efficiency program showed guked in an increase in the State’s economy
of $875 to $1,300 per capita between 1977 and 29@0, percent decrease in air pollution
emissions from stationary sources, and a reducedygmurden on low-income househotds.

The use of the Public goods Charge would need tab®onized with other funding,
particularly the funds created by the recently pd€3roposition 84.

! Navigant Consulting, Refining Estimates of Watetd®ed Energy Use in California, prepared for tladif@rnia
Energy Commission, Public Interest Energy ReseBroigram (December, 2006) CEC 500-2006-118

2 http://www.nrdc.org/water/conservation/edrain/enis.asp

3 http://www.waterplan.water.ca.gov/previous/cwpu2dex.cfm
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* http://www.e2.org/ext/doc/E2C2WaterReductionsSumynpalf

® California Energy Commission, 200&egrated Energy Policy RepoEEC-100-2005-007CMF, (Sacramento,
CA. November 2005) p.150.

® http://docs.cpuc.ca.gov/PUBLISHED/FINAL_DECISION&26.htm#P108_3558

" CALFED Bay-Delta ProgramWater Use Efficiency Comprehensive Evaluat{Sacramento, CA: August, 2006)
p.3

% Ibid. p. 2

° Senate Bill 1037 (Kehoe, 2005).

19 For a general description of the program, see:/hitww.energy.ca.gov/reports/1999-12_400-99-026Lht

™ http://www.rand.org/pubs/monograph_reports/20051K2.0.pdf
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9. ETAAC Review of MARKET ADVISORY COMMITTEE REPORT
|. Introduction

CARB requested that ETAAC provide a consensus wieMWow 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
emission reduction goals. CARB directed ETAAC toyide comments on three specific
market design objectives highly relevant to theetff/e implementation of AB 32: (1) Early
Action; (2) Innovation; and (3) Clear Price Signals

CARB also requested ETAAC to comment on how auatem@nues under a cap and trade
system for GHG emissions should be utilized (ifded a decision is made to auction some or all
of the permit allocations.) This requested reviéasd not be considered a comprehensive
analysis of all of the risks and benefits of paiic market designs or how traditional regulations,
tax incentives, or other alternatives to a markstesn might affect early action, innovation, and
price signals. While these are all very imporigoalls, ETAAC acknowledges that there are
additional factors that policymakers should consigieen designing new markets for carbon and
other GHG emission reductions.

The rationale for focusing on Early Action, Innaeatand Clear Price Signals is summed up
below:

1. Early Action: It is imperative that California implement polisithat encourage early
action investments in climate change mitigatioopto the imposition of GHG emission
limits in 2012. CARB therefore requested that ETAé@nment on how various market
design features either encourage or discouragg aetibn.

2. Innovation: While efficiency improvements and existing teclogges can provide
substantial GHG emission reductions throughoutf@ailia, it is clear that the long term
goals will require significant technological innaies in renewable energy, cleaner
transportation options, as well as innovation imynather sectors of California’s
economy. With this in mind, CARB asked the ETAACctamment on how various
market design features either encourage or disgeutre development and deployment
of innovative technological solutions to climatexoge.

3. Clear Price Signals:Both the carbon market, as well as emerging maffiketCleantech
technologies and services, require clear and pensiprice signals to provide certainty
for investors. Absent this certainty, firms argsléikely to invest in the development of
new technologies or to install existing clean testbgies. CARB therefore asked
ETAAC to comment on how various market design fesgeither encourage or
discourage the establishment of these criticalceal price signals.

ETAAC commented on eight different market desigués that will impact whether California
meets the 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-destgihcap and trade system cannot address all
of the different market failures that may preveninopede the development and deployment of
new low-carbon technologies. Complementary measame regulations will also be necessary.

A. Scope of Carbon Cap

A broader cap is preferable to a narrow one inot@eneet all three policy goals in the most
cost effective manner. Therefore, the AB 32 cartamshould include as 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-temmestment opportunities, and can thus
encourage early action on a larger scale.

Innovation A broader scope should lead to more innovatioetouraging investments
in more sectors as each regulated entity seeksitae GHG emissions. Some ETAAC
members noted that trading would have an ambigeaffast on innovation: buyers of
credits may escape the pressure to innovate byasiretg GHG emission reduction
credits, while sellers may profit from innovatiaesulting in excess GHG emission
reductions. If the scope of the cap is not braddokcomes more important to have a
mechanism to encourage reductions in sectors autiselState cap. Ways of
accomplishing this are to either allow offsets imect funds from auction proceeds
through a mechanism such as the proposed Calif@awibon Trust (see Chapter 2,
section lIA).

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 diversitghafracteristics, needs, and risks among
capped entities. This approach would also booshtimeber of GHG emission reduction
opportunities available under the cap. By incregsine breadth of these opportunities
throughout California’s economy, the true cost ¢f&Gemission reductions will be
revealed over time. Furthermore, the higher nurobentities covered by a broad cap
should increase liquidity, thereby improving coeinte in market signals. Ultimately,
this stability and liquidity should attract morep@tal and consequently lower costs.
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B. Point of Electricity Regulation

Some members of ETAAC believe that if CARB chodsesursue 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 positionedrttfast-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 imeatf an entity such as the proposed California
Carbon Trust (see Chapter 2, Financial SectoriselitA) may be necessary under a first-seller
approach to aggregate the potentially diffuse esoa@ower of first-sellers of electrical power
into a funding stream that is robust enough fortés& of technology transformation. On the
other hand, some ETAAC members believe that inceatio innovate exist under the first seller
model because:

«  LSEs will have a AB 32 compliance responsibilityaafirst seller;
e  Costs will flow to LSE customers, creating an eguimincentive to innovate;

«  To the extent the first-seller model is consisteith what is likely to be implemented at
the Federal level of carbon governance, the expentaf a smoother transition to
uniform national standards and linkages with otharkets may help reduce investor
risk, increasing the willingness to invest in inaton.

C. Allowance Allocation Method

ETAAC considered the impacts of the free allocaiohGHG emission allowances based on

historical emissions (known as grandfathering) fitocations based on economic output, and
revenue-generating allowance auctions. ETAAC memagreed that grandfathering is bad for
all three criteria. There was general agreemexttdbme level of auctioning will be necessary.

Early Action: Allowance auctions, whether partial or full, prdgithe strongest

incentives for early action. Entities that redungssions early will not have to purchase
as many allowances at auction. Free allocatioteBys whether grandfathering or
output-based, do nothing to encourage early actierandfathering actually provides a
disincentive to innovation. As a result of grant&aing, firms that undertake early
emissions reductions receive smaller allowancesalions. In contrast, output-based free
allocations do not discourage early actions.

Innovation:Allowance auctions provide the strongest finaniciaéntives for innovation
within capped sectors. With auctioning, permitsallecated efficiently and all parties
have an incentive to innovate so as to reduceuhser of permits they must purchase.
Auctions are also an easy way to permit the erftigrovative new firms into the market.
The revenue from auctions can be used to encounageation. However, it was
mentioned by some ETAAC members that firms havéddnavailable capital. Money
expended for purchasing permits may reduce thdityato invest in new technology.

Some ETAAC members felt that a well-designed fileeation system with a stringent
cap could provide the needed incentives for innomaas all companies would still have
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to meet a hard cap and ultimately decrease the{s @nissions. This would also reduce
the need to purchase additional allowances. All BCAnembers agreed that if a free
allocation method is to be used, output-baseddlieeation methods are preferable to
grandfathering. Any free allocation method showdlesigned in such a way that the
setting of baseline emissions levels does not disge early reductions.

Clear Price SignalsSome amount of auctioning is necessary for estably a clear and
early price signal. Auctions expose the true mackearing price for all GHG emissions
under a cap, whereas free allocation systems cbmiggation prices for emission
reductions that are not traded.

D. Use of Auction Revenues

In legal terms, auction revenues are a “fee” bex#lusy meet the legal standard established by
the Sinclair Paint court decision. According tori@air Test” requirements, fees must be
reasonable and there must be a nexus betweenrihespof the fee and the use of its
corresponding revenues. In this case, the feebeilletermined by market forces and therefore
will be reasonably related to the value of GHG aioiss reductions. The fee is intended to
further the goals of AB 32 by reducing GHG emissionCalifornia. The revenues from the
auction should therefore be directed to accomphishvery same goal of GHG emission
reductions. In addition, it is important to puésie revenues to use quickly to avoid “fiscal drag.”
It does not serve the greater public interest tbivald these funds from the economy while State
regulators decide what to do with them for extengedods of time. So long as the fee starts
generating revenues (and corresponding potenttdigoenefits), it is at least indirectly
compensating consumers and companies for anyipgoeases associated with the
implementation of AB 32. .

The following four areas would be productive angrapriate uses of these auction revenues:

» Direct investment in and purchase of additional Géffdssions reductions to support the
development and deployment of low-carbon technegirough an investment program.
This could be accomplished in a number of waysauiclg, but not limited to the
following: create a direct investment program tisatutsourced to a private entity; work
with existing private nonprofit organizations tmaéke clean technology investments for
the public benefit; create a new investment velsplecifically charged with making and
managing direct investments in low carbon techne®with auction fees.

» Allocate funds to California universities, collegessearch facilities for RD&D dedicated
to technologies with potentially high GHG emissreduction value. Leverage and
provide coordination among existing college andrersity RD&D efforts to help
individual technologies with particularly high prga achieve commercialization quickly
(see Chapter 2, Financial Sector, Il. B).

» Create financial vehicles and/or programs thategkispecific 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, efficiey improvements in rental properties,
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vehicle demonstrations for clean transportationnetogies, etc. (See Finance Sector Il.
B)

* Take advantage of Environmental Justice co-benafisGHG emission reductions in
disadvantaged communities. Co-benefits from emissaduction projects, such as
improvements in regional air quality in disadvas@gommunities, are important state
objectives under AB 32 and should be considerechvelvaluating overall GHG emission
reduction strategies.

If auction revenues exceed the level where theybeagfficiently applied to abate carbon and
other GHG emissions, these revenues can be useduoe distorting taxation or payments to
ratepayers. This represents another potentiallprtapt policy option because it could improve
the economic efficiency of the overall Californiecoeaomy. Alternatively, these revenues could
be used to make the California economy more edeitabparticular by assisting communities
or industries that are disproportionately affedtgclimate change or by climate change
mitigation. Any such assistance should not elimgrthe incentive created by placing a price on
carbon, but instead should help with short-termditeons to a more competitive, low-carbon
economy.

E. Offsets

Offsets allow a capped entity to claim credit farigsions reductions achieved outside the cap
and trade system. Offsets can help contain costsaaget sectors outside of those subject to a
mandatory cap, while taking pressure off of thastties within the carbon cap’s jurisdiction.
The development of an offsets market may therdferbeneficial. Yet in order for this market to
work properly, offsets must be real, additionaknpanent, enforceable, predictable and
transparent. ETAAC agrees that a standards-bgg®dach to offsets is preferable to case-by-
case review since this approach reduces transamigis as well as increases predictability, both
of which encourage early action, innovation, arghcprice signals. ETAAC received
significant input on the subject of offset rul&pecific comments can be seen at the ETAAC
website (sea&vww.etaac.or@fter February 10, 2008). The focus here is eruse of offsets for
compliance with AB 32. There is also an importané offsets play in the voluntary market. If a
California Carbon Trust is established, it can d&sa buyer in the voluntary market, bringing
more capital to the table.

For a variety of reasons, policymakers may choogssace a quantity or a geographic limit on
offsets used for compliance with AB 32. Limits difsets would help encourage action and
innovation within a specific sector, which can Iseful if policymakers are trying to drive
progress within a particular segment of the econdrimgits on offsets could increase

compliance costs if the cap and trade system ibmatd, however, and may make more sense in
some sectors than in others (due to differencestential cost and prospects for technological
innovation.)

Early Action:ETAAC does not believe that offset rules have angad implications for
early action. Offsets themselves provide no ingestfor early action. To the extent
that other policies encourage early action, howesiEsets can increase the scope of
potential emission reduction projects in the egding.
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Innovation: There is a tradeoff between incentives to innoeai the cost of compliance.
The increased flexibility provided by unlimited séts would reduce AB 32 compliance
costs, but could also reduce the pressure to lagivceevithin a given sector and weaken
price signals for would-be innovators. Limits difsets are therefore useful for
encouraging new technological advances within $igezapped sectors.

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 secgmme ETAAC members noted that,
in sectors with particularly high mitigation costserly strict limits on offsets could
drive up compliance costs and thereby reduce tlwiahof capital available for
investment. Any limits on offsets should therefeaey sector by sector based on the
ability of each particular sector’s ability to inrade and reduce GHG emissions. A report
by McKinsey —-Reducing US Greenhouse Gas Emissions: How Mucthat @Gbst?
provides a detailed cost estimate of a variety df33eduction projects. While quantity
limits on offsets can be valuable for encouragictipa and creative thinking within a
sector, it should be pointed out that it is difftdo come up with a “scientific’ number to
justify any specific for the limit.

Out-of-state offsets will send money out of theifdahia economy, thereby limiting
innovation and investment within the state’s bosdgBgeographic limits on offsets could
therefore be helpful in promoting in-state innowatand reductions. Keeping these
activities in-state would also ensure that Califais 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 geogrammits! 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
prices. Limits on offsets based on geography temditigate this effect somewhat. Such
offset limits also help reveal the true cost of GEIBissions reductions within each
capped sector of the economy.

F. Banking

Banking allows entities who over-comply in earlyagbs 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 incredgisgarce as GHG emissions reduction targets
ratchet up), banking gives firms the ability to i@sle 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 (al agethe length of time for which allowances
can be “banked.”)
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Early Action:Banking encourages early action by allowing finnte undertake early
reductions to save allowances for later use. Sdegeee of banking is required if
policymakers want to encourage early action, asdithat are not allowed to bank credits
generated through early action have little incentiv make early reductions in GHG
emissions. The early action benefits of bankiniylva limited to the extent that banking
is limited.

Innovation:Banking is also necessary for innovation. Banketg tompanies take
advantage of lumpy investments in step-change @misseduction technologies and
measures. Some members argued that time and tydamiis on banking would limit

this innovation incentive. However, others noteat the buildup of a large bank in the
early years could decrease the pressure to innavédeer periods. Limits might
therefore be helpful to prevent the banks of off$eim growing too large to thwart near-
and long-term innovation.

Clear Price SignalsBanking is one way to address price fluctuatiors stabilize the
market. The ability to bank allowances effectivetgates a price floor because saved
allowances hold future value. It is safe to asstimeallowance owners will not sell
them at unusually low prices. Banking can als@ Ipeévent allowance price spikes by
decreasing relative demand for allowances wheregi@ce 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 béricsd to the extent that limits are
placed on banking. Other ETAAC members arguedlitméts on banking are necessary
to force allowance sales, thereby providing ligyi@ind price containment. Since
allowance prices are generally expected to increadee future, firms may not be
inclined to sell allowances that are increasingdtue 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 theoedhjcencourages over-compliance and early
action, borrowing can have the opposite effectiveilthg capped entities to delay compliance.

ETAAC believes that borrowing should be limitedvery 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 gklocompliance periods.

Early Action:Borrowing discourages early action by allowing aaghentities to delay
compliance. Unrestricted borrowing would providgti@mng disincentive for early action.
Limits on borrowing can reduce this effect to ardeg but even a restricted borrowing
ability is likely to reduce early action.
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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 pexoadd serve the same purpose,
however, and eliminate the need for borrowing.

Clear Price SignalsBorrowing can help smooth prices by providing flekiy 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 goodgmam design. A broad scope, offsets,
banking, and proper use of auction revenues, stalllelp keep compliance costs down to
reasonable levels for capped entities. Neverthelesmarket is ever perfectly designeddibr
situations. The emerging market for carbon andrd@t¢G emission allowances could benefit
from a fast-acting cost containment mechanismdabald address price volatility in a timely
fashion. Possibilities include a static “safetjved or perhaps a more dynamic “market maker”
that could actively manage the carbon market thrdbg buying and selling of credits.
Borrowing could also be used as a cost-containmmeachanism, conditioned on the price of
carbon. (See G above for a discussion of borrowing

A well-designed market maker would be preferabla tmid price-based safety valve for all
three criteria analyzed. The proposed CaliforraabGn Trust (see Chapter 2, Financial Sector,
section Il A) is one example of such a market makeis important to note that the rules for
intervention in the market would have to be cleddyined; more research is needed on how
active market management might impact costs amavation. ETAAC received considerable
public comments both in favor of -- and againghe idea of an active market maker.

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. Thisiplem could theoretically be
addressed by setting the safety valve trigger @i@high enough level to maintain the
threat of high prices and therefore incentivesefnly action. The same argument could
be made with regard to a dynamic market makerhtagatcost containment as one of its
goals. Nevertheless, such an entity could be asgded 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 GHG emission
reduction technologies. An active market maker laidne able to monitor trends in both
costs and investments in low-carbon technologi&syig for more well-informed
intervention.
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Clear Price SignalsA safety valve would create an upper bound fopthee of carbon
and other GHG emissions, but would not create cktable prices. A market maker that
could actively monitor trends and intervene as sg@®y would be better able to smooth
prices, providing consistent and clearer price aggfor investors. Again, ETAAC notes
that the guidelines for intervention by the manketker would have to be carefully
designed and clearly articulated.

! McKinsey,Reducing US Greenhouse Gas Emissions: How Mucthat @bs?, November,
2007 http://www.conference-board.org/publicatioesktibe.cfm?id=1384
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APPENDIX |: Brief Biographies of ETAAC Members

Alan Lloyd (Chair)

Dr. Lloyd is the President of the International @olilon Clean Transportation. He
served as the Secretary of the California EnviramtaieProtection 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 wagetExecutive 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. Llayevork focuses on the viable future
of advanced technology and renewable fuels, wtdnéion to urban air quality issues
and global climate change. A proponent of alterfizéés, electric drive and fuel cell
vehicles eventually leading to a hydrogen econdmyyvas the 2003 Chairman of the
California Fuel Cell Partnership and is a co-fournafehe California Stationary Fuel Cell
collaborative. He earned both his B.S. in Chemiatrgt 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 wiRh.®. from the University of
California at Berkeley. He is currently the Co-Rdar of Environmental Entrepreneurs,
Chairman of the Board at GetActive Software, Dioecf New Resource Bank, Director
of Cleantech Capital Group, Board Member of thedN&eOpera 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 builgieconomic prosperity. It serves as a
champion on the economic side of good environmeguakty by taking a reasoned,
economically sound approach to environmental isstiésough active support of
Natural Resources Defense Council, E2 works taanfte State and national
environmental policy.

Lisa Bicker

Ms. Bicker is President of the California Clean eyyeFund (CalCEF), a private
nonprofit corporation formed to accelerate investnie California’s clean energy
economy. Before joining CalCEF, she was a Co-Beuand 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 CéotorcEnvironmental and Economic
Balance, a non-profit advocacy group. She hag\afBom the University of California
at Davis and a J.D. from the University of San Ersep. She is a member of the
California State Bar and several industry assamiati
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Jack Broadbent

As the Executive Officer/Air Pollution Control Oeer, 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 joitnedAir District after serving as the
Director of the Air Division at the U.S. EnvironmahProtection 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 degreerimvironmental Science, both from
the University of California at Riverside.

Cynthia Cory

Ms. Cory is the Director of Environmental Affailspvernment 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 imctudir quality, biotechnology,
climate change, transportation and renewable brggrissues. 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 arsgrves on several advisory
committees including the Governor’s Environmentdivisory Task Force, the California
Energy Commission’s Climate Change Advisory Coneritand their Biodiesel Working
Group.

Alex Farrell

Dr. Farrell is an Assistant Professor in the Enenggt 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 submatiitee.tat, 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 Brsity of Pennsylvania and then
worked as a research fellow at Harvard, and a relse@mgineer at Carnegie Mellon
University, where he remains part of the ClimateiBien Making Center. For the last
decade, Dr. Farrell has conducted research onyaedyenvironmental policy and has
published over two dozen peer-reviewed papers esettopics. He has served on
advisory committees for the National Academy of iBegring, the National Science
Foundation, and has consulted for various publet@ivate organizations.

Bill Gerwing

Mr. Gerwing is the BP America General Manager ofiatory Affairs. He is
responsible for regulatory issues management pgpgesernment regulator and non-
government organization stakeholder engagemertegyraand leads advocacy efforts on
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emerging US climate change policy and regulatiMrs Gerwing has twenty five years

of knowledge and experience within the Health, §afnd Environment (HSE) fields,
gained through a number of diverse assignmentsthéltorporate and operating
business units within BP and Amoco. In 2003, he agminted 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 ChangeeBtgy Committee, and a variety
of external stakeholder forums to advance polioxettgoment on climate issues.

Scott Hauge

Mr. Hauge is the President and owner of CAL Inscea® Associates, Inc., which was
founded in 1927 and currently has 27 employees afgency specializes in providing
insurance for small to medium sized businesseshdsebeen a leading advocate in
paving the way for small and medium sized busirebgeantroducing government
legislation that has affected business on locakteSind 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 ciesions in San Francisco and
California. He is the founder of the San FranciSaaall 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 Calilebased technology companies. He
directed successful TechNet lobbying efforts relategreen technology, litigation
issues, e-commerce regulation, corporate taxaioth 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 acthaember of the California Bar
Association.

Patti Krebs

Patti Krebs is the Executive Director of the IndiadtEnvironmental Association, a

Southern California public policy trade organizatibat represents manufacturing,
technology and research and development companiasvde variety of legislative,
regulatory and policy issues that affect theirlfaes and operations.

Patti currently serves on the San Diego Associatfd@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
organization and founding of the San Diego Regi&tainability 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 Symphdslye has served on numerous
Statewide technical boards and commissions inctuttia State Water Resources Control
Board Advisory Group on TMDLs and the Air ResourBesrd Neighborhood
Assessment Group.
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Patti has a bachelor's degree in Communicatioms 8an Diego State University.

