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Recommendation of the
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February 14, 2008

To: Chair Mary Nicholsand
Members of the California Air Resources Board (CARB)
From: Membersof the ETAAC Committee

We are very pleased to present to you our policytaohnology recommendations for
reducing greenhouse gas emissions in Californiaréport includes 55 specific
recommendations for greenhouse gas reduction gieata the areas of finance;
transportation; industrial commercial and resicdrend users; electricity and natural
gas; agriculture; forestry; and water policy. Aguested by CARB, we also examined
the Market Advisory Committee’s Report from thegperctive of how particular market
mechanisms can stimulate early action, promoteviation and establish clear price
signals.

Climate change threatens California’s environmeit @onomy. We must move
California from its current level of 14 tons of ban-dioxide equivalent per person down
to 10 tons/person by 2020. As requested by CARBalso looked towards an 80
percent reduction by 2050, which would requirevel®f 1.5 tons/person by 2050. To
achieve these significant reductions will requirerenefficient use of energy, the virtual
elimination of all GHG emissions from the state®\gy infrastructure and a
substantially different mix of transportation systeand fuels. A key part of the
committee’s task is to expand the scope of techaiwd economic solutions available for
consideration.

There are also opportunities for California’s eaoypenvironment and citizens.
Developing cleaner energy and transportation systeithgive California a chance to
improve the security of fuel supplies, address ksl air pollution concerns, and
develop more livable communities. In many casessdlsolutions provide important co-
benefits by addressing difficult and long-standingblems, including the achievement of
Environmental Justice objectives.

We hope this report provides a wide and diversgeai alternatives that will inform
policymakers in their efforts to meet both the emoic and environmental goals of AB
32. Our specific policy recommendations are adidobon the following policy strategies
and technology opportunities that are outlined na@&er 1 of our report:

Major Strategies:

» Accelerate GHG Emission Reductions

» Balance a Portfolio of Economic and Technology éed

» Create Innovative Public Funding to Complement &evnvestment
* Foster International and Domestic Partnerships

» Leadership Across State Agencies

Major Opportunities



» Accelerate Efficiency Measures

* Remove Carbon From Energy Sources

* Rethink Transportation to Lower Demand and CarbasEions

* Reduce GHG Emissions from Industry, Agriculturerdstry and Water

» Capture Cleantech Employment, Economic, HealthEeamdronmental Justice Co-
Benefits

After CARB convened ETAAC in January 2007, we castdd 9 public meetings across
the state. Over 200 members of the public provm®dments in writing or in person.
Our committee was composed of people from a wideszsection of California’s
business, academic, government and non-profit camtras. As expected, members hold
differing opinions and unique perspectives on tpds covered in the report. However,
members are united in the effort to develop recondagons that will help meet the
emission targets of AB 32 and also yield the coelieof cleaner air, health benefits,
new industries and job growth here in Californtas lour hope that the knowledge and
products created in response to AB 32 can strendibth the California economy and
the state’s international leadership on environ@lessues.

This final ETAAC report reflects consensus viewsewltonsensus was reached, and
reflects a range of differing points-of-views whtere was general support that fell short
of a consensus. Each recommendation may not regtgseflect the views of every
ETAAC member.

Thank you for the opportunity to serve the Stat€alifornia.

Respectfully submitted,
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1.INTRODUCTION AND EXECUTIVE SUMMARY
I. The Challenge and The Opportunity

Global climate change presents California withagichallenges to the health of its people and
ecosystems and the vitality of its economy. Prggerplemented, the solutions to climate
change can also present enormous opportunitiesCah#rnia Legislature and Governor
Schwarzenegger approved AB 32, the California Glgéarming Solutions Act of 2006, which
requires the state to cut total greenhouse gas (@&HtB&sions such as carbon dioxide Ly

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

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

Schwarzenegger issued a 2005 Executive Orderehat

an even more ambitious climate change response | 15| *® 13

program: an 80 percent GHG emission reduction by
2050. Other nations and states are now adoptisg thi | -
aggressive reduction target in light of recent rsitiie
findings that suggest the world may soon be reachin | 51
tipping point on climate change impacts. Given 147
California’s expected population growth, this 2050 0 ‘ L.
reduction target creates great challenges forttite,sas e e
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
CGQ,-Equivalent (tons per persc

Despite these seemingly daunting challenges, Caidts climate change policies can benefit the
state’s economy, environment, and residents. Dewsl cleaner energy and transportation
systems will give California a chance to improve flecurity of fuel supplies, address stubborn
air pollution concerns, and develop better desigreedmunities and buildings. The
development of better methods of moving peoplegoutis throughout the state is another
opportunity to improve economic efficiency and reelgpollution and congestion in the
implementation of our climate change response @ragrin 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 faatprorking with other state agencies.
Existing California programs have demonstrated timajor air pollution reductions can be
achieved through economic and technological advaenés. For example, new electric power
plants in California now emit 90 percent less ozane particulate forming Nitrogen Oxides
(NOx) than they did two decades ago due to teclgyslorcing regulations. Strict technology-
forcing standards have also resulted in Califosngaeenest new passenger cars emitting 99

1-1
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percent less Volatile Organic Compounds (VOC) afkihan vehicles did in 1970. Policies
supporting aggressive energy efficiency upgradesyadl as higher energy prices and a
transition toward a service-oriented economy, tedvkelped California keep its per capita
electricity consumption flat for the past few deesad California has achieved this feat, in part,
through a balanced portfolio of policies, performastandards and market-based incentives.
These State policies addressed important markatdai pollution externalities; market barriers
to private sector Research, Development & Demotmstr§dRD&D); misplaced financial
incentives; and imperfect information for energypsomers. As California turns its attention to
combating global climate change, new State polidessgned to surmount these and other
market failures must expand in scope and creativity

Others
8.4%

Electric Power Transportation
19.6% 41.2%
Industrial / T
22.8% Ag & Forestry

8.0%

Figure 1-2: Carbon Emissions by Sector

As shown above in Figure 1-2, GHG emissions rdsufh many activities ranging from
transportation to manufacturing to agriculture liéées implemented under AB 32 and the
Governor’s Executive Order for 2050 must addrekseattors 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@rrétive energy sources and fuels that could be
used in multiple sectors. For example, policiesdi® recognize that electricity and biofuels

will likely compete with more traditional transpation fuels in the future; therefore, policies

that address only the electric sector or only tkegbeum refining 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

1-2
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the short term. This report identifies recommeiaaiatto achieve both short-term and long-term
goals. Balanced and innovative approaches ardyclezeded.

[I. Major Strategies and Opportunities

AB 32 instructs CARB to create the Economic andnfetogy 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, demongtragirojects, funding opportunities,
developing state, national, and international paships and technology transfer
opportunities, and identifying and assessing reslke@and advanced technology
investment and incentive opportunities that wiliasin the reduction of greenhouse gas
emissions. The committee may also advise the CAREte, 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 patipsoaches are key to California’s success
in tackling the climate change challenge. ETAAC als® identified five key areas of
opportunity, places where the state must focuatiention and resources to deliver the GHG
emission reductions and ancillary benefits neededlimate success. A general description of
each of these strategies and opportunities folléwsap of how each recommendation in the
report reflects these major themes is includeddhaat at the end of this introductory chapter.

Strateqy #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 202Cfiame is useful because it provides business
and policy makers specific targets for long-teranpling. However, the competing interests of
many different stakeholders -- including industaor, environmentalists, land owners, and
others -- has led to a regulatory system for pt@eproval that can be complex, time-
consuming, costly, and often litigious. Gridlockuwd 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.D and methane digesters —
Chapter 6.11.A, etc.) where the project approvalgesss could be improved without
compromising environmental integrity. To succekgftomplete this task, however, will require
addressing the special interests that createdxibtng system to begin with. Leadership and
skill to help design politically acceptable compises will be needed.

There is an urgent need for investments in GHG sionsreductions before the AB32
implementing regulations begin taking effect in 2@iecause some investments in particular
technologies may preclude other choices that wiaad to even greater GHG emission
reductions. In many cases, delaying these invegtweill also delay the total benefit of actions
that could be taken today to reduce GHG emissions.

1-3
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Lingering regulatory uncertainty has stymied sorogeptial investments. These “early actions”
by the private sector could proceed at a fastee gfadbe 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 ooourediately. If ownership and
guantification of these “early action” credits wenere clearly defined, increased investment in
GHG emission reduction projects could begin to fleeaving California in a much better
position to cost effectively meet the AB 32 GHG ssion reduction targets.

Strategy #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 mark@iacorporate the value of reducing these
emissions into their everyday business decisi@rse potential option is a market based “cap
and trade” system which establishes a cap on alil®MaHG emissions that would ratchet down
over time. A declining cap can send the rightgsignals to shape the behavior of consumers
when purchasing products and services. It wowdd shape business decisions on what products
to manufacture and how to manufacture them. Hstaby a price for carbon and other GHG
emissions can efficiently tilt decision-making towaleaner alternatives. This cap and trade
approach (complemented by technology-forcing parésrce 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-ben@fasld not be addressed if a cap and trade
system were the only state policy employed to imgliet 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 betweenvitlials, corporations and the state
government, etc.) and address distributional ingptom possible higher prices for goods and
services in a carbon-constrained world. Investeéwgnues from any allowance auctions in low
and zero carbon technology development and deplotymié greatly increase the benefit of
putting a price on carbon. Performance standaelsefnissions per kilowatt-hour, per mile
traveled, per units produced, etc.) also have agortiistory of success and need to continue to
be part of California’s strategy. In complying vé performance standard, a regulated entity
should have the choice to use a mix of technolatjasbrings the entity into compliance on an
equivalent basis with a particular performanceddath. In addition, California can consider
revenue-neutral fee shifting to reward the purcledsewer carbon products (see Chapters
2.1lLE and 3.1V.G).

These complementary economic and technology dewedopstrategies form the core of
ETAAC's policy recommendations found in this repoMany of the strategies outlined in the
following pages of this report would be much madifeaive 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 conceidegrse 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 tedbgy winners. Rather, performance-based
programs—whether market-based, command-and-cootraicentive oriented—should be the
normal course of business. ETAAC makes a numbsra@immendations based on the need to
help emerging technologies move through demonstraghases to achieve full commercial
viability (see Chapters 2.11.B and 4.lIl.1). Farstance, policies shaping development and
demonstration of innovative technologies may diffem those focused on introducing
technologies into the marketplace on a commerceles The best approach may be to support
new technologies to the point where they can stdade within a market structure characterized
by performance standards and carbon prices thaniea part of everyday decision-making by
consumers and businesses. Full performance batesiric and fuel cell vehicles, for example,
are two major zero tailpipe emission technologigsently under development. While both
technologies will require significant governmentoivement to become fully commercialized,
ETAAC does not advise selecting one or the othéhapreferred future technology. In the
shorter term, plug-in hybrids using clean eledlyieis part of their vehicle fuel may compete
with other vehicle technologies using lower carbdmanced vehicle fuels. Thus, standards,
policies, and incentives should be aimed towartsbéshing a level playing field and lowering
barriers to technologies that can then competedoaserice, efficiency, emissions,
convenience, and other factors.

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

Strategy #3 Create Innovative Public Funding to Complement Pivate Investment

One result of the lack of a clear price for GHG ssiins today is the inadequate level of RD&D
for new low and zero carbon technologies. Compameest much less in RD&D than is

socially optimal because they expect a high returtheir capital investments, they may not
capture all the benefits of RD&D investments, ardduse RD&D is an inherently risky
undertaking. Stimulating innovation in new tecltogiés is the goal of RD&D. Broadly

speaking, there are two ways to foster innovatyfunding RD&D directly or by requiring
improved performance in the marketplace. In trergynsector, where new technologies are
often very capital intensive and integrated intsnptex production systems, a balanced approach
that uses both methods is clearly desirable.

The policies created to support AB 32 will galvansignificant private sector investment in
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California, but this expected investment will netédnough to reach all areas necessary to
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#tairincludes the auction of emission
allowances, ETAAC proposes that a California Carbarst — discussed in greater detail in
Chapter 2.11.A — can direct investments in RD&D diménce technology pilot projects in
disadvantaged communities and throughout the $fatalifornia. Often, these projects offer
co-benefits such as improved air quality or emplegitn Investments from the California
Carbon Trust can fill RD&D funding gaps by levemragithe capabilities of universities, State
agencies, non-profits and other pioneering resdaszters throughout the state.

If auction revenues from a carbon cap and tradesyare 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 potentiallyartant policy option because it could improve
the economic efficiency of the overall Californiecoeaomy. Alternatively, these revenues could
address Environmental Justice issues by assisbtimgnuinities or industries that are
disproportionately affected by climate change ocliyate change mitigation programs. Any
such assistance should not eliminate the incecoteated by placing a price on carbon, but
instead should help with short-term transitiona tnore competitive, low-carbon economy.

California does have several hundred million dsllaorth of existing incentive fund programs
underwriting RD&D and related research activitiest{ined in Appendix Ill). They typically
serve specific functions. At present, none of tleprcifically target GHG emission reductions
and they also are not currently coordinated toea@hthe maximum amount of co-benefits.
ETAAC recommends that the State of California makeaffirmative commitment to RD&D
programs geared toward GHG emission abatement(sapter 2.11.B), and examine how to best
integrate these climate change priorities and iegs$tate funded programs with existing
environmental and energy policy goals. The Stateilsl also consider creating a new
organization to house these and other programsnoBjust supporting, but actively promoting
clean energy innovation, California has the oppuotyuo seed the marketplace with promising
new technologies that may provide critical toolsawthieve AB 32’s reduction targets. This
seeding effort will also bring to market solutiamescessary to meet the 2050 goal of a carbon-
free economy. This will also drive new investmdallars to California and better enable our
state to attract and nurture the most promisingrcnergy start-up businesses.

Strateqy #4 Foster International and Domestic Partnerships

California should learn from the European Union atfters 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 domédlgtan benefit greatly from partnerships
between the public and private sector (see Chdpi&H), between State and local
governments, between the State and Federal govatnarel between the State and other
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nations. Broad deployment of clean technology getherally drive down costs and lead to
subsequent generations of innovation. Californisineverage agreements with western U.S.
states, Canadian provinces, the European Unioryiited Kingdom and other countries and
coordinate with Federal programs (such as the tgcgigned “Energy Independence and
Security Act” — H.R. 6) if AB 32 is to accomplists iexpressed intent. Achieving genuine
success on climate change will also require thesfea of clean technology to developing
nations, including China, India, Mexico and LatimArica. Exporting both information on
public policy solutions and the benefits of a sty@leantech industry is one example
recommended by ETAAC (see Chapter 2.11.B); partreewith other states, the Federal
government, and other nations on low and zeroipalpmission vehicles is another (see Chapter
3.IV.E).

Within the state, leveraging and coordinating RD&ffbrts of State and Federal labs, private
research institutes, universities and non-profjanizations 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 ClimateeRearch, 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 coaorakied effort would ensure that market and
policy signals reach and influence RDD&D being faddit these innovation centers (see
Chapter 2.11.B). Such an effort may facilitateipglinitiatives that reflect real technological
progress and may help individual innovations achitte necessary scale more quickly. This
could be accomplished by a new entity charged wottrdinating low and zero carbon research
efforts, or it could be accomplished by an existnigate or public entity. The CPUC recently
acknowledged a similar need and opened a procesaltwnsider creating a “California Institute
for Climate Solutions” to be administered withinli@ania universities.

Strateqy #5 Leadership Across State Agencies

There must be effective leadership across all Sigéacies to reduce GHG emissions from their
own governmental operations and from the stakenslithey oversee and/or regulate. Just as all
sectors of the state’s economy need to participatee 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.VI.K).

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 vélhiecessary for California to identify and
manage tradeoffs that will occur as it addressesaté change. Tradeoffs among different

public policy objectives should be integrated asrals State agency decisions -- those associated
directly with AB 32 as well as other air pollutioegulations, infrastructure development, and so
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forth. Such reciprocity is needed to avoid an Ueri@ed set of regulatory and project decisions
that would result in missed opportunities to helgetrclimate change goals and integrate these
goals into other State programs. SB 85, appravekugust 2007, calls for an annual Report
Card summarizing progress from all State agensiestipn 12892). ETAAC strongly supports
this Report Card as a way of providing regular bzad. If possible, these Report Cards should
be strengthened with independent, third party \caiion.

Opportunity #1: Accelerate Efficiency Measures

The most cost-effective GHG emission reduction opymities continue to be investments in
energy efficiency. Whether it is more efficientldings, appliances or motor vehicles, initial
up-front investment is rewarded - often very guyckWith reduced energy use and lower overall
costs. While California has led the nation in Bung and appliance efficiency, the State has
significant opportunities to do much more. In sarases, further technological innovation is
needed to create more efficient products. In othees, faster adoption of existing and
emerging technology needs to be encouraged (sga€sa.1V.E, 3.IV.F, 4.1Il.F;,5.1L.A,

5.11.B).

ETAAC believes that new types of financing willelly increase the development and adoption
of energy efficient technologies and practicesnsgguently, financing policies that can be
implemented through utilities or municipalitiesiberease efficiency are recommended (see
Chapter 2.11I.F, G). The potential use of aucfiwaceeds to help finance efficiency upgrades to
lower energy bills in historically disadvantagedrgsuounities is another opportunity to achieve
efficiency, while also meeting AB 32’s Environmeniastice goals.

Energy efficiency opportunities exist in all thewes considered in this report. ETAAC
recommends that the State, in considering thesertppties, ensure the proposed programs and
measures are coordinated to avoid overlaps, duipicaand double-counting.