Jason Mark

Jason Mark is the U.S. Transportation Program &ffat the Energy Foundation, a
private foundation which promotes a sustainablegnfiture 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 Doedte 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 CdatedEnergy and Environmental
Studies at Princeton University. He holds a baatetiegree in mechanical engineering
from Princeton University and a master's in enengy resources from the University of
California at Berkeley.

Joan Ogden

Dr. Ogden is Associate Professor of Environment&ge and Policy at the University
of California, Davis and an Associate Energy PoAcalyst and Co-Director of the
Hydrogen Pathway Program at the Institute of Transgtion Studies (ITS-Davis). Her
primary research interest is technical and econassessment of new energy
technologies, especially in the areas of altereditiels, fuel cells, renewable energy and
energy conservation. Since 1994 she has studechalive strategies for developing a
hydrogen infrastructure for transportation applmas. Ogden and her colleagues have
developed an extensive set of data on hydrogeffiehdell technologies, and tools for
modeling infrastructure performance and costs. iShew active in the H2A, a group of
hydrogen analysts convened by the Department ofgigrte develop a consistent
framework for analyzing hydrogen systems. She skovethe Blueprint Advisory Panel
for the California Hydrogen Highway Network. Dr. @en received a Ph.D. in theoretical
plasma physics from the University of Maryland,wét specialization in numerical
simulation techniques. She was a research sciatt&inceton University’s Center for
Energy and Environmental Studies and her recenk a@mters on the use of hydrogen as
an energy carrier, particularly hydrogen infrastuue strategies, and applications of fuel
cell technology in transportation and stationarweoproduction.

Amisha Patel

Ms. Patel joined the California Chamber in Junef289 a legislative assistant in the air
and waste, health care, housing and land use,darchion policy arenas. She was
promoted to a policy analyst position at the st82006, tracking and lobbying on
energy, government procurement, outsourcing angdamental issues, as well as air
and waste management. She was named policy aévocanergy and climate change
issues in October 2006. Before coming to CalChan¥s. Patel garnered Series 7 and
63 broker’s licenses while working at E*Trade Fioah She also served as a public
policy intern at the Sacramento Metropolitan ChandféCommerce. Ms. Patel
graduated from the University of California, Dawigh a B.A. in political science/public
service and a double minor in economics and comeations.
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Dorothy Rothrock

Ms. Rothrock is Vice President of Government Rel&tifor the California
Manufacturers and Technology Association since 280€viously, she consulted on
energy and telecommunications regulatory issueméustrial energy users, policy
advocates, and economic research firms. Ms Rothgmaduated from University of
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 Inelegient Energy Producers
Association (IEP) and has represented IEP sincé.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 GoverroagdBof the California Power
Exchange and the Restructuring Trusts Advisory Catam Mr. Smutny-Jones is a
graduate of Loyola Law School and is a member @fAmerican, California State and
Sacramento County Bar Associations. He did hiewgrdduate work at California State
University, Long Beach, and has a certificate iniEonmental Management from the
University of Southern California.

Andrea Tuttle

Andrea Tuttle has 30 years experience in Califoresaurce policy issues. She is former
Director of the California Department of Forestnda=ire Protection (CDF), and served
on the California Coastal Commission and the N@dlast Regional Water Quality
Control Board. She was principal consultant toSk&ct Committee on Forest
Resources in the California Senate, and has ceadkait sustainable forest management
in Malaysia. She currently teaches forest anddalcy in the College of Natural
Resources at UC Berkeley and is a board membeh@PEcific Forest Trust. She is a
strong advocate for retaining working forestlanaistheir environmental, economic and
social values, and incorporating the role of faesta 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 dawvelot, 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 ResoureelDpment. Mr. Wan has a Bachelor
of Science degree in chemical engineering from @bia 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 BerksHiathaway. He also serves as
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Chairman of the Board of Directors of the CenterHoergy Efficiency and Renewable
Technologies and President of the Geothermal Ensggciation. He is an Adjunct
Professor of Law at Georgetown University Law Centdere he has taught a seminar
on energy issues since 1990, and he has alsolgaesed on energy issues at Stanford
Law School and the Johns Hopkins Environmentalr®ei@nd Policy Program. Mr.
Weisgall earned his B.A. from Columbia College &ilJ.D. from Stanford Law School,
where he served on the Board of Editors of Stanifansd Review.

John Weyant

Dr. Weyant is Professor of Management Science angihEering, a Senior Fellow in the
Institute for International Studies, and Directbtlee Energy Modeling Forum (EMF) at
Stanford University. Established in 1976, the EMRaucts model comparison studies
on major energy/environmental policy issues by emnvg international working groups
of leading experts on mathematical modeling anccpalevelopment. Prof. Weyant
earned a B.S./M.S. in Aeronautical Engineering Astlonautics, M.S. degrees in
Engineering Management and in Operations Reseactistatistics all from Rensselaer
Polytechnic Institute, and a Ph.D. in Managemeigr®e with minors in Economics,
Operations Research, and Organization Theory fromdysity of California at Berkeley.
Dr. Weyant was also a National Science Foundatast-Boctoral Fellow at Harvard’s
Kennedy School of Government. His current resefimchses on analysis of global
climate change policy options, energy technologeasment, 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 developmengdarction and supply, as well as all
current technology initiatives. Mr. Zalesky joingee company in 1978 holding a variety
of management positions of increasing respongihilithe downstream in refining,
marketing, and technology. He is Chevron’s repredve on the Fuel Operations Group
of the FreedomCAR and Fuel Program of the DepartmwieEnergy and a member of the
UC Davis External Research Advisory Board. Mr.e&&ly is a graduate of the Georgia
Institute of Technology, with a bachelor’s degre€ivil Engineering.
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APPENDIX |I: 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

Provided Federal, local,

Management District

and other State agencies

Headquarters, Diamond

the opportunity fo presen

Bar

to the Commitiee.

August 14, 200/

Cal-EPA Headquarters

Sacramento

Discussed the informatior
gathered to date and how
it will be incorporated intg
the Committee’s report to
the ARB

Il

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.

IS

November 29, 2007

4

Campus of University o
California at Merced,

Merced

f Reviewed the draft final
report. Received public
comments.

December 13, 2007

4

Cal-EPA Headquarters

Sacramento

,Reviewed the draft final
report. Received public
comments.

January 25, 2008

Cal-EPA Headquarters

Sacramento

,Reviewed the draft final
report. Received public
comments.

February 11, 2008

Cal-EPA Headquarters

Sacramento

, Reviewed the draft final
report. Received public
comments. Considered

report for adoption.
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APPENDIX Il
Inventory of Current Funding Programs Related to Cimate Change

The programs listed here fund activities to depmhnologies that can reduce GHG
emissions. Some of the programs are directed spabifagainst 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@its based on an open bidding
process or other competitive disbursement instrasneBome 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 thbk 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 ofteemwologies by sharing the cost
and the risk with companies when risks are too foglhe private sector to bear alone.
Research priorities for the ATP are set by industgr-profit companies conceive,
propose, co-fund, and execute ATP projects andranogin partnerships with academia,
independent research organizations and Federal labs

The ATP has strict cost-sharing rules. Joint Vez{two or more companies working
together) must pay at least half of the projectsokarge, Fortune-500 companies
participating as a single firm must pay at leaspéfrent of total project costs. Small and
medium-sized companies working on single firm ATBjgcts 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 benated 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 amye 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 estimatade 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 sunagfygrantees for six years after projects
end. Many of ATP’s analyses are comparisons oabie/e metrics between companies
that have received awards and applicants that matveeceived awards. (That is: they
gather data from both classes.)

In a study of 100 ATP projedsl22 new commercial products were identified am@g
grantees. In case studies of the first 120 ATRepts, 41 percent showed "strong" or
"outstanding” performance vs. ATP objectives. é&6cpnt 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 wagaltitol6 percent of the projects/3
of the awardees reported increased external furdliego 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 efficie&cstorage)
Activities supported:Venture capital

Geographic limits: PG&E service territory

Funding $30 million (total)
Grant amountiN/A

Grants as percent of application®/A

Overview

CalCEF is a non-profit organization that makes gguavestments in emerging clean-
energy technology companies. Funds are investpduate companies that are creating
technologies or products that should reduce reiamcnon-renewable fuels. These
include companies that focus on renewable energieibenergy efficiency, and energy
storage. They also include companies that providdyzts and services, such as
software, that are designed to enhance some asfipbet clean-energy sector. CalCEF
acts as a critical funding source for emergingrcleaergy 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 canpes 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 applicationsFirst come, first serve

Overview

CPUC's California Solar Initiative, provides sulisglfor installing or using photovoltaic
power systems in existing residential homes anstiegi and new commercial, industrial,
and agricultural properties. All utility customerfio do not receive subsidies for
distributed generation, do not pay at interruptiidever 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 tdwze goal. For systems larger than 100
kW in size, payments will be made based on perfaoeai.e. per kilowatt-hour
generated.
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Program: California Solar Initiative R&D
(www.cpuc.ca.gov/static/energy/solar/070216_csi_latdptm)

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 deplepm
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 photibaiz distributed generation. The

intended outcomes are to:

Move the market from the current retail solar poé&9/watt or about 30
cents/kWh to levels that are comparable to theectimetail price of electricity.

Install increasing volumes of solar distributed gg@tion projects that build from
the current range of 40+MW per year to 350 MW oreneer year.

Theproposedallotments of the funds are:
Research — 20 percent (to be committed to a pé&tipuoject)
Research & Development -- 10 tol5 percent

Demonstration -- 50 to 60 percent (to be directeprbjects that have already been

accepted for DOE or PIER R&D grants.)

Deployment -- 10 tol5 percent (to be directed thelogies 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); Agltiare
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 (anayenof $12,000 per
unit); Marine vessels, construction equipment (880,per unit)

Grants as percent of application®/A

Overview

The Carl Moyer Program provides subsidizes thesimental cost of cleaner-than-
required engines and equipment. (“Cleaner” iefenence to emissions of ozone
precursors and PM. GHG emissions are not addressedever, to the extent that fuel
economy is improved by replacing or retrofitting @ngines, the program indirectly
provides reduced Cmissions.) Eligible projects include cleanerieeg for on-road
and off-road vehicles, marine vessels, locomotiaes, stationary agricultural pumps, as
well as for forklifts, airport ground support eqoipnt, 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 regeyacompliance. Grants are based in
part upon the emission reductions to be achievedrding to prescribed procedures of
calculation. Those reductions must cost less ginascribed amounts, per ton of
reduction.

Calculations and statistics for cost per ton hastebeen kept for reductions of GHG
emissions that have been incidental to reduceeri@iand toxic emissions.
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Program: Driveclean.CA.gov(www.driveclean.ca.gov/en/gv/driveclean/demoprsp.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 an@ €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 &G vehicles; fueling infrastructure;
and vehicle parking. Funding is available from Fatjegegional 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, transgion.
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.jtm

Sponsor: CARB

Funding source:Research Division of CARB

Sectors supportedNew technologies, including those that reduce G@issions
Activities supported:Demonstrations

Geographic limits: Supported technologies must be usefiCaiifornia

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 adeisuch technologies toward
commercial application in California, thereby remhgcemissions and helping the State’s
economy. ICAT seeks technologies that are nomarketed 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 ighabt intrinsic to performing a
particular demonstration, or marketing activities.

Measures of Effectiveness

The following table compares statistics from ICATddour grant programs by various
State and Federal agencies. The statistics caieled 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

Amusl sampiel SIS Tmeto peneit ATV S0 e
(MM$/yr) Rate $ Granted funds  projects
SBIR 100's 25% * ~4 yrs
ATP 145 100's 8:1 33% 16%
PIER 62 34 1.3t03.4:1
CalTIP ~5 75 31% 2 yrs 3 lyr >38% 31%**
ICAT ~0.9 15 53% 1.7 yrs 1 /yr ™ 37% 50%

* >$300,000 revenue
# Defn of "Time 0" varies.
A Defn of "benefit" varies.

** derived by staff from data in CalTIP report

M $1.2 million revenue in 2004 among 6 grantees who
received $1.1 million in grants
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Program: New Solar Homes Partnership
(www.gosolarcalifornia.ca.gov/nshp/index.hyml

Sponsor: CEC

Funding source:CEC

Sectors supportedElectricity
Activities supported:Incentives for installation of solar photovolio new homes

Geographic limits: Service areas of PG&E, SDG&E, SCE and Bear Vallegttc

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 famibw-income, and multi-family
housing markets. Eligible projects include singled multi-family developments where
at least 20 percent of the project units are reskfor extremely low, very low, lower, or
moderate income households for a period of at Wasears. Strict standards for energy
efficiency will be applied. Depending on the totestalled photovoltaic capacity in the
State, the proposed subsidy will be $0.25 to $pdiOwatt.

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. Itis too early to report measurable progress toward the goal.
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Program: Public Interest Energy Research Program
(www.energy.ca.gov/pier/index.htiml

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$d/A

Overview

PIER supports energy RD&D projects that will breygvironmentally safe, affordable
and reliable energy services and products to tivket@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 Eféacy
Natural Gas Research
Renewable Energy Technologies
Transportation Research

Technologies supported by PIER address the follgwials:
Reduce the cost (and increase the value) of atagtri
Increase the reliability of the electric system
Reduce the environmental impacts of electricityegation, distribution and use
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Enhance California's economy
Demonstrate a connection to the market

Advance science and technology not provided by etitive 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@6H 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 portfolioved| 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, PIERe 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 supported:ncentives

Geographic limits: California

Funding $200 million
Grant amount:No experience yet

Grants as percent of applicationsiNo experience yet

Overview

Proposition 1B, the “Transportation and Air Quaitgnd, approved in November, 2006
provides $200 million for replacing and retrofigischool buses. These funds are not
available until appropriated by the California L€gture, which is expected to occur
after the Legislature reconvenes the 2007-2008 Reession in January, 2008.

The terms for making grants under the new prograirbes 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 alleddte new bus purchase funds to replace
pre-1977 model year school buses, in order of dloles first.

Measures of Effectiveness

No experience yet. However, one useful measulewithe estimated GHG emissions
avoided by early retirement of old buses with nfaed-efficient (and, possibly,
alternative-fueled) buses.
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Program: Small Business Innovation Research (SBIR) & Small i&iness
Technology Transfer (STTR) (www.science.doe.gov/sbir

Sponsor: Eleven large Federal agencies (DOE is highlightddw); 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 budgetS)RY0.3 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 whggheral agencies with large
R&D budgets set aside a small fraction of theialtéinding for solicitations earmarked
for small businesses. The major difference betwbermprograms is that STTR projects
must involve substantial (at least 30 percent) ecafpve research collaboration between
the small business and a non-profit research utigtit. Small businesses that win awards
in these programs keep the rights to any technalieggloped and are encouraged to
commercialize the technology.

The Federal agencies participating in SBIR and S$&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 andhillidn, 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&lse (buildings, vehicles, and
industry), Fundamental Energy Sciences (matetifds.environmental, computational,
nuclear and high energy physics), Environmental &g@ment, and Nuclear
Nonproliferation. Grant applications submitteddoyall businesses MUST respond to a
specific topic and subtopic during each annual cgicitation.

SBIR and STTR have three distinct phases. Phasgldres the feasibility of innovative
concepts with awards up to $100,000 for about 9th®onOnly Phase | award winners
may compete for Phase I, the principal R&D effarith awards up to $750,000 over a
two-year period. There is also a Phase I, incion-Federal capital is used by the
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small business to pursue commercial applicatioth@R&D. Also under Phase llI,
Federal agencies may award non-SBIR/STTR-funddidweon grants or contracts for
products or processes that meet the mission néedese agencies (or for further R&D.)

Measures of Effectiveness

SBIR measures "success" in terms of the fractioiPbase 2” products that provide a
minimum of $300,000 in revenue. The recent prageccess rate is reported to be 25
percent. It often takes four years or so aftese¢hgrants that revenues begin
accumulating.

SBIR also mentions an "environmental metric" thatild count "pollutant reductions™
and/or cost savings, but that apparently is noirgatpractice. No general protocol for
producing such a metric is presented in the matidwad CARB staff received.
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Program: Global Climate and Energy Project (GCEP)

Sponsor: Stanford University

Funding source:ExxonMobil, General Electric, Schlumberger, and Gtay

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 $##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 lomissions, high-efficiency
energy technologies.

- Identify barriers to the large-scale applicatiorttedse new technologies.

- Conduct fundamental research into technologieswiibhelp to overcome
these barriers and provide the basis for largeesagplications.

. Share research results with a wide audience.

GCEP sponsors research at Stanford and other tpadiwersities 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 (C4ADR)

Funding source:Vehicle registration fees, regulatory violatieiteements, 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 thelol@ment, demonstration and
commercialization of cleaner technologies and cleaming fuels. It uses cooperative
partnerships with private industry, academic amsgaech institutions, technology
developers, and government agencies to cospongiecis intended to demonstrate the
successful use of clean fuels and technologieddinar or eliminate emissions. The
supported technologies are chosen to provide emniseductions in the SCAQMD in the
context of the district’'s emission-reduction stopds.

Typically, SCAQMD public-private partnerships effiwely leverage public funds,
attracting an average of $3 from outside privateaes for every public sector dollar
contributed.

Measures of Effectiveness

As of 2004, twelve technologies supported by tlearitechnologies program had
become commercialized.
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Program: Alternative and Renewable Fuel and Vehicle Technolyy Program (AB
118)

http://info.sen.ca.qgov/pub/07-08/billlasm/ab_01dBb®ab 118 bill 20071014 chaptered.html

Sponsor: California Energy Commission

Funding source:Vehicle registration fees

Eligible business and technology area&See “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, lazarantees, revolving loans, or other
appropriate measures to develop and deploy innevaiel/vehicle technologies to
reduce exhaust emissions of g@m future vehicles. Recipients of the awards lcan
public agencies, businesses and projects, pulilieterpartnerships, vehicle and
technology consortia, workforce training partnepshnd “collaboratives”, fleet owners,
consumers, recreational boaters, and academitutinatis. The funding will depend on
future legislative appropriations.
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Appendix IV: Background Status Report on Energy Tebinologies
This Appendix contains information on a number rérgy technologies and other
energy-related subjects including: energy efficiemenewable energy; enabling
technologies; and low carbon generation technosogie

A. Summary of Existing Energy Efficiency Standards andPrograms

California has taken a leading role in setting dgads for buildings (Title 24) and
appliances. California has also adopted invertedkelectricity rates (also known as
tiered rates) for residential customers. This meéaasost per kWh increases as
electricity consumption increases, thereby encangagnergy efficiency and
conservation. California has taken regulatory actmensure that investor-owned
utilities (IOU) are not penalized financially fanplementing effective energy efficiency
programs by decoupling utility sales and revenAéso, California fully integrates
energy efficiency options into utility resource miéng. The California Public Utilities
Commission (CPUC) has allocated major resourcédbr utility energy efficiency
programs from 2009-2011; publicly-owned utilitiesngrally have their own energy
efficiency programs.

The California Energy Commission (CEC) in2807 Integrated Energy Policy Report
(IEPR) recommends a statewide efficiency targeas#&00 percent of economic
potential, which will reduce total statewide demdetbw baseline levels. The CEC
expects the state to achieve these targets thegmbination of utility and nerutility
programs coordinated at the State level by the @&fCthe CPUC. These efforts will
include more expansive building standards, leg@iabr regulations requiring energy
improvements at the time of a building’s sale, lardinances or codes affecting energy
use, pursuit of emerging technologies, programsbaooimg efficiency with renewable
energy resources, new Federal and State applitencgasds, improved

compliance mechanisms, and other programs thatesilllt in long term, sustainable
savings.

The U.S. Energy Information Administration projettiat residential energy
consumption is expected to rise on average onepeper year between 2001 and 2025,
with the most rapid growth expected for computelsctronic equipment, and
appliances. Commercial energy demand is projdctgdow at an average annual rate of
1.6 percent between 2001 and 2025. The most napieases in demand are projected
for computers, office equipment, telecommunicatj@msl miscellaneous small appliance
uses® In addition to efficiency standards for consumedio and video equipment in
standby-passive mode, the CEC has implementedaststbr external power supplies
which went into effect in 2007 and which will ragtldown farther in 2008. Still,
additional technology and policy efforts are neettesnprove product efficiency.

The California IOU emerging technology programsdaosely coordinated with the

CEC’s PIER program -- as well as universities,oradl labs, technology providers,
consulting firms, and venture investors -- to idfgrand commercialize new measures to
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renew the energy efficiency portfolios (i.e. flie pipeline) as existing technologies
achieve market penetration. One of the most priognisear-term opportunities for
California technology development is advancesghtlng emitting diodes (LEDS).

The2007 IEPR found that improving residential lighting in Califiia constitutes one
very important opportunity for cost-effective enggfficiency improvements. The
greatest opportunity for savings in lighting enengyalifornia lies in addressing the
continuing prevalence of incandescent lamps. Thenhaof sockets in existing houses
are still occupied by incandescent lamps, whicretav efficiency of approximately 10-
17 lumens per watt. When compared with the 454itehs per watt of currently
available compact fluorescent lamps (CFL), incaneeslamps are clearly very
inefficient. (The efficiency of incandescent languaild be increased by 30 percent with
technology presently available, such as halogesutap with infrared coatings. Industry
stakeholders suggest that, with additional tectgiodd improvements, incandescent
efficiency could even exceed 40 lumens per wattm@ercialy-available “cool white”
LED sources can currently achieve 84 lumens pet;, watl warm white devices can
reach 59 lumens per watt under optimal conditioeal (world numbers are about half
that for actual output when used in a lightingdnd). Based on research, development
and demonstration (RD&D) results and industry caegs, these numbers are projected
to increase by 75 percent for cool white LEDs b$@Q@while the efficiency of warm
white LED devices will double. The U.S. DepartmehEnergy’s (DOE) long-term
RD&D goal for white-light LEDs is to produce 160nens per watt (Im/W) in cost-
effective, market-ready systems by 2628ED lights are mercury free (unlike CFLs),
and are therefore more environmentally-friendly.

Early applications of LED have been for red exginsi and traffic signals, though they are
also used for airport runways, exit signs and osigamage, typically displacing neon
signs. Red and green traffic light LEDs have aye@ached commercial maturity.

LEDs are very efficient at producing single-colight directly. White LEDs are entering
niche markets such as retail displays, under-cakitehen lights, and backlighting for
liquid crystal displays on laptop notebooks.

Technological Developments

High wattage LED white lights suitable for gendlaimination are several years from

full market commercialization. These lights ar@ested to reach early adopters by 2008
and reach mass market within the next several ydaraddition to energy savings from
LEDs, the co-benefits for California associatechwitis lighting technology include
economic development since significant numberskiD Imanufacturers are California
companies. As policies and regulations make wayniproved LED implementation,

this benefits the State not only in energy savenys emissions reductions, but also in
spurring job creation.

10-30



ETAAC DRAFT FINAL — to be Considered for Adopti@i11/08

CO, Abatement Potential

The total technical potential as of 2006 from enmgygommercial LED lighting in
California (2006-2016) is estimated to be 297 megtsyMW) and 1,312 gigawatt-hours
(GWh)® Improvements in the efficiency of warm lighting fesidential usage will
increase this potential further.

Technology-Specific Barriers

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 requireedasign of an existing lighting system,
yet another additional expense.

Institutionat While LED lights can last 10 to 15 years or longhormal use -- and make
financial sense on a lifecycle basis -- consumérs 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 andltards) are not necessarily the end-use
customer who pays the electric bills, and thus hmavencentive to pay higher cost for
energy efficiency unless there are other compehgagons, such as obtaining
certification from the U.S. Green Building Counsil’eadership in Energy and
Environmental Design (LEED) program (or if buildsgre labeled for energy usage at
time of sale).

Reqgulatory Energy efficiency programs and standards can pecaidoost for LED
technology.

B. Wind Power

Wind power can be harnessed by small on-site @égtgenerators or large “wind
farms” comprised of dozens or even hundreds oElatdity-scale turbines operated as a
single large generating station.

The total installed capacity of California wind pewutility-scale generation is 2,376
MW.” The areas with the highest wind potential in foatiia are the Altamont Pass east
of San Francisco, the Montezuma Hills in Solanor@puear Rio Vista, San Gorgonio
Pass near Palm Springs, and the Tehachapi MoumearBakersfield. The Altamont
Pass and San Gorgonio resources are the mostjydedeloped. The Tehachapi
resource is the largest in the State, with a edditional undeveloped potential estimated
at 4,500 MW. According to the CEC, in-state wiadis produced 4,927 (GWh) of
electricity in 2006 California also imported 443 GWh of wind energym out-of-state
that same year. The CEC map (Figure 10-1) belawtithtes California’s wind resources.

10-31



ETAAC DRAFT FINAL — to be Considered for Adopti@i11/08

California Wind Resources
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Figure 10-1: California’s Wind Energy Resourtes

Preliminary data suggest that there exists a hndeuatapped potential for more than
100,000 MW of offshore wind power capacity, pardly off of the Northern California
coast. Unfortunately, ocean depths off the Califoooast have made building towers
prohibitively expensive.

Wwind is very effective in displacing fossil fuetspwever, wind is an intermittent
resource. Generation is dependent on when theiwibldwing. 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 ensiatitis efficiently integrated into the

grid. Recently, forecasting tools have been dgezldo better schedule wind production
into the grid.

California’s wind resources are driven by the terapee 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 exgace high production. The grid
needs to accept all of this wind generation in tea¢. A problem can arise under
minimum load conditions, especially when this gatien exceeds the supply and

10-32



ETAAC DRAFT FINAL — to be Considered for Adopti@i11/08

demand balance. Shifting demand to off peak aratéating energy storage is an
effective way of addressing this issue.

There are several studies underway examining hamteégrate additional large quantities
of intermittent resources into grid operations.e TWEC published thimtermittency
Analysis Project: Final Reporh July, 2007. The California Independent System
Operator (CA ISO) -- which manages statewide trassion services -- is finishing an
integration study looking at the operational imgaaftincreasing intermittent generation
sources such as wind power onto the California. grid

Technological Developments

By 2030, it is estimated that innovations underfeayturbine design and size will yield
both higher capacity factors and lower costs ostction. (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@gpeage points while capital costs are
projected to decline by 10 percent by the 2030 firame. Utility-scale turbines of 1-3
MW are already commercially available. Larger ines are expected to be installed in
the 2010 to 2020 timeframe.

CO, Abatement Potential

Wind power does not emit any greenhouse gas (GlH@&s#ons or criteria pollutants. In
2006, wind turbines generated 5.37 million megatvatirs (MWhJ° of power. The

CEC has estimated a total technical potential 829 MW of wind generating capacity
(including both high-speed and low-speed wind) &iifGrnia, which translates into an
energy generation potential of 323.94 million MWhsWind power developments at
California terrestrial sites could offset an estieta130 million metric tons of CO? It is
important to note that these figures to not captineeequally large estimates of potential
of off-shore wind resources.

Technology-Specific Barriers

Wind development shares the barriers faced byeakwable technologies. There are
some barriers that are specific to wind development

Regulatory Despite the availability of better wind technolotlyere exists a lack of
progress in replacing aging wind facilities withsneechnology through repowering. This
barrier is closely related to permitting issuesntVprojects face some permitting hurdles
that are quite specific to this renewable energiiielogy. The three main issues include
radar interference at military bases, view shethagiss, and wildlife impacts on birds
and bats. Radar is a relatively new issue thashgaced in connection to a new
generation of digital radar systems. There isfasoe fix, the cost of which can be
abated if spread out across multiple wind proje¢isw shed issues are typically an issue
when wind development projects are proposed neat tear protected land -- such as a
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nature reserve -- or near a recreation area. a&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. Tadifornia Guidelines for Reducing
Impacts to Birds and Bats from Wind Energy Develamtis in the final drafting stages
at the CEC and represents the most thorough safvilng science and the best way to
address wildlife concerns. These guidelines, @umpted, will be optional to wind
developers. California has not adopted the agiyeessnd repowering policies similar
to those that have been successful in EuropeamUrR@powering existing sites with
aesthetically advanced new technology will enhaptability as well as reduce avian
mortality.

Financial The Federal Production Tax Credit (PTC) providesbenefits for the
production of wind generation which has helped cemumalized the technology.
However, due to its serial short duration, it hige areated a boom and bust cycle that
has a demonstrable affect on cost and availalfityind technology. A long term PTC
would provide developers and turbine manufacturiés avstable market lowering cost
and providing a sustainable market.

Institutionat Wind turbine availability is driven by world-widdemand. California
wind developers must compete for wind turbinesnmnéernational market. Therefore it
is imperative that California policies provide fstable long-term market.

C. Geothermal Power

Geothermal power can be used to generate enefrgy aitutility-scale plants or in direct
use applications, such as space heating and vartoasiercial and industrial heat
applications. Another technology to use the eaffigat is geothermal heat pumps, also
called “geoexchange.”

California has the largest developed geothermaluress dedicated to electricity
production in the U.S. at approximately 1,900 M@EC studies have shown the
potential for an additional 2,900 M\\using conventional flash and binary technologies
in known resource areas. DOE estimates Califoesaurce potential at between 12,200
and 15,100 MW In 2006, 4.7 percent of California’s electric Enegeneration came
from geothermal power plants. This amounted tetaatal of 13,448 GWh generated
from in-state geothermal resourc@sFifteen geothermal projects are currently in some
form of development in California, which will amauo an additional 921.3-969.3 MW
of capacity.

The major identified geothermal resource arealerstate are: the Geysers north of San
Francisco, Northeastern California, Western NevdgaMammoth Lakes area, Coso Hot
Springs in Inyo County, and the Imperial ValleyhelCity of San Bernardino has one of

the largest geothermal district heating projectdanth America. That project heats 37
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buildings with fluids sent through 15 miles of dipes. The CEC map (Figure 10-2)
below illustrates the known geothermal resourcasane the state.

California
Known Geothermal Resource Areas (KGRA)

s Glass Mountain e
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Figure 10-2: Known Geothermal Resource Areas irif@alia
Technological Developments

Investing in RD&D to improve geothermal power corsien technologies could help
expand new renewable energy resources from thenfwig:

* 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 couldl@sapportunities to use hot
water, available in large quantities of up to Z88r more in temperature from
existing oil and gas operations.

» Higher-Temperature/Supercritical Resourcd3eveloping plant designs for
higher resource temperatures to the supercritiaémregion could lead to an
order of magnitude (or more) gain in both reserpeirformance and heat-to-
power conversion efficiency.

* Enhanced Geothermal Systeni®eservoir technologies focusing on enhanced (or

engineered) geothermal systems (EGS) could poligrdiaable an enormous
potential resource for primary energy recovery gs$iaat-mining technology,
which is designed to extract and utilize the eartitored thermal energy.
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CO, Abatement Potential

Geothermal power production does not emit any GH&ons, except for geothermal
systems using water cooling (which may result iprapimately 60 pounds per
megawatt-hour of C9') They do not emit conventional power plant einiss such as
nitrogen oxides (NOXx) and carbon monoxide (CO),tppically emit hydrogen sulfide
and often exit ammonia in amounts that can vargddimg on the characteristics of the
geothermal fluids used to generate power. Basdd@B estimates of total potential, the
committee estimates that geothermal has the totahpal to offset 37 million tons GO
per year.

Technology-Specific Barriers

Geothermal development shares the barriers facedl bynewable technologies. There
are some barriers that are specific to geothereaaldpment.

Technological Significant advances in exploration technologg/ meeded. Resource
assessment work supported by the U.S. Departmehedhterior and DOE can help
overcome the initial barrier to geothermal develeptm The U.S. Geological Survey is
undertaking a new resource assessment, updatingstressessment which was
completed in 1979. The new assessment, howevitnatiexamine new technologies
and their potential in California, nor will it exame direct uses, heat pumps, or other non-
conventional geothermal resources (like oil fieddproduction or geo-pressured
resources). The CEC should support its own comgheany assessment to examine
California’s geothermal potential in a more compmdive and up-to-date manner.

Financial: Resource exploration and identification is exgres, with an upfront cost of
at least $2 million per site, to secure or leasd kights even before exploration.
Improved development of exploration tools and tetbgy is needed to lower costs.
Roughly one-half of the cost of a geothermal projgestimated by the Geothermal
Energy Association (GEA) to be related to subserfaxploration and resource
characterization. These costs also raise theageask to investors, and are usually not
financeable. Cost-shared exploration drilling by DOE has successful in the past, and
is being proposed for expansion in HR 2304 now undasideration in the U.S.
Congress.

Institutionat There are a wide variety of geothermal resowyped in California, but
there are a restricted number of capable exploratiities. The Federal Bureau of Land
Management (BLM) rarely issues these leases bedassensure of the geothermal
development potential. Since its pre-lease pracgsequirements of the agency are
significant, this has stunted growth of the staggsthermal industry. Moreover, given
the BLM'’s limited resources and growing public des 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, tapddtment of the Interior must
enhance the ability of the BLM to modernize itssieg practices and capabilities.
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California has no effective policy to support gesthal energy development. The CEC
Energy Action Plarhas only a few geothermal-specific policies, drel$tate has no
geothermal plan comparable to its biomass, soldmand initiatives. The California
Geothermal Collaborative, a RD&D effort supportgdiie CEC’s Public Interest Energy
Research (PIER) program, has proposed that sulamde developed focusing on
addressing the barriers to developing new geothHaesaurces in the state.

D. 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 peroéihe time, making solar energy a
valuable resource for “shaving the peak”, especiliring hot months. How much
electricity a solar system produces depends oquhéty of the solar radiation where the
system is located. Figure 10-3 bef§whows solar quality for California and the entire
United States.
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Figure 10-3: Solar resources in California and tbeS,

California has hosted the largest concentraticsotdr 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 s@éant in Nevada, was home to the
only utility-scale concentrated solar plants in toeintry. Large opportunities also exist
for distributed solar gas-saving technology in foafiia. Consequently, this analysis
examines the total solar energy potential througtioistate.

Concentrated Solar Power

According to the National Renewable Energy Labasa(dREL),® technical estimates
of concentrating solar power (CSP) potential iniféalia are phenomenal: 877,204 MW
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of capacity able to generate 2,074,763 GWh per. yEaroughout the Southwest (AZ,
CA, CO, NV, NM and TX), NREL estimates a total tectal potential of 6,877,055 MW
of solar capacity. Interestingly enough, Califarhias enough CSP potential to provide
many times that state’s own demand for peak etgistri

Parabolic trough technology has seen incremenfalduements 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 psggioto be installed in the Mojave
Desert. Newer technologies, such as concentratiotpvoltaics (CPV), are also
attracting investment and attention. Deploymerdlbdf these technologies in sufficient
volume will produce significant CQeductions as the displaced on-peak generation is
often the most polluting in California’s power siypportfolio.

California is home to 354 MW of parabolic trougts®ms, divided into nine power
plants, called the Solar Energy Generating Sys&at5S). These plants began
construction in 1985 and construction was completek®91. On July 25, 2007, Pacific
Gas & Electric (PG&E) announced the largest sotavgy purchase agreement in the
world — a 553 MW parabolic trough plant in the MageDesert. The plant is 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” thegerated from 1998 to 1999. To
date, there are no commercial power tower facsliderrently in operation in California,
though the new PG&E contract features next germrgtower tower technology of
modular design. To date, there are no dish-engisies in operation in California
either, though Southern California Edison (SCE) 8ad Diego Gas & Electric
(SDG&E) signed power purchase agreements in 200500 and 300 MW dish-engine
systems, respectively. To date, there are no GBS in operation in California,
though a few have been proposed in utility Renegv&alrtfolio Standard (RPS)
solicitations and a few other CPV projects haventa@ounced.

Technological Developments

New versions of each of CSP technologies are utelezlopment or construction. New
parabolic troughs plants will likely employ moltsalt 2-tank storage systems, which will
have the ability to retain heat efficiently to puog 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 technology@PV systems are underway.
Linear Fresnel systems are in the development stadere attracting some attention.
For all CSP technologies, the key challenge ismjorove efficiencies to drive down cost,
further technology development, and then manufadiuia larger scale. Better methods
for energy storage could accelerate near-term dpuent.

CO, Abatement Potential
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Solar power production does not emit any carboeriteria pollutants, and provides
valuable peak power.

Technology-Specific Barriers

CSP development shares the barriers faced byradivable technologies, yet there are
some barriers quite specific to these forms ofrsateergy development.

Technological Dish-engines have significant maintenance chgis due to many small
engines (one per dish), and challenges of usingogyh as a working fluidParabolic
trough and power tower systems have to date bededasing water. Troughs, if wet
cooled, require 739 gallons per MWh for cooling &idgallons per MWh for cleaning
the mirrors®* Power towers require 739 gallons per MWh for bmibling and mirror
washing?? Both power towers and troughs can be dry-cooligd some loss in
efficiency (and consequent cost increase). Dewaipiechnologies are employing dry
cooling in their design with very little loss offiefency. Dish-engine and CPV systems
are air-cooled and only require water for mirroishiag.

Financial The up-front capital cost is greater for concatinig solar systems than other
renewable energy sources. Concentrating solar ppregects were eligible for a 30
percent Federal investment tax credit through Déez1, 2007, at which point the tax
credit expired. Property tax credits would helwdo the developers’ cost and their
power prices. Finally, establishment of manufaotymvestment credits (MIC) to
encourage manufacturing and assembly in Califoesapposed to other states.

Institutionat There is a lack of recent, available experienageveloping, constructing,
operating and permitting concentrating solar plail@eme technology types do not have
long-term operating history. There also existack lof understanding and training for
utility procurement officers and decision-makershef unique attributes and benefits of
concentrating solar power. A clear understanding®technology is an institutional
barrier that must be overcome with time and adeguaining.

Solar Photovoltaics

Solar PV technology is the direct conversion ofligim into electricity. Solar radiation is
of very high quality throughout most of Californihe Central Valley and Southern
California receive 5 to 7.5 kWh/m2-d&y. California has the largest concentration of
solar PV installations in the U.S. Most systenesdistributed on homes and commercial
sites. Some large-scale systems do exist, thedatg date being the 3-MW installation
at the Sacramento Municipal Utility District’s (SNIY retired Rancho Seco nuclear
power plant.

California has a long history of policies to sugpevelopment of the solar industry. At
present, there are about 198.2 megawatts of gridaxtied PV systems in Califorrfia.

In 2006, the legislature passed SB 1, which creat®8l2 billion, 10-year program with
guaranteed funding. This program is called thef@aia Solar Initiative (CSI). The
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CSl awards incentive payments based on actualpeoted energy output, and therefore
encourages technology innovation and cost redustion

Technological Developments

The production of electricity from semiconductoli€@as increased dramatically
worldwide. Advances in silicon have enabled PV textbgy to achieve efficiencies of
between 20 and 22 percent. Despite the recentagjeoin silicon -- and subsequent price
increase -- manufacturers expect a 50 percentredgttions in the near term as new
polysilicon factories come on-line and as manufacguprocesses continue to improve.
Manufacturing cost reductions are due to thinneievgabeing cut with a thinner saw
wire, higher efficiency cells with fewer processps, smarter panel design with auto-line
production, and smarter systems design. Additionat reductions will come from
improvements in crystal growth technology, improesits 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 fitv to improve the efficiency,
durability and performance, and reduce costs. tatemn of solar PV into building
construction can reduce the cost of installatidmictv is 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 million metric tons (MIT) CO, per year. The CEC has
estimated a technical potential in excess of 74N of potential solar PV capacity on
existing residential and commercial buildirf.hese figures suggest a substantial
untapped potential for a greatly expanded solap&folio with the potential to provide
an estimated 74 MMT C£Qeduction per year.

Technology-Specific Barriers

Technological The global demand for silicon to make PV pahals skyrocketed over
the last few years, from a combination of boomirayldwide computer and solar
industries. Demand has created a global shortagdiain, which has contributed to
higher costs.

Financial: Solar PV is expensive technology. Customer-ovgaddr PV systems
purchases are supported by a combination of goverhor utility-provided incentives
including — rebates, tax credits, net metering @xeimptions from certain fees — and
private investment. Additionally, there is a lotaafst built into “balancing the system.”
This includes Rule 21 interconnection, net meterangl site-specific installation.
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Institutionat There still exists a fairly widely held belidfdt solar is unattractive or
unreliable, though this is changing with time alne growing acceptance of solar and
environmental, or “green” building design.

Regulatory Stability is very important to the future of aoPV in California. The
existing policy framework needs to continue inte fature and adjust to other potential
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 tedghe CSI raised the net metering cap
from 0.5 percent to 2.5 percent of peak electrimaed. Solar PV installations in
California could be curtailed once this level iagked. In January 2007, the CPUC
ordered that renewable energy credits (REC) tleattiributable to power produced from
a distributed PV system fully belong to the ownkthat PV systen’

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 individuatlemrsefor all dwelling units in multi-unit
buildings. The intent of this legislation is sotthasidential customers receive the correct
economic price signals to make energy efficienayisiens appropriately. As a result,
each unit currently must have its own inverter Hresolar generation must be split into
these inverters and interconnected behind eachrméteh increases costs for multi-unit
dwellings. The CEC, CPUC, as well as the utilitidg solar community and low-income
community have been grappling with this issue, giothere 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 transfeet tteough 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 sitilarmal energy through a rooftop
collector, just as with solar water heating syste®&ST systems are used for space
heating and cooling, process heating and cooliisyict heating and cooling, and large-
scale domestic hot water. Solar-heated watetherused in a space heating or
industrial process application, or run through élehto create solar space and process
cooling. Solar cooling can be used in lieu of alitg system powered by electricity,
providing a huge opportunity to cut electric aindgioning demand in the hot summer
months. AST systems can also provide domestic htgnvas a by-product of any cooling
or heating system, or as a large-scale hot watigrsystem.
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NREL estimates that, in California, 65 percentesfidential and 75 percent of
commercial buildings could be outfitted with satatlectors for hot water systems and
for AST system$® Solar radiant space heating and hot water systisets to be

prevalent in California before customers had actegas for heating in the early to mid-
20" century. There is a small distributed solar wagating industry in California.
Summertime cooling loads make up a substantialgrodf the total peak demand during
summer months, particularly in Southern Californide potential to offset this load
with AST cooling systems is huge. Despite the it only a few AST systems
currently exist in California.

Technological Developments

Solar hot water and AST systems are commerciabiylave, constructed using readily
available off-the-shelf technology, and deployemtighout 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 stufflin March 2007 of the potential for solar hot watety systems
to reduce demand in residential and commerciatmgs in the U.S. The calculated
technical end-use energy and GHG emission savioignal for both residential and
commercial sectors in California was estimatedd @p to 116 trillion Btu and 7.8 to
8.6 MMT CG,. The advanced solar thermal industry currentlyreges 15 to 35 MMT
CO, reduction potential from AST systems.

Technology-Specific Barriers

Financial: Power does not include the price of environmeexatrnalities such as GO
which has had the effect of dampening demand ferradtives. A major financial barrier
is also a regulatory barrier, which is the abseiee State program or incentives to spur
the development of a distributed solar thermal #tduin California (see below).

Institutionat A major barrier for AST is simply a lack of aveaess and familiarity of
the technology. People just don’'t know abouBy the early 1990’s, the AST market
was rapidly developing in Europe, but far less g@Imandful of companies in the U.S.
The AST is now positioned to rapidly develop th&Umarket using time tested
technology designed and installed by proven peréosm

Regulatory The Solar Water Heating and Efficiency Act of 2@8B 1470), requires
the CPUC to evaluate data from its current piloigpam for solar water heating in the
San Diego area for possible design and implememtati a broader statewide program.
The pilot program is run by the California Centar $ustainable Energy in San Diego,
and runs through 2008. The pilot focuses on unaedig what the market most needs
to take off in California, such as quality equipmerained and certified installers,
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performance warranties, or targeted advertisinthdfpilot program looks promising, the
CPUC expects to design and implement a programoeintives for the installation of at
least 200,000 solar water heating systems in h@meédusinesses throughout the state
by 2017. The program would target natural gas gmvithe primary energy source used
for water heating in California. The program wobklfunded by a surcharge on natural
gas utility bills. The CPUC will oversee this f@WUs, but the law also directs local
publicly-owned utilities to offer similar programs.