Opportunity #2: Remove Carbon from Energy Sources

California’s future sources of electricity, transgadion fuels and heating fuels will need to be
zero or near-zero carbon by 2050. Renewable enecyologies such as wind, solar, and
others offer the technical potential to generatefaCalifornia’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 also identifiedribiers that must be overcome (See Chapter
5.111.C) to achieve an increase in renewable energyarbon-free equivalent to 33 percent.. In
addition, biomass sources, if coupled with carbegugstration, could produce renewable energy
supplies and permanently remove carbon from thesphere provided that there are no net
adverse air quality effects from growing and udimg biomass (see Chapters 6.1I.A, 6.11.C,

6.11.D ad 7.1V.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 camstorm intermittent renewable generation into
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a reliable resource for energy planning (see Ch&pbeé.F). Electricity storage in the form of
plug-in electric vehicles has the potential to be&ttiuce reliance on fossil fuels in the transport
sector and allow for even greater utilization ofs@rg and future renewable electricity
generation (see Chapter 5.1V.G).

In the AB 32 timeframe, ETAAC believes fossil fudlscluding 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 fofdraditional uses and as a feedstock for
vehicle energy supplies if carbon can be sepaddermanently 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 internatiomigra to encourage RD&D to find cost-
effective and safe methods of sequestering §if@ams from power generation (see Chapters
5.V.I).

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

Transportation by far accounts for the largesttfomcof GHG emissions in California, roughly
40 percent of the state’s total inventory. In oremeet 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 regulatitwesl.ow Carbon Fuel Standard, the
Low/Zero Emission Vehicle program and the Zero-Emois Bus program. California should
also initiate a near-term program to reduce GHGssioins 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 largllsing a period in time when transportation
fuels were inexpensive. This is no longer the cddecreasing Vehicle Miles Traveled (VMT)
is critical to meeting AB 32 GHG emission reductgoals. 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@ce 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¢ensportation costs, alternative transit
options, such as electric rail, and urban and sadrudesigns that provide better and affordable
alternatives to the internal combustion engine (Seapter 3.1lII). Local government land use
planning decisions will need to be coordinated sithte-wide priorities to encourage transit-
oriented residential and commercial developmerdg Geapter 3.111.A). Without such
coordination, overall VMT will climb due to currepbpulation growth rates. This is just one of
many ways in which local governments are a keynganvith the State in complying with AB
32.
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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 appgrto reduce GHG emissions and other
criteria air pollutants.

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 opportunitiessto reduce these GHG emissions through
established best practices such as the expandgddioidus use of combined heat and power in
industry (see Chapter 4.11.C). In addition, bdth agriculture and forestry sectors hold the long
term potential to sequester carbon in biomass agsee Chapter 6.11.E, 6.1I.F and Chapter
7.IV.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, delivertaaat 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 fotavaesources translates into reduced
emissions of C@and other air pollutants since less energy is ts@dimp, treat and move

water. Other economic and environmental benelsts #ow from water efficiency (see Chapter
8.11LA and 8.11.B). There is also an opportunitydapitalize on carbon-sequestering benefits of
soil and biomass and reduce end-use water demapibtigling incentives for sustainable
practices, including the application of compose(€dapter 4.1V.L and 4.1V.N).

Opportunity #5: Capture Cleantech Employment, Economic, Health, @d Environmental
Justice Co-Benefits

Many policies designed to combat climate changeatsmbring about substantial economic,
health and environmental co-benefits for the Statéalifornia. 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-efficientistébl processes. Although each of these
industries is unique, they all share a common threeey rely upon new and innovative
technology to create products and services thapetarfavorably on price and performance
while reducing our collective environmental footyriGiven its legacy of entrepreneurism and
clean energy innovation, Californgwell positioned to attract venture capital inmesnts in
Cleantech companies. In 2007, California led thtton in Cleantech venture capital with $1.78
billion, representing 48 percent of total U.S. @leeh investments of $3.67 billion. This
represents a 50 percent growth over 2006 in vemiwestments in California companies.

Cleantech represents a new export opportunity, @eantech products will increasingly be
needed worldwide to address climate change and olladlenges associated with the decreasing
availability of water and other natural resourcEsirthermore, Cleantech is spurring new
employment opportunities in such fields as solargy and energy efficiency device
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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 liiteencourage the manufacturing of Cleantech
products within state borders. In fact, it is gupbssible that many Cleantech companies will
locate their manufacturing operations out-of-statei)e keeping their corporate headquarters
and RD&D facilities in California. (This trend &éready underway.) The State should consider
a variety of policy recommendations to make it mecenomically attractive to both invesaid
manufacture solutions to climate change in CalifarrSuch incentives would allow California

to more fully reap the economic benefits of thedppexpanding Cleantech industry (Chapter
2.1I1.C).

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

In evaluating potential policy and technologicaks to comply with the challenges of AB 32,
ETAAC recognized the need to develop solutions d@lvaid imposing undue compliance or
increased pollution burdens on disadvantaged contiasiisuffering from historic pollution
levels. Instead, ETAAC has explored how AB 32 dawreate new economic opportunity for
these same communities. Many recommendationsaesigned in part to specifically reduce
pollution burden in Environmental Justice areas Skapter 2.11.A). In all cases, further
evaluation such as cumulative impacts assessmedttaeccur when specific implementation
measures are developed by CARB or other agencieganizations to ensure Environmental
Justice benefits and avoid disadvantages
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[ll. Summary Message

California has a prime opportunity as it seeks &etithe challenges embodied in AB 32. By
acting sooner rather than later, California candothe 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 andpmtitive economic system. The opportunities
linked to AB 32 cut across all sectors examinethis ETAAC report: transportation;
industrial/commercial/residential energy use; eleity/natural gas; agriculture; forestry; and
water. Renewable energy, alternative fuels, amdggnefficiency could create environmental
benefits and jobs in all stages of economic devetag, 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 202@ 2050 GHG emission reduction targets.
Development of new kinds of clean vehicles and rotitesportation 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 climatnge challenge. To meet the timeframe
outlined in AB 32, however, California must do fbdowing:

» Continue the state’s long-standing commitment tarenmental policy and build on the
success of existing programs and regulations ierdaldevelop low and zero carbon
solutions;

» Establish a clear market price on carbon to prothéencentives for businesses and
consumers to reduce their carbon emissions effigiand California should invest the
value of any resulting auction or fee revenuesctoeve additional reductions;

» 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 renogyne

» Develop and maintain a capability to assess angsagplicies and measures over time as
new conditions emerge and new technologies ardas@ 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, ateiriational level with leaders on
climate change mitigation strategies.
In addition to mitigating the dire impacts of clirmahange, effective action on AB 32 can also

yield the co-benefits of cleaner air, new industaad 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 environmersslies.

1-13



ETAAC FINAL REPORT

IV. The Role of ETAAC

ETAAC was created to facilitate the developmemeiv policies and technologies as

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

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

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

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

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

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

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

To meet these objectives, CARB appointed membeitset& TAAC in January 2007. Members
were selected based on their knowledge and expéntigelds of business, technology research
and development, climate change and economic®f(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-Cls&Bob Epstein, Ph D., noted engineer
and entrepreneur, and co-founder of Environmentaigpreneurs.

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

Address near, medium and long-term goals

Encourage early action

Foster collaboration at all levels of government

Encourage public and private research, demonstratid development
Leverage California’s centers of innovation

Establish a level playing field and do not pick méns and losers

N o o bk~ w0 bR

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 wasegral support that fell short of a consensus.
Each recommendation may not necessarily reflectithes of every ETAAC member.

ETAAC met nine times throughout California (see Apgix 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 #megal public for ways to reduce climate
change emissions (a summary table of the suggestmeived prior to the final drafting of this
report is presented in Appendix IV and V). ETAA&shalso agreed to develop an Internet
website atvww.etaac.orgo provide access to details of the technologiBAAL is reviewing

as mechanisms to comply with AB 32.

The work of ETAAC is designed to complement ongagfigrts to reduce GHG emissions in
California. The recommendations contained in teport do not replace or supersede existing
State regulatory programs, or any adopted futuheips authorized under AB 32. However, the
ETAAC report may facilitate the development of teglogies 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 callatéside 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 fromaadspoint of policy and technology strategies
and opportunities (transportation, industry/comnatf@sidential, 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 IV and V, respectively.

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

(in time for the 2050 deadline under the Governaxecutive Order). ETAAC did not prepare a
full scale implementation analysis for these rec@ndations individually, or as an integrated
program (which would depend on the menu of chosedscted). ETAAC did, nonetheless,
identify major co-benefits and mitigation requirarteewhen such information was known and
available. ETAAC believes that the benefits, cossks, trade—offs and uncertainties associated
with climate change response policies must be fradsparent 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 mhentify solutions to AB 32 that are fair,
balanced, and effective.
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VI. Mapping from Recommendation to Categories, Timeframes and

Responsible Parties
. Relevant Strategies and Time- Responsible
Recommendation . )
Opportunities frame parties
2- FINANCE
Accelerate GHG Emission Reductions;
Balance a Portfolio of Economic and
Technology Policies; CARB
A. Create a California Carbon Trust 109y FOlCIES, ) By 2012 Legislature
Innovative public finance;
- ) Other
Accelerate efficiency;
International and Domestic Partnerships
Balance a Portfolio of Economic and
Technology; CARB
B. Promote Clean Energy Innovation Innovative public finance;
A . By 2012 CEC
and Commercialization Capture Economic, Health, and
: . ) CPUC
Environmental Justice Co-benefits
International and Domestic Partnerships
C. Leveraging AB 32 to Spur Californi&apture Economic, Health, and Legislature
. : : . ) By 2012 CPUC
Job Creation and Manufacturing Environmental Justice Co-benefits Other
D. C_:I(_ean Technology Workforce Cap_ture Econom|c,_HeaIth, and _ By 2012 Other
Training Program Environmental Justice Co-benefits
Balance a Portfolio of Economic and Legislature
E. Fee and Tax Shifting (Feebates) Technology; By 2012 g
. Other
Accelerate efficiency
F. Municipal Assessment Districts Innovative puk.)|I.C finance; By 2012 Other
Accelerate efficiency
G. On-Bill Financing for Small Busines - CPUC
Energy Efficiency Projects Recelerate efficiency By 2012 Other
3. TRANSPORTATION
Accelerate efficiency;
L .Rethink Transportation to Lower Demand CEC
Ci.”I;IaenSnlng. Smart Growth and TransEnd Carbon: By 2012 Other
9 Capture Economic, Health, and Cal Trans
Environmental Justice Co-benefits
CARB
B. Pay-As-You-Drive Insurance Rethink Transportation to Lower Demar‘gy 2012 Legislature
and Carbon Other
Cal Trans
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Balance a Portfolio of Economic and

Technology Legislature
C. Congestion Charges Rethink Transportation to Lower Deman%y 2012 Other
Cal Trans
and Carbon
D. Employer-Based Commute Trip  Rethink Transportation to Lower Demarlgl 2012 CARB
Reductions and Carbon y Other
Accelerate efficiency;
. Rethink Transportation to Lower Demand
oy 2020 8
P Reduce GHG - Industry, Ag, Forestry,
Water
Balance a Portfolio of Economic and
F. Low GHG Fleet Standards and ~ 1echnology, By 2012 CARB
Procurement Policies Acce_lerate efﬂmency, By 2020 Other
Rethink Transportation to Lower Demand”
and Carbon
Balance a Portfolio of Economic and
G. GHG-based Vehicle Feebates and Technology; Legislature
Registration Fees and Indexed Fuel Accelerate efficiency; By 2012 Otr?er
Taxes Rethink Transportation to Lower Demand
and Carbon
Balance a Portfolio of Economic and CARB
H. Air Quality Incentives Programs and echnology .
: By 2012 Legislature
Standards Capture Economic, Health, and
: . ) Other
Environmental Justice Co-benefits
Balance a Portfolio of Economic and
Technology;
Remove Carbon from Energy Sources; CARB
|. Create Markets for Green Fuels Rethink Transportation to Lower Deman%y 2012 Other
and Carbon;
Reduce GHG: Industry, ag, forestry, water
4 — Industrial, Commercial & Residential Energy Use
A Cleantech Tax Incentives Innovative pulilllc finance; By 2012 Legislature
Accelerate efficiency Other
B. Rebates for Load Reduction Accelerate efficiency; By 2012 Other
' Reduce GHG: Industry, ag, forestry,watey
- . .- . CEC
C. Improve Policies for Combined Heabccelerate efficiency;
BP/ 2012 CPUC
and Power Plants Reduce GHG Industry, ag, forestry, wate Other
D. Dlsmpm?d Renewable Energy Remove Carbon from Energy Sources By 202@gislature
Generation: Solar PV CPUC
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Other

E. Cl_Jstomer Choice of Electric Serv'c??emove Carbon from Energy Sources By 20 gislature
Provider ucC
F. Bwl_dlng Efficiency Programs and Accelerate efficiency By 2020CEC
Incentives Other
G. Combustion Devices: Energy Accelerate efficiency; By 2012 gécR:B
Efficiency International and Domestic Partnerships y Other

. . . . CEC
H. Industry - Government Partnershipsnternational and Domestic Partnershlp% 2012 Other
to Reduce Industrial Energy Intensity Coordinate Across State Agencies y CalEPA

Innovative public finance;
Accelerate efficiency; By 2020 No answer
Reduce GHG Industry, ag, forestry, water

I. A Revolving Fund for Technology
Demonstration Projects

J. Develop Suite of Emission Reductio CARB
Protocols for Recycling Reduce GHG Industry, ag, forestry, watBy 2012 CIWMB
K. Increase Commercial-Sector CARB
Recycling Reduce GHG Industry, ag, forestry, watBy 2012 CIWMB
CARB
L. Remove Barriers to Composting Reduce GHG Inglusy, forestry, waterBy 2012 CIWMB
Cal Trans
M. Phase Out Diversion Credit for CARB
Greenwaste Alternative Daily Credit Reduce GHG Industry, ag, forestry, watBy 2012 CIwMB
N. Reduce Agricultural Emissions Reduce GHG Industry, ag, forestry, water CARB
. By 2020 CDFA
Through Composting CIWMB

O. Evaluate and Improve Policies for Reduce GHG Industry, ag, forestry, watBy 2012 Other
Quialified Waste Conversion
Technologies

5. ELECTRICITY AND NATURAL GAS

A. Energy Efficiency Program - CARB

Coordination Accelerate efficiency By 2012CPUC

. .- CARB
Er(;“\grgrrﬁiswe LED Energy Efficiency Accelerate efficiency By 2012CEC

9 CPUC

C. Take Steps Necessary to Achieve @alance a Portfolio of Economic and By 2020 CARB

Increase in Renewable Energy to 33 Technology CEC
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Percent by 2020 to Reduce GHG Remove Carbon from Energy Sources CPUC
Emissions Other
» - I CEC
D. Competitive Renewable Energy  Accelerate GHG Emission Reductions;
By 2012 CPUC
Zones Remove Carbon from Energy Sources Other
E. Renewable Energy Technology CEC
: Remove Carbon from Energy Sources By 202PUC
Assessments
Other
- : . CEC
F. Electricity Storage as an Enabling Remove Carbon from Energy Sources;
. ; By 2012 CPUC
Technology for Renewable Energy  Coordinate Across State Agencies Other
. . . . Remove Carbon from Energy Sources;
G. Plug-in El_ectr|c Drive Vehicles as Rethink Transportation to Lower DemarBly 2020 CARB
Storage Devices
and Carbon
H. Smart Grid as Enabling TechnologyAccelerate efficiency; By 2012 Legislature
for Renewables and Clean Vehicles Remove Carbon from Energy Sources y CPUC

I. Carbon Capture and Sequestration i
Geological Formations

Remove Carbon from Energy Sources

By 2020 Other

- Balance a Portfolio of Economic and CARB

J. Low and Zero Carbon Electricity . CEC

) Technology; By 2012
Generation Plan CPUC
Remove Carbon from Energy Sources

Other
s . Balance a Portfolio of Economic and CARB

g'eg?gglg?osizr;?:rds for Climate- Technology; By 2020 CEC
9 Coordinate Across State Agencies; CPUC

6. AGRICULTURE

CARB

CEC

A - Manure to Energy Facilities

Remove Carbon from Energy Sources; By 2012 CPUC
Reduce GHG Industry, ag, forestry, wateBy 2020 Other

CDFA
CalEPA

B - Enteric Fermentation

Reduce GHG Industry faggstry, water

By 2020
By 2050

Other
CDFA

C - Agricultural Biomass Utilization

CARB
CEC

Remove Carbon from Energy Sources; By 2020 CPUC
Reduce GHG Industry, ag, forestry, wateBy 2050 CDFA

CalEPA
SWRCB

D - Dedicated Bio-Fuels Crops

Remove Carbon fravergy Sources

By 2012
By 2020

CARB
CEC
CDFA
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CalEPA
SWRCB
By 2012 So°
E - Soil Carbon and Sequestration Reduce GHG tndwsy, forestry, water By 2020 SWRCB
By 2050 ;;spaNRCS
o . By 2012
F - Riparian Restoration and Farmscal CDFA
Sequestration Peduce GHG Industry, ag, forestry, wategi ;8;8 USDA/NRCS
CEC
G - Fertilizer Use and Water Accelerate efficiency; Sy gg;é CDFA
Management Efficiency Reduce GHG Industry, ag, forestry, WateE;)y 2050 SWRCB
y USDA/NRCS
7. FORESTRY
. i CARB
A - Link Forest Fuels Management anéRemove Carbon from Energy Sources; Bv 2012 Other
Biomass Utilization Reduce GHG Industry, ag, forestry, water” CDE
CARB
B. Reforestation and Forest Managen Other
for Enhanced Carbon Storage Reduce GHG Industry, ag, forestry, wateBy 2012 CalEPA
CDF
. . _Remove Carbon from Energy Sources; Other
C - Urban Forests for Climate BenefltsR . By 2012 CDF
educe GHG Industry, ag, forestry, water Cal Trans
D. Endorse "California Climate Capture Economic, Health, and By 2012 CARB
Solutions" Program Environmental Justice Co-benefits y Other
8. WATER POLICY
Legislature
Accelerate efficiency CPUC
A. Establish a Loading Order for WateReduce GHG Industry, ag, forestry, watdBy 2012 Other
Coordinate Across State Agencies SWRCB
DWR
B. Establish a Public Goods Charge foAccelerate efficiency By 2012 IécleDngjscl:ature
Funding Water Improvements Reduce GHG Industry, ag, forest, water y SWRCB
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1 IPCC, Fourth Assessment Report (AR4), Working @rbuReporiThe 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 demlegt and development of greenhouse gas
(GHG) emission reduction technologies. The geruhlic contributed a variety of written
suggestions on financial tools to accelerate tksan technologies, which will be documented
at the ETAAC web site (www.etaac.9rd his financial sector chapter sums up suggestion
brought forward during public meetings as well agtof informal meetings with
representatives from Cleantech companies, Cleaimgektors, companies which operate in
existing carbon markets and members of the gréatrfinancial community.

With billions of dollars now being invested in Chgach 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 advanthdgew financial tools and programs are
needed to ensure that California realizes itsgfatential as a climate change pioneer and
captures the job creation benefits of its environtadeadership. Many startup companies want
to grow in California. They want to maintain a siganexus between manufacturing, research,
development and deployment (RD&D), and proximityrtajor markets. Yet barriers to this
potential and highly beneficial synergy remain. §ébarriers 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 grantsuarigkely 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 igkjig 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 numerdugd disparate RD&D programs to
make sure they are coordinated and focused on gagiag 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
Stated it is unclear if such systems encourage or dismgriinnovation. Though the
ETAAC financial sector subgroup does not presuraédh emissions trading system will
be created under AB 32, it does believe that theeSteeds a significant incentive system
to help assure that compliance is achieved at lbp@ssible cost. This incentive system
should also encourage investments in Californissadi/antaged communities to address
broader Environmental Justice and economic devetopigoals.

* Revenue neutral shifting of fees and taxes canweage 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 2007 with $1.78
billion, representing 48 percent of total Cleantaslestments in the U.S. However, the
amount of invested capital is not the same thingraguctive investment. The State
should encourage private investment that is infarimepolicy trends and technology
advancements in order to generate both robust eticrand environmental returis.

* International Partnerships can help create exgapodunities 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 farede practices to cut their carbon
emissions. A key aspect to developing these iatemnal 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 leamuahow best practices give
businesses incentive to keep innovating. Exisfiatifornia trade offices in other
countries should showcase the State’s accomplistsnagia offer information on
California’s clean technologies and correspondingjiiiess opportunities.

» At present, the State is doing little to encourtdmgeemanufacturing 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 dad look at the comprehensive set of
issues related to attracting and keeping manufiactum 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 financeémesubgroup issued two central
recommendations and a set of additional policiesged to support activities in all of the
subsequent ETAAC subgroup reports: transportatimustry/commercial/residential;
electricity/natural gas; agriculture; forestry; amdter. An ETAAC analysis of the Market
Advisory Committee’s report in chapter 9 examines linarket structures will also impact early
actions, innovations and price signals in eacthe$¢ 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 createsiacentive 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, higlg to set an early price signal for carbon and
other GHG emissions.

» Timeframe: In place by 2012.

* GHG Reduction Potential: The 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 rightse 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 Implementation: Moderately difficult. Barriers include the follong:
0 Assumes some auction revenue.

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

» Co-benefits/ Mitigation Requirements. Many 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 demonstradind research in areas where
private investment is lacking.

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

* Responsible Parties: To be determined. Could be an existing agency ifebaaation of
California Air Resources Board (CARB) and regioaialboards, 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 technologidsoth capped and uncapped sectors of the
state’s economy. This financial mechanism canesfdthe following problems:

» Barriers and early failures in emerging marketsGetG emission reductions.

» Lack of financial support for projects in disadvagegd communities or with other
significant co-benefits.



ETAAC FINAL REPORT

* 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 imiamit roles as the manager of
an incentive fund for carbon and other GHG emissaatuctions in California. Its primary
purpose would be to achieve GHG emission reducti@ysnd those coming from the AB 32
caped sectors, helping California to reach its &éiols reduction targets. The second purpose,
closely linked to the first, would be to furtheet&nvironmental Justice goal of empowering
communities to take part in achieving emission o#idas 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 finamgcin 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 Addressrian Market Failures

This Trust would achieve its primary goal of redur{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 competsdxhon a project-proposed price of carbon.
This process would operate in parallel with privaftset investments, but would have greater
flexibility to fund reductions that would achieveB/32 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 reuas in the future greatly discounted. By taking
a long view of meeting GHG emission reductions@2@and 2050, the Trust could invest in
projects that may have a greater overall redugigmdollar of investment, but a longer lead
time. The Trust could also address other gaps @hdds 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 reductions, rust should generally limit funding to
projects for which clear measurement and verifigaitandards exist. For example, project types
could include those for which the California Climaction Registry has accounting protocols or
those projects that can produce measurable anfitbiézienergy 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 projectshwgireat potential but some uncertainty. In such
situations, the price paid for carbon reductionsilde reduced to account for the risk. The
Trust could consider keeping some percentage bboareductions in reserve so that
environmental integrity can be maintained in cageroject failures.

The Trust's standard project selection process evbalbased on the relative cost-effectiveness
of emissions reductions, similar to the State’seasful Carl Moyer program. The Trust could
issue requests for proposals periodically (quartariannually, for example), and applicants
could include municipalities, hospitals, schootsnpenunity 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 ffrust. 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 reductioBscause the Trust does not fund entire projadits,
projects would have to be financially viable thrbuycombination of their own balance sheet
and the additional value of selling the carbon o#idn credits to the Trust.

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

» TheTrust can retire the carbon credits for public benefit. Credits earmarked for
retirement might have no real market value or mpggge double-counting concerns.
For example, the Trust would retire the creditsegated by an energy efficiency
program that allows the associated Load ServingyEiat 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

» Creditsfrom Trust projects that value only carbon might be éligible for salein the
voluntary markets. The revenue generated by these sales could lepkitinto the
Trust and used to invest in further reductionssdite buyers might include state
agencies, corporations, or individuals (througlofiset 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) Dedicate Resources to Fund Projects to Achie®32’s Environmental Justice Goals

By setting aside a fixed portion of its funds todigtributed to projects based on cumulative
impacts, geographic location, demographics, arasociated co-benefits, this Trust could also
help to reach important environmental justice go@isstributing funds based on geography or
demography would ensure that disadvantaged commsiméceive a pre-determined amount of
funding for projects that not only reduce carbonssions, but also foster community
development and protect low income consumers fisimg energy prices.

In addition to distributing funds based on geogyaphdemographics, the Trust could choose to
favor projects with ancillary benefits, such asegreollar job creation, technology
demonstration, or criteria and toxic pollution c¢lags. In these cases, the Trust would pay not
only for carbon reductions, but would also consimtebenefits such as local air quality benefits.
For example, a project that reduced NOx in additeo@0O, could be financially rewarded not
only for the decreased carbon, but also for the Kgdxiced by the project. By attaching either a
time value or a monetary value to co-benefits,Tthest would create incentives for projects that
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not only help California reach its GHG emissionueitbn targets, but also achieve
Environmental Justice goals such as job creatignpafiution abatement.

For example, a project applicant might want toafétthe Heating, Ventilation, and Air
Conditioning (HVAC) system at a multi-family resimel 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,tbgding owner must front the capital while the
tenants benefit from lower utility bills. The Ttugeates 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 reisdalfor the retrofit up to the value of the
carbon reduced, while tenants benefit from lowerddy 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 redudfrget at no expense to them. In this
example -- as in all instances where the Trust doudike 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 countirthcarify crediting issues.

The selection process for projects with co-benefasild 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 banfomally viable through a combination of their
own economics and the additional value of the careductions, plus whatever values the Trust
assigns to the co-benefits. Again, the GHG emisgeduction credits could be retired for public
benefit or possibly sold into voluntary markets.

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

The third role of the Trust could be as an enabi¢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 stabilizeGhlifornia carbon market. The Trust could be
particularly valuable in seeding the market anditang it in the early years. In later years, as
the California carbon market grows and maturesydteeof the Trust as “market maker” would
diminish.

The Trust could also be designed so that someeatdhbon credits it purchases from projects
outside the cap could be used as a flexible comg#idnedge in the regulated market. These
credits would come from certain approved projepesyfor 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 stiveent 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 decreadikéibood of the regulatory process
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overreacting or reacting too slowly to volatilelmamn prices. As a dynamic manager of the price
of carbon with a long-range view, the Trust wouddtfprm the role of a market oriented safety
valve and obviate the need for static regulatiach ss price floors or ceilings.

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

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

4) Encourage Research, Development, and Demonsbrati

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

* University Research and Development: The Trust would provide funds for RD&D of the
technologies needed for a low carbon future. Dhe of 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 possibgnge as a source of funds for the
Institute.

» Demonstration and First Production Facilities: By 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 respongylolf the private sector, while most
private sector financiers are unwilling to investhese early stages due to the high level
of risk. This dilemma creates a financing gap teguires a novel solution. The Trust
could provide the financing and capital necessaiddress this problem and encourage
the commercialization of clean energy technologigsis could be done in many
different ways. (See “Support Demonstration Firénd=inance Sector Section 11.C,
below.)

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

non-compliance post-2012, or from another sourcé si8 the general fund or borrowing
guaranteed through repayment from auction revenBased on historical experience, revenue

2-7



ETAAC FINAL REPORT

from penalty fees is expected to be minimal. Catifm Environmental Quality Act mitigation
fees are another possible revenue source to corsifi¢he 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 ayttmpurchase and sell carbon credits, an
additional source of funding would be the saleetitied, tradable carbon credits. Finally,
another source of funding could be the sale of@arleduction credits into the voluntary market.

The State might consider offering one or more eauwlgtions 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 andelséablished a minimum percentage of
allowances to be auctioned in 2012. One or mong 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 discovesyiqu would probably reveal a price lower
than expected; this is what has happened histbyricabther similar schemes. Early auctions
would allow the state to “learn by doing,” essdlitiaerving as a trial period. The State would
have the opportunity to learn and make adjustmiesfizre 2012. If the State decides against an
early auction, the Trust could be funded initidhlyough the State’s general fund or through a
loan, or through other sources.

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

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

Models for the California Carbon Trust

TheCarbon Trust (UK) is an independent government-funded company aeat2001. Its
mission is to accelerate the country’s move towarttsv-carbon economy by developing
commercial low-carbon technologies and working vatisiness and the public sector to cut
emissions. The Carbon Trust carries out five défeéfunctions: (1) information and education|,
(2) practical solutions, knowledge, and resourcediisinesses and public sector entities that
wish to reduce energy use and emissions; (3) fupa@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 aadon law that requires
new fossil fueled power plants to offset a portditheir CQ emissions. The Climate Trust
provides high-quality offset projects for powermtk regulators, businesses, and individuals,
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The Climate Trust is one of the largest buyersffsets in the United States, with a portfolio of
sixteen projects that are anticipated to offsetn2ilBon metric tons of C@Qover 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 marke
events. Operating under the oversight of the UBaienent of Treasury, the Board would be
authorized to allow increased borrowing of allowasior 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 Corporation is a nonprofit corporation proposed in the Warner
Lieberman Bill. The Corporation would receive angttion allowances and distribute the
proceeds. Auction revenues would be distributedragseven clearly delineated categories.
Examples include 20 percent for a public-privatgrmship to commercialize low and zero-
emissions transportation sector technologies ashalcreg vehicle miles traveled, 10 percent fg
air quality improvements, and 10 percent for miiiggnimpacts in disadvantaged areas.

-

B. Promote Clean Energy Innovation and Commercialiation

Support California RD&D and commercialization effoday to ensure that critical innovations
are available to contribute to GHG reductions iturfe 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 Potential: Cannot quantify.
» Easeof Implementation: Moderate. Barriers include:

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

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.

o0 The State currently has no scale-relevant prographaice to support
demonstration projects for emerging technologiesiew financial vehicle may
need to be created to fill this gap by sharing bskwveen public and private
sectors.

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

» Co-Benefits/ Mitigation Requirements: Many 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.

o0 Would orient disparate clean energy programs towsedinifying goal of
decreasing GHG emissions without decreasing thertapce of other public
policy goals.

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

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

o0 Would ensure greater linkage and enable more effecomparison across
current programs by creating consistent calculaticawvoided costs.

o0 Would support California’s culture of entreprendiipsand support economic
development objectives.

* Responsible Parties. California Energy Commission (CEC); Californialfic Utilities
Commission (CPUC); CARB. Could involve the creatadrthe new organization
referenced below.

Problem: The technologies needed to support GHG reduchbegend 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 measuringsGeductions. Moreover, the State’s
individual subsidy programs are in most cases poially coordinated in pursuit of the
principal current objective of AB 32 -- GHG emigssoreduction -- causing inefficiencies and
missed opportunities for improved performance. t@mnof 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 opportunigetx 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 neweistment 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 orgaoiz#d house these and other programs.

What is “Cleantech”?

The Cleantech industry encompasses a broad rargyediicts and services, including
everything from from alternative energy generatmmastewater treatment to more resource
efficient industrial processes. Although some efsehindustries are unique, all share a common
thread: they rely upon new and innovative technplogcreate products and services that
compete favorably on price and performance whiiiceng our collective environmental
footprint.

2-10



ETAAC FINAL REPORT

According to categories established by the Cledn@apital Group, total U.S. venture
investment in Cleantech was $3.67 billion in 20@alifornia received $1.78 billion or 48
percent of the total. To be included in the Cleahtcategory, products and services must do|the
following: optimize use of natural resources; offietleaner or less wasteful alternative to
traditional products and services; have their genasan innovative or novel technology or
application; add economic value compared to trawii 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 congttemselves to be “Cleantech” investors.

The ETAAC financial sector subgroup offers thesgg&stions 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 derstrations of new low and zero tailpipe
transportation options. The absence of fundingfoject demonstrations is a significant
impediment to the maturation of new technologies iarconsistently identified by thought
leaders as a major gap in the financial architectdiclean energy. Public sector managers view
demonstration as the responsibility of the privssetor, while private sector investors view it as
too risky. The demonstration finance fund couldstractured 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 cackedits banked for future use. The proposed
California Carbon Trust (Finance Sector Sectiom)lis one option to consider for this role.
Organizing principles for a demonstration finantferé could include:

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

»  Support Specific Projects with the Highest Likelihood of 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 tove speculative for the private markets,
are given first priority.

* Enable Market/Consumer Choice. In addition to technology specific demonstration
projects, support a broader set of investmentsfiastructure for demonstration projects
of technologies that can showcase their meritsnagjane another (i.e. biofuels
infrastructure versus renewable energy transmigaeifoastructure.

* Encourage Broader Participation in Procurement Processes. Consider using a
demonstration fund to allow emerging technologgeparticipate in electricity and fuels
procurement by funding their above-market cost comept.

» Partner Where Possible. Because demonstration projects come in all shapé sizes, it
would be optimal to allow the private sector totggrate. 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 Efforts. The Public Interest Energy Research Program
(PIER) and the Emerging Technologies Coordinatingril (ETCC), both funded by
investor-owned utility (IOU) ratepayers, have furdsilable and actively pursue
demonstration projects. In addition, the CPUCoissidering a proposal by Pacific Gas
& Electric and Sempra Energy to create an analegtiee ETCC specifically for
renewable resource demonstration projects. THésse 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 feoademonstration finance program include:

» Clean Generation. Support initial megawatt (MW) scale installatsaiat prove
technical feasibility and enable project financfogemerging technologies.

» Energy Efficiency Technologies. Support demonstration projects for industrialipment
to accelerate the adoption of emerging, yet tedliyiproven, energy efficiency
technologie$.

* 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 offeringgrttally high climate change abatement value.
Consider linking the current individual subsidy grams into a unifying framework with a
common set of reduction objectives, possibly intigda consistent approach to State-calculated
avoided costs. Accurate and consistent calculati@voided costs would help identify the most
cost-effective technology options and better entheeRD&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 informatadoout 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 quickhjis 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 redgiicknowledged a similar need and opened a
proceeding to consider creating a “Climate Solibrstitute” 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.eeve funding starts and where it stops). Where
it makes sense, create financial vehicles thatrégeeboth the public and private sectors.
Develop a program including an outreach campaighehables our state to more effectively
attract and nurture the most attractive low carftiant 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 petiwotivated technology innovation, for
example by administering targeted State grant fiimidspecific technology challenges —i.e. the
“golden carrot” approach to goal-setting and rewa8dch an entity could also enable the
multiple public and private centers of clean enangyvation in California to communicate,
share research, seek private funding, and moverenegchnologies through the procurement
processes of the major state energy providers. ofdinization could also act as the principal
agent for external market development and techiydd@ysfer 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 awailability 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 antexjsState agency;

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

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

» Create a private nonprofit organization that dogtsnmanage 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 &siiae “Action Plan” that would “enable
California’s agencies and institutions to avoid ldzgiion, maximize coordination, leverage
resources, ensure cost-effective results, andifgeg@ps in necessary effort8.”
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[ll. Additional Organizational and Policy Recommendations

C. Leveraging AB 32 to Spur California Job Creationand Manufacturing

A five-year “Buy California” incentive program caliboost in-state Cleantech manufacturing
and take advantage of the lower embedded carbderdosf California-manufactured products.
Amending current disincentives in the Californimisome tax and sales tax codes would help
ensure that California is competitive with otheates in attracting Cleantech capital investment.
A Cleantech manufacturing attraction initiative wbhelp the state proactively attract and grow
companies here.

* Timeframe: In place by 2012.

* GHG Reduction Potential: Significant, but difficult to quantify. Potentie¢ductions
depend upon the type of manufacturing establishé&thiifornia and the proximity of
manufacturing locations to where goods are soldused. The manufacture and
transportation of products manufactured in Calif@fior use within state borders is likely
to generate fewer GHG emissions than those produataifactured elsewhere.