E. Ocean Wave Power

Wave Energy Conversion (WEC) devices are deployetthe surface of water and
operate like wind turbines in aggregated “wind farmThese potential energy farms
could operate in varying depths (between 60 andfé@). At present, wave energy is a
pre-commercial, nascent technology. Systems tgezbmwave 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 thereforarttwint of energy. Offshore wave
energy converters are designed for sites thaeaedf meters deep while shoreline
systems are intended for shallow water and areatigtouilt right on the coastline.

The Electric Power Research Institute (EPRI) haduated and screened California’s
potential sites for wave power. Other feasibilitydses have also been launched. PG&E
has already filed two Federal Energy Regulatory @esion (FERC) preliminary permit
applications (40 MW each) at Eureka in Humboldt @gwand Fort Bragg in Mendocino
County. If approved, multiple wave energy convangilevices will be arranged in
arrays, with leading devices floating on the watarface. The projects will be 0.5-10
miles offshore, connected to land via an underwedble.

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 usefuttelgty. If developed, these wave
energy systems would yield an average power oftah&00 MW or an annual electrical
energy output of 48,000 GWh. Despite this promggehal installed capacity is
estimated to be less than 4 MW as of the end 06 28@h none installed in US waters.

Technology-Specific Barriers

Technological At present, most procedures and vessels usgéeMdop this form of
ocean energy come from the offshore oil and naggaalsector and share a tremendous
amount of experience with construction and openaticheavy seas. Unfortunately, most
of these technologies are expensive, though triemlilsate that companies are trying to
come up with simpler, cheaper ways of installind aperating their wave power
conversion devices, relying upon small vesselsspedialized equipment. Often, this
means a re-design of the device and its mooringsys necessary to allow for better
operation and handling.
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Financial: While the lower capital cost of a wave machioenipared to a wind
machine) more than compensates for the higher tipeseand maintenance (O&M)
costs for the remotely located offshore wave maghanchallenge to the wave energy
industry is to drive down O&M costs to offer eveona economic value.

Institutionat The cost for a small demonstration site to tlestfirst few wave energy
devices is heavily dependent on electrical intemeation costs. A second important
consideration is the availability of good local pmfrastructure. Many ports in Northern
California are small fishing ports with harbor emices that are only dredged to about 4
meters and some of them without any breakwaterjngatavigation in and out of the
port difficult when large waves are present. Adhionsideration is the availability of
good local grid infrastructure, which would allovsignificant amount of electricity to be
fed into the grid. Most coastal towns in Northemifornia are connected by 60 kilovolt
(kV) transmission links and usually offer no madnar 50 MW of available capacity.

Regulatory There is a lack of Federal government suppdhie U.S. government has
supported the development and demonstration eledlricity technologies except for
ocean wave energy. Moreover, there is a lack défa production subsidies. The
renewable production tax credits do not include evanergy as an eligible technology.
Regulatory uncertainty lends itself to the uncettas of permitting an offshore project,
and the private investment communities are likelinvest in projects with less risk. In
addition, permitting an offshore project itselaiglaunting task, with many regulatory
issues, making it difficult to license a project.

F. Additional Solutions for All Renewable Technologies

Simplify Renewables Pricingfhe pricing structure under the RPS is a two-stepgss.
The CPUC sets a market price referent (MPR) eaahtyat is based on the cost of a
proxy combined cycle natural-gas fired power planproxy GHG emissions adder was
included in the 2007 MPR. That adder is proposesktalate over time, but does not
substantially change the overall MPR calculatidihe CPUC will further examine the
application of a GHG emission adder to the MPRftiture years. Other environmental
values are not included in the MPR. Up until relgrany costs above the MPR were
supposed to be made in payments, called Supplehtergegy Payments (SEPSs), from
the Public Goods Charge (PGC) paid by ratepayetbainutility bills. The SEP process
carries substantial uncertainty as to whether ptsjthat require SEP payment awards
would be able to obtain project financing. As autgsnost of the funds earmarked for
this purpose have not been accessed.

With the passage of SB 1036, the CPUC is now aiziébito allow utilities to recover
above market costs for renewable energy, thus remgdke fiscal concerns regarding
above market cost recovery. Nevertheless, the tuM®R and RPS pricing process is
still too complicated. The issue of how to besked®ine the market price for carbon free
energy is still up for debate. The ETAAC electyfitatural gas sector subgroup
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recommends that the State revisit the structufeR$ pricing and determine how the
structure could be simplified.

Unbundle Renewable Energy CreditRECs have several values and functions: a
tracking and reporting mechanism, a tradable/sellatammodity; a market price valuing
the benefits provided by non-carbon renewable gngogrces. California’'s RPS
program requires that utilities and other Load BeyEntities (LSE) covered under the
RPS law meet their requirements with delivered gypanot with RECs. In other words,
the REC must be “bundled” with the delivered eneagg cannot be traded or sold as a
separate commodity. The benefit of allowing fonbundled” RECs for renewable
energy delivered to California is multiple-fold. @ua policy helps address geographic
transmission needs in constrained areas such aBi8go. It would encourage
development of renewable energy projects beyondratiyidual utility’s RPS
requirement, which could then be sold into regisumsh as San Diego that do not yet
have ready access to renewable energy procurehgat® transmission constraints.

In an ideal world, LSEs should be able to use uda¢hRECs to comply with the RPS.
SB 107, signed into law in 2006, gave the CPUGsthtutory authority to consider
unbundling RECs for RPS compliance once the RE€Kitng system known as the
Western Region Energy Generation Information SysMREGIS) was off the ground.
WREGIS, which will verify and transfer RECs betweha sellers and buyers, was
launched in June 2007, greatly simplifying REC s$@ations.

Unbundled RECs are used in other states to meetoRRfations. The following markets
track and perform RECs transactions for both stededated and voluntary renewables
purchases: Pennsylvania-Jersey-Maryland (PJM\#éve England Power Pool
(comprised of Connecticut, Maine, Massachusettsy Nampshire, Rhode Island and
Vermont), and the Electric Reliability Council oéXas (ERCOT). The CPUC has
solicited public comments on unbundled RECs and talrkshops this past September.
The CPUC expects to decide on whether to use utddiRECs for the purpose of RPS
compliance by the end of 2008.

Production Tax Credit and Investment Tax Cred@te current PTC of 1.9-cent per
kilowatt-hour (kWh) for the first ten years of aneavable energy facility's operation is set
to expire on December 31, 2008. The InvestmentQraxlit (ITC) for renewable energy
installations will also expire on the same datewgen 1999 and 2004, the PTC had
expired on three separate occasions. The PTC:agaim/off-again” status, coupled with
the uncertainty over continuation or expiratiomtcibbute to a boom-bust cycle. This
counterproductive cycle plagues the wind indusiny aegatively impacts development
of other renewable resources.

Tax issues, such as who will own the PTC, can affecfinancial 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.
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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. The credits willirexm 2008 unless extended, which
would result in a significant barrier for solar PYbjects.

G. Enabling Technologies: Energy Storage

Energy Storage is key to California achieving higbenetrations of variable output
renewable energy such as wind power in Califorrsajsply portfolio. Other types of
renewables — such as geothermal and biomass -aseddad resources. These
technologies do not require storage, although #heevcould increase if stored for
delivery during periods of peak demand. For instasome CSP projects may be built
with heat storage to store energy for later aftemaor early evening peak electricity
demand. The ability of today’s electricity grigsabsorb intermittent wind power has
unnecessary limits. Unless upgraded with storageifes, the full potential of wind
power will never be reached. Energy storage regsuran firm, balance and integrate
intermittent renewables into a larger network. Pathwater, compressed air, and
battery storage each firm-up wind power, storingrgy that can be scheduled to meet
customer demand at another time.

Energy storage could cut dependence upon natusdirga peaker plants to firm up
wind energy. Peakers emit more £fan wind turbines. Capturing and sequestering
CO, from a variable output, peaking generation soig¢ar more difficult than for base
load natural gas power plants. Energy storage gesvemergency power supply and
backup and remote area power supply as co-bené€fasipled with advanced power
electronics, storage systems can reduce harmastimrions and eliminate voltage sags
and surges.

Storage technologies are particularly attractivenimd power, in effect overcoming the
intermittent and frequently off-peak production fdeof wind power. This may help

avoid penalties for wind generation falling shdrfarecasts and enables grid operators to
utilize generation that exceeds generation forec&gith storage, wind power can
increase capacity credits, reduce grid connectitings and boost overall market
penetration. Storage can be on-site or at cendakit utility facilities such as the Helms
Pumped Storage plant. Utility-scale central steri@gmuch 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 indepethdind farm developers
from embracing a battery/storage component bedausrild drive the wholesale

electricity prices above competitive rates. FioEbatteries are expected to come down
within a decade.
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Reqgulatory Currently there is a lack of policy recognitithrat energy storage is a
necessary component to successfully using hightysimg levels of intermittent
renewable energy. The CA ISO has stated it haffieutt time planning for and
integrating inherently intermittent energy soursash as solar and wind, some of which
occurs during minimum load conditions. Storage\adites much of this problem by
firming and shifting the resource.

H. Enabling Technologies: Plug-in Electric Vehicle

Plug-in hybrid and dedicated electric vehicles (FE\B offer a key way to increase
renewable energy consumption and to balance alggtivads around-the-clock. Plug-in
hybrid electric and electric vehicles provide apapunity to reduce the transportation
sector with electricity generated from low and zeadoon renewable resources. Itis
likely that light-duty PHEV/EVs will reach 200,00(@w vehicles sold per year within the
coming decade.

PHEV/EVs are also valuable in that they perfornioaagye mechanism. PHEV/EVs can
also be plugged in at night time to recharge wHectwcity is both cheaper and cleaner.
They could also be plugged in during the day timprovide valuable ancillary services
to the grid at potentially significantly lower ceghan other current options. This two-
way energy distribution requires a more advancedtet grid — the Smart Grid — than is
in place today. The Smart Grid (described in amosection below) would be a key
advance allowing California to get the most valgerf society’s growing investment in
PHEV/EV technology.

Running cars on electricity from today’s U.S. powed (which is about 50 percent
coal-fired) instead of liquid gasoline or diesetlficuts overall GHG emissions from 22
percent to 61 percent. Electric vehicles are neoergy efficient than internal
combustion engines, even considering the efficierf@/ natural gas combined-cycle
power plant. The average US electric grid is agleearbon resource than petroleum,
although powering plug-in hybrids with conventiopahl electricity can actually result
in more emissions of Cand other pollutants. An EPRI/Natural Resourcéebse
Council (NRDC) nationwide analysis of climate chamgpacts of PHEV/EV technology
concluded that switching to them can reduce GHGsioms significantly, potentially
reaching a maximum cumulative reduction of 468 MMT2050 in the mid-range
scenario outlined (62 percent PHEV fleet penetnalip 2050, electric sector GO
intensity decreases 41 percent by 2050). A Dece@@6 study by the DOE’s Pacific
Northwest National Laboratory (PNNL) concluded thath off-peak utility generation
and transmission could power 84 percent of ther@llibn PHEVSs in the U.S..

The actual GHG emission reductions attached tavgpoehensive PHEV/EV program
depends upon how clean the regional electricity i (This fact means PHEV will be
cleaner than hybrids! A PHEV with a 40-mile rangeild cut CQ emissions about one-
third compared to a gas-electric hybrid.) Sincef@alia has a cleaner electricity supply
than the rest of the U.S., the contribution of laust PHEV/EV effort to storing
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renewable energy would no doubt be significantif@alia could also provide a superb
model for a national-scale PHEV/EV program.

Technology-Specific Barriers

Technological Continued improvement is needed regarding capatitrability and
enhancement of current grid infrastructure to ematlltidirectional flows of both power
and the data necessary to monitor and manage ter po

The battery types for PHEV/EV include nickel-métgtiride (NiMH), currently used in
conventional hybrids, and lithium-ion (Li-ion). idn batteries are smaller and lighter
than NiMH, though they cost more and may not bgaés or durable. When operating
on liquid fuels, the heavier batteries can poseght penalty. Additional RD&D is
need for longer-lasting batteries and greater etechly range.

The traditional problem with lithium-ion batteriesthat 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 lithiiam technology to store and deliver
enough power to run a car, while controlling thdrrmaaway. Durability is also a
problem with the lithium-ion battery, as it tolexatonly 750 cycles of discharge and
recharge, or about two years of service, beforeraeation of the terminals carrying
power reduces charge capacity by 20 percent. Matteries promise to boost these
numbers to 9,000 cycles and a 20 year lifespan.

Financial The operating costs of PHEV/EV in electric-omgde are much lower than
liquid fuel vehicles, but the upfront costs for ldBV/EV are much higher. At present,
the price premium is in the $7,000-10,000 rangectviof the higher upfront cost can be
traced to batteries.

Institutionat The actual fuel and climate benefits from PHEVepend on a variety of
factors, such as the amount of time the vehictperating in electric mode, the
generation mix of electricity used to produce tleticity, time when the user is
charging the car, and whether the excess capaciheigrid can be used.

Regulatory Fuel electricity for PHEV/EV requires a spedigatment compared to other
electricity because it represents a potential esessor transfer of emissions. As electric
transportation load grows, emissions that woul@éwotise have been the responsibility of
the transport sector would shift to the electrictgg even though the overall impact to
the environment is positive. For instance an AB&tbon cap for only the electric sector,
absent mitigating measures, would make this ottserdesirable shift a liability for the
complying entities. This would serve as a powedigincentive for the energy sector to
take actions that encourage the use of electticisupport the transportation sector.

|. Enabling Technologies: A Smart Grid
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The widespread deployment of PHEV/EV, distributedeyation and end-use efficiency
devices requires a “smart” and interactive gridrigladvantage of State-of-the-art
communication infrastructure. Today’s transmissgstem was only designed to
transmit energy from central generating sourcééopbint of consumption. This delivery
system stands to benefit radically from evolutiéthe Internet and modern material
sciences. A modernized grid would also improve af@nal security and allow
increasing amounts of distributed resources todweldped near points of consumption.
This would diminish overall system energy losses iereby 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 aogived. 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 wnétre operating (and GHG emissions
reach their highest levels.)

Technology Development

A range of technology exists today that can impritnegrid such that reliability and
efficiency is improved, and cleaner, distribute@rgy resources are better integrated,
including new smart meters, remote sensors, enadgyagement systems, better
transmission lines, and advanced storage techrsldlgat serve to optimize electricity
generation, dissemination, and usage.

NREL has described some of the major charactesiftica 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 equipmeiat an
behavior in its design and operation.

» Attack-Tolerant A grid that stands resilient to physical andeybecurity attack.

« 271% 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 |carad
regional generation technologies, including cleaumrses such as solar, wind,
biomass, geothermal, and small-scale hydroelectric.

The electricity carrying capabilities of the gridiveenefit from nanotechnology, which
could provide “quantum wires” that could conduaatticity up to ten times more
efficiently than traditional copper wire and weighe sixth as much. NASA has funded
a 4-year, $11 million effort to create a prototytdrice University in Houston, Texas.
Alternatively, superconductors used for both enetgyage and transmission and
distribution wires could provide significant advagés in energy storage and
transmission.
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Technology-Specific Barriers
Financial: Lack of financial incentives for utilities tovast in new grid infrastructure.

Regulatory Traditional regulation with uncertainty arourmstrecovery provides
economic disincentive for utilities to invest ilrmmemart grid technologies.

J. Enabling Technologies: Carbon Capture and Sequéstion

Carbon capture and Sequestration (CCS) refersetedparation of C£from industrial
and power generation sources and transport togagdoaations for long term isolation
from the atmosphere. Three technologies are dlaifar carbon capture: pre-
combustion, oxy-fuel combustion, and post-combussigstems. At present, none of
these three technologies have been commercialmeapplications at power plant scale:

* Pre-Combustion systems applyitbegrated Gasification Combined Cycle
(IGCC) plants. The coal is first gasified intoyamgas 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 concéatratream of C®and water
vapor. The water vapor is condensed for removalG@glis thus captured.

» Post-Combustiosystems separate and capture, @er the combustion of fuel
in air in conventional and advanced power pla@slvents are used to remove
the low concentrations of G@rom 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
and is therefore is a fairly mature technof§gjn EOR, CQ s injected into oil

reservoirs to reduce the oil’s viscosity, i.e. ioye the oil's flow rate, and thus enhance
oil extraction. The C@in the produced oil is captured and re-injectedl @itimately
sequestered below the earth’s surface. The denaauadi€litional CQis expected to
increase as production from existing oil, usingwarional means, declines and oil
prices continue to remain high. However, the denfan€O; for EOR is significantly
less than the amount of G@at is expected to be permanently sequestenerbéd long-
term target levefd. There is significant potential in other geologézuestration options,
such as, saline formations, deep coal seams, lfagaktions, oil shales and salt caverns.
However, these technology options are still ataugsistages of research, demonstration
and commercialization.

Technological Developments
Pre-combustion capture is widely applied in fexéili manufacturing and in hydrogen

production. The initial fuel conversion in pre-doumstion systems is more elaborate and
costly; however, the higher concentration of Qi®©the gas stream and higher pressure
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make the separation easier. Oxyfuel combustiotilisnsthe demonstration phase. The
use of high purity oxygen results in high £€ncentrations in the gas stream and thus
easier separation. However, it also requires asz@é use of energy to separate oxygen
from air. Post combustion capture of 86 power plants is well understood and used in
selected economically feasible, commercial appboat however, the COn the exhaust
is more diluted and thus capture is more costlpagsion of CQin the natural gas
processing industry, which uses similar technolégglready mature.

Within each aforementioned system category, thex@amerous emerging technologies
which offer the potential for major incremental irapements in cost and energy required
as compared to commercially available capture telcigies. These emerging capture
technologies include chemical and physical absdsgheolid dry scrubbing with physical
adsorbents or chemical absorbents, cryogenic metlaod gas membrane separation.

In addition, well-drilling technology, injectiond¢anology, computer simulation of
storage reservoir performance and monitoring mestiem 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 fieldrfidwrton, California,
testing CQ storage within the context of an EOR project. ifGatia can continue to
cooperate with these types of projects, with theéef@ government taking a lead role
consistent with the national importance of thishtemlogy. The project will validate the
sequestration potential of California Central Vialdediments, focusing on overcoming
current monitoring challengéé. Monitoring is an important issue to ensure @
injected into geologic formations remains secunelgafe storage.

One interesting sequestration technology is an®ams-to-biofuels pilot that uses an
algae bioreactor system connected to the flue hagenerating station. The system
grows algae by absorbing G@ the exhaust stream. Algae is then processed int
biodiesel and other products. Past successful pilases have spurred Arizona Public
Service, in conjunction with NREL, to create a &rgcale pilot project, ultimately
hoping to bring this technology to market scaléolgh CQ is emitted when the
biodiesel is combusted, it displaces emissionsvioatd have resulted when dirtier
diesel fuel was burned. One of the challengehisfibnovative, 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
reductioglgshould either be credited to the powanipbr the transport sector, but certainly
not both:

A variation on this technology circulates turbinghaust gas through algae in an open

pond (compared to a closed bioreactor) to prodprelsa to be used as a dietary
supplement (compared to a biodiesel feedstockyciad capital costs. Testing multiple
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methods of using the same technology will help iieitee what variables are the most
valuable in creating a sustainable carbon redu¢éohnology**

Other proposals presented to the ETACC electriwdty/ral gas sector subgroup would
use acceleration or enhancement of naturally-ocguaohemical and biological reactions
to effect carbon capture and sequestration. Omgosal would combine limestone and
CO; to create a slurry of bicarbonates to be dispo$éy dissolving it in the ocean.
Two other proposals would create enhanced planitowth by seeding parts of the
ocean with iron particles. The new plankton waalddorb C@and become part of the
food chain, eventually resulting in carbon-contagnorganic matter accumulating and
sequestering on the ocean floor. These proposalsfanterest, but require much more
study before implementation in California. Thes#wity and critical importance of the
ocean ecosystem require that any actions involtiirggsensitive environment be
carefully researched for irreversible consequebegsre implementing’

CO, Abatement Potential

Technology is available to capture 85-95 percenhefCQ processed in a capture plant.
After accounting for the energy needed for captum@ compression, a plant with CCS
could reduce C@emissions by approximately 80-90 percent comptredpower plant
without CCS. The IPCC says that CCS has the paldntabate C@©emissions between
15 and 55 percent of the cumulative mitigation effeeeded by 2100.

Technology-Specific Barriers

Technological Many component technologies for CCS have alréxsiyn 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 remainseaarbplemented. There is relatively little
experience in combining GQ@apture, transport and storage into a fully iraeept CCS
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 limtethpared to the geologic option. There
could be potential leakage if previously drilledland gas wells were not sealed
appropriately. Saline formations provide the npysimising storage option due to its
large aggregate GQtorage 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(gach
as EOR or injection for coal bed methane produgtion
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A major challenge is the permanence of carbon st@imn, which must be
demonstrated to a high level of accurdtyn 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 G@apture is expected to lead to
higher costs and reduced overall efficiencies, ghosome of the cost disadvantages may
be reduced in new and highly efficient plants oeveha plant is substantially upgraded
or rebuilt.

Geologic sequestration offers large capacity aridrg@l permanence, but capture costs
are high and assurance of no adverse environmergalts is required. Activities
undertaken for CCS purposes generate liabilityessundeed, the activities involved in
CCS could bring about potential liabilities for saince, trespass, negligence, breach of
statutory duty, and waste disposal issues. Patdagal liability could arise at any stage
of the CCS process. The long term nature of thieoredioxide storage also creates
special considerations in terms of liability. Insonce companies can mitigate near-term
risks, but insurance companies will not cover loegn (greater than 100 years) risk.
Efforts by government to help address the liabilisk would go far in terms of attracting
investment.