» Ease of implementation: Moderate.
» Co-benefits/ Mitigation Requirements. Many benefits, no mitigation requirements:

o0 Reduced GHG emissions due to California’s loweboarenergy supply (relative
to other states and countries with Cleantech matwiag);

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

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

* Responsible parties: CPUC; State Legislature; California Business $pamtation and
Housing Agency.

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

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

a higher tax burden on those hiring and investirtbiwthe 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 diaabeing 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 Solutions: California can benefit from a time-limited incergiprogram that promotes
the growth of in-state Cleantech manufacturinge §bal of a “Buy California” campaign
should be to get a new market started, rathertithareate corporate dependence on another
entitlement program. California cannot match theentives offered by every other state. But
California could act to remove the current disinoass in the State’s income tax code that
reduce a company'’s tax bill when it decides to gomtside of California. State policy makers
should also take action to ensure that availalpéalaesources in California are competitive
with other states.

California should examine state policies from Mabs&etts, Washington, Oregon, and New
York, which are moving aggressively to promote Gteah manufacturing. These states offer a
combination of grants, tax incentives and credi@sns and guarantees, and seed capital to
promote local jobs and the adoption of technolodmgeloped and/or manufactured in those
states. These efforts often dramatically lowerdéygital costs for companies that locate in those
states. If California takes its leadership fomgea, we will lose high quality jobs, significaaixt
revenues, and other benefits of having a thrivilep@tech 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 regdatprovide 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 manufactureat@). 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 approxaha$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 thaisbachusetts offers an additional incentive
(an extra $0.25/watt for solar and an extra $2.a@/%or fuel cells) if components are
manufactured in Massachusetts. Similarly, Washimgtoacted Senate Bill 5101 in May 2005,
establishing production incentives for individudisisinesses, or local governments that generate
electricity from solar power, wind power or anagcatigesters. The incentives range from
$0.12/kilowatt hour (kWh) - $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 generaiieentive program to combined heat and
power projects and requirdse CPUC to “provide an additional incentive of SkWh from
existing program funds for the installation of giyahg 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#tgtr Locally produced clean energy
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technologies offset GHG emissions associated wighorting large heavy equipment from
across the country or the world. Early actioneettuce the California’s CQevels should not
only consider end-use applications, but lifecyailedoict transportation impacts on the climate
and the environment.

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

help ensure that California benefits from the jodation and economic development spurred on
by its environmental leadership and the passagd&3@32.

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

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

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

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

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

« Analyze effectiveness of other State policies tyease 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 clusteduding: the ability to share
resources; strategies for obtaining land use psrmadtcess publicly-funded training;
economic trend information; energy efficiency sttaes; 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 necessguyast mechanisms.

D. Cleantech Workforce Training Program

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

* Timeframe: In place before 2012.
* GHG Reduction Potential: Difficult to estimate.

» Easeof Implementation: Straightforward. Models for successful workforcarting
programs exist.

» Co-benefits/ Mitigation Requirements. Many 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 famar& training programs,
apprenticeship programs and community college arogr

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

* Responsible Parties: The California Labor and Workforce DevelopmenieAgy would
administer. The Employment Development Departn@@BiD) would develop and
manage the RFP process and track performanceoohdioation with the State
Workforce Investment Board (WIB), a panel of expevbuld develop priorities,
principles and criteria, and require accountabiliBanel makeup would include
employers, labor representatives, and trainingnaragproviders (including community
college district representatives and workforce erohomic development agencies.)

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

California’s emerging energy sectors to be comipetiénd for the state to attract service and
supply-side businesses to the area.
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Possible Solutions. Establish 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 wolkdto double its funding base. To the greatest
degree possible, this program would utilize exgsfpnogram infrastructure, including the
California State Advanced Transportation Technolaggt Energy program within the

community college system and building trades agpmeship training programs.

This program would support, create and coordinettos-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 suppgring skill development and quality
employment opportunities. It would also keep Califa’'s economy more competitive.
Curriculum development in related fields could @epstudents and the state’s labor force to
serve the growing markets in emerging energy secsteering them to meaningful, career
oriented jobs. This highly skilled labor pool cduhen 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 ftie public and private training
funding in high-growth sectors;

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

* Promote skilled trades in construction, manufaotyand utilities to serve 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 reveruéral manner to encourage the distribution of
low carbon products.
* Timeframe: In place by 2012.

* GHG Reduction Potential: The reduction potential depends on the spe@fiwt fee.
(See below for specific examples.) The principaldfit is to encourage innovation and
to encourage consumers to purchase products vatiegrGHG emission reductions by
reflecting the cost of carbon in prices that constgpay.

» Ease of implementation: Relatively straightforward; requires legislataetion.
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» Co-benefits/ Mitigation Requirements. None expected.

* Responsible parties. Changes 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 carbomeowy. This is particularly true in the
transportation sector, the largest source of &&& emissions. California needs to increase the
incentive for the distribution and purchase of pretd with significantly lower carbon content.

Possible Solutions.  Use existing tax and fee structures to encoucagsumers to purchase
lower carbon products. The goal this kind of fad tax shifting is to encourage the distribution
and purchase of products that either generatedeks emissions during their manufacturing
lifecycle or during their actual use. Example gatges include the State excise tax on
transportation fuels and car registration feessassbwith 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 Standard=&)C The LCFS can be used to compare
alternative and cleaner fuels against a galloretrigieum-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 dmnginemission fuels. A proposal to do this
can be found at “California Clean Fuel IncentifeThe 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 introdloeer time, adjustments may also be needed to
protect funding for public transportation and othdrastructure.

The State can also create incentives for the ptamuand purchase of cleaner vehicles by
ranking vehicles in class according to GHG emissiogr mile driven. The cleanest motor
vehicles in each class would be eligible for tim@urchase 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 Discotott Families”?

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

F. Municipal Assessment Districts

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

* Timeframe: In place by 2012.
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* GHG Reduction Potential: Would accelerate deployment of renewable energy
generation.

» Ease of implementation: Relatively straightforward.
» Co-benefits/ Mitigation Requirements. None expected.

* Responsible parties: Participating municipal governments.

Problem: With current State and Federal subsidies, thaliation of efficiency upgrades and
clean distributed generation (such as solar phdi@meqPV) and solar thermal systems) is now
much more cost effective for many residential amchimercial property owners. Nonetheless,
many disincentives to installation remain. A magmaining 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 legrtthat end-users must overcome.

Possible Solutions. The City of Berkeley has proposed an innovative€eigy Assessment
District” which could remedy many of the disincexets to install clean on-site distributed
generation systems. It is a novel approach andheagromise to be tremendously effective if
used widely throughout the state. The approachdqmtentially 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 disttiion poles and wires underground. All property
owners in the designated area vote on the propdisalsufficient majority votes in favor, the
City works with the local utility to contract to athe infrastructure placed underground. The
entire cost of the project is paid for with a nam-exempt municipal bond. Homeowners repay
the bond as an assessment on their property faxobiér a fixed period, typically 20 years or so.
The assessment is officially in “second positiog’adien on the property — behind property tax
and in front of the mortgage — giving excellentuséyg and a corresponding low interest rate. A
20-year period fits well with the expected minimiifatime of solar PV panels, with different
periods possible should this model be adaptedtf@rdechnologies.

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 efficiemgyrovements to their buildings and then
pay for the cost as a 20-year assessment on tlogieqy 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 onlytfar cost of their project and fees necessary
to administer the program.

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

This kind of municipal assessment district progim support the Million Solar Roofs / SB1
legislation, can be readily applied to specifiditezlogies (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 ngugs (e.g. tankless water heaters, heat
pumps, trombe walls construction, and so forth).

G. On-Bill Financing for Small Business Enerqgy 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 Potential: 1-5 percent reduction of GHG emissions from sinadliness,
assuming an emissions reduction potential of 1Gpe88ent with 10- 15 percent of small
business patrticipating.

» Easeof Implementation: Moderate to implement. This type of financing bagn done
before.

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

* Responsible Parties: Utilities as the program administrator.

Problem: Technology and products are available to redueeggnconsumption 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 businesigenot have the capital to make the upfront
investment needed to install the improvement.

Possible Solutions: On Bill Financing (OBF) is a method whereby demaadings are

purchased the same way supply is purchased: moim¢h in installments paid via a line item on
the utility bill. OBF simplifies the financing arqhyback for these energy efficiency projects,
enabling small businesses to implement energy gaaeasures that they would otherwise be
unable or hesitant to implement. The CPUC andiaslshould work together to explore
existing OBF programs to determine the optimum rhmlamplementing a cost effective
program. In developing the OBF program, utilité®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 effectv@lzer successful, cost effective efficiency
programs. Where OBF design proposals differ fremaldished norms and would impose
unacceptable risk, appropriate means of cost regowast also be included. San Diego Gas and
Electric Company has recently implemented an ORigf@m and all IOUs will have an OBF
program by 2009.
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! Taylor, MargaretThe Dynamics of Innovation and Cap-and-Trade Programs, (to be published).

2 Stack, Balbach, Epstein and Handglieantech Venture Capital: How Public Policy has Stimulated Private
Investment, May 2007.

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

* See Industrial, Commercial and Residential Used®étaft Section Il. E.

® See Transportation Sector Draft Section Ill. B.

® Comments of the Natural Resource Defense CoundTAAC Draft Report, submitted Dec. 10, 2007.
http://www.arb.ca.gov/cc/etaac/121307pubmeet/contsneaceived_prior_to_12-13 meeting/wang-
nrdc_etaac_comments_final.pdf

" Stack, Balbach, Epstein and Handglieantech Venture Capital: How Public Policy has Stimulated Private
Investment, May 2007.

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

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

|. Introduction

Transportation accounts for over 40 percent ofualhropogenic greenhouse gas (GHG)
emissions produced in California, making it the&sat source of these climate change
gases in the state. These substantial sourceslmfrt 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 lgasdo fuel the state’s large fleet of
motor vehicles (See Figure 3-2 below.) These GHagons flowing from various
modes of travel and goods movement are a funcfiofipmotor vehicle technologiés;
(2) carbon intensity of transportation fuels; (8gmll transportation activity levels.

Greenhouse Gases By Transportation Mode (CARB Inven  tory 2004)
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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 goaldl wequire addressing all three of
these aspects of the transportation system. Soiegs to address these three primary
challenges in the transportation sector are alrga@iace or are currently being
developed (see tables 3-1 and 3-2, below). le@rdhat ultimately solutions to global
climate change will require setting a price on carls well as new and far-reaching
motor vehicle and fuel technology standards. ThAAC transportation sector
subgroup recommends additional measures to actheviellowing public policy goals:

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

« Substantially lowering GHG emissions released pdiTy

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

According to the California Department of Transptdn (CalTrans), the number of
vehicles in California is increasing at a propartitely faster rate than the state’s
population. There are many reasons why. Amonig thie rising standards of living --
which boosts vehicle ownership and global tradend increasing freight movement
throughout California. The state’s VMT figuresalontinue to rise, in part, due to
longer commute distances. But expansions in norktvips 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 Gld@issions.
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California drivers used an estimated 18.1 billi@ians of motor fuel to travel 330

billion miles in 2005 — a 15 percent increase sib@@0 -- at an estimated cost of $44
billion.? If current growth trends continue, gasoline use @lated 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 oveip&écent of the petroleum consumed in
California is imported, the near total reliancelod transportation sector on this fuel
exposes the state’s economy to price spikes crégtéte dynamics of national or
international markets. The corresponding outflédwapital from California to countries
and regions supplying petroleum reduces the pumgpg®wer and living standard of
growing numbers of state citizens.

Forecasts regarding California’s transportation iamsumption 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 essentfiatlyhrough 2025, but diesel fuel
consumption is expected to approximately double this same period.

There are already several policies intended toedeer transportation GHG emissions, as
well as a number of factors that can potentialbyéase these same emissions. It is
imperative for the State to develop and implembasé existing policies while
considering new policies needed to meet the gdad8B2. Table 3-1 below
summarizes key policies in place or under develapnmeCalifornia.

Table 3-1: Existing Policies Affecting TransportatiGHG Emissions

Standards Incentives RD&D
(Regulations)

Mobility |¢  AB1493 vehicle * HOV lane access for hybrigp  State and federal R&D
(personal | GHG standards vehicles (limited in numbers) |« california Fuel Cell
travel) e California Zero « Incentives for advanced Partnership
Emission Vehicle vehicles « Advanced Battery
program e Investments in travel Consortium (DOE)
» California Zero alternatives « H, Highway
Emission Bus program|.  Federal Tax Credit for (infrastructure deployment
hybrids with different H, generation

«  Moyer 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)

e Marine vessel speed
reductions

e 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 freigimigportation are clearly needed. And
yet, to avoid dangerous climate change, the Statt reduce its transportation-related
GHG emissions. Some of the policies describedlisyxdhapter may operate by limiting
emissions or setting a more appropriate price amsgortation options, while others
create new opportunities for travel and freighpsment. All of these approaches are
essential complements to the deployment of cleagigicles running on cleaner fuels.
Thus, it is crucial that the State ensure that éanbon travel options are expanded.
Some of the new opportunities include:

Smart Growth plans by local governments to makéwvgland cycling more
feasible.

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

* Personal Rapid Transit (PRT) systems (which coealg helieve traffic
congestion.)

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

- Transit villages that make bus, rail and perhap$ RiRdes preferable ways to
travel.

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

The ETAAC collected and reviewed a substantial amhofiinformation on technology
transportation and other innovations. This makéiancluded in Appendix V. Because
research, development and deployment (RD&D) of temlinologies in the
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transportation sector is advancing rapidly, a wieldisas been established as a resource
that contains or point towards many of the repgmtssentations, and other
documentation (www.etaac.org). Table 3-2 belowtams relevant AB 32 Early Action
measures already being developed by CARB.

Table 3-2: Measures Contained in CARB’s Draft Edbtion Plari

Name

Summary

Estimated emission
reduction
(MMTCO2e)

Low Carbon Fuel
Standard

Require the carbon intensity of transportationguel
decline 10 percent by 2020.

10-20 by 2020

Smartway Truck

Require existing trucks and trailers to be rettefit

Up to 6 by 2010 anc

Efficiency with devices that reduce aerodynamic drag. 20 by 2020

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

Port Electrification | This early action allows docked ships to shut off 0.5 in 2020
their auxiliary engines by plugging into
shore side electrical outlets or other technologies

)

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 fron

0.1 to 2 by 2020
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I1. General Policy Recommendations for the Transportation Sector

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

Encourage Private and Public Investment: The three key GHG emission reduction
strategies identified in the Introduction of thigpter — reduce or shift demand for VMT,
boost efficiency, and expand use of low carbomisitg 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 Califorréead 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. governmentise public sector revenues to
support low-carbon technologies using a privateeseapproaci. As described in the
Chapter 2 (the Financial sector) of this ETAAC meépGalifornia could set up something
similar in the spirit of the California Instituté Regenerative Medicine.

It is important to encourage private sector as @a&ltlo public sector RD&D. Private
research funds are much larger than public fundgfay tend to focus on innovations
not being supported by the public sector. Clear@msistent public policy decisions
and regulations will provide direction that enca@yes the private sector to make
investments, and to direct their research dollathée most appropriate and strategic
areas.
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Coordinate Between L evels of Government and the Private Sector: The transition to
a low or zero carbon economy in California will veég major shifts in virtually all
industries. This is particularly important in thansportation sector, where vehicle
manufacturers and fuel producers and distributarstrine coordinated in a way that stil
meets customer needs while enabling the developaienany 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.

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

The need for coordination between auto manufaduesrergy providers, government
agencies, and fuel cell technology providers ist@mtial barrier to commercialization

of hydrogen fuel cell vehicles. The California FGell Partnership is a collaboration

31 members to overcome barriers that would faceichaal members working to solve
these problems alone.

Automotive members provide fuel cell passengeratekifor demonstration programs
where they are tested in real-world driving cormhis (several organizations represen
by ETAAC member are currently using hydrogen fiedl eehicles in their fleets).
Energy sector members work to build hydrogen itiftasure and fueling stations that
are safe, convenient, and fit into the communitibsre they are located. Fuel cell
technology members provide fuel cells for passemghicles and transit buses.
Government members lay the groundwork for demotistrgprograms 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\dehicles in California, and fuel
cell passenger cars and buses have traveled naratmillion miles on California’s
roads and highways. There are currently 25 fuedtagons, with others planned.
During 2008-2012, the Partnership members will i to improve vehicle driving
range, fuel cell durability, and station accesprigparation for commercialization of
fuel cell technology. Other important future ckalljes include making the fuel
infrastructure sustainable by producing hydrogemfrenewable sources. Yet anothg
challenge is maximizing efficiency through enertptisns that produce stationary hea
and power in addition to hydrogen vehicle fuels.

Sourcenhttp://www.fuelcellpartnership.org

ed
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Increase Consumer Education and Choice: Consumer education on environmentally
friendly technologies or habits has worked in Qathfa; both the Statélex Your Power
campaign and FederBhergy Statabeling program have proved effective in shrigkin
energy usage. The State should emphasize thetamgerof public education and
outreach programs for the transportation sectolliaino existing efforts like “Spare the
Air” to reduce or defer driving on bad air qualdglys. A much broader public outreach
effort is needed, nevertheless, to address gldibahte change. As a greater range of
choices of vehicles and fuels become availabigilitbecome important to provide
information to consumers so that they make eduadtedtes to reduce GHG emissions.
This information can complement market-based ineest However, the evidence about
the effectiveness of public education campaigrectieve public polices is lackirig.
Thus, these programs will require monitoring, eatibn, 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 labelingHiertransportation sector would label
a fuel or vehicle, making the consumer aware ofGh> emissions associated with their
purchased’ Consumers are then allowed to make an educatkeative decision to
reduce their carbon footprint if they so choos@RB is in active discussions regarding
such green labeling efforts. At present, motorialeb sold in California already have a
smog index label' GHG emissions information will also become pdithis label by
2009. The State Legislature may want to considehér labeling efforts referencing
energy use and corresponding emissions of diffdtesté or the emissions that were
produced in making or shipping consumer goodsedlad transportation.

Realize Economic, Ecological and Environmental Justice Co-Benefits. It is notable
that each one percent reduction in transportati@ngy consumption (or rate of
consumption growth) could add up to $440 millioranmual savings. CalTrans
calculates that every one percent reduction in @rtBssions from the transportation
sector (through decreased VMT, improved vehiclarietogy 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 e¢salt in macro-economic
benefits because of a shift of consumers’ dolleosfpurchasing imported oil to
purchasing more in-state goods and services. g sf climate change policies in
California found that implementing AB 1493 woulduver vehicle GHG emissions by 31
million metric tons of carbon dioxide equivalentfMCO,E) in 2020 compared to a
business-as-usual scenario. This equates to npaghpercent of this legislation’s GHG
emissions reduction goal. At the same time, thedawd increase gross state product by
about $50 billion (over a 2 percent increase) aedte about 22,000 jobs (a 0.1 percent
increase) due to this macro-economic efféct.

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

The GHG emission reduction strategies recommenuleithé transportation sector are
also expected, as a whole, to achieve significahtip health and Environmental Justice
benefits. Strategies to reduce GHG emissionsdririnsportation 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
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 thekbtarbon component of particulate
matter and ozone also accelerate global climategeghair quality policies yield valuable
contributions to AB 32’s GHG emission reduction Igoa

Other co-benefits materialize from policies to @ase demand for transportation
services. Such policies tend to lower traffic 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 yield water quality
improvements and other environmental benefits.

Key Environmental Justice I ssuesfor Transportation

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

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

* Reduce existing air pollutionEmissions from transportation vehicles (especiall
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. Teeelopment of a low-carbon
transportation system, such as low-carbon fuelyetdn, 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 greeargobs, and the state should support
opportunities to benefit disadvantaged individwald communities.
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[11. Shifting Demand for Mobility and Goods M ovement

Vehicle travel is a major contributor to globalnciite change. Demand for highway
travel by US citizens continues to expand due foufadion increases and growth in per
capita transport demand. Between 1980 and 19§Bwaiy 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 growitep'® Convenient and
efficient public transportation and transportattmand management (TDM) systems
are critical measures to reduce VMT and GHG emissio

Travel Demand Approachesto 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 importaitgmal costs are ignoréd. Thus,
there are many measures that will both reduce GiHiSstons and internalize some of
these costs by pricing vehicle travel per mile. lowed planning measures will also lead
to reductions in these “externalities.” Some ttalemand strategies that are likely to
have larger or more certain effects include:

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

ETAAC has also evaluated employer-based commutedaduction options. Some of
these options are more likely to result in sig@ifit GHG emission reductions than
others.

Other possible approaches to managing passengéreagiat vehicle traffic were

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

Improving transit systems is another way to redBeK> emissions in the transportation
sector. Increased funding of public transit systenay be needed so that California
residents have more travel options. These systambe expensive if designed to
provide reliable, affordable transit options to ldensity neighborhoods, highlighting the
importance of Smart Growth.

New approaches to public transit are advancinglhgpand deserve further study for
suitability in California. Some of these featumgproved technologies that can be used in
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current transit systems, such as electric-hybrgkbwand fuel cell buses. Others are more
novel approaches that may have greater potenti@G emission reductions, such as
Bus Rapid Transit (BRT) and Personal Rapid Trgi®dRT) systems. Due to limited time
and resources, and because these approaches el@pitey rapidly, ETAAC was unable

to conclusively evaluate these options. More stfdyese technologies and approaches
are warranted. Each technology or approach iddfeaent stage of development and
may merit a different type of evaluation. For arste, hybrid buses are being deployed
today, while PRT will need to be evaluated at tiat project stage. In conducting

studies relevant to California’s distinct transeds, the ongoing research and experience
from other parts of the world should be consideredr instance, several BRT systems
are now in successful service in cities aroundatbdd, while the first modern PRT

system is only now being installed at Heathrow@airp This suggests that BRT systems
might be closer to deployment here in CaliforniantfPRT systems. Nevertheless, near-
term implementation should not be the only critésigudge new clean transportation
technologies. New technologies and approachedahtso be evaluated on projected
GHG emission reductions, costs, and associateditsesiech as reduced congestion,
greater transit access for all communities, angttential for manufacturing and other
employment in California.

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

A. Planning: Smart Growth and Transt Villages

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

Smart Growth is an urban planning and transpornatoategy that emphasizes growth
near city centers and transit corridors to preweban sprawl. This approach promotes
mixed-use, infill and transit-oriented developmerdnsit, bicycle and pedestrian-
friendly infrastructure; preservation of open spaféordable 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 wome to increase
through the 2020 and 2050 timeframes as new dewadnpincorporates these
concepts.

« GHG Reduction PotentialCalTrans estimates that the average househahgli
in a transit village could emit 2.5 to 3.7 tonssI€, annually than a traditional
household? These figures are based on a CARB study estima@msit village
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household private vehicle mileage reductions ofaxmately 20 to 30 percent
annually®®

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 agead¢o address smart growth and
then provide appropriate implementation incentiwesild 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 matgugbs from existing farmland.
Proponents point out that smart growth can redue@nd, 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, looalrgy and use separation,
regional integration with land use patterns).s itherefore imperative that several
interventions and policies occur at different ingtonal levels. These should be
consistent and complementary with Smart Growthribigs.

o State Governmentin June 2007, the CEC releaddte Role of Land Use
in Meeting California’s Energy and Climate ChangedB a report
addressing the need for land use planning to rethec&HG emissions
from the transportation secttr.CalTrans has also looked at ways to
reduce VMT. One of its programs is the Regionalepkint Process,
which establishes 20-year goals to reduce VMT oeg@onal basis. The
State Resources Agency should amend CEQA guiddinesognize
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, hogsafement 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 phaéimg processes with
local and regional GHG emission reduction strategie

o 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@fnt 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. SGaowth blueprints
have been completed for the Sacramento, San FcarBasy Area and
Southern California and are under developmentherodreas including
the San Joaquin Valley.
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0 Land Use AdvocacyLand use agencies such as the Smart Communities
Networlé® provide information sharing and best practiceddoal
government and regional planning agencies.

o0 Regional Transportation Agencie3he Metropolitan Transportation
Commission (MTC) is an example of a regional tramtgiion agency.
MTC is the transportation planning, coordinatingl inancing agency for
the nine-county San Francisco Bay Area. It isoesfble for regularly
updating the Regional Transportation Plan, a cohgrsive 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 psli¢unding
programs and technical studies to foster smart growcluding transit-
oriented development, regional growth planningi@tearea plans, and
parking policies.

o0 Developers Developers are the integral part of smart growth
implementation. Equipped with sustainable prasticevelopers can
build structures that generate fewer GHG emissituesto upfront
construction decisions as well as ongoing dailyrapens.

Problem: Urban sprawl can increase and lock-in high rafegMT, subsequently
increasing GHG emissions and leading to inefficlantl use practices. In addition,
urban sprawl requires high rates of land consumptidich threatens farmland. Urban
sprawl can also lead to inefficient spending ofgowment funds on new infrastructure
while leaving existing infrastructure unattendédThe low rates of physical activity
associated with urban sprawl are also thought ve anegative 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 helgtlowth 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 sujopgpsmaller family farm operations.

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

One form of Smart Growth is Transit Villages, whete typically mixed-use residential
and commercial areas that are designed to maxiatizess 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. Bikeways, buses and Per&tagatl Transit systems could broaden
the reach of transit oriented development by expandeyond existing transit corridors
and forming networks that reach more destinatidrsnsit oriented development can
reduce VMT by 20-30 percent compared to conventilmveer density development.
With higher densities, more consideration is neadgdrding how neighborhoods share
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open space, bike paths, and pedestrian corriddtiser considerations include evaluating
how urban dwellers travel within and between défdrcities. Along with improved
transit, pedestrian, and bicycling infrastructihese Smart Growth housing and land use
practices are critical to reducing VMT. More eldid light rail systems are also

needed for intra-city travel and as collectorséidko inter-city transit systems.

Incentives to provide residential housing closenployment centers (consistent with
the ARB’s “Air Quality and Land Use Handbook”), $apport transit oriented
development, to expand telecommuting, and to useovconferencing in lieu of air
travel, could all dramatically reduce VMT. Mixedaidevelopment where shopping and
services are within a comfortable walking distafareresidents could also play a major
role in cutting GHG emissions from the transpooatsector.

Adding GHG emission reductions to the CaliforniaviEmnmental Quality Act (CEQA)
guidelines is yet another important complimentaslqy that will encourage Smart
Growth. Such a change to CEQA is already undervigayJanuary 1, 2010, new
guidelines to address global climate change wilhoerporated into CEQA® Though
ETAAC has not been actively engaged in this rulengkrocess, 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. Becabs€'LOS" matrix values only
automobile convenience, projects that may increasess 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 miafermation).

B. Pay-As-You-Drive lnsurance

Pay-As-You-Drive or Pay-Per-Mile insurance assess#igidualized premiums based
upon miles driven instead of the calendar yearignog motorists a new option to save
money by driving less and therefore minimizing mace risk. Pay-As-You-Drive
premiums incorporate traditional risk factors sastdriving record and vehicle make and
model. They also still reflect insurance coveragerices selected by the consumer
themselves®

» Timeframe: Pay-as-you-drive insurance could be implementackty, by
legislative and regulatory actions that allow irmgwae companies to implement
these programs.

* GHG Reduction PotentialApplying the results of studies assessing miéeag
changes related to fuel prices, researchers hayecped that pay-as-you-drive
insurance could lead to up to a 12 percent redudtialriving and energy use.
Even a more modest benefit of a several percentteeh 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-Drna&urance, including
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regulatory barriers, product start-up costs, exyhg to customers the benefits of
a new pricing scheme, mileage verification coste,samer acceptance of at least
some monitoring (even if only of mileage), and lo§gremium dollars from
existing low-mileage customet®.

» Co-benefits / Mitigation Requirement€sovernment 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 aaigetmese objectives are often
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 decreaseiwingrdemand can limit
congestion delay¥.

* Responsible Partiestnsurance Companies; transportation agencies; CAR&e
Insurance Commissioner.

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

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

o Insurance CompaniesOnce insurance companies are allowed to use
regular and reliable tools to verify their custosienileage in California,
they will be able to offer such products. Thoulgbytface some
challenges in implementing this type of insuraniegsyrance companies in
other state have the flexibility of instituting ayRAs-You-Drive strategy
and some have already put forward pilot progranset@n this insurance
schemé Since 2004, for example, the General Motors Acie
Corporation (GMAC) has offered mileage-based dist®to OnStar
subscribers located in certain states.

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 Commissioithe State Insurance Commission plays a
significant role in determining how insurance comipa set rates for
consumers. In 2006, insurance companies wereextdsr this
Commission to place more weight on each individlialer's record,
rather than his/her zip code. The State Insur@uemission could
mandate that insurance companies adjust rates badsolv much
consumers drive. This is currently given littleiglg. Smog check
mileage records could provide information to vetlg mileage provided
by consumers.
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C. Congestion Charges

Congestion pricing uses electronic transpondetisarvehicle, database-linked cameras,
and other barrier-free means to charge drivere@sénter heavy traffic congestion
zones. This system works well in combination watholic transit, and can be used as a
source of funding for improved public transit sysge London, Norway, Rome,
Singapore, and Stockholm are urban centers whefecangestion pricing has already
been successfully implemented.

«  Timeframe: Initial project(s) in place by 2012; with additia 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 emissreductions of one
million tons per year or more could be achieveapiplied to areas responsible
for 10 percent of the state’s vehicle GHG gas dmiss® The City of San
Francisco Climate Action Plan sets a goal of realydi65,000 tons per year of
CO, emissions by reducing VMY. 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 stfpo planning and/or initial
set-up of congestion mitigation pricing systems Maiso be beneficial.

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

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

Problem: VMT is an important contributor to global climatleange, 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 hWaiaffic. London reduced GHG
emissions from road traffic by 16 percent withdébngestion pricing aréajowered
traffic, and improved transit and bicycle {&eThe City of Stockholm is estimated to
have reduced C{and particulate emissions by 14 percent, whiclatzguto
approximately 100 tons per weekday 24-hour petto8uch congestion pricing
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programs could offer varying fees based on diffetiens that factor in co-benefits.
London, for instance, offers exemptions for electars*? 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 further 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 amiiceother areas of San Francisco.
San Francisco is also conducting a study to be taiethby the summer 2008 for a
possible second project that would cover traffitspots like the downtown area.

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

D. Employer-based Commute Trip Reductions

Employers and their employees can reduce GHG emns$ly reducing drive-alone
commuting.

«  Timeframe: Could be implemented by 2012.

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

. Ease of Implementatiorivaries based on option(s) chosen.

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

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

Problem: Just over one fifth of personal travel is for contimgito work. According to a
2000 US Census and National Household Travel Sujusiover three quarters of these
US commuter trips are drive-alone trips. What theatslates 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 alygaglace in
California, designed to lower air pollution. Exigf employee-based strategies that
reduce VMT will reduce more GHG emissions and o#iepollutants if they are
expanded to cover more employers. Other prograsiged to limit or offset other air
pollutants such as nitrogen oxides (NOx), volatilganic compounds (VOC), fine
particulates (PM), and carbon monoxide (CO), frewand development (e.g. a new
shopping mall) could also be expanded to requuactons of GHG emissions.
Strategies such as increasing transit usage, a@edtmly also telecommuting and

flexible work schedules, could be promoted eitteeex@anded mandatory programs or as
voluntary measures.
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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 polictesve other benefits such as lower levels
of congestion.) Furthermore, placing a price o1G&IG emissions may tend to reduce
the need for trip reduction policies. Note thapgsent, there 130 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,
eliminating commute trips may not reduce GHG emnissias much as it might first
appear since the employee who does not commuteusgagnergy in their home office
and may make other trips (e.g. for lunch) that tweyld not have otherwise. ETAAC
recommends that the CARB study the cost-effectisemd all policies it proposes to
undertake, incorporating the factors noted beloany analysis.

0 Mandatory programs for both existing and new conentietvel One
existing mandatory program covers both existing leygys and one
covers new land development, as described belawthSCoast Rule
2202 requires employers with over 250 employeeth(aifew exceptions)
to reduce employee trips and provides employets avihenu of how to
options. Employers can either reduce emissiordpapurchase credits
for mitigation. Similar rules could be applieddther areas where the
potential to reduce drive-alone commuting exifarking cash-out
programs are another example. Employers are esfjumder state law to
allow employees to “cash-out” the value of freekpag that is provided at
the employer’'s expense, under certain circumstances

Several existing California programs are aimecedticing air pollutants
for new development, including -- but not limitex-t additional
employee commute trips. Developers subject to NBPBEQA may be
required to mitigate air pollution emissions. Ttate is currently
developing standards for addressing GHG emissinderuCEQA. Many
project developers are integrating evaluationdiofate change impacts
of their projects on a case-by-case basis. A numbair Quality
Districts have adopted “indirect source rules,” ethiequire on-site
reductions of some or all of the expected emissfsaush as NOx and PM)
or paying a mitigation fee (for instance, San Joaialley Rule 9510.)
These rules would also reduce GHG emissions if moga to cover these
pollutants, especially in cases where GHG emissdactions 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, andyieling. These modes
can be promoted as a compliance option for manglgtagrams.
Employers can also support these options on a tarybasis to increase
employee-satisfaction and demonstrate environmstaalardship under
an Environmental Management System or as a stam#aheasure.
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These shifts are not expected to lead to opportsrior additional
personal travel by vehicle, or at-home energy asehis strategy is not
intended to affect the type of work schedule.

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

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 el 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 @tdiSsion benefit
should be expected, and if so, whether a measuirapkct could be
determined.

However, compressed work schedules are often rsiteftective for
California employers because state law requiresgay of overtime
compensation for work performed by an hourly empwho 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 hoursuveak). As a result,
employers have a disincentive to schedule a foyredanpressed
workweek schedule because the last two hours ¢f tesmchour workday
incur time and a half wage rates. Split shiftsZérhour operations (12
hours on, 12 hours off) are even more costly. fQalia allows for
“alternative schedules,” but only under very detilndustrial Welfare
Commission wage orders that are difficult to impdeand rarely used.
At present only 11,000 out of California’s 800,0010s 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. Howetvisrclear that
CARB should conduct a study examining the followiagtors: How

much would wages be decreased by these changasonlaw? Would
lowering wages for hourly workers currently earndajly overtime wages
disproportionately impact low-income communitiesl dinerefore conflict
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with AB 32’s Environmental Justice provisions? Mhiis measure lead to
a change in work schedules without changing bel@vla addition,

health and safety concern outcomes should be degntis well as the
probable size of the expected net GHG emissionsctiuh.
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V. Improving Vehicle GHG Emissions Performance

ETAAC has identified technology-forcing standardsl @conomic incentives as key
pathways to low and zero GHG emission vehicleke Ionost measures that improve
efficiency, these policies may pay for themselvas @ 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-basestiem for driving low-carbon vehicle
technology into the market through 2016. The ZEdgpam is leading the development
of zero tailpipe emission vehicles that are expbttebecome commercially available
around the time that follow-up standards to AB14@Rild take place (see projections
below). Bridge technologies like plug-in hybridwsld 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 zaiipipe emissions passenger
vehicles and to expand those efforts to includerkdium and heavy-duty vehicles.
While these efforts are focused on cutting carborssions, California should also
partner with the Federal government to demonstoateand zero carbon technologies
can also help form the basis for urgently needgutaved Federal fuel economy
standards.