Energy required for post-combustion £€pture in power plants could reduce net
output by 10 to 40 percent. 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 @& tacility by 73 to 90 percent, and
increased the cost of electricity produced by tlaafby 60 to 70 percent. Such
enormous cost increases clearly highlight the hieeshvestment 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.

Institutionat Carbon capture in itself will not provide valueless the accompanying
infrastructure to transport and sequester the cagtcarbon, as well as monitor and
manage the sequestration sites is in place.

Transportation of Cefrom the point of capture to the point of geologi@ction for
storage poses fewer technical unknowns, with déestic@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 G@rom power plants to injection wellhead locatior@@urrently,

there are thousands of miles of O@)pelines in operation in the U.S. These pipeliaes
regulated by the Department of Transportation suenintegrity and safe operation. To
overcome siting obstacles that might impede CC#pi® the State of Texas recently
passed HB 1967 to grant common carrier status topgelines; thereby providing the
option for right of eminent domain for securing Rigy Of Way for pipes linked to
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gasification projects, including feedstock/coaksis and any outputs such as methanol,
CO;,, H2, etc.

An entirely new gathering and distribution infrastture will need to be built to compress
and safely transport CQlioxide to appropriate geological formations amedt it deep
beneath the Earth’s surface. The US appears @&y large C@sequestration
potential. However, these formations are not gvdistributed throughout the country.
Fully developing a system of permanent &f@ologic sequestration sites will require the
U.S. to build a vast interstate pipeline systemeaehat similar to the natural gas pipeline
system that has been created over the last cemjggtion wells must be drilled several
thousands of feet below the Earth’s surface. Willsequire massive investments in
commodities, industrial products and 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 id-pommercial technologies. Key
challenges include the willingness to bear theahitigh 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.

Regqulatory Evaluating the safety of potential CCS projeeils be very important for
both regulators and communities located near WB€8 projects may be located.
Regulatory uncertainties currently pose a baroeidCS. For example, it is not clear
whether underground injection of G@ under Federal Environmental Protection Agency
(EPA) or State agency jurisdiction. Some State teagun regulating experimental
wells for CCS research. The EPA announced in 2086it will issue permits for the
DOE Regional Partnership CCS projects under the Cd@e Class V for experimental
wells. However, the EPA has indicated that it megtassify experimental wells for CCS
research if and when they are put into commer@atation. A reclassification could
impact the costs and permitting hurdles for,@@ection projects. This policy change
certainly is needed sooner rather than later ifroencialization of CCS is to proceed and
succeed.

Access and liability issue present another chalefferent states have different laws
regarding land rights and mineral rights. Devetsprust negotiate varying regulations
and ownership issues regarding land rights and nadimights in order to gain access to
underground storage with each State governmeraddition, long-term retention of
stored CQ will 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 poteidial are not yet fully understood, nor
are uniform standards or government regimes inegpl@@ddress and mitigate them.
Among the key questions to be addressed in thd@@went of a consistent regulatory
framework for CCS are: property rights, includihg passage of title to G@Qncluding
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to the government) during transportation, injectioi storage; government-mandated
caps on long-term CQiability, insurance coverage for short-term Jd@bility; the
licensing of CQ transportation and storage operators, intellegitgberty rights related
to CCS, and monitoring of CGGtorage facilities. California should addresseheerging
legal and regulatory issues associated with CC8Il &nregulatory permitting legal
structure is developed and the issue of liabilgli s addressed, it is highly unlikely that
large-scale carbon sequestration can be achiewékisiregard, among the options
California should explore is that adopted by Texdsch transfers the title (and any
liability post-capture) to C@captured by CCS to the Railroads Commission of$ex
Public acceptance will be crucial; potential riskdiuman health or to ecological
systems, and associated mitigation measures, raugidntified and communicated.

K. Fuel Cells

Fuel cells operate on natural gas, methane, diggajas, hydrogen and other fuels.
They range in size from tiny — less than one wéth as large as 1 MW, with larger
systems currently in development. Fuel cells aadable, and there are some utility-
scaled fuel cell projects of greater than 20 MW.

These stationary fuel cells “electrochemically” geate clean, base load electricity and
heat. Heat generated in a fuel cell can be reeavend used in combined heat and
power/cogeneration applications, which can douietotal energy efficiencies of fuel
cell projects. Currently, fuel cells are primanilged to generate electricity and heat that
can be used at consumer sites or in district opesnapplications. Fuel cells also offer
near-term hydrogen fuel production opportunities.

In California and the U.S., fuel cells operate @létyrowned power plants or on-site
distributed generators. California has installkedost 15 MW of fuel cell capacity since
2003; about half of the installed capacity is costo generators; the balance is utility and
waste water treatment facility power plants. Anoth&1\W of fuel cell capacity is under
negotiation.

Technological Developments
Fuel cells are generally characterized by the et employed in the device. Fuel
cells are also characterized by their operatingotature, i.e. low or high temperature.

There are dozens of types of fuel cells, with fpamary technologies 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
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Most fuel cells on the market in the world are mpltarbonate or phosphoric acid. Solid
oxide fuel cells are on the verge of commercialarat Proton exchange membrane fuel
cells are commercial in small scale backup powstesys and specialty vehicles.

CO, Abatement Potential

Renewable fuel cell projects operating under thepies of the Self-Generation
Incentive Program deliver GHG emission reductidra tlepend on whether the unit is
used for combined heat and power and the displeasdazbn emissions of the local utility.
For instance, PG&E has a carbon intensity of aBo0tlbs CQ /MW-hr, with SCE
substantially lower and Los Angeles Department até¥and Power (LADWP)
substantially higher. Substantial deployment piiéourrently exists for grid support
and for large buildings with base load power nesdBools, hotels, hospitals, office
buildings, jails, and industrial buildings.

Technology-Specific Barriers

Technological Fuel cells require highly-durable, expensive ponent materials. Cost
reduction for these materials is the key techraballenge and commercialization factor
for fuel cells.

Financid: Fuel cells are still relatively expensive, asnpared to other fossil generators,
to make, install and operate. The technology’s-competitiveness would improve if
certain variables, such as an accurate accountidigtoibution benefits and climate
change abatement, were properly valued. Furthexnfoel cell operators that use
natural gas must absorb the fuel cost and volatisk. Key factors are bringing down
the price of component materials, reducing thearust capital costs for installations,
providing cost recovery for natural gas and otlessil units, and expanding the
availability of low carbon and renewable fuels.

Institutionat There exists a lack of familiarity with techngloby utilities, decision-
makers and customers. Fuel cells provide supaserof fuel, total efficiencies, multi-
faceted benefits and potential to help create atsgnia, but suffer from fear and lack of
familiarity with the technology. Lack of workfordeining for utility employees on
technology operations and best applications igiada

Regulatory A number of regulations impact that cost-contpetness of the technology.
Created in 2001, the Self-Generation Incentive Riog(SGIP) provides funding for fuel
cells and other clean Distributed Generation (D&hhologies. Rebates are limited to
the first installed MW of a maximum total projectesof 3 MW. This restriction on

SGIP is too low to incent economies of scale argkveicale deployment. Increasing this
subsidy cap would enable a greater market transfiiomfor fuel cell technology.
Renewable fuel cells are also eligible for net mete The current net metering cap in
California law,of 2.5 percent of total peak demangotentially too low to build demand
to accelerate installations.
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L. Biomass/Landfill/ Digestion/ High Temperature Waste Conversion

Biomass is defined by Federal statute (7 USC 7&3} &8s “any organic matter that is
available on a renewable or recurring basis, inolyidgricultural 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 used for grierGalifornia are agriculture,
forestry, and municipal wastes (which also contain-biomass materials). All together,
these biomass generators contribute approximatpgr@nt of California’s electric
supply. Two-thirds of California’s biomass powepaaity is from direct combustion of
solid biomass in boiler-steam turbine plans of 9¥8fV. The remainder is generated by
the combustion of landfill gas and biogas in smigllants typically in the 1-10 MW
range.

California leads the nation in the consumptiontbbeol. Almost all of the current
ethanol supply is created from corn, with most @rown in the Midwest. In 2004,
California consumed almost 25 percent of all eth@neduced in the US; however, less
than 5 percent of the consumed ethanol was prodad@dlifornia. Given that
California produces more lignocellulosic biomadatree to other sources of biofuels,
technologies that use lignocellulosic biomass appeae attractive for in-state
production. However, these technologies are &lsddast mature and are still in the
commercialization phase of development.

There is no single market driving biomass develaptmdew markets will offer
additional outlets for biomass energy, but willealscrease competition and influence
price for more readily available and higher quaditypplies.

CO, Abatement Potential

Significant room exists for increased bioenergyinsgalifornia. To date, only 15
percent of the technically recoverable potentidbiofnass wastes and residues from
agriculture, forestry and municipal waste are auttyebeing converted into useful energy
products. Dedicated energy crops could also adaigaesource potential in the future.

Out of available technical potential of 39 metrig tbns (MDT), four to five MDT of
solid biomass resource was used in 2005. In addigio estimated 90 billion cubic feet
(BCF) of landfill gas and biogas containing as mankrgy as 3 MDT of additional solid
mass was technically available in 2005. (Availablehnical potential refers to the
fraction of theoretical or gross potential thatagsidered to be recoverable on a
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sustainable basis.) The theoretical potentiaCialifornia’s entire biomass inventory is
estimated to be over 90 MDT per year.

The electricity generation from biomass could pbé&diy reach 60,000 GWh per year by
2017, or 18 percent of projected statewide elattramnsumption of 334,000 GWh, if
the technical potential is fully developed. Thegmtial for producing biofuels from
California’s biomass resources depends on thedf/pefuel and the conversion
technology. California’s cellulosic resource coatthceivably sugport over 2 billion
gallons of ethanol per year, approaching 3 biltiations by 2026"

Technological Developments
There are several pathways for converting biomassable energy?

Biological Conversion

Source Conversion Process Primary Energy Product
Agricultural crop Fermentation of sugars Ethanol

Any lignocellulosic* Cellulose to sugars, then | Ethanol

biomass fermentation

Landfill gas, animal Anaerobic digestion, Pipeline quality gas, CNG,
manures, food and other | cleaning separation LNG, hydrogen (via
organic residues, biogas reforming)

from wastewater treatment

process

Thermal Chemical Conversion

Source Conversion Process Primary Energy Product
Any lignocellulosic* Gasification/syngas Fischer-tropsch liquids,
biomass processing mixed alcohols via catalytic¢

synthesis, dimethyl ether,
ethanol via syngas
fermentation, methanol,
hydrogen, methane

Any lignocellulosic* Pyrolysis and upgrading Upgraded bio-oils
biomass (generally non-transport
fuel)

Physiochemical Conversion

Source Conversion Process Primary Energy Product
Bio-oils (waste oils/fats, agl Transesterification or Biodiesel
crops) hydrogenation
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*Lignocellulosic or cellulosic biomass refers tmiiass that is not food or feed, and the non-food
component of traditional agricultural crops suchies straw and corn stover

CO, Abatement Potential (for Individual Technologies)

Anaerobic Digestion:California has 1.7 million cows on 2,100 dairiegth 75 percent
located in Northern California, and half of thenSan Joaquin Valley. Less than twenty
of California’s dairies are generating methanedlectricity production. These dairies
provide an opportunity for load-serving entitiestsas public and private utilities to
produce base load renewable energy without the foeedectric transmission
reinforcements (the biogas could also displacerabgas for heating and other uses).
Capturing the methane from dairies has high abatepwential due to the GHG
characteristics of methane, which has 23 timeetteet of CQ as a climate change
pollutant. Another opportunity for reductions e tconversion of organic material that
would otherwise by landfilled via digesters to puod fuels for electricity production or
other uses.

Landfill Gas: The last comprehensive survey of California ldlsivas performed in
2002, at which time the total electrical generatapacity from the 51 then existing
landfill gas to electricity (LFGTE) projects in @faknia was about 211 MW. The
electrical potential from an additional planned&édfills was about 39 MW. In 2002, 70
landfills in California were flaring the landfillag they produced. The remaining 164
landfills either did not have landfill gas conteylstems or were venting the landfill gas to
the atmosphere. These 164 landfills have the patdat producing significant amounts
of electricity while reducing the contribution tbngate change of the methane emissions.
Additionally, some of the existing LFGTE projecte @perating below their rated
electricity generation capacity. Significant elest potential could be added by
expanding existing landfill gas to energy projent€alifornia.

High Temperature Waste Conversiodigh temperature waste conversion can avoid
landfill emissions, and create a fuel for electyigieneration, for both biomass and other
materials in MSW that can be converted to a fudle effectiveness of this technology
would depend on a life-cycle analysis of whetheaggr climate change benefits can be
achieved through waste reduction or recycling m#ghostead of conversion; and on
avoided GHG emissions of electricity that coulddisplaced by high temperature waste
conversion. Similar types of analysis would bedwsekif high temperature processes
were used to convert waste to other fuels for hgatnd/or transportation.

Technology-Specific Barriers

Technological While existing bioenergy generation technologieswaell established,
new emerging technologies such as gasificatiomglpsts and lignocellulosic ethanol
have yet to be fully demonstrated and commercidlibeie to feedstock variation, the
new technologies being developed need to be alilaridle a variety of feedstock
quality. Adequate environmental data often do matexist for many new biomass
industries or they have not been fully evaluateddgulatory agencies, leading to
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uncertainties and delays. Gasification of MSWhallenging due to both variability and
uncertainty in feedstock composition.

Financial: Due to their small size, biomass power plantehalatively high capital and
non-fuel Operations and Maintenance (O&M) costsNd&f compared to fossil fuel
plants using similar technologies. In additiorg fhants are sensitive to biomass
feedstock costs. The cost of collecting and delidebiomass to the point of use is often
high and reduces the competitiveness of biomasggsgstems compared with other
renewable technologies that do not incur fuel cddte benefits of bioenergy options are
also not adequately recognized or valued in th&ketaAnd the cost of siting and
permitting for new projects can be prohibitive,ggivthe lengthy and complex process. In
the final analysis, biomass projects are capitaisive, and the uncertainty of
California’s long-term commitment to and availatyilof bioenergy -- coupled with
uncertainties associated with new technologies asdajasification or cellulosic ethanol
technology -- make financing difficult.

Institutionat Biomass projects require an infrastructure ttect process, transport and
store feedstock, and to distribute biofuel produdtarthermore, there needs to be
cooperation and collaboration among various indgestincluding: agriculture; forest
products; electric power; waste management; chésnict and gas; and the automobile
industry. There is a lack of public awarenesdeflienefits of bioenergy and facilities
that covert municipal waste to electricity faceotigh high-temperature processes face
substantial public concern over air toxics emission

Requlatory Any form of combusting fuels to generate eledyiwill be subject to
regulations and permitting for pollutants such &xNh California. Strong public
barriers to acceptance over concerns such as d@oxissions for high temperature waste
conversion may block political and regulatory amais.

Different aspects of biomass development, manageamehuse are governed by various
State agencies, which may have unintentionallylapeing and conflicting regulations
and policies. Potential developers find difficultysecuring long-term contracts for
biomass, especially from public lands agenciesiamdeas with fragmented Federal,
State, and local ownership patterns.

The State currently lacks a comprehensive systemsigessing the overall, lifecycle cost
and benefits of bioenergy options. Furthermorejildastry is fragmented and composed
of a diverse group of fuel providers, producers asers. Each segment of the industry
faces different regulatory issues and challenges.

The Federal production tax credit is lower for bas® than that for wind, solar and
geothermal projects. Federal programs have onty@eently begun to support biofuels
other than ethanol. At both the Federal and Seatel$, bioenergy subsidies lack
regulatory certainty, which acts as a barrier tegie sector investment.
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To qualify for diversion credit, a gasification ity must meet stringent criteria, as set
out in AB 2770, a bill signed into law in 2002. & briteria includes using absolutely no
air or oxygen in the conversion process. Gasiboahowever, does require some air.
Gasification of municipal solid wastes is therefgreatly inhibited by the language of
the law. The diversion credit rules of the wastnagement laws also inhibit the use of
municipal solid waste. Current laws allow diverswedit for many activities, but
generally exclude energy conversion from theseitse®@ending legislation (SB 1020)
may change this State policy. Also, permitting tsanversion demonstration projects
is a lengthy process that may limit the availapitif further data regarding these
processes.

Landfill operators are required to destroy methaméssions from their facilities. They
may simply flare the gas. The flaring would set biaseline for NQemissions for the
operation, which are stringently controlled. N€nissions from internal combustion are
higher than from flares and currently statute resgithat the NQemissions must be
controlled. Capturing these methane emissions woffisét other gas use, and therefore
be a more efficient use of energy. Yet there isanity no credit given for such offsite
NOx reductions.

M. Next Generation Advanced Gas Turbine Technolog&

Clean, flexible, natural gas-fueled resources acessary to tie the state’s diverse
portfolio of renewable resources together. Catii@ishould procure a portfolio of
generating resources that can ramp up quickly, shed start up and shut down times,
and have fast response for frequency control. fdhgas generation can support
intermittent renewable resources by offering thfes@ng up services.

New technologies have been proposed to improveffleency of new and existing gas
turbines in base load and peaking applicationse pe of strategy is increasing the
energy efficiency of gas turbines. They are usedbth simple cycle and combined
cycle (where waste heat is used to generate staaadditional electricity generation).
Another is improving systems to increase the efficiy of combined cycle systems, and
optimizing systems so that they can achieve higHigient combined cycle operation
more quickly. They face a common hurdle in thergpsector: the cost and risk of
trying new technologies. The capital investmertigh, so new facilities or hardware that
adds any performance risk is difficult to bringmarket.

CARB maintains a user-friendly database of Bestilatabe Control Technology (BACT)
decisions that includes power generating equiprsecth as gas turbines and boilers.
This database should be expanded to include greselgas emission rates, now that
CO; has been recognized as an air pollutant, to fatgltechnical information sharing for
permitting within California for new. For instanaxisting EPA guidance requires
consideration of GHG emissions when selecting @iupon emissions controls as
BACT. Thus, establishing this information will fitate evaluations by California
permitting agencies. (In areas that violate heladtbed standards, achieving the lowest
achievable emission rate of the pollutant(s) cbatring to the violations is the over-
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riding concern.) In addition, GHG emission rate &so be important for other U.S.
and international agencies that intend to allow netural gas electricity generation and
want to determine the lowest carbon options.

CARB, the California Air Pollution Control Officer’Association and member air
Districts, the CEC, and EPA should agree on a stahfbrmat and the CEC and air
Districts should include this information with eygrermitting action for fossil-fuel fired
electricity generation. Other agencies such astS6oast Air Quality Management
District (SCAQMD) and EPA should also seek to imguhis information as well in their
air pollution control technology databases forlfaes within their jurisdiction. CARB
should also consider the feasibility of providiregal for existing units to the extent that it
is readily available.

N. Combined Heat and Power

Combined Heat and Power (CHP) plants -- also knasvoo-generators — generally is
defined as follows: the efficient use of energwiheat engine or a power station to
simultaneously generate both electricity and ustsieimal energy for heating, cooling or
dehumidification. (As noted earlier, fuel celle @nother technology offering the
potential for CHP applications.) CHP results ireduction of CQ emissions by avoiding
the use of fuel and by using fuel efficiently irethroduction of electrical and thermal
energy.

CHP avoids the use of fuel by combining what wantlterwise be stand-alone
production facilities — e.g., steam boilers andticdized electrical generation — into a
single process. Figure 10-4 below illustratesgieater efficiency of CHP
configurations.

Separate Production of Heat and Combined Heat and
Electricity (Hatural Gas) Power (Hatural Gas)
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Figure 4-10: lllustration of CHP efficiency.

There are two main types of CHP employed in Calitar “Topping cycle” CHP

captures the byproduct heat from electrical ger@rdor domestic or industrial heating
purposes. Byproduct heat at moderate temperatL@@st¢ 180°C) can also be used in
absorption chillers for cooling. By capturing #wecess heat, CHP uses heat that would
otherwise be emitted into the environment. Topmyge CHP can reach an efficiency of
80 percent or more, compared with the 50 pere#iciency typically found at new,
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conventional gas-fired base load power plant. lateel process is a “Bottoming Cycle”
plant that is more efficient than conventional §esd facilities by virtue of capturing
process waste heat to generate electricity. Babesyf CHP have a wide range of
applications, both large and small.

Historically, California has been a leader in tleeelopment and installation of CHP
projects. Large scale topping cycle CHP facilittase been installed in California at
paper and glass manufacturing plants, food proogseefineries, thermally enhanced oll
production operations and other industrial locatioBottoming cycle plants support
other California industrial processes, such apsim coke calcining operations.
Smaller scale projects can be found at schoolgitads, prisons and other commercial
sites. There are currently over 9,200 MW of CHRalhsd at 900 sites throughout
California. By 2020, California could add betwez@00 MWe and 7,300 MWof 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 genpeddictricity and thermal energy. If
these CHP facilities rely upon renewable fuels,tamlthl GHG emission reductions
occur. Small-scale CHP systems already receive raumeéncentives, including
exemptions from various charges (such as standtgygtems under 5 MW), and
favorable natural gas transportation rates. Sugpo6tandard Offer contracts under the
federal Public Utilities Regulatory Policies Act 78 led to large 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 mayetswplus electricity for sale. CHP
facilities today face difficulties obtaining powsales agreements with utilities to take
limited amounts of non-dispatchable electricity gi@ted by the project, especially as
utilities add non-dispatchable, base load renevgall=cond, there are policy tradeoffs
between efficiency and ratepayer equity resultmpng standing debates between
utilities, CHP generators and various classestepeyers over standby rates, cost
shifting and rate design. Third, the ratepayer tyqeoncerns have led to customer load
served by CHP facilities facing material “departlogd” charges or exit fees when the
facility becomes operational. The cumulative inpEdhese issues can make the
difference between a project that can and cannet mmeequired hurdle rate. These
challenges may be further exacerbated with theemphtation of AB 32 if CHP owners
are asked to bear the costs of electricity germratirectly, while other industrial sites
experience carbon mitigation costs that are priddsorbed by upstream producers..