The section also describes complimentary pricimgmemendations that will facilitate
compliance with these standards. Incentives teeck¢hese standards will also be
examined. Another key financial incentive for lawd zero tailpipe emission vehicles is
the “feebate” recommendation described in the FisuSector Chapter (Chapter 2-E) of
this report and belov®
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2007 ZEV Panel vehicle projections
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CEV city electric vehicle

FPBEV full performance battery electric vehicle
FCAPUYV 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 | mprovements

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. Katance, the legislation covers only
passenger vehicles and the cost-effectivenessasadybased on gasoline prices ($1.74
per gallon) that no longer reflect real world cdimhis. 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. In particular, new engine dmassion, tire, and aerodynamic
designs, idle reduction, and advanced auxiliarygramits could ultimately
reduce GHG emission from new freight trucks by tmel to one half?
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« Ease of ImplementationChanging vehicle manufacturing lines may be cliiifi

« Co-benefits / Mitigation Requirement¥ery high co-benefits, including
reductions in up-stream refinery emissions andceedueliance 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 emission$ kel necessary beyond the
2016 end point of California’s first round of pasger vehicle standards to account for
currently available technology and future developtse The recent U.K. King Review

of low carbon motor vehicles found significant dgphent market barriers. These
barriers include fixed capital investments in oltexhnology, the need for economies-of-
scale to make new technologies economical, anddabigh-priority given to fuel
economy in consumer purchad@sSince vehicle manufacturing is a global industry,
these same batrriers affect vehicles available Iiid@aa. 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 regulationgtiuce 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 standardsuviBHG emissions by 22 percent
compared to the 2002 fleet of passenger vehiclédigimt duty trucks. Mid-term —
during the 2013-2016 time frame — these standailtlsut GHG emissions by
approximately a 30 percent.

CARB intends to present new standards in the fogutrter of 2012, which would
impact the 2017 model year. The ETAAC transpartatiector 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 vehielchnologies;

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

o Provide manufacturers with adequate lead timettodluce cleaner new
vehicles.

These standards can also build on the State’s ZB¥ram, which is intended to help
drive the development of automotive technology thidltlimit GHG emissions. A ZEV
review panel will assess the status of these tdopies, which ETAAC did not attempt
to duplicate in this report. Some of these tecbgiels are available today (i.e. hybrids)
while others will be available in the mid-tefth.The timing of the rule adoption process
should be flexible enough to accommodate an aatekischedule, if needed, to provide
sufficient lead time for manufacturers to bring nehicles to market in 2017.
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The reduction achieved by this measure would scantly increase in subsequent years
as clean new vehicles replace older vehicles irsthiewide fleet. Assuming that the
new standards call for about a 50 percent reduétemn pre-AB1493 levels beginning in
2017, CARB staff estimates a reduction potenti@@dperceri -- 27 MMT* -- in 2030.

Additional decreases would be achieved if new elstandards were also applied to the
heavy duty trucking sector, which accounts for yeame-fifth of transportation sector
emissions. In particular, new engine, transmisdio®, and aerodynamic designs, idle
reduction, and advance auxiliary power units caddunately reduce GHG emissions
from new freight trucks by one third to one HIfAlthough the freight industry is
sensitive to fuel prices, technologies that slas ¢onsumption have been slow to find
their way to market. Comprehensive standards shoaotl delay the planned near-term
implementation of Smart Way efficiency improvemertsitained in CARB’s Early
Action Plan. Instead, the results should be ino@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 a aiale role in this effort. The National
Academy of Sciences review of the®aTentury Truck Partnership will provide critical
information that ETAAC did not attempt to duplicatethis report, and implementation
studies associated with the new federal standaedarether source of technical
information.

Potential Heavy Duty Vehicle Near Term and Future Technologies

» Vehicle Technologies

Accessory Electrification (air conditioning, etc)

Efficiency Improvements (lubricants, brake andrivepdrag)

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 Gdh&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
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Sources: International Council on Clean Transpddat and National Academy of
Sciences Z1Century Truck Partnership

F. L ow Carbon Fleet Standards and Procur ement Policies

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@a6dards; as well as the
ZEV program.

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

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

» Responsible PartieCARB; Federal, State, local and other fleet owraerd
managers.

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

Possible SolutionsMany local fleets have requirements for the fueglrommy of the
vehicles they purchase. The first component &f $higgested policy is setting standards
to require certain fleets to purchase vehicles mget GHG emission standard. The
standard could be structured as an average oveetafor 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 sultgeletss procedural or jurisdictional
challenges than the AB 1493 rule impacting vehmednufacturers. This policy should
be applied to State fleets immediately, and evdiytal 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
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instead of purchasing lower-efficiency vehicles ttwuld in theory burn ethanol blends
such as E85 (but instead use higher levels of mesplFor instance, the State of
California has recently completed a purchasingng@aent that will assist State and
many local agencies to purchase gas-electric hybhiat achieve a minimum of 42 miles
per gallon, instead of the State minimum standaf@§ miles per gallons for other
vehicle of similar type.

In addition to passenger vehicles, this type afdaad 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 d@yagks.

As a second step, Federal, State, regional antidogarnment agencies -- as well as
utility and other private fleets — should parti¢ga advanced technology vehicle
demonstrations. This effort should start immedyaf€argets should be set with the
ultimate goal of reaching a 100 percent ZEV talyeP035 or sooner. Vehicle fleets
would then be fully transitioned to zero carborhtemogies before AB 32’s 2050
deadline for cutting total GHG emissions by 80 patc The State of California and
several organizations represented by ETAAC mem(eesBay Area Air Quality
Management District, PG&E, and the University ofifdania — Davis) are among the
organizations helping to demonstrate hydrogendakicars by including them in their
fleets. Procuring ZEVs and PHEVs in fleets dutiingg demonstration and early
commercialization phase will achieve several imgirgoals, among them the
development of advanced vehicle technology ané&tfucture and enhanced air quality.

G. Vehicle Feebates, Reqgistration Fees and | ndexed Fuel Taxes

Fiscal incentives to promote more fuel efficienhides can complement carbon
standards without restricting customer accessfdl eange of vehicle choices. Options
include a revenue-neutral vehicle “feebate” progfaee Chapter 2-E). Additional
potential approaches include the idea of basingcieetegistration fees on GHG
emissions. Yet another would be to base fuelgagls 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 diesel¥and could have a significant
impact. Itis not possible to estimate the awddaGHG emission reduction
potential at this time. The other measures aeatpected to offer a substantial
benefit by improving the GHG emission rates of foatiia’s entire vehicle fleet.

« Ease of ImplementationPotentially difficult.

« Co-Benefits / Mitigation RequirementBicreased 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.
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Problem: Adjusted for inflation, fuel taxes have steadilydesased as road usage, GHG
emissions, and infrastructure needs have all isectdramatically. The Legislative
Analyst’s Office (LAO) has identified a critical ed to increase fuel taxes to fund
infrastructure upgrades. In addition, standards déine set based on different vehicle
types may not completely reflect the climate chamg@onse benefits of purchasing
vehicles in a class with lower GHG emissions.

Potential Solutions:Many countries create a market pull for more eéfitiand therefore
cleaner vehicles through higher fuel taxes andsteggion fees levied on GHG emissions
directly or on surrogate factors (vehicle weigimgyi@e displacement). Upfront and
rebates costs can be especially effective, sugklasle purchase taxes that are reduced
for low carbon vehicles and increased for high oaneehicles. The U.K. indexes vehicle
registration fees according to tailpipe GHG emissjavhile Germany and Japan base
fees on other factors that relate to GHG emissisunsh as engine displacement and
vehicle weight. Vehicle registration policies aff@ew vehicles as well as existing
vehicles that would not be covered by new vehidG33tandards. A phase-in period for
existing vehicles could be considered by Statecpohakers to facilitate a smooth
transition to this new pioneering system. Thisrapph would send the right price signal
to consumers.

California’s LAO 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 pub&asit 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 taxeig ames that level. A modest tax
increase in California’s fuel tax would providetim@l maintenance of road infrastructure
and transit while still falling well below fuel tas imposed in most other developed
countries’ Indexing fuel taxes to inflation and VMT (as fweinsumption per mile is
likely to fall without reducing the need for inftascture) is crucial to avoid future
funding shortfalls. The State should also encoaisagilar policies at the Federal level.

H. Air Quality | ncentives Programs and Standards

Air quality programs such as the Carl Moyer incemfprogram do not include a value for
diminishing GHG emissions. Coordinating GHG enargieduction programs with
existing air quality improvement programs (for bethicles 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 ahéradir pollutants.

« Timeframe: By 2012.
« GHG Reduction Potential To be determined, based on funding levels.

« Ease of ImplementationMay be difficult to coordinate initially, but theeasier
to implement over time compared to managing sepanatcoordinated programs.
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« Co-benefits / Mitigation Requirementso-benefits include criteria pollutant
reductions.

« Responsible PartiesState Legislature as needed; CARB; regional ana loc
implementing agencies; any new organization cretediminister GHG
emission reduction funds.

Problem Several types of State air quality incentivedsi 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 pollutaimisentives and air pollution control
standards now need to recognize both GHG emissioths$nore traditional pollutants as
high priorities.

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

the incremental cost of new engines and equipnmattgo beyond State minimum air
quality requirements for NOx, PM, and reactive sigajas (ROGY? Eligible projects
include cleaner on-road, off-road, marine, locon®and stationary agricultural pump
engines. Forklifts, airport ground support equipmmand auxiliary power units are also
eligible for State retrofit funds. The State, argmership with local agencies, is also
implementing a new Proposition 1B Goods MovemengRm, to upgrade technology
and reduce air pollution emissions and healthfrisi 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 esiun reductions in the transportation
sector are likely to overlap with these existinggyams. Coordination is clearly needed.
A project could be funded if it meets cost-effeetiess criteria when both types of
reductions — climate related and criteria polluantare recognized, even if it could not
gualify based on just one or the other. This wdiklely require the revision of program
guidelines for existing programs. This approach &dleeady been implemented for the
Bay Area Air Quality Management District’s Transgaion Fund for Clean Air program.

It is important that technology-forcing standardsagnize GHG emissions just as
climate change response incentives and measurdsonssder effects on other air
pollutants. Tailpipe standards should consides ppeminent GHG emissions such as
nitrous oxide (NO) and methane (Cji Standards such as federal Clean Air Act Best
Available Control Technology should evaluate GHGAssions as an environmental
impact along with other air pollutant emissionxcé&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-benefits). ABC encourages continued efforts by
State and local agencies to coordinate and inte@&lG emissions into existing air
quality programs.
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V. Low-Carbon Transportation Fuels

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

|. Create Marketsfor Green Fuels

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

opportunities for additional in-state production.

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

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

« Ease of Implementatiometermining the lifecycle GHG emissions of biofuisls
complex, but measurement systems are already bdewejoped by CARB as part
of the LCFS. However, providing the results osthnalysis to consumers would
require tracking of specific fuel blends down te tietail level, a level of detail
not currently envisioned under the LCFS protoddinew tracking system would
therefore be required. A significant additionalrieical analysis would not be
required to develop such 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
worsened by the LCFS.

« Responsible PartiesCARB; oil and gas industry; biofuels industriedricity
industry; possibly the auto industry.

Problem Biofuels and other new alternative fuel prodwzs have either a positive or
negative effect on global climate change dependmgroduction methods and other
factors. Current corn-based ethanol productiomaftdeases GHG emissions similar to,
and sometimes higher than, traditional fossil tpantation 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 iovprco-benefits®> Any Green
Biofuels program should be designed so that it eragges technologies that drive down
GHG emissions. One approach might be to encowCagjornia farmers to collect and
use agricultural waste as a bio-fuel feedstoclotoement the existing CARB
regulatory requirement$. International, Federal and State standards fstasable low
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carbon bio-fuels are currently being developed.fggohowever, they do not offer any
environmental performance information to consum&¥sth additional tracking
standards, these systems could be used to engagiencer demand through a “Green
Fuels Labeling Standard” in California.

Possible SolutionsA voluntary or mandatory Green Fuels Labelingn@itard could be
created to guide consumer purchasing preferentes. is especially important for
biofuels because of the potential negative enviremiad and social implications of
different feed stocks and cropping methods. Orastevderived biofuels are fully
commercial, new incentives could be used to expaadblending of biomass-derived
fuels with conventional fuels beyond LCFS requiraisde.g., cellulosic ethanol blended
with gasoline, renewable diesel blended with petiesel). This information could be
included on fuel content labels.

Measuring the lifecycle GHG emission content ofiiséds and developing appropriate
regulations is a challenging undertaking. Incrdasepport for the collection and
analysis of data (including development of bettealgic methods) will be crucial to
successful deployment of low carbon biofuels. Aighle near-term step would be for
CARB to review available studies of this issue g beginning of 2010, including the
upcoming U.S. National Academies study called mareicent federal legislation.

Next Generation Transportation Fuels

Some next generation transportation fuels may reqeéw 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 WL
occur within the expected lifetime of the elecgeneration, transmission and distribution
systems being planned today. Forward-looking pramwill be necessary to capture the
potential synergies between energy sources employdchditional electricity use and
new vehicle fuels. Similarly, the introductionfatl cell vehicles would necessitate a
refueling infrastructure.

Several different State agencies have roles totplaysure that the private sector has the
appropriate incentives and regulatory frameworkhst the next generation of
transportation fuels can help California meet lithate change goals. Specific issues that
require evaluation and action include appropriatrgy procurement by the electricity
sector -- enabling new vehicle technologies to $exas energy storage for the electrigity
grid -- and addressing how increased electricityaed for charging up vehicles does not
add to California’s overall peak demand for eledtyi
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V1. International GHG Emission Sources

International shipping and aviation are two soukfeSHG 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 theirecuinegulatory 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 expetiquovide climate change response
co-benefits. Some jurisdictions have used reverawgral 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 from imaports and airports through the use
of cleaner energy sources to provide shore-baseemior 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, @melsents some unique opportunities.
Because fuel is a major cost for the aviation ingu# has pursued significant energy
efficiency improvements in recent decades. Abeasdase in other areas of the broad
transportation sector, efficiency is only partlod solution. Better fuels and better
infrastructure will also be needed. Californiagldgpublicly support RD&D
investigating biofuels and other alternative fdelsuse in aviation applications.
Increases in Federal support for RD&D for advaraiedraffic management systems
would help improve the air travel infrastructurelaould provide modest reductions in
aviation-related GHG emissions. Potential airgagansions should only be considered
if the GHG emission effects are justifiable du@tioer co-benefits. The State of
California could consider a detailed evaluatiomotv to reduce the carbon footprint of
air travel in the state (or alternatives), inclugall three of these aspects: better aircraft,
better fuels, and better infrastructure.

The International Marine Organization and Interovadil Civil Aviation Organization
plays an important role in establishing many typiesnvironmental requirements for
these global market sectors. The Federal governmé#ralso need to play a leading role
in encouraging international cooperation on broadenrts to reduce GHG emissions.
Today, for example, California does not have th@nity to set engine GHG emission
standards for these sources. Any proposed chaogestraffic control patterns will
require cooperation from the Federal Aviation Adistiration. These efforts will play an
important role in combating the trend of increasBigG emissions from these
international sources of GHG emissions.
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VII. Priority Actions

Item

RelatesTo

Who

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

D

2. Implement requirements for low Low GHG Fuels CARB, Federal government, 0
carbon fuels industry, electricity industry,
auto industry, biofuel industry
3. Place 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 Deia Same as above
Management / Pedestrian &
Cycling Friendly
6. Coordinate Air Quality Incentives & | Improved Vehicle and CARSB, local air Districts
Standards with GHG Objectives Stationary Source GHG
performance
7. Replace Automobile Level of Service Transportation Demand State Resources Agency; stats
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 CARBawd gas industry,

biofuels industry, electricity
industry, possible the auto

industry
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4. INDUSTRIAL , COMMERCIAL AND RESIDENTIAL ENERGY USE

l. Introduction

California has the largest and most diverse matwufiag) and industrial sector in the
country. Manufacturers in the state range fromlsbmautique 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, Calfonanufacturers account for 18
percent of total state greenhouse gas (GHG) emissi@il 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 mosnufacturers operating in the state.
California has traditionally been a high cost staben it comes to electricity supplies. In
fact, the current rate premium is estimated to%bp&tcent. That said, industries
operating in California have shared in Californiareergy efficiency successes. As a
result of State policies promoting energy efficigrnuer capita energy usage has gone
from roughly equivalent to the national averagaliout a third less than the national
average, according to the California Energy Comimms@CEC). These savings have
been achieved in the industrial, commercial, asttential 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 intemnally.

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

efficiency, when combined with the high percentafjeenewable, hydroelectric and
nuclear power in the state’s electricity generatiar, 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, t&HG 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 makersoi€ncourage further GHG emission
reductions from the state’s manufacturers (and gwpliers) 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 aft-@ffective GHG emission reduction
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measures. To that end, the following discussiothbyETAAC industrial sector
subgroup outlines the technological advances ti@ild 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 eéoms®utside of AB 32’s

jurisdiction.

Other important State policies and emerging teagiek discussed in this chapter relate
to end-use energy management tools and techno@gies1g them energy efficiency
improvements, distributed generation, customerazhof energy supply, building and
appliance standards, and different waste managgmegitams and techniques. (Chapter
5 — devoted to electricity and natural gas -- cmstatility and supply-oriented
opportunities. Opportunities to shrink transpaotafuel use and emissions are discussed
in the Chapter 3). All of these tools, technolsgaad 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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[I. Industrial Technologies and Policies

A. “Cleantech” Tax Incentives

Tax policies such as those addressed in Assemb$y 1506, 1527 and 1651, all authored
by Assemblyman Juan Arambula in 2006, would enaisanall (and large) businesses
to undertake measures to meet AB 32 goals thatdavathlerwise be cost prohibitive.

« Timeframe: In place 2012.

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

. Ease of Implementation: Moderate. Requires passage of legislation bad t
development of new programs within State government

«  Co-benefits/ Mitigation Requirements: Assists small business and encourages
technology development in California.

. Responsible Parties:  State Legislature; Board of Equalization.

Problem: Excess cost or uncertainty related to many Gh&sion reduction measures
limits business’ willingness to implement these sugas. In addition, many measures do
not have a positive economic return. Economicniiges will increase the
implementation and development of clean technoogied reduce costs for business.

Possible Solutions: ETAAC should consider tax policies such as thaddressed in
Assembly Bills 1506, 1527 and 1651 to encouragdlgarad large) businesses to
undertake measures to meet AB 32 goals that wahkehwise be cost prohibitive. AB
1506 requires Business, Transportation and Housgency (BT&H) to study how to
provide incentives for small businesses to adag#rar technologies. AB 1527 would
provide research, development and deployment (RDi&kxredits to small businesses
doing research related to clean technologies. #&l.Wwould 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 includeelectric generation technologies.

« Timeframe: In place by 2012.

. GHG Reduction Potential: 0.1 to 0.4 million metric tons (MMT) (assuming a
GHG emissions reduction of 10-20 percent; implemtgorn for 1-2 percent of
electricity usage; and total GHG emissions of 10@T™or electricity
generation.)

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

. Responsible Parties: Utilities.

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

Possible Solutions. Expanding load reduction rebate programs taisielnon-generation
technologies are one possible solution. Examplesde solar technologies that provide
refrigeration or cooling services without combusta compression, waste heat
technologies that provide refrigeration or cooliagd energy storage technologies that
allow peak reduction and demand response as anatitee to running polluting peaker
units. (See the Appendices for descriptions oftamthl load reduction technologies.)
The State should ensure that any rebates for kxduttion are coordinated with existing
programs such as energy efficiency, customer ggéorrand demand response programs.

C. Improve Policies for Combined Heat and Power Plais

California has yet to tap the full potential of Coimed 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, offansopportunity for California to
promote new CHP under 20 megawatts (MW) in sizke [Egislation seeks to reduce
GHG emissions and achieve other benefits by pramgdlie combined generation of
electricity and thermal energy (i.e. process he&gre it can be accomplished more
efficiently than generating electricity and therreakrgy through separate processes
(please see the Combined Heat and Power sectitve ajppendices for additional
technical descriptions). This ETAAC recommendatorers 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 esi@ns and criteria air pollutants.

« Timeframe: In place by 2009 for 2012 goals.

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

« Easeof Implementation: Moderate.

«  Co-benefits/ Mitigation Requirements:. CHP equipment with modern Best
Available Control Technology will reduce criterialfutant emissions compared
to fossil fuel-fired electricity generation withsamilar level of emission
controls. CHP balanced in size with nearby demamdhelp avoid transmission
bottlenecks, decrease transmission losses anddgrother operational benefits.
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However, CHP cannot be "dispatched" (i.e. turnedmuh off) to match
electricity demand, so it must be integrated wigpdtchable power generation.
The California Public Utilities Commission (CPUCust manage the fair
allocation of costs and benefits of increased CHRtdity customers.

» Responsible Parties: State Legislature; California Air Resources BO@EARB);
CEC, CPUC,; private industry; utilities.

Problem: CHP installations can provide significant eryeefficiency improvements in
industrial applications by generating electricitydisplace retail purchases while using
otherwise rejected heat for process heating otim@olA CHP project can contribute to
AB 32 goals if it is designed to consume less foah the most common alternative:
separate fuel combustion at on-site boilers anctrétéy generation from natural gas-
fired combined cycle units. Consumption of lesd fuanslates into fewer GHG
emissions. While CHP is not a new technology, kesrexist that prevent full
deployment of cost-effective CHP into the industsiector and commercial sectors.
State and utility policies could also be bettegradid to support qualifying CHP.

Possible Solutions:  ETAAC recommends that the State first defin@idonstitutes
qualifying CHP, determine the total amount of CHReptial that meets the qualifying
criteria, and then adopt a statewide target t@lhatpredetermined amount of qualifying
CHP by 2020. While AB 1613 directs the CEC to cesgtain guidelines to establish
criteria for new small-scale CHP, ETAAC recommeadseffort to establish qualifying
criteria for CHP facilities that do not receive igglsupport under AB 1613. To
determine whether these facilities - whether large or existing CHP - merit the
additional policy support proposed by the Commijttpealifying criteria should ensure
that facilities offer GHG reduction benefits anti@t co-benefits above their electric and
thermal production alternatives. Qualifying crigeshould include technologies
employed, emission reduction benefits, utility @gaemal issues, other co-benefits and
other relevant factors.

The following actions would accomplish the goakgpanding qualifying CHP:

o ETAAC recommends that the CEC address in its mdgglrated Energy
Policy Report update -- and the CPUC and CEC ircladheir next joint
Energy Action Plan — an explicit strategy for obtaining zero and low
carbon electricity generation (see Chapter 5, E@tgt and Natural Gas
sector). This strategic plan should evaluate gamcggpiate target for
qgualifying CHP as a low carbon option and then wheitee whether a
standard and/or incentives should be set for yfifbcurement of
qualifying CHP.

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

0 To maintain maximum CHP system efficiency and ecoicoviability,
CHP systems usually need to be sized to satishgity’s full thermal
load. This may result in the generation of moeeeicity than can be
consumed on site. Consequently, California needsatintain the current
power purchase program administered by the CPUQtalified
Facilities (QFs) to maximize CHP system efficieaey economic
viability. In addition, California needs new CH#fehdly transmission
tariffs from the California Independent System Gyer (CA 1ISO) and a
robust wholesale market able to purchase this exgeser from
appropriately sized CHP facilities

o Evaluate the GHG emission reduction benefits of ®yRRomparing the
facility’s efficiency against a “double benchmarkiie combined
efficiency of the separate production of electraadl thermal energy that
would have occurred had the CHP plant not beenldesd.

D. Distributed Renewable Enerqgy Generation: Solar ¥

Based on an assessment of California’s solar ressurooftop solar photovoltaics (PV)
have the technical potential to generate 74,000 M\eak 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 tebbgy 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 tbemry featuring the best solar
resources. ETAAC recommends that California bardexisting solar incentive policies
by reducing system installation costs and ensuhiagresidents and businesses receive
compensation for the economic value of net exclestrie 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 Implementation: Difficult to reduce system costs to parity withdyri
costs or below; low to moderate once costs arecestiu

«  Co-benefits/ Mitigation Requirements: Increased distributed renewable energy
resources will reduce pollution for peaking powkamps and help avoid
transmission bottlenecks. They will also creapetential clean energy source
to charge-up zero emission vehicles. Increasebbgment 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.
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. Responsible Parties:  State Legislature; CPUC,; utilities; Californesidents and
building owners.

Problem: The recent McKinsey Repdutates that from a national perspective, there are
several barriers to developing a vibrant solar Parket. These barriers lead to wide
variations in predictions about the scale of futBkésolar deployment. Cost
compression and climbing up the learning curve malgpction and installation

efficiencies are keys to expanding the solar PVketarEach doubling of manufacturing
capacity drops solar PV cell costs drop by aboyp@@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 solamithalso depend on the level of cost
improvements achieved in module efficiency, DC-Aghwersion efficiency, inverter
design, installation, and interconnection comphiybi

The Silicon Valley Leadership Group created “Sokfl” as a means to address some of
these challenges.SolarTech discovered that U.S building and itetiah expenses
comprise 20 percent of solar PV system costs coedpar10 percent in Germany and
Japan, where workers are paid comparable wages grEatest difference in costs was
explained by differences in the building and inatadn standards of each respective
market. SolarTech also found that building pelmnid utility interconnection costs in the
U.S. are also a substantially higher proportiototdl solar PV system costs than they are
in European and Japanese markets.

Potential Solutions: California currently offers substantial subsgdie reduce the high
initial capital costs of solar PV systems. Timeust 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 PVictviis identified in the McKinsey
Report’ is to pay distributed generators for excess etggtiproduction.

Residents and businesses should be compensatibe fealue of power provided to the
grid when the value of solar PV output exceeds/tilee 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 residents émsinesses 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
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* Building Permits Standards

* Education & Training (see Chapter 2-D)

* 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 througtheundustrial, commercial and
residential sectors. To provide the greatest l@mgitimpact on climate change in

California, the nation, and the world, solar PVIwied to benefit from innovation that
allows PV solar to compete with grid electricitytmout subsidies.

E. Customer Choice of Electric Service Provider

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

« Timeframe: 2008 for 2012 goals.

¢ GHG Reduction Potential: Reopening 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 inlbant utilities (or take other
actions to reduce GHG emissions.)

« Easeof Implementation: Low to Moderate.

e Co-benefits/ Mitigation Requirements. The CPUC must ensure that utility
ratepayers are protected and that ESPs are hafgptopriate standards.

* Responsible Parties: State Legislature; CPUC.

Problem: The GHG emission reduction goals of AB 32 will lzsier 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 aitiykehicle, for example. An open
retail electricity market expands this option tolude electricity purchasing so they can
choose to increase the level of carbon free renlewsurces beyond current RPS levels.

Customers not grandfathered under the pre-200k888m date for direct access
purchases may not directly contract for higher Ilew¢ renewables than the amount that
their utility is required to procure on their beh@le. 20 percent by 2010.) Such direct
access arrangements can also include load managemergy efficiency and other
demand-side system improvements to lower GHG eamssi

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

F. Building Efficiency Programs and Incentives

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

« Timeframe: In place for 2020 targets.

¢ GHG Reduction Potential: 3-13 MMT (Green buildings have the potential to
reduce energy use in buildings by 30-70 percdthekse measures are
implemented in 25-50 percent of the buildings ia skate by 2030, emissions
related to electricity use in buildings could bdueed by 3 to 13 MT per year.)

. Ease of Implementation: Moderate.

«  Co-benefits/ Mitigation Requirements: Many 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 congpdof California’s carbon
footprint. The Governor started a “Green Buildimgisiative” to reduce energy use in
state building, and the CEC periodically updatezrgy efficiency standards for new
construction in the state. EXxisting technologiessaufficient to reap significant energy
efficiency savings if incentives are aligned cotiyeand policies support their adoption.

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

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

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

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

o Encourage CHP systems where appropriate.

0 Maintain an online directory of California greenlding 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 Potential: 0.3 to 1.3 MMT (assuming a 10-30 percent
improvement in efficiency; implementation for 208€ércent of
industrial/commercial total state combustion; avtdltemissions of 14.5 MMT
CO;, for industrial/commercial combustion.)

» Ease of Implementation: Moderate.

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

* Responsible Parties: CARB; CEC,; local air districts; product manufaers.

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

Possible Solutions: The CEC should establish energy efficiency statsl for new
combustion devices, especially for the commeraidl 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 processiseo incorporate:

o Emission limits expressed in terms of mass emissp@n 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 Indugrial Energy Intensity

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

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

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

. Co-benefits/ Mitigation Requirements. Expands the market in California for
energy efficiency services and technology. Incredlse competitiveness of
California industry in global markets. Createsaxgble expertise in energy
management and system optimization. Energy managiei@chniques are also
applicable to commercial, institutional, and goveemtal facilities.

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

Problem: Industrial facilities are not aware of the sabsial 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 engy efficiency and achieve
significant cost effective GHG emissions reductioffsese energy savings and emission
reductions will be secured through company commitisieenergy management plans,
adoption of best practices, and an annual repoaimgompliance with AB 32 reduction
targets. Resources to assist industry includestd@ining, and assessments. The
proposed incentives for meeting the AB 32 emissaaluction goals include public
recognition and perhaps a funding preference duRID&D project solicitations.

|. Revolving Fund for Technology Demonstration Pr@gects

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

« Timeframe: In place for 2020 targets.
¢ GHG Reduction Potential: Not estimated.
. Ease of Implementation: Easy to moderate.

«  Co-benefits/ Mitigation Requirements. Encourages the development and
commercialization of new climate friendly technakxsy

. Responsible Parties:. CEC; 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#ve confidence of consumers, etc.
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Until proven under actual operating conditions, agimg 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@nty 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 eppropriate reimbursement rates for
the State portion of cost-share funding when a @mpvishes to retain equipment from
a successful demonstration. The extent to whieligling wage laws apply to further
private investment in technology developed with edevel of public funding is yet
another sticking point.

Possible Solutions. A new program foCalifornia Demonstrations for Industrial Energy
Technologies (California DIET) would accelerate ptitin of emerging, technically
proven energy efficiency technologies. Industi@nonstration projects of these
technologies could be encouraged through the ugeedbllowing:

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

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

o Clear guidelines on cost-reimbursement for the ipughlare of the costs of
RD&D equipment that host companies wish to keegrafticcessful
demonstrations. These guidelines should facttmerfollowing: the
environmental benefit of encouraging continuedafssiccessful
demonstration projects; fair reimbursements forlipugector dollars invested
in equipment costs; and the value that the Statddveceive from return of
the cost-shared equipment.

o Clarify the boundaries of prevailing wage requiraise

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

o Encouraging industry supported technology transifer promotion.
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IV. Waste reduction, Recycling and Resource Manageamt

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

from landfills alone.) These waste management strategies also avoichéngyeuse and
other environmental impacts associated with extrgcprocessing, and transporting raw
materials. Eliminating upstream emissions by re@dyaecycling and composting can
result in substantial climate change mitigationddgs. 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 trimmingsyaitild achieve GHG reductions
equivalent to removing more than four million césn the road!

ETAAC did not receive waste reduction/reuse profso&ich as product design for
reuse/recycling or producer take-back programa)@iint in the report writing process
when the Committee could adequately evaluate amlcbmment upon them. ETAAC
strongly encourages CARB and its partner Stateageo 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 boostaleny and composting of organic
material, which can also offer multiple co-benefits

ETAAC also considered proposals related to energglyction from waste materials that
are already landfilled or would not be covered gy hierarchy described above. CARB
subsequently decided to move ahead with develapmgasure for landfill emission
reductions, and thus we express support for reduaimdfill GHG emissions through
energy recovery without evaluating specific optiodgchnical information on landfill-
to-energy is covered in the Appendix IV. In tAigpendix, anaerobic digesters and
high-temperature waste conversion processes aceligs  Potential demonstration
projects are also identified that could illustratgher information regarding the
technical, regulatory, and policy barriers relai@these technologies. In conclusion,
some of these recommendations do not reflect aWalluation of the many thoughtful
comments offered to the Committee. ETAAC hopegcgahakers will continue to study
the options for achieving GHG emission reductidneugh waste management
technologies and policies.

J. Develop Suite of Emission Reduction Protocolsif Recycling

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

 TimeFrame: 2008-2010 for 2012 goals.

e GHG Reduction Potential: Not Estimated.
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* Easeof Implementation: Moderate.

» Co-benefits/ Mitigation Requirements. Co-benefits include energy savings and
greater waste management efficiencies.

* Responsible Parties. CARB; CIWMB.

Problem: The recycling industry consists of a broad armghlyi 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 frospitsce. This is true whether that
source is separated recyclable material or disdandeste 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 propeanitives to recycle in order to reduce
GHG emissions.

Possible Solutions. The use of secondary materials in the manufarguyrocess reduces
GHG emissions through almost every stage of progrartuction. From extraction of
natural resources to transportation, preprocessinganufacturing, and then the final
stages of production, the use of post-consumemsiacy 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 the California Climatetfon Registry (CCAR), the
California Integrated Waste Management Board (CIWMBd other interested agencies
and stakeholders, needs to ensure that the AB @@irf8cPlan includes a process for
developing and adopting a suite of recycling proleearly in the rule-making process.
Potential protocols could include methods for qifginiy and reporting the following:

o Direct GHG emission reductions attributed to enesgyings attained
through the use of secondary materials in the nztufing 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-effectivdlecrease 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
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the flow through California’s existing recycling oraterials recovery infrastructures will
generate significant climate response and econbariefits.

 TimeFrame: 2008 for 2012 goals.

* GHG Reduction Potential: A modest 25 percent increase in recycling of
commonly disposed materials would generate overMMTCO,E in emission
reductions.

* Easeof Implementation: Moderate.

» Co-benefits/ Mitigation Requirements. Co-benefits include meeting waste
management goals; boosting residential and comalesector participation in
State recycling programs.

* Responsible Parties: CARB; CIWMB.

Problem: For 18 years, State-mandated recycling efforte liacused on residential
recycling to meet California’s waste reduction aedycling goals. The private-sector
recycling industry has expanded the recycling emdbmmercial and industrial sectors,
particularly with respect to metals and electroni€se commercial sector alone
generates 63 percent of California’s waste. Totlsycommercial sector recycles at a
significantly lower rate than the residential sectbarge office buildings, for example,
recycle only 6 percent of their waste, comparethéostatewide average of a 54 percent
diversion rate. Moreover, highly-recyclable cardiltband paper make up the single
largest component of disposed commercial wast@€2éent). When disposed in
landfills, these materials generate significant ants 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&ts The vast majority of Californians
living in single family housing have ready acceassesidential curbside recycling
programs. Nevertheless, nearly 60 percent of eessdof 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 dweti; 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 generaesr 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 widteSletermined material-specific
disposal limits that would restrict the disposatedtyclable materials -- such as
cardboard, paper, or construction and demolitiosteva regardless of whether it is
collected by a refuse company or hauled to thefilhbg the business itself.
Furthermore, owners of multifamily dwellings shoblel required to arrange for recycling
services that are appropriate for the multifamiljetling, consistent with State or local
law requirements.
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L. Remove Barriers to Composting

Compostable organics make up 30 percent of Cald®overall waste stream,
contributing over 12 million tons annually to thate’s landfills. This material
undergoes anaerobic decomposition in landfills @mdiuces significant quantities of
methane, much of which is not captured by landl 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-saigdertilizers and pesticides, and a
decline in energy-intensive irrigation. Composs baen proven to provide effective
erosion control and to drastically improve the gyalf ground water aquifers, both of
which could be crucial elements of mitigating thgacts of climate change.