These are not new issues presenting insurmountadpdatory barriers. California can
eliminate these barriers by first creating a viatdebon market, which properly accounts
for CHP benefits, and then weighing the tradeoéfisMeen utility portfolio needs,
ratepayer equity, and efficiency to address powakrssregulations and departing load.
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0. Oxyfuel Combustion

Oxyfuel Combustion offers several advantages coetpsr capturing carbon from
natural gas power plants using ambient air for aggtibn. CQ separation is expected to
be more costly for post-combustion clean-up fouretgas/ambient air natural gas
power plants due to the low concentration of,@Qthe exhaust in post-combustion
systems. With Oxyfuel Combustion, air is excludi®dn the combustion process such
that the products of combustion are nearly pure &@ water. Thus, the G@an be
isolated more easily by cooling the flue gasesediof a process to separate,Clhe
same process could also be applied to fuels sunhtagal gas, coal syngas, landfill gas
and biogases (as well as inexpensive aqueousduelsas emulsified refinery residues
and glycerin from bio-diesel production.) Oxyfubbsve already been used in glass
plants in California, where they have reduced N@ussions while achieving the very
high temperatures needed to produce glass.

There are various Oxyfuel projects in demonstrapibases. In California, a project is
underway with Clean Energy Systems (CES) to deviélemation’s first natural gas
zero-emission power plant (ZEPP). The core of Qi8¢tess is an oxy-combustor or
“gas generator” adapted from rocket engine techgyol®he gas generator burns gaseous
fuel with oxygen in the presence of water to pradasteam and G@nixture at

extremely high temperature and pressures. If unalbed, the combustion temperatures
could reach 6000° F, causing the gas generatoetb 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. There is an opportuniipdcease the overall efficiency to 60
percent when steam turbines that can handle 308@%am become commercially
available. One of the biggest challenges associaittdbringing this technology to
market will be to improve the cycle efficiency byrking to develop steam turbine
technology capable of cost effectively operatingealy high temperatures.

P. Advanced Coal Technologies

Coal currently accounts for more than half of tleeicity generated in the United
States and more than three-quarters of the elettpply 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 diévelopment and deployment of
affordable, efficient new coal technologies thaidurce less C@is critical to climate
change response strategies designed to avoid gtobabmic instability.

In recent years, Californians have received ameséid one-fifth of its total electricity
supply from coal-fired power plants located acribesinterior 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
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same year, an additional 32 TWh of electricity gaterl by other coal plants in the
interior West was estimated to have been soldthdCalifornia market.

Governor Arnold Schwarzenegger announced a newegyatip in April 2006 with
Governor Freudenthal of Wyoming by signing a Memdram of Understanding (MOU)
supporting the development of advanced coal tecignied with the goal of improving the
availability, diversity and stability of Califorrigelectric 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 viabibifyintegrated Gasification
Combined Cycle (IGCC) power plants using CCS eqeipmif this first of a kind
commercial demonstration is successful at its Wygnsite, California could obtain
electricity generated by a clean coal technology Would meet its new GHG emission
performance standard for electricity generationang

Advanced coal technologies, coupled with effec@&S, represent a critical element in
an overall energy strategy that seeks to promate éxwergy security and environmental
sustainability. Coal, which is both cheap and alamhds well-suited to meet the former
objective, but, absent CCS, will actually underntime second goal of reducing GHG
emissions. Demonstration projects offer potentia#igt public benefits as California and
the rest of the nation move to reduce our deperedendoreign energy sources and
address climate change. More broadly, the develapofehis technology can play a
fundamental role in combating climate change glglithrough technology transfer to
nations such as China and India, which remain hardgpendent 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 &fficient combustion. High-pressure
steam produced in the boiler passes through a dt@dime, 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 Uniteda&ts are sub-critical, which means that
the pressure and temperature are below the crgaat of water. Subcritical plants are
well established and relatively easy to controthvaverall energy conversion
efficiencies in the range of about 30 percent toogit 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 Wl To prevent premature wear,
supercritical plants require careful control of @rathemistry and metal temperatures, but
today they are just as reliable as subcriticalfslafo 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,
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which translates to an energy conversion efficienicgpproximately 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 p@these advanced alloys, address
field fabrication and repair issues, gain apprdr@ih industry standards organizations
and insurers, and optimize plant designs for twedespread use.

Developmental advances are also under way for theralirect combustion
technologies:

«  Circulating Fluidized-Bed (CFB) systems are alrebding selected for new
generation capacity, especially where inexpensiagj-to-burn fuels such as
lignite and solid waste are available. CFB plamtsrate at relatively low
temperatures and thus produce less NOx in therlibiée PC plants. In
addition, the aerodynamically suspended “bed” GFB boiler is fed with a
sorbent (usually limestone particles) to remove f@lutants. This approach
produces a bit more GOhowever, which puts CFB technology at a
disadvantage relative to PC plants under stringariton emissions constraints.

. Coal Oxy-combustion — the burning of pulverizedlgngure oxygen separated
from air — has emerged as a potential combustidivrofor 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-concentratior, 8@am would be more amenable
to separation for long-term storage. Advances stesyis that can properly
manage oxygen combustion and £&€cycling and purification will require
additional development work before full-scale destaation, and new methods
of oxygen production may be needed to make oxy-cmtitn technology
economical.

0. Integrated Gasification Combined Cycle

Referenced earlier, Integrated Gasification Comibi@gcle (IGCC) technology is
designed to combine a chemical gasification prowgigstraditional combustion turbine
based processes to generate electricity at conngayalhigh rates of efficiency and low
emissions levels. In the IGCC process, the fugl @al, petroleum coke, or biomass)
reacts with oxygen and steam under high temperatutgoressure to form a combustible
gas composed mainly of hydrogen and carbon monoXigis “synthesis gas” is cooled,
cleaned, and then combusted in a gas turbinecémined (gas and steam) cycle, the
hot exhaust from the gas turbine passes thoughtadeovery steam generator, which
produces steam that drives a second turbine. Beaduke heat recovery, IGCC plants
can operate at efficiencies approaching 45 pert@@C technologies have improved
efficiencies compared to traditional PC plants. dkerall efficiency of an IGCC plant
depends on the particular gasifier technology eggaand the type of coal.
Improvements in overall efficiency translate indgluctions in C@emissions; for every
one percent of efficiency gain, a plant producesuéB percent less G@er kWh. A

10-66



ETAAC DRAFT FINAL — to be Considered for Adopti@i11/08

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 comtmuigtnits NOx production to about 10
ppm. Sulfur dioxide (S¢) emissions are low as well because of sulfur reahmates
greater than 99 percent during synthesis gas ciganior to combustion. IGCC has the
added advantage of being amenable to the additiahat is known as a water shift
reactor downstream of the gasifier to produce a@hggis gas with mostly hydrogen and
CO,. Commercial processes from the chemical indugtnyremove C@more
economically in this relatively concentrated, higlessure form than they can remove it
from a diffuse flue gas stream at ambient pressweh as occurs in pulverized-coal (PC)
boilers.

Technology-Specific Barriers

Technological The basic IGCC concept was first successfullpaestrated at
commercial scale at EPRI's Cool Water Project fi#84 to 1989. However, IGCC is
not yet considered a commercially viable technolfagycoal at this time, though there
are IGCC plants operating in the US and world#fdeilizing a variety of solid fuel
feedstock, including petroleum coke. Worldwide réhare four operational coal-based
IGCC electricity generating plants with generatiapacity of roughly 250 MW eadf;
however, none of these plants captures or seqaes@r Unfortunately, these coal
plants have not consistently achieved capacitypfactomparable to readily available
supercritical PC plants.

Most of the information on the operation of IGCCheology is based on the use of
higher ranked, higher heat content bituminous oog@let-coke. Lower ranked
subbituminous and lignite coals, which feature Iotveat 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 U.S.

The application of IGCC at higher altitudes alsegants unique issues that must be
addressed given that a large quantity of low ravéd<are found in elevations that exceed
4,000 feet. The output of a combustion turbineeduced approximately 3 percent with
every 1,000 feet increase in altititfeFor a project operating at 5,000 feet (which wloul
apply to much of PacifiCorp’s generating fleetlhie Rocky Mountain region), output
losses would be a significant 15 percent. In singdms, this increase in elevation results
in a reduction in output, although the capital éegissentially 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 UxBoitld also 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 considerbéd #m excellent choice for these
applications.
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Financial: No large scale, utility-size IGCC plants hasrbbailt, and 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 thetfgoup of U.S. IGCC plants is expected
to cost about 15- 20 percent more than that fronveotional PC units with SCGand

NOx controls, assuming no CCS requirements. Thraaegive product development by
the equipment suppliers, this cost differential rhayreduced or eliminated, at least for
high-rank coals. For low-rank coals such as ligrfitether design improvements will be
needed to make IGCC more competitive. In addittonextensive and costly front-end
engineering design (FEED) study is required to iobi@asonably accurate estimates of
the cost of building an IGCC plant.

R. Integrated Gassification Combined Cycle with CCS

IGCC technology and CCS are two different proced§¥SC describes a highly
integrated two-step process: (1) gasification twpce a gas-based fuel that can be
burned in a combustion turbine; and (2) power gatiear. CCS is a potential
complementary add-on to this technology that waaldvert the carbon in the synthetic
gas to CQ, separate and compress it, and ultimately injadeép beneath the Earth’s
surface for permanent sequestration. As describ&ection L above, CCS is also a two
step process: (1) G@ captured from the air, a fuel or exhaust; andh@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 8ueThere are a variety of “pre” and post
combustion” mechanical, chemical, and natural caapture technologies that are
current available or under developméht.

Technology Development

Hydrogen Energy, a joint venture between BP, Ridd and Edison Mission Group,
offered a joint proposal to build a new hydrogewgpoplant for Carson, California. The
plant will convert carbon-rich petroleum coke iydrogen gas and G@hrough a
chemical gasification process. The hydrogen gédiven be used to fuel a combined
cycle power plant to generate electricity. Approately 90 percent of the G@ay be
captured and sent via pipeline to be pumped in&llae underground reservoirs for
long-term storage, eliminating 4.5 million tons/yedGHG emissions. The plant will be
located adjacent to the existing refineries in@lagson area and will utilize the petroleum
coke that is produced as a by-product of locatedihing.

Currently, petroleum coke is trucked from refinerie the region to the ports where it is
loaded on ships for export to other nations to lmadd directly as a fuel. The Carson
Project will reduce truck trips and diesel emissiassociated with the petroleum coke
trade (see Figure 10-5 on the next page.) It nsyensure that the G@missions
associated with the use of petroleum coke abroad lbome is captured and prevented
from being released into the atmosphere.
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Garsan Hydrogen Fower Project:

Figure 10-5: lllustration of Carson Hydrogen Poweroject and CCS

SCE has filed an application with the CPUC requegstiermission to assess siting and
design for this coal-based hydrogen fired IGCCduhko CCS

Among emerging options for large-scale 4®moval are new chemical solvents,
alternative physical/chemical separation methodgehsystems based on mineralization
processes, and concentration of A®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 popiants.

One particularly promising new G@ost-capture technology is the chilled-ammonia
process. The current monoethanolamine (MEA) profmesemoving CQ from the flue
gas of a PC plant has several disadvantages, ingllmlv CG;, loading capacity of the
absorbent materials and high energy consumptiomglabsorbent regeneration. The
chilled-ammonia process increases loading capatitywer temperatures by using high
concentrations of ammonium carbonate absorbethteit 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 withtom to build a 5-MW chilled
ammonia pilot test facility, expected to begin @tien in 2007, and provide capture test
results in 2008. A C@storage test could follow in 2009.
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In addition to the technical issues associated @{IE there are a series of legal and
regulatory issues which will need to be addressa aroperty rights, long term
liability, permitting and regulatory consistenty.

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 domesticatig internationally. The recent
MIT study, The Future of Coalalso endorses this course of action: “We concthde
CCS is the critical enabling technology that wordduce CQemissions significantly
while also allowing coal to meet the world’s pregsenergy needs.” The Western
Governors Association and the US Council of Maywge 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 repolirstted to the California Legislature in
November 2007, with recommendations for “how thet&tan develop parameters to
accelerate the adoption of cost-effective geologibon sequestration strategies.”

Technology-Specific Barriers

Financial The experimental nature of coupling IGCC with Ci€&hnologies creates
added risk and cost during all phases of any rexan-project. While engineering and
construction designs for a traditional coal plamgtdess than $1 million, an IGCC plant
cannot be built without a FEED study. Such a sitmts $10-$20 million and takes 10 to
14 months to complete. Because commercial-scal€l@Chnologies are new, the risk
of cost-overruns, construction delays, and delayxchieving anticipated reliability
levels, are all higher than for a traditional cpkint.

This added risk and cost create financing challerfigean IGCC investment. Assured
and timely cost recovery, typically achieved byy@es you go” proposals, has been
necessary for large IGCC projects to obtain finag@nd move forward. For example,
the Ohio Public Utilities Commission recently alleavAmerican Electric Power (AEP)
to recover an estimated $23.7 million in first-ph#S CC pre-construction costs through
a 12-month generation surcharge. AEP proposedamdephase of recovery during
construction to cover financing costs, and a tipindse to recovery the costs of the plant
after it becomes operational. Similarly, the Indidtility 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 platatg@s.

Regulatory Before IGCC technology can provide a criticalhp@ward a low carbon
future, it must become economically competitivéiai®e, and more broadly applicable
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to lower rank coals and higher altitude conditioRalicy makers must understand,
however, that combining a chemical process (gadiin) with a mechanical process
(coal-based power generation), and then captundgaquestering the gasified carbon,
is not simple and has yet to be definitively denti@isd anywhere in the world today.

Government support for IGCC/CCS development woelg kirect the industry toward
this higher risk technology investment. This suppould take the form of accelerated
depreciation; investment and production tax credésearch, development and
commercial demonstration funding; performance aagtayuarantees; and/ or public-
private partnerships to develop, construct andaiparommercial scale IGCC plants.

S. Nuclear Power

At present, nuclear power provides about 15 perge@alifornia’s total electricity
supply. Three reactors supply California: PG&E228 MW Diablo Canyon; San
Onofre, a 2,254 MW facility operated by SCE; anel 3;810 MW Palo Verde reactor in
Arizona, which features a 27 percent California evghip share. All three plants began
commercial operations in the mid-1980s. Theireniroperating licenses will expire
during the 2022-2027 timefranfe. The re-licensing of these nuclear reactors véll b
determined by the federal Nuclear Regulatory Corsimis(NRC). The California
utilities are in the process of completing re-liskig studies, which are expected to be
completed in the 2010-2011 timeframe. If the stsaigh®ve re-licensing to be feasible
and economic, the utilities will prepare applicasdor NRC approval. The most likely
barrier for re-licensing is not any technical cealies, but public resistance.

Nuclear power provides fuel diversity, enjoys lopeaating costs, and generates virtually
no GHG emissions. Nuclear generation is experignaifrenaissance” as utilities and
independent power producers explore its potential¢arbon constrained electric
generation market. The Federal government, throluglhoan guarantees included in
Energy Policy Act of 2005, has spurred renewed@sten nuclear power. Throughout
the U.S., 21 projects have been announced and &sious 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 sicguift siting issues, cost overruns and
delays. Nuclear proponents argue new technoldgvesr development risks and
associated costs.

The largest barrier to new nuclear developmentdlif@nia is a regulatory one. Under
existing California law (Public Resources Code 2B5fhere is a moratorium on the
construction of new nuclear power plants until@C finds that there is a federally
approved, high-level nuclear waste disposal fgcifucca Mountain Nevada has been
designated by the U.S. DOE as a high-level nusleste site. The date for operations
has slipped several years with the date now sirgabut beyond 2020. Until Yucca
Mountain is certified and operational, or unlessr¢his a change of the in California state
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law, the CEC will be precluded from licensing aynnuclear power plants here in
California.

Despite these obstacles, a potential new nucleaempplant 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 AP1d@8igned to be capable of startup
from cold shutdown to hot standby in 24 hours. kilse, it is capable of cooling down
from a reactor critical condition to a refuelingesgtion in 24 hours. Technology
advances include: enhanced safety features thatiecaenuclear island consisting of a
proven four-loop reactor cooling system designjirftvain safety systems; double
containment; in-containment borated water storageere accident mitigation; separate
safety buildings; advanced ‘cockpit’ control rocamd an undetectable radiation release
to the public under any accident scenario. Intémdielectrical safety includes full load
rejection of 100 percent to 3 percent without anptep, four emergency diesel
generators, and two smaller, divers SBO D/Gs. HBigsvcharacteristics include airplane
crash protection and explosion pressure wave. éftielency has also improved to 35
percent (the typical current U.S. plant is 33pet efficient), and now uses 8 percent
less uranium to generate each MW of electricity.

Technology-Specific Barriers

Technologica Long-term waste disposal has been an on-going igsat still needs to be
resolved.

Financial: The capital intensity of nuclear generation igrang, and increases the risk
profile for investors. Furthermore, the levelizexsicof new plants is hard to estimate,
since few plants are being built.

Institutionat Public concerns over plant siting, safe operatinod waste disposal pose
significant barriers. There are global concernsualite proliferation of nuclear
materials. New fears have emerged in the postWdkld regarding nuclear plants as
targets for terrorists. Finally, lack of qualifieabor pool is also a concern.

Reqgulatory The California Moratorium is a significant regudey hurdle. No new nuclear
plants may be built in California without a cleapository for waste.
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In addition to the recommendations in the Eleitiri& Natural Gas Chapter 4, the
electricity & natural gas sub-group recommendsdfiewing:

Additional Electricity & Natural Gas Sub-Group Remmendations
Not ranked by priority.
ltem Relates To
1. To encourage wider adoption of LED lighting, Energy Efficiency —

consumer education is necessary to increase avegrehee
benefits and availability of consumer-ready LEDdurats.

LED

Cap & trade or other regulations should not put
electricity at a disadvantage compared to traditigetroleum
fuels.

PHEV/EV —
Transport

The California government can play a key role in
information-sharing efforts, and making sure theress of a
proprietary effort in smartening the grid. EPRHhselliGrid
Consortium, with founding members including ABBeth
Bonneville Power Administration, Con Edison, Eletite 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 nestito support
both increased DG penetration by renewables andawer
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 steatarket
deployment of the technologies in question.

PHEV/EV —
Transport; Smart
Grid

Organize and expand the current level of effothim
science and business of CCS, with the federal govent
taking the lead. For example, UC system-wide pigdtion
in CCS RD&D can occur through a national reseanshitute,
such as DOE’s Lawrence Livermore Laboratary

CCS

Coordinate potential plant capacity additions and
retrofits with ongoing program objectives to maxmthe
commercialization potential of CCS technology

CCS

Fostering interactions between consuming and coaq

producing/generating States should include:

a) Closer collaboration between all utility
commissioners

b) Support “Capture-Ready” requirements for all n
coal generating facilities. “Capture-Ready” refers
IGCC and PC power plants that are located in imatedi
proximity to a suitable sequestration site, anctaxgy

| CCS

9%
=
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CO2 pipeline, or a verified pipeline rout to a rémo

sequestration site and have space on site andther o

essential features to allow CO2 capture facilities

subsequently to be integrated without extendedgesta
c)

8. Investigate incorporating storage into the grid to
balance out variable output renewables — solamand.

Renewable; Storage

9. Ensure full valuation of CO2, environmental andeot
benefits. Synchronize different valuations amorggpams
and technologies.

h Renewable

10. Continue existing incentives for distributed
technologies, and adjust to account for actualgner
performance, environmental attributes, and econ®wiie
scale.

Renewable

11. State support for development of new technologies| fRenewable

geothermal exploration.

12. Accelerate research into material cost-reductions.

Renewable

13. Incentives for clean energy equipment manufacturi
facilities in the State, including Manufacturingzéstment
Credits, property and other tax exemptions, as agtther
programs as services such as recruiting, creafiolean
energy equipment manufacturing “enterprise zones”.

ndgrRenewable

14. Workforce training for utility procurement officers
field operators and other employees on technology
characteristics and operations.

Renewable

15. Expansion of funding to RD&D incubation centers.

Renewable

16. Incentives for landfill operators to use landfilggfor
energy generation.

Renewable

17. Simplify permitting for renewable project
developments through coordinated decision-makioggss
between State and Federal agencies such as cdordina
permitting activity within interagency coordinatibgdies or
through master agency agreements, establishirgpeec!
permitting pathway, and/or fast-tracking permittefgprts.

Renewable

18. Extend timeframe for Production Tax Credit (PTC)
and Investment Tax Credit (ITC) — a clear, consissggnal to
the market that PTCs and ITCs can be expectedeolrger
term would increase clean energy investment ang@s)
and continue momentum in lowering costs and coirtgqu
supply of materials for technologies productionrsas wind
and solar.

Renewable

19. Improve transmission access for renewable energy

. Renewable

20. Support Federal funding under section 413 of tHzb2
Energy Policy Act for demonstration projects of adeed
coal technologies using carbon capture and se@tiesty with
a focus on those locations and coal types thaharenost

0IGCC with CCS
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abundant.

21. Provide specific development goals for the
advancement of IGCC technologies that focus on majo
components that will result in higher availabililgcreased
performance and lower cost.

IGCC with CCS

22. Address legal and regulatory barriers/issues astsut
with CCS.

IGCC with CCS

23. Provide financial incentives for permanent geologig
carbon dioxide sequestration.

IGCC with CCS

24. Develop a regulatory framework for injection wells

and carbon dioxide pipelines.

IGCC with CCS
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Appendix V: Background Status Report on Transpiomnabector Solutions

This appendix was compiled by the ETAAC Transp@tasector subgroup as a
reference document for strategies that can redwemnpouse gas (GHG) emissions from
the transportation sector. It contains summariepecific technologies and a set of
references in endnotes. Material was contribuieddih ETAAC members and the
general public. This inventory of solutions to gibblimate change is arranged according
to the following categories:

Vehicle and Fuel Technologies
Transportation Planning and Incentives
Mobility Options

Traffic Flow Improvements

Goods Movement

Other

References and Notes

OTMMOUO®>»

A. Vehicle and Fuel Technologies

A.1 Conventional Vehicles and Fuels

Many technologies exist that can improve the fdtiency of contemporary vehicles
that burn fossil fuels in internal combustion emginthereby substantially lowering GHG
emissions, as has been documented elsewhere by @A&Btheré® Many of these
technologies involve improvements to internal costlmn engines, hybridization of
vehicles, and similar incremental changes. Mamnetaready been introduced into
transportation markets outside of the United Statetably Europe. In general,
technologies to reduce emissions from conventigehicles can be integrated fairly
easily into new vehicle design and manufacturimey also require no changes in
infrastructure.

Current trends to use lower-grade resources (egadian tar sands) for fuel production
are leading to fuels which have higher GHG emissjagr unit of fuel, although
technologies can be developed to limit or to capaurd store additional GHG emissions
used in resource extractidh.These include improved efficiency in oil prodectiand
refining, the storage of carbon dioxide in depletédields and reservoirs, and possibly
even the capture of carbon dioxide from the agrdtissil fuels have been combusted.

» Timeframe: Near to long term growth potential.

* GHG Reduction PotentialPotentially very large, especially if carbon age is
feasible.

» Ease of ImplementationFrom very simple to very challenging.

» Co-Benefits / Mitigation Requirement€an reduce the need for petroleum
imports. May have negative costs.
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* Responsible Partieszederal and State governments, private sector.

A.2 Electric Vehicles

Vehicles that draw electricity from the grid hawseh in development and use for some
time and may be an important option in the fufiir&he electric vehicles category (EVSs)
includes a wide range of configurations, from dif& plug-in hybrid electric vehicles
(PHEVs) to neighborhood electric vehicles (NEVshigh performance battery electric
vehicles (BEVs). Generally speaking, the key @ralke for EVs is improved battery
technologies since relatively little infrastructiseneeded.

Some of the key advantages of EVs are: they hawetad#pipe emissions of GHG
emissions; they tend to be very efficient in teohenergy consumption; they have low
operating costs; they diversify the transportagorrgy supply; and they have the
potential to support the electric power systemubhovehicle to grid (V2G)
technologies! However, they are currently very expensive -gédy due to battery costs
-- although these costs may be mitigated by ad@mehicle designs that use smaller
batteries (e.g. vehicles with relatively shortellctric ranges, like 5-10 miles). Other
important challenges for EVs include developmeribafcost manufacturing
technologies, appropriate technologies and metfardsharging, and potential
infrastructure for rapid re-charging. Because Ebdsstitute such a wide range of
vehicles, the relative importance of these chakdsngaries greatly according to vehicle
type.

* Timeframe: Mid to long term.
» GHG Reduction PotentialPotential to eliminate substantial GHG emissions.
» Ease of ImplementationModerately to very challenging.

» Co-Benefits / Mitigation Requirement€an reduce the need for petroleum
imports. May have negative costs. Eliminates tpdpmissions.

* Responsible PartiesFederal and State governments; private secextredity
providers.

A.3 Biofuels

Transportation fuels produced from biological feaedks (biofuels) are currently used in
California and may offer important opportunities @HG emission reductions, but there
are also significant concerns about biofdél<Currently, gasoline in California contains
about 5.7 percent ethanol by volume, which impiiesual consumption of about 900
million gallons. Much smaller quantities of biog@ are consumed. A major advantage
of biofuels is that they require smaller changefuél infrastructure and vehicle
technology than do other low-carbon options. Hosveathanol does not blend perfectly
with fossil fuels, so it requires special distriloatinfrastructure, which is currently
strained at both the national and state levelsaadifition, the carbon intensity of biofuels
varies greatly with production method, and somtdéay’s biofuels can have higher
GHG emissions than fossil fuels. As biofuel pratrchas expanded, concerns about
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the environmental and social implications of udiogd crops for such expansion have
risen.

Most experts agree that for biofuels to contritgigmificantly to lowering GHG
emissions, advanced (or “second-generation”) teloigies will be needed because they
offer two key advantages over today’s biofuelsisti-they will enable the cost-effective
use of feedstocks such as grasses, trees, wastigsossibly algae in place of crops like
corn and sugarcane. Second, they may yield fhatsare readily blended with (and may
be virtually identical to) fossil fuels, minimizirthe need for any special infrastructure or
vehicles to use biofuels. Recently, the U.S. Diepant of Energy (DOE) sponsored Six
pilot plants to produce cellulosic ethanol, on¢hef earliest of the second-generation
biofuels. This technology offers the first advaygabut not the second.

Measuring the lifecycle carbon content of biofuestsl developing appropriate
regulations is a challenging undertaking that ttaeSof California is currently
addressing, as are the U.S., the European Uniootaed national governments.
Increased support for the collection and analysgata (including development of better
analytic methods) will be crucial to successfulldgment of low carbon biofuels. A
near-term step that would be very valuable would keS. National Academies study of
this issue. The State of California should consideommending such a study on the
best methods of lifecycle analysis for the measerdgrof GHG emissions from biofuels,
including the effects of indirect land use.

+ Timeframe: Near to mid-term.

* GHG Reduction PotentiallUnclear, but possibly large with technology
improvements.

» Ease of Implementationvery easy to somewhat challenging.

» Co-Benefits / Mitigation Requirement€an reduce the need for petroleum
imports. May have negative costs.

* Responsible PartiesFederal and State governments; private sector.

A.4 Hydrogen

A more long-term possibility is elemental hydrogena fuel, either in a combustion
engine or fuel ceft® Because deriving energy from hydrogen only wasgor (a
greenhouse gas that is already saturated in thesatmere), it does not contribute to
global climate change. There is some variabilgg®en hydrogen production processes
in regards to their GHG emissions, but assumin@gpeopriate production methods are
in place, a hydrogen-based economy could have taenealy low carbon footprint.
However, the hydrogen economy requires integraifaan array of technologies:
hydrogen production, compression and storage;iloliston and delivery; dispensing at
fueling stations; vehicle utilization; and estabtieent of codes and standards for safety,
measurement and environmental regulations.

» Timeframe: Long term.
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* GHG Reduction PotentialPotential to eliminate significant GHG emissions.
» Ease of ImplementationVery challenging.

» Co-Benefits / Mitigation Requirement€an reduce the need for petroleum
imports. May have negative costs. Eliminates tpdpgbHG emissions and other
pollutants.

* Responsible PartiesFederal and state governments; private sector.

A.5 Other

A number of other vehicle and fuel technologies hoayer GHG emissions in
California® One is hydraulic hybrid technology, which usem of reservoirs
operating at high and low pressure, hydraulic flaidd a pump/motor to store energy.
This system transfers the vehicle’s kinetic endogthe high pressure reservoir during
braking and uses the stored energy to supplementistitute the engine’s power during
acceleration. Hydraulic hybrid technology is legpensive that electric hybrid
technology, and may be particularly applicablerfeavy duty vehicles with frequent
stops and starts (such as buses, refuse trucKs, &iter fuels may help lower GHG
emissions from transportation as well, such asrabgas, which is currently used in both
heavy duty and light duty vehicle applications iali€®rnia. In addition, ammonia could
be used as a fuel, either for fuel cells or foeinal combustion engines. While there are
challenges to using ammonia as a fuel, furtheruaten, especially as an additive to
hydrocarbon fuels, may be warranted.

B. Transportation Planning and Incentives

Demand for transportation services is linked to Gétfissions. Many opportunities
exist to reduce this demand by providing more fparstion options in a way that
reduces demand for automobiles and other energpsite modes. Some of these
mechanisms use incentives to shape the choicegyfaavelers today, some involve
changes in land use and infrastructure developraadtsome are wholly technological
in nature® These opportunities are divided into three caiegocorrect incentives,
improved transportation planning, and advancedstrartation systems. These
approaches to lowering GHG emissions will have irtggd co-benefits in terms of less
congestion, neighborhood designs designed for dugttity of life instead of just
convenient parking, and others.

B.1 Incentives: Road Pricing

Road pricing policies can reduce congestion anecleBHG emissions by inducing
demand shifts from autos to public transportatiod by reducing discretionary travel.
They include cordon pricing (toll rings in high-afty centers like central business
districts that charge drivers for entry into a spearea), “FAIR” lanes (fast and
intertwined regular lanes that charge drivers meagress lanes and transfer a portion of
the collected money to drivers using the non-exgoesegular lanes), and “HOT” lanes
(or high occupancy toll lanes that enable driveithout the minimum number of
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passengers to access high occupancy vehicle lanagde). Roadway pricing makes
drivers more aware of the true cost of driving way that may encourage them to
switch modes or reduce travel, and ultimately easgestion.

Transport for London reports that the central Landongestion-charging program was
responsible for a 16 percent reduction in,@@ffic emissions within the charging zone
during 2002 and 2003 (annual averagfesh addition, the city of Stockholm
implemented a six-month trial of cordon pricingdemuary 2006, including provisions
for expanded transit services and park-and-ridditfas. Using emission models, the
Stockholm trial is estimated to have reduced @ad particle emissions by
“approximately 100 tons per weekday 24-hour pedoby 14 percent’”

 Time FrameNear to mid-term.
» GHG Reduction Potential: Modest.
« Ease of ImplementationTechnically not too difficult, but may be unpdau

« Co-Benefits / Mitigation RequirementReduced congestion and increased
revenue.

« Responsible Partiestocal, regional, and State governments; privatéosec

B. 2 Incentives: Parking Cash Out

Parking cash out offers "commuters the option &sttout” their employer-paid parking
subsidies. [It gives] commuters the choice betwess parking or its equivalent cash
value....The cash option also rewards those who orpde public transit, walk, or bike
to work?>®"

» Timeframe: Near to long term growth potential.

* GHG Reduction PotentialEstimates of C@reduction from parking cash out
programs range from 123 tons annually in Pleasaf@alifornia (offered to city
employees) to 200 tons in Santa Monica, Califorhia

» Ease of ImplementationMedium to high challenge. Policies are needed to
prompt behavioral change; could be linked to roaldé pricing.

» Co-Benefits / Mitigation RequirementReduced vehicle miles traveled, parking
demand, and increased transit ridership.

* Responsible PartieState and local/regional governments; employers.

Problem:Some employers or employees may not be awarerbgmot be fully
implementing the employee cash-out program.

Possible SolutionsCARB should proactively inform employers and empley of
parking cash-out programs, covering as many emmaayed employees as possible.
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B.3 Planning: Improved Transportation Impact Anays

Traditional transportation planning tools and nesttend to under-estimate the benefits
of transit and other alternatives in a way thatléetp greater road construction for
automobile use. These processes should be drathatioproved with new tools and
larger public sector budgets.

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

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

e Ease of Implementationt.ow to moderate.

. Co-benefits / Mitigation RequirementsSignificant co-benefits including
improved air quality, public heaRhand quality of life.

« Responsible PartiesState, regional, local transportation and enviromiale
planning agencies.

Problem: There are inherent trade-offs between differennfoof transportation and
accessibility of goods and services. Roadway desigl land use patterns that are
designed for maximum motor vehicle traffic are gailg less suitable for other modes.
Traditional transportation planning metrics suclaa®mobile Level-of-Service (LOS)
compare existing and expected motor vehicle volumestimates of roadway capacity.
“LOS” is convenient due to its simplicity, but #ifs to recognize the environmental
benefit of improving mass transit and non-motorir@stles of transportation. Despite
the limitations of LOS, CEQA guidelines give graagight under case law to LOS and
related measures as a proxy for significant traritapon-related air quality impaces.

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

CEQA guidelines are not established in the CEQAecbdt rather by local agency
action. However, State or local planning ageney tises alternatives to LOS could
increase the risk of legal challenges based omttsting CEQA guidelines. This
approach creates barriers for projects that imptaresit and non-motorized
transportation.
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Potential Solutionstocal and regional planning agencies should pregriteductions in
VMT over increases in motor vehicle traffic andlpbbn, while maintaining access to
goods and services. Recognizing this under CEQdegines will facilitate a shift to
Smart Growth planning practices. To the extent élcaess to goods and services should
be addressed by CEQA guidelines, per capita coiogedtlays and travel times are
examples of meaningful measurements. The ETAAGSartation sector subgroup also
offers the following recommendations:

0 Local, regional, and other transportation planraggncies should use
alternatives to LOS whenever possible.

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

B.4 Indirect Source Rule

An indirect source rule applies to land developnwrdther projects that will lead to
increased vehicle use (whether VMT for individualel or ton-miles of goods
movement) and requires the developer to at leasa|haoffset the transportation-related
emissions that their project will create. Curngndit least six California Air Pollution
Control Districts have indirect source rules fargollution (Colusa, Great Basin,
Mendocino, Placer, San Joaquin, and Shasta). iddésscould be extended to GHG
emissions so that developers of projects thatimgliease vehicle use would be required
to at offset at least some of the associated GHiSsamns.

«  Timeframe: Could be implemented by 2012.
«  GHG Reduction PotentialPotentially large.

. Ease of ImplementationLow to moderate.

«  Co-benefits / Mitigation RequirementSinclear.

«  Responsible PartiesState, regional, local transportation and enviromiale
planning agencies.

C. Mobility Options
C.1 Bus Rapid Transit

Bus rapid transit (BRT) is the application of aieeiof ITS technologies, route planning,
exclusive rights-of-ways, and management to impimy®service—each of which can
reduce travel times. Increases in bus ridership@ated with BRT implementation have
been reported in the U.S., Australia, and Eurdpa.mode shift occurs from a single
occupancy vehicle to BRT, there is an efficiencyéddg. If the previous mode was non-
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motorized, such as walking or cycling, the impattwel efficiency/CQ emissions is
negative. If additional riders are attracted franother bus route, the impact is neutral.

« Timeframe:Near to long-term growth potential.

« GHG Reduction PotentiaBus ridership increases due to BRT implementaition
five cities ranged from 18 to 76 percent (Houstbhns Angeles, Adelaide,
Brisbane, and Leed&j. Furthermore, faster journey times and reduced
acceleration, deceleration, and idle times—resyltiom fewer stops and signal
priority—have been shown to reduce fuel consumptiSignal priority modeling
results indicate a five percent reduction in fuehsumptiorf> Using data from
the 2001 National Household Survey and emissiote flam the Department of
Environmental Protection and the Energy Informatidministration, Vincent
and Jerram (2006) concluded that a BRT system planmg 40-foot compressed
natural gas buses -- provides the greatkstrease in COemissions when
compared to light rail and 40- and 60-foot hybriéseél BRT buse®

« The 40-foot CNG buses used in BRT exceed lightGal reductions by
approximately 300 percent.

« Ease of ImplementationModerate to challenging

- Co-Benefits / Mitigation Requirementiicreased transit ridership, traveler
satisfaction, reduced congestion; mitigation chmgéss include land use
requirements and rights-of-way.

« Responsible Partie§ransit agencies, regional and local governmeadtrans.

Problem: BRT systems require changes to current road wesdated lanes) and access
infrastructure. Also, GHG emissions will dependvadmat sorts of mode shifts occur. Do
travelers simply shift from ordinary buses to BRTfrom personal vehicles? How much
additional travel is induced by the addition of RBsystem?

Possible SolutionsCalifornia should support an evaluation of a BiRfmonstration
system. In conducting such an evaluation, the mgg@search and experience with
BRT should be considered. Relevant criteria faleating a demonstration project
include projected GHG emission reductions, costd,associated benefits such as
reduced congestion, greater transit access fopalimunities, and the potential for
manufacturing and other employment in California.

C.2 Personal Rapid Transit

Personal Rapid Transit (PRT) is a system of eleMgeks (or guideways) and small
vehicles that offer automated, on-demand transponta Most examples look like small
train or monorail systems, sometimes seen at agpan general, PRT is designed to be
a public transit system that is more personalizetiavoids many of the undesirable
features of ordinary public transit. A governmémtded, first generation PRT has been
operating in Morgantown, WV for over 25 years ahtkast one is under construction at
London’s Heathrow airport. Nonetheless, no commeRRT system are in commercial
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operation today. Costs are estimated to be similéswer than those for light-rail
systems at $30-$50 million per mile. However ip@grs that most potential customers
(cities or regional transportation boards) seemilling to take the risk on building the
first such systerfr.

In a PRT system, individual riders or small groopser a vehicle ahead of time and
would have exclusive use of their vehicle duringitthrip, which would take them

directly to their stop. This provides a level oifvacy and safety (perceived, at least) that
ordinary mass transit does not, and avoids the tteezly on scheduled service. PRT
vehicles would be electrically powered, like a sagwr light rail system, and could
lower GHG emissions relative to cars if the eledlyiprovided to them had a lower

GHG emission profile than the fuels that were dispt.

* Timeframe: Unclear. Firms and advocates involved with PR@&srtit is
possible to proceed with the design and implemematf PRT systems in the
near term, but a recent study for New Jersey nibigd'PRT systems are
approaching but not yet ready for public deployniéhtlowever, the
development of the PRT system at Heathrow and Iplgssiher locations in the
near future may provide those first examples oflipudeployment. Construction
times are thought to be similar or less than tlioséght rail, although the use of
new technologies may cause delays.

* GHG Reduction PotentialDepends on the carbon intensity of liquid fuels and
electricity.

» Ease of ImplementationUnclear, in part because elevated guidewaysegdad.
» Co-Benefits / Mitigation Requirementédded transportation capacity.

Responsible PartiesCal-Trans; local and regional transportation plagni
organizations.

C.3 Smart Cards

Smart Cards contain electronic chips that contafiorimation that can be used for a
variety of applications such as transit, tollingdgarking payments. Stockholm is
interested in integrating smart cards for use andit, taxis, and carpools throughout the
city. The city estimates that this approach coattlice CQemissions by 1,500 tons per
year by 2030 — 205%.

» Timeframe:Near to long term.

* GHG Emission Potential Stockholm is interested in integrating SmarntdsSdor
use on transit, taxis, and carpools throughoutitye This approach is estimated
to reduce C@emissions by 1,500 tons per year by the 2030 5@ Ztneframe.

» Ease of ImplementationModerate to challenging.

» Co-Benefits / Mitigation Requirementkess travel time associated with payment
for parking and transit (e.g., idling), encouragesisit use, and less/no time
waiting at toll facilities.
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» Responsible PartiesState (standardization of Smart Cards) and Aegibnal
governments; transit agencies; and taxi companies.

C.4 Telecommunting

Telecommuting is generally defined as work at aatenfocation or home office rather
than working at a fixed employer-provided site tiice. Estimated fuel savings per
telecommuter range from 49 to 177 gallons per geewss three studies from the 1990s.
O This range converts to approximately a 0.5 totdn7CQ reduction, per year per
telecommuter, using a standard assumption of 1@ugs of CQ emitted for every
gallon of gasoline combustél.However, more recent and more comprehensive sisaly
to evaluate the greenhouse gas emissions fromdssssector energy (e.g., commuting,
office temperature control, lighting, and electrfice equipment) in telecommuting and
non-telecommuting scenarios suggests that whiged@hmuting could potentially reduce
GHG emissions related to commuting, reductions begffset by increased home office
energy use and/or commercial electricity use abtisness officé? In addition,

workers that do not commute to the office may tatkeer trips from home and back that
they would not have if they had commuted that day.

* Timeframe: Near to long term.

* GHG Reduction PotentialUnclear and dependent on other factors such as
energy consumption in the home office and travebber during tele-work days.
The overall effect may be small.

» Ease of ImplementationRequires support from employers and public secto
(e.g., incentives and pricing of parking/roads).

» Co-Benefits / Mitigation Requirement€ongestion will be reduced.

* Responsible PartiesEmployers, State and regional agencies (ergela
employers, metropolitan planning organizationsi€ats, business,
transportation and housing agency).

C.5 Car Pooling

Ridesharing (or carpooling) is an arrangement wheosor more individuals agree to
share a vehicle to their destination (typically coate trips). Frequently, the motivation
for this is to save money, spend less time initdffia congestion-free high occupancy
vehicle lanes), or reduce hassle (e.g., searching parking space at the office). A
carpooling project in Stockholm, Sweden allows oatp of three or more people to use
bus lanes for destinations in the city. The ciygrnment there estimates that this effort
will reduce CQ emissions by 15 tons per year by 26%0.

» Timeframe: Near to long term growth potential.
* GHG Reduction PotentialModest.
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» Ease of ImplementationMore challenging without value/road and parking
pricing policies. Nevertheless, an increase irsidhring often occurs with higher
fuel prices.

» Co-Benefits / Mitigation RequirementReduced VMT and parking demand.

* Responsible PartiesRegional government; Cal-Trans; employers.

C.6 Park-and-Ride Facilities

Park-and-ride lots are public parking facilitieattlenable commuters to leave their
personal vehicles in such lots and transfer tosttam a carpool for the rest of their trip.
Private vehicles are parked in the facility throoghthe day and they are picked up when
travelers return at the end of the day. Typicsailgh facilities are found in the suburbs of
large metropolitan areas. Development and manageof@ark-and-ride lots is an
important way to promote sustainable transportdffoimcreasing park-and-ride facility
capacity in Stockholm is estimated by the citygdduce CQemissions by 600 tons per
year by the 2030 to 2050 timeframe (City of Stodkh2002).

» Timeframe: Near to long term (growth potential)
* GHG Reduction PotentialModerate to large.

» Ease of ImplementationLow to moderate challenge, depending on
facilities/spaces needed and required oversight.

» Co-Benefits / Mitigation Requirementkess VMT, less parking demand, and
greater transit ridership. This could divert indivals away from transit to
ridesharing and increase the need for more parkddedacilities to
accommodate a greater number of parking spaceddine use impacts).

* Responsible PartiesCaltrans; regional planning organizations; erjets;
transit agencies

C.7 “Low-Speed” Modes

“Low-speed” modes are motorized and non-motorizadas that travel at lower speeds,
such as bicycles, electric bicycles, Segway Hunramdporters, and neighborhood
electric vehicles. Some of these modes use humtgruision and do not produce €0
emissions. By enhancing the bicycle and pedestmaironment, it is possible to
encourage travelers to take entire trips or patrilgg with non-motorized modes that link
with mass transit. One way to encourage bicydis@n alternative mode is through a
better low-speed mode infrastructure, particularystreet bike lan€s.

The city of Stockholm’s long-term plan to reduce GEmissions includes replacing 30
million short car trips with cycling annually. Flamger trips, the city’s goal is to
encourage an additional 2,000 cyclists to giveamtr@avel or public transit use every day
during the summer months. Not surprisingly, thi kequire improving the low-speed
mode infrastructure. Stockholm estimates that suginovements will reduce GO
emissions by 2,900 tons per year by 2050 (Cityto€i&olm, 2002).
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» Timeframe: Near to long term growth potential.
* GHG Reduction PotentialModerate.

» Ease of ImplementationLow to high (depending upon available land and
political support.)

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

* Responsible PartiesRegional and local government; transit providers

Problem: Urban transportation systems are often inconvefice pedestrians and
cyclists.

Possible SolutionsDevelopment of pedestrian and bicycle friendlyastructure at the
local and regional level should be a priority. &edl law should also be revised to define
bicycling as a “qualified” form of transportatiofigtble for the transportation fringe
benefit, subject to specific incentive caps. TheyBle Commuters Benefits Act of 2007
would amend the Internal Revenue Code to inclubieycle commuting allowance as a
qualified transportation fringe benefit, excludafyam gross income. The public sector
can play a key role. For example, all State ahérogovernment buildings should
provide bicycle parking whenever feasible to do Bunicipal governments should try
“bike sharing” programs like the one in Paris, E&rnwhich provides conveniently
located public bicycles for a small fee.

D. Traffic Flow Improvements

D.1 Traffic Signal Control

Traffic signal controls can integrate freeway andace street systems to improve traffic
flow and vehicular and non-motorized traveler satetd provide priority services for
transit or high occupancy vehicles. They can marggjfic speeds, vehicle merging and
corridor crossings, as well as interactions amaetgaoles and low-speed or non-
motorized modes such as bicycles, pedestrians, and wheelchairsateasections.

« Timeframe: Near to mid-term.

* GHG Reduction PotentialStudies suggest that improved traffic signal cant
can produce fuel savingS. Results from a signalized intersection, usingai-r
time control strategy, resulted in a “four percexttuction for CQ emissions in
peak traffic, corresponding to a 14 percent redadt the part of costs due to
stops and delays.” These effects are reduced byp=ppately one half when
traffic is fluid.”®
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« Ease of Implementationwithin a jurisdiction less challenging; providin
transitions from one jurisdiction to next is mofrealtenging.

« Co-Benefits / Mitigation RequirementSmooth traffic flow, reduced stops and
fuel use.

« Responsible Parties ocal and regional governments

D.2 Incident Management

ITS traffic surveillance technologies—such as ratiesers, and video image processing
used to collect information—can help to reduce céia and incident clearance costs.
Incident management consists of three key areaffictsurveillance (incident detection
and verification), clearance, and traveler inforiorat Also covered within this area are
emergency management services, which coordinaé éod regional incident response
to traffic accidents, security threats, and hazasdoaterial spills. ITS technologies
employed can include traffic surveillance, digaald dispatch communications
(including route guidance to the site of an incijleand signal priority (optimization of
traffic signal timings along routes traveled by egescy vehicles). ITS contributions to
incident management include improved surveillanegfication, and dispatch to manage
an incident. The use of a changeable messagé@M8) and personal communication
devices, such as cell phones and personal digisédtants (PDAS), can assist with early
notification for upstream drivers resulting in redd incident-related congestion, as
drivers have more time to select an alternate route

 Timeframe Near to mid-term.

« GHG Reduction Potentiallmproved incident management has the poterttial t
decrease fuel consumption by reducing the delaycandestion associated with
blocked traffic. While data on incident delay retioigs are limited, model
calculations for a Maryland initiative (called CHARhave shown fuel savings of
5.06 million gallons per yeaf®

« Ease of Implementatiohow to moderate.
« Co-Benefits / Mitigation RequirementReduces traffic congestion and accidents.

« Responsible Partie€altrans; regional and local governments; Catifo
Highway Patrol.

D.3 Electronic Toll Collection

Electronic toll collection (ETC) allows for electriz payment of highway and bridge
tolls as vehicles pass through a toll station. islelto-roadside communication
technologies include electronic roadside antenoase@ders) and pocket-sized tags
containing radio transponders (typically placeddasa vehicle’s windshield).

 Timeframe Near to mid-term.

« GHG Reduction PotentialStudies show that ETC saves time and reducegyne
consumption and emissions by reducing the stopganaffic associated with
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vehicle queues approaching toll plazas, stoppirgatoa toll, and accelerating to
rejoin regular traffic flow®® One recent study along the New Jersey Turnpike
found savings of 1.2 million gallons of fuel perayelue to reduced delays at toll
plazas employing ETC. Approximately three-fourtfishe reported savings
accrued to passenger cars and one-fourth to corfaheehicles™

« Ease of Implementatiozow to moderate.

« Co-Benefits / Mitigation RequirementReduced congestion, accidents; potential
equity effects (due credit card billing to ETC agog some may not have access
to credit card.)

« Responsible Partiedletropolitan planning organizations; Caltrans (as
appropriate).

D.4 Traveler Information

ITS-based traveler information technologies—suctratfic surveillance and transit
management systems—support the collection, pratgsand dissemination of real-time
information about travel modes and conditions. @bgective of traveler information is
to provide the traveling public with informationgarding available modes, optimal
routes, and costs in real time either pre-tripreraute via in-vehicle information and
CMSs along roadsides or at transit stations. Effedraveler information requires the
accurate collection and dissemination of real-tiragel information to transportation
managers and the public to aid them in making méxt decisions about travel time,
mode, and route. A wide array of ITS technologissist with traveler information
including: in-vehicle guidance; web sites; celbpbs; PDAs; and CMS technology.

 Timeframe Near to mid-term.

« GHG Reduction PotentialThe actual impact of traveler information onlfue
consumption and C{emissions depends on a number of factors. Faongbeq if
ITS technologies assist drivers with route seleciind guidance, benefits will
likely be greater the less familiar a driver iswén area. Fuel economy benefits
of route guidance systems could reduce non-optimaé driving and save up to
10 percent of miles driven and proportional fueisaumption?

The timeliness and delivery of information will alsfluence the degree to which
travelers use it and subsequent energy/@@ission impacts. Benefits might
result from mode shifts (e.g., from a single ocawgyavehicle to transit or

bicycle) and savings proportional to travel timduetions achieved by taking
alternate routes.

« Ease of ImplementationModerate to challenging; the infrastructure edext
real-time information is necessary.

- Co-Benefits / Mitigation Requirement$raveler satisfaction, reduced delays,
increased transit ridership/alternative transpanatmodes; potential for privacy
concerns (monitoring of travel times from toll tags
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« Responsible PartiesMetropolitan planning organizations; local gavaents;
and CalTrans.

E. Goods Movement

E.1 Alternative Fuels

GHG emissions from diesel fuel consumption are peed by three specific
transportation uses identified in California’s GH®entory: onroad (28.6 MMTCSE),
railroad (3.1 MMTCGQE) and other (0.5 MMTCEE) (Bemis and Allen 2005Y. These
uses consume approximately 3.9 billion gallonsiesel fuel in California.

Both biodiesel (fatty acid methyl ester, or FAME)aebiomass-derived Fischer-Tropsch
diesel (BFTD, referred to simply as low-GHG FT @iesarlier in this section) can be
used in current diesel vehicles. The American &gof Testing and Materials has
approved a standard for FAME at blends levels wg0tpercent by volume but some
engine manufacturers caution about blends overet€ept* A third type of biomass-
derived diesel fuel can be produced by the hydratyem of animal or plant oils, possibly
including both waste oils and crop-derived 8I8&FTD and hydrogenated oils are
extremely similar to ordinary petroleum-derivedsdik being sulfur-free hydrocarbons.
These fuels have energy densities and other prepertry similar to those of ordinary
diesel fuel so their introduction is likely to baatively simple and require little in the
way of infrastructure. However, these fuels atatieely new and there is little
information about their global warming impact i tbpen literature, and none in the
peer-reviewed literature.

Natural gas is also a heavy duty vehicle fuel aardlze is available in California as both
a compressed and liquefied gas. There are ovef@@%atural gas vehicles in the U.S.
today, and about 200 natural gas refueling staiioalifornia. The carbon intensity of
natural gas is about 25 percent less than thaeegtfuel, although this advantage is
diminished somewhat because natural gas enginésddre less efficient than
compression ignition engines using diesel fuelvaees in natural gas engine
technologies and increasingly stringent dieselmmgmission requirements tend to
reduce this gap. Thus, heavy duty vehicle usetifral gas may also help lower GHG
emissions in the transportation sector.

Off-road electric vehicles in California could cohtite to state GHG reductions by
2020. These technologies can be applied in lagigélso known as freight handling and
goods movement) as well as other applications ag@mall lawn and garden engines,
which are numerous in California. Jackson (2008)juated two applications at ports:
the use of shore power instead of ships’ enginesléxtricity and heat (a practice called
“cold ironing”) and the use of electric-drive crariastead of diesel-powered crafiés.
Two truck-related electric applications were algaleated: electric truck refrigeration
units (e-TRUSs) instead of diesel-powered deviced;the supply of electricity at truck
stops as a substitute for engine idling.
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E.2 Electric Freight Rail

Cargo transport is responsible for 8 percent dést&) emissions and is forecasted to
increase rapidly in the future. Meeting Califoraialimate goals will require policies
that lower these emissions. One possibility isubstitute electric rail for highways for
goods movement. Another possibility is to devedtgrtric powered guideways (similar
to PRT systems) for freight shipments.

Electrification of the freight rail system in Calihia would be a significant undertaking,
and would probably require significant system upggs including both infrastructure

and locomotives. For instance, in order to mampaoductivity and efficiency in the
Ports of Long Beach and Los Angeles, electrificatat to distances as far as Barstow,
Yuma, Arizona and Bakersfield may be necessarygh n upgrade might also allow for
continued growth in rail traffic and perhaps eveshdt in mode from road to rail freight,
even in the face of increasingly stringent GHG esinis reduction targets. Such an
expansion would be expensive and might well requine land rights of way for
increased trackage, but if it encouraged modesshifese electric rail systems would also
tend to relieve congestion for motorists on Catifals highways.

«  Timeframe:By 2020.

. GHG Reduction Potentialln 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 inl@arnia represents 5 percent of
the state’s C@emissions (roughly equal to half of the GHG enaissi
generated by in-state electricity generation). h=Bgeed electric rail could
reduce GHG emissions considerably.

«  Ease of ImplementationMost rail systems are privately owned. For thesm
part, Amtrak operates on private rail Rights-of-\\Waith freight transport
taking precedence. Creating new tracks that aidmwhe separation of
passenger and freight operations would be a tegt ®ward improving both
transport delivery systems. However, electrificatof rail systems would
require major infrastructure and locomotive investis.

e Co-benefits / Mitigation Requirement® strategy for rail improvements ideally
would be launched near ports and the routes irdooanof the ports, where
serious Environmental Justice problems result filoenconcentration of air
emissions from diesel ships, trains and trucksbliPhealth would obviously
benefit from a shift in transportation prioritiesaxard electrified rail.

«  Responsible PartiesPrivate operators; regional and State transpori@es;
Amtrak, Federal Rail Administration.

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

Possible SolutionsStandard rail transport systems emit far fewep €@issions per

ton-mile than long-haul trucking (the exact benedities with distance). Electrified rail
travel -- including shipments from truck to railasll as from diesel rail to electric rail --
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would reduce emissiorandlower oil imports. Coordination with the high ggkerail
authority would be needed.

F. Other
F.1 Alternative Fuels for Aircraft

Because fuel is a major cost of flying, the aviatiodustry has improved its energy
efficiency significantly in recent decades, butrasther areas of transportation,
efficiency is only part of the solution. Betteefs and better infrastructure will also be
needed. There is significant RD&D activity invesiing the possible use of alternative
and/or renewable fuels for aircraft. This reseasdhadequately supported especially
since it may be possible to gain significant GHGssion reductions from the aviation
sector. Firms like Boeing and Virgin are alreaglsting algae-derived biofuels in flight,
some of which have performance equal to or betean turrent kerosene-based fuels. Of
course, safety concerns in aviation are paramaulading slightly to the challenge of low
carbon aviation fuels.

Better infrastructure for aviation may include ugded air traffic management systems,
which industry groups suggest could lower GHG eimissby 10 percent-15 percent.
Unfortunately, Federal RD&D support for these teabgies has fallen recently. Airport
expansion is another potential aviation infrastiteimprovement, but will tend to
increase air travel much more than improve opegatificiencies, allowing GHG
emissions to increase.

» Timeframe: Long-term.
* GHG Reduction PotentialHigh.
» Ease of ImplementationHigh to medium.

» Co-Benefits / Mitigation Requirement$here is potential for air quality benefits
near airports as well as reduced radiative foromgacts from co-pollutants such
as nitrogen oxides and particulate matter.

* Responsible Partie€£ARB; CEC; California universities.

Problem: Improvements in engine and airframe efficiencieslidgely to be outpaced by
projected increases in demand for passenger aelir&Vhile aircraft engine and
airframe efficiencies have historically improvedeotime, they are not sufficient to
overcome projected increases in passenger mileat réle may ultimately need to be
filled by low-carbon fuels. Potential improvemeirtsir traffic management systems
have been slowed recently by reductions in Fed®b#D support. Airport expansion
plans are not evaluated in terms of GHG emissigligations.

Possible SolutionsCalifornia should publicly support RD&D into biand alternative

fuels for use in aviation applications. AccordivgBoeing the use of "bio-jet" fuel from
the same feedstocks as vehicle fuels like biodeselethanol is possible in the near term
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as a blend to stretch supplies of Jet-A refinethfooude oil. Feedstocks with potentially
lower land-use impacts -- such as switchgrass byaa- have also been identified as
possible options.

Integrated Gasification technology is another piéoption for producing fuels from
renewable sources. Kerosene suitable for aviatonbe co-produced with other liquid
fuels, diesel and naptha. Wood is considered enpiat feedstock, and the value of
electricity co-produced can bring down the coshiigantly while the CQ emissions
equal to the content of the fuel would be removedfthe atmosphere as crops are
grown. According to scenario studies, £#issions could be just a few percent of
conventional keroserf& Under a high electricity value and other favorassumptions,
one UK study found that gasification could bringcps closest to petroleum Jet - A. The
CEC has also recently funded a gasifier demonstrgtioject in Northern California
using wood waste as a feedstock.

In the long-term, hydrogen is another potential &ources that can be produced from
renewable resources. Hydrogen as a fuel is comgldevery long term bet, due to the
need to re-design aircraft to accommodate this flielthe extent that a hydrogen fueling
infrastructure is developed for ground transpastatihis would also support any future
shift in the aviation industry to hydrogen as d &aurce.

Increases in Federal support for RD&D of advandettafic management systems
would help improve the air travel infrastructurelaould provide modest reductions in
aviation-related GHG emissions. Potential airgapansions should be considered only
if the GHG emission effects are considered jugtifi@he State of California might
consider a detailed evaluation of how to improvedarbon profile of air travel in the
state, including all three of the following opecatal aspects; better aircraft; better fuels;
and better infrastructure.
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Appendix VI: Summary Table of Public Responses to Request for i@late Change

Emission Control Technologies

In May 2008, ETAAC solicited input from the public regarding suggestions for greenhouse gas

emission control technologies. The responses reasi are summarized below.

Suggestion

Pollutant saving

direct photoelectrochemical CO2

H2 generation from Water
increase recycling and
materials-specific waste
limits

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

CO2

CO2, others
CcO2

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

Cost Contact Contact  Organization

Last First

Name Name
$2.08/kg Oakes Thomas Solar Hydrogen Co.
H2 w

Smithline  Scott Californians Againststéa
$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
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relocate power plants to oil na

fields for CO2 sequestration

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 CO2

increase consumer

awareness of electric power
consumption

Smart Signs connectedto CO2
hiway remote sensing to
make motorists aware of
vehicle condition

biofuel technology for
passenger cars

CO2

plug-in hybrid vehicles with CO2
larger batteries

require dockside ships to us€€0O2
cold ironing

microsolar panels to CcO2
supplement residential

electricity

synthetic engine oil to CO2, others
increase engine efficiency

charge fee for low mpg cars  CO2, others

na

$0.085/kw- DeVanna

hr

$1,000-
$1,500 per
unit

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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Zozula Kerby Ventura County APCD
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 USMC
Roane Jerry Roane Inventions
Bruns- Stefan Hannover Export
Waustefel 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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to subsidize high mpg cars

Neste QOil's techology to
convert vegetable/animal fat
to diesel fuel

CO2, others

liquefied landfill gas for CcO2
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
forest management

CO2

COo2

COo2

COo2

na

flywheel batteries for port  CO2 15 percent
cranes -20 percent
100 mpg cars at reasonable CO2

cost

fuel cell vehicles using H2 CO2
from renewable sources

cellulosic ethanol CO2 by 80
biorefineries percent
biodiesel from algae cOo2
on-board ammonia for CO2
reducing NOXx

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 ~ F-gases, HFCs,

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

$.72-%1
/gallon
LNG

na

na

na

na

$20k/unit

$550-
$700/unite

na
na
$250/crane
$3k-
$11k/car
na
$7/gallonly
ear
$.52/L

na

na

na

na

na

$1500
rebate/unit
na
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Watkins Larry SCAQMD
Vahab Christian  Peeker Atomic Energy
Systems Inc
Ralston Jack ECO2
Drushell Theo Davis Electric Cars
na na CalStart, etc.
Pasek Randall SCAQMD
na na G&S Mechanical Services
Craft David MBUAPCD
na na USDA Forest Service
na na VYCON
Starr Gary ZAP
California Fuel Cell
Partnership
Simmons  Blake Sandia National
Laboratories
Simmons  Blake ndsaNational
Laboratories
Jacobson  Wiliam SY-Will Engineering
Bennet Russ Redding Power
Bishop Josepth Traffic Bulldog
Bennett Russ Redding Power
Kalinows Tim Foam Supplies Inc
ki
Del Bernadett Environment California
Chiaro e
na na na
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convert diesel enginesto  CO2 down 20 na Funk Werner Omnitek Engineering
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 equalor  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 HYAC 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 nkiba
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productivity tons/hectare
proprietary battery for EVs, CO2

200 Wh/kg, $150/kw-hr
new EV CO2

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 isthe na

solution, technology is not

hybrid, alt fuel, other CcO2

"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

unigue CO2 separation CO2, 10ktpd for
technology to reduce CCS 500MW plant

35 trees = 6 cars

$150/kw-hr  England ChristophElectrochimica
er Development
$1B-$2B Woodbur Rick Commuter Cars Corp

y

$9000/retro  Covit 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
cost of 50  Amburg
percent -
100 percent
20 percent
-200
percent of
convention
al
insulation
cost, but 15
percent -50
percent
energy
savings

na

Bill WestStart-CALSTART

Air Products and Chemicals
Inc.

Womack  Frank

Air Products and Chemicals
Inc.

Graham Wendy
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costs

high speed maglev, as used CO2, 743ktpy
in Shanghai

CO2, 100
percent
reduction

battery-powered school bus

State funded solar and wind na
power installed on industrial
roofs

Advanced Energy Storage taCO2
flatten electric grid load
curves

electric efficiency
improvement through
automation and DG

CO2, others

automated equipment and CO2 down by 43

ground power to reduce percent
locomotive engine run time;
High Speed Train in CO2 down
California Corridor 12.4B pounds
H2 generator based on CO2 down
ethanol reforming lktpy
Advanced Truck Stop CO2 down 98k
Electrification tonnes/year
cellulosic ethanol via acid CO2 down
hydrolysis, also from landfill 176ktpy/plant
gas and waste
replace current IC engines CO2, others
with Tour engines
solid oxide fuel cells CO2 down by
400lbs/MWhr
CHP DG systems with fuel CO2 65ktpd

independent renewables

bio-oils from microalgae 2M tpd for 30

percent market

share
tidal electricity generation CO2, others
forestry and biomass for  CO2, 7M
power generation tonnes/yr
promote solar pv na
installations
closed-cycle combustion C02, 100
percent
reduction
compression and turbo- CcO2

expansion of process
exhaust stream to separate
CO2

$19B
capital,
$394M/yea
r operating
$225k-
$250k/bus,
saves
$8250/yr in
fuel

na

$00-
$800/kwhr
na
$8000/loco
motive
>$33B

$2.5-$5/kg
H2

$16,700/par

king space
$1.02/gallo
n

na
$10k/kW

4-5
cents/(kWe
+kWt)
$1/gallon

na

$2M/MW

na

1/3-2/3 cost

of
convention
al boilers
na

10-99

Perdon Alberto
na na

na na
Wong Eric

Cleveland Frances

Smith Wade
Smith Wade
Shuster Terry
Doty Carol
Sumait Necy
Tour Oded
na na
Castaldini Carlos
Asmusse Keith

n

Von Annette
Jouanne
Reese Phil
na na
Stockton Edward
Chang Dan

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
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incentives for hybrids to co2
replace older cars, ala Moyer

program

enhance phytoplankton CcO2
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 CO2
Terminal Equipment

replace older equipment cOo2

with lean burn equipment

partial oxidation catalyst for CH4, NOx 41

vehicles

permitting fast track for
businesses using green
technologies

focus on efficiency, cOo2
incentives for performance
instead of cap & trade, use na
tax refunds/feebates to

incentive technology
development and
commercialization

find substitute for Si in 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 CO2
hydrogenation to methane
innovative HVAC system CO2
for improved indoor air

quality at reduced energy
consumption

wind power to generate H2 CO2
for vehicle use

percent
CO2, CH4

na na na
na Barry Chris
na na na

na Goodrich  John
na na na

na Ayala William
$18- Bartley Gordon
$30/vehicle

na Ryan Hank
na na na

na Johnson Ken

na Deniz Gladys
na na na

na na na

na Mumma  Stanley
na na na
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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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collaborations between LLNL and the UC campuseg lpgwduced many beneficial results in the carbon
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