 TimeFrame: 2008-2012 for 2012 goals.
* GHG Reduction Potential: Not estimated.
* Easeof Implementation: Easy to Moderate.

» Co-benefits/ Mitigation Requirements. Among the co-benefits associated with
composting is the creation of nutrient-rich soisl@upporting sustainable
agriculture. Furthermore, the vast majority of msting takes place in-state, so
composting is truly a “California-Grown” technolaggvhile composting emits
Volatile Organic Compounds (VOC) and ammonia, thesessions have been
proven to be far lower than the emissions arisiogifthe 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 vabillldeed at least 50 new large
composting facilities. However, new compostingliaes face a series of regulatory
challenges, siting problems, and artificially laandfill costs which would make
achieving this State goal very difficult. Even tharent backbone of California’s
greenwaste composting infrastructure is at riskabse of these regulatory obstacles.

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

o0 The State could work with San Joaquin Valley Aitlirmn Control
District and the South Coast Air Quality Manageni@istrict to ensure
that they consider the net impact of any forthcapregulations on the
composting industry, including biogenic emissiond &HG emission
impacts. If cost-prohibitive mitigation measure ¢oiteria pollutants will
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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{Ssom surcharge on
landfill operators. This will minimize the compgte disadvantage that
composting faces. By incorporating the externalitynethane production
into the cost structure of the landfill industryher waste management
options with lower GHG emission impacts will beabbd compete on a
level playing field.

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

o0 The State should work to increase the use of cotwaittsn California’s
agricultural sector.

M. Phase Out Diversion Credit for Greenwaste Alternatire Daily Credit

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

 TimeFrame: 2008-2012 for 2012 goals.

* GHG Reduction Potential: Not estimated.

* Easeof Implementation: Easy.

» Co-benefits/ Mitigation Requirements. Not estimated.
* Responsible Partiess. CARB, CIWMB.

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

this purpose is soil, but operators have found akiar materials such as processed green
waste, auto shredder fluff, and tarps can alscske 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 considéaedfilled.” This law was intended as
a temporary measure designed to spur the develdprharcollection infrastructure for
these materials, which could then be composteste#a of a temporary measure,
greenwaste ADC has become the dominant end ubsésahaterial. Existing policy
provides a perverse incentive for local governmémisse 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 thereforecineery effective landfill covers. As a
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consequence, significant GHG emissions escapdahatatmosphere. Second, the
greenwaste itself produces methane when it decosspsaerobically in the landfill.
Third, this practice diverts these materials framgposting and anaerobic digestion
processes that diminish GHG emissions. By progi@in incentive for the use of
greenwaste as ADC, the State is inadvertently dmriing to global climate change.

Possible Solutions: CARB and CIWMB should seek legislative authoritypttase out
the current diversion credit for the use of greesteas ADC.

N. Reduce Agricultural Emissions through Composting

Greater agricultural use of compost has been praveeduce the demand for irrigation
and fertilizers and pesticides, while increasimgpcyields. This is a cost-effective way to
reduce agricultural GHG emissions while sustai@adjfornia’s agricultural industry by
returning organic nutrients to the soil.

« TimeFrame 2008-2020 for 2012 and 2020 goals.
* GHG Reduction Potential: Not estimated.
* Easeof Implementation: Moderate.

» Co-benefits/ Mitigation Requirements. Agricultural 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 source@®HG emissions. These
emissions can be linked to activities such as fipi@ation and nitrification of nitrogen-
based fertilizers and pesticides. The flow of ggeequired to irrigate California’s crops
also contributes to global climate change. Givendifficulty in quantifying the GHG
emissions from this sector, agriculture is unlikidybe included under a AB 32 carbon
cap. While agricultural use of compost can redutéarm and indirect agricultural
sector GHG emissions, unprecedented regulatoryiaancial challenges have
significantly threatened the greenwaste compositidgstry in California.

Possible Solutions: CARB could partner with CDFA and the CIWMB to @éap
specifications and demonstration projects for usimmpost 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 fertilize pesticides, and herbicides. Making
this transition to a more sustainable operatioriccba funded by several different means,
including a per-ton GHG emission surcharge on ldrtgfping fees. Another option

would by market cap and trade auction revenue.

Finally, the State might consider developing proted¢o quantify the climate change
mitigation benefits associated with agriculturat wé compost. These protocols would
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allow farms to reduce their GHG emissions anda®tlesponding offsets to other
economic sectors. To begin on this process, the Stould need to quantify the avoided
fugitive emissions from landfills and then meastine GHG emission reductions that
flow from less irrigation, less fertilizers, lesegticides, and less herbicides.

0. Evaluate and Improve Policies for Qualified Wag Conversion Technologies

Establish policies to enable and encourage thelo@vent and implementation of
gualified waste conversion technologies that mazénfiont-end recovery of materials
for recycling, meet strict performance standar@s inotect public health and safety and
the environment, and lead to a net reduction in GH@ssions.

« Timeframe: Implemented 10 percent by 2012; 30 percent [2028nd 100
percent by 2050.

. GHG Reduction Potential: By 2012 - 0.5 MMT,; by 2020 - 1.4 MMT; and by
2050 - 4.7 MMT (assuming 42 million tons of wastz pear; 60 percent
biogenic; 9 MM British Thermal Units (Btu)/ton; 3fercent conversion
efficiency; replaces natural gas combustion at&Rilbgram (kg)/MMBtu; 12.5
kg/ton transportation avoidance.)

. Ease of Implementation: Moderate to difficult.

. Co-benefits/ Mitigation Requirements. GHG emission reduction benefits would
flow from diverting waste from landfills (a signifint source of methane
emissions) and providing feedstock for biomasstetaty and fuel production.
Potential pollutant emissions and localized impagisld need to be evaluated
and mitigated.

. Responsible Parties:  State and local governments.

Problem: Over 80 percent of California’s waste streamrganic. The alternatives for
waste management include recycling, compostinglfior transformation. Waste
conversion refers to the wide range of technolotfiasuse thermal, chemical, or
biological processes to transform post-recycledevasproduce fuels and other
chemicals. This category of transformative tecbgigs does not include incineration.
(A detailed discussion of various waste conversammnologies can be found in
Appendix IV.) There are several barriers that Hawéed the expansion of these
technologies, including:

o Facilities are quite expensive. This barrier ia@tbated by the artificially
low landfill tipping fees that do not factor in tEHG emission impacts of
landfill methane emissions.

o Current State law does not recognize waste cororees “diversion.”

0 These facilities have faced strong local oppositionughout California due
to health and environmental concerns. The nettreas been siting and
permitting difficulties.
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0 Thorough data on the emissions from thermochenamdlbiochemical
conversion technologies has not yet been collected.

Possible Solutions. To facilitate evaluation of conversion as anapfor waste
management, the State should continue to suppadirfg for RD&D. Independent third
party testing can verify accurate performance datteemonstration projects located in
California. The barriers listed above for eachvitial conversion technology need to
be further evaluated. Then, new environmentalbtgmtive policies need to be
developed to address these barriers. Finallyabl@ipermitting process for waste
conversion facilities needs to be developed thatigets the public and the environment,
while addressing the pros and cons of each techpelaand input feedstock material --
on an individual basis. In each of these casad| kife-cycle comparison needs to be
made to source reduction, reuse, recycling and ostimg alternatives.
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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 incluae 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 anc
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 Indhlstri | Energy Cal EPA, CEC,
Energy Intensity efficiency member firms
9. Revolving Fund for Technology Demonstrations Industrial CEC, 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
15. Evaluate Policies for Waste Conversion Waste CIWMB, state and
Management | local goverments
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California Energy CommissioGalifornia Solar Resources, Staff Draft paper in Support of the 2005
IEPR, April 2005.

McKinsey & CompanyReducing U.S. Greenhouse Gas Emissions: How Much at What Cost?, U.S.
Greenhouse Gas Abatement Mapping Initiative, Deegr@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 Excellence (White 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

l. Introduction

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

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

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

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

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

» Developing enabling technologies to increase lod zro 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 fravo perspectives:

Technology CategoriesWhat is the development status of electricity gatien
and end-use technologies that promise to deliweraiod 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 assessmeamriokethe main "game
changers" listed in this chapter. Appendix IV -€Bground Status Report on
Energy Technologies -- provides a broader guiden&rgy-related technologies
that could contribute to the State’s strategy tmioat 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 pescan 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 feagibili

Utility energy efficiency programs put into plageresponse to visionary State policies
have shown impressive results. California eleityrigsage 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 apprdeignsix of the 11 gigawatts (GW) in
demand growth in California over the next decade.

State climate change policies need to recognizgdhee of energy efficiency. lItis
important to recognize the importance of maintagremisting momentum on the energy
efficiency front, even if overarching AB 32 polisisuch as a carbon cap are
implemented. “Nega-watts” generated by energygiefficy programs produce no GHG
emissions. Because these energy savings are edtuthe 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) Deiais (D.07-10-032) establishing
targets for statewide, long-term energy efficieptanning. The objective of this
planning effort is “zero net energy” constructiortihe residential market by 2020 and the
commercial market by 2030. ETAAC underscores thygartance of continued
technology development in the energy efficiencyhar® reach these critical targets.
Recognizing the long-term need for energy efficieand the development of next
generation solid state lighting technologies sushight Emitting Diodes (LED), this
chapter’'s recommendations complement the end-usegy efficiency recommendations
located in Chapter 4 on industrial, commercial eegidential energy use. These climate
change mitigation benefits will not only accrueQalifornia 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 Califeanwill maintain its leadership role in
terms of connecting the largest amount of renewabhéxgy supply to its electricity grid.
California boasts world-class wind, geothermal, aoldr resources that can be greatly
expanded to meet future supply needs. This Chagsatifies potential policies for
permitting and siting of large-scale renewable gnaystems. Small-scale distributed
energy generation options -- such as onsite Cordditeat & Power (CHP) and
distributed solar photovoltaics (PV) -- are alsdradsed in Chapter 4. California's
agricultural and forest sectors also have largatjies of animal and agricultural waste
resources that can be converted into renewablérielacsupply, 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 astetgty load growth is met with carbon
free fuels. As noted in Chapter 2 by the finanse&dtor subgroup, Cleantech is also a
major economic development opportunity for Califarn

Another available avenue to secure GHG emissionctexhs in the electricity generation
sector is to capture and store the carbon emissioiossil and biomass fuels. ETAAC
recognizes this technology -- known as Carbon Gepnd Storage (CCS) -- is not just a
priority for in-state generation, but has broadeplations nationally and internationally
since coal-fired generation is much more prevabemside of California. In respect to
AB 32, CCS technology can offset GHG emissions@aged 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 stressemtpertance 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 policiesdstér the development of enabling
technologies that can create a bridge betweenlélstrie utility and transportation
sectors. These policies are critical to suppoiharease in renewable energy to 33
percent by 2020 to reduce GHG emissions. Elettrstorage has the potential to enable
higher percentages of intermittent renewable energpenetrate California’s power
supply portfolio, allowing the state to take bettdwvantage of its abundant renewable
resource endowments. The potential for a transdtiuea effect from electricity storage is
truly “game-changing,” and ETAAC recommends a tpgiority pursuit of these
technologies. Pumped hydro storage, compressgith@imal storage or batteries can
potentially transform intermittent generation sashwind and solar power into
dispatchable resources offering firm electricitpgly to the grid, reducing reliance on
polluting gas-fired peaker plants. Moreover, eieityy storage in the form of plug-in
electric vehicles has the potential to reduce mekeon fossil fuels in the transportation
sector. ETAAC recommends an aggressive prograsevelop electricity storage
technologies and infrastructure by the incorporabbaggressive storage goals into
utility resource plans and the development of tadéncentives to stimulate storage
technology RD&D.

With the appropriate strategies, policies and itigen, these energy technologies will
spur monumental reductions in GHG emissions whitxiag the way that electricity is
traditionally generated and consumed. The majorfithese recommendations will take
several years to fully implement. With the lifespe power plants being 40 years or
more, decisions made today will determine whethadif@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 Repdtie California Energy Commission (CEC)
recommends establishing a statewide target designeapture 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 Statdlting standards; mandated energy
improvements at the time of a building’s sale; fiederal and State appliance standards;
local ordinances or codes limiting energy consuamptemerging 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. Enerqy Efficiency Program Coordination

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

» Time Frame: 2008-2012 and beyond.

* GHG Reduction Potential:Not estimated.

* Ease of ImplementationModerate.

» Co-benefits/ Mitigation Requirementbto mitigation required

* Responsible Parties:California Air Resources Board (CARB); CPUC,; ui#s.

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

Possible SolutionsState air quality programs benefited from increassergy 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 combustidtgnocleaning more than 90 percent
of criteria air pollutants. GHG emissions are famentally different because they are an
inherent by-product of combusting fossil fuels, aad a contaminant that can be
virtually eliminated through a cleaner combustioogess or destroyed by using available
stack-gas clean-up technology. Because of thésrafila, increasing the scope of energy
efficiency programs could be a valuable strategyctdating GHG emissions. For
instance, one early action measure planned by C&RBent plant energy efficiency)
and another under consideration for the Scoping Ri&refinery energy efficiency)
would specify energy efficiency as a measure togigiwith AB 32.
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While CARB considers these measures for the AB&#piig Plan to be adopted in
2008, the CPUC will be considering utility enerdfiaency program plans to be in place
between 2009 and 2011. These CPUC programs promlbtetary industrial,
commercial, and residential energy efficiency, egdolg “free riders” taking mandatory
actions, such as complying with Title 24 Statediaty standards. It is extremely
important for CARB and the CPUC to each providachguidance on how the
implementation of AB 32 could affect who is eligfbr California ratepayer-funded
incentives. The CPUC has set a precedent in e @fathe Governor’'s Green Building
Initiative (GBI). In this case, State DepartmenGaneral Service (DGS) projects
undertaken under the GBI are not considered “figexs.” 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 maximigateria pollutants and GHG
emission reductions along with energy savings. Sta¢e might want to consider a short
term transition program to provide alternative fungdassistance for energy efficiency
projects providing climate change response benefditare not currently eligible for
utility ratepayer-funded incentives.

B. Aggressive 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 aggressivetgymithe next generation of energy
efficiency technologies to capture unrealized témdirand economic potential. One
technology that cuts across multiple end usersgbtlEmitting Diodes (LED).

* Time Frame: 2007-2012.

* GHG Reduction Potential:Not estimated.

* Ease of ImplementationModerate.

» Co-benefits/ Mitigation Requirementsto mitigation required.
* Responsible Parties:CARB; CEC; CPUC, US DOE.

Problem: Through its aggressive energy efficiency progra@aifornia has already
transformed the compact fluorescent lamp (CFL) miark ED technology provides the
next-generation of lighting energy efficiency oppmities. 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 sdbdieslighting technologies -- have the
potential to again transform the lighting markBID&D is underway to improve fixture
design, thermal management, light diffusion, reledesign, and others. However, most
of the technological advancements are taking platiee laboratory and are not
transferring well to consumer markets. LED tecbgglsuitable for general illumination
is estimated to be several years away from full mencial status.
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Possible Solutions: The State of California should work with utdis and DOE to
aggressively deploy current LED technology. Furtiare, the State should invest in
near-term development and demonstration of LEDthghsuitable for general
illumination, identify and prioritize advancememeas that meet mass market needs,
support RD&D of other solid state lighting techrgiles, expedite knowledge transfer to
the marketplace, and encourage open source stadrintggllectual property. The CPUC
is considering the establishment of a Californstitnte for Climate Solutions, which
could conduct much of the needed RD&D in this ar€he State must act now to
maintain the momentum and continue to “fill thegdipe” to garner additional energy
efficiency savings and GHG emissions reductionalif@nia can both show leadership
and advance the LED market by committing to useketaready LEDs in public sector
buildings and other State-owned properties.
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[ll. Expanding California's Successful Renewable Errgy Programs

California possesses enough renewable resourcetbi@ithin its borders to provide
several times the current electricity needs ofstlate 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 statte 20 percent RPS target by 2010, yet
there are still persistent barriers. If Californan 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 cogmyth AB 32 by introducing
carbon-free electricity into the state’s grid.

This section of the ETAAC electricity/natural gas®rs subgroup report contains both
policy recommendations for siting and permittinghefv renewable energy resources as
well as a brief status report on each specificrietdbgy making major contributions to
the state’s supply portfolio. Appendix IV contaexdditional policy recommendations
addressing these issues: the trading of “unbundi=twable energy credits for in-state
renewable energy; CPUC renewable resource priangnpeters; production tax credits;
and other policy recommendations. It also contepse detailed information on each
major renewable electricity generation technology.

C. Take Steps Necessary to Support an Increase ireRewable Enerqy 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 infrastructurd complementary policies are
developed. Policy makers (the Energy Action Tedra,Glimate Action Team, Governor
Schwarzenegger, and proposed legislation) aregpatiof increasing California’s
renewable portfolio standard (RPS) to 33 percer80. There are a number of barriers
to achievement of this goal that must be alleviatenrder to realize significant GHG
emission reductions through this change in StalieypoA focused, massive commitment
on the part of California’s policymakers is essantETAAC supports exploring ways to
increase California’s renewable energy (or carbree-equivalent) supply to 33 percent
by 2020, contingent upon the following steps nemgsto 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 cadtign
cited in the Updated Macroeconomic Analysis of @ienStrategies presented in
the March 2006 Climate Action Team Report for go8B&ent 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 pollutaaver 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 asghigreater renewable penetration,
California currently does not have adequate infuastire, the storage technology, nor
integration processes needed to support such egase. California also lacks the
coordinated policy direction needed to remove inm@etation barriers and support
additional renewable energy development. The CE@termittency Analysis Project:
Final Report” dated July 2007 indicates that 33 eet renewable energy is feasible,
“provided appropriate infrastructure, technologyd @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 percemewable energy coming from
wind. According to the CA ISO’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. WtiikeCA ISO 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 recommendsléivelopment of new energy storage
technology that facilitates the storage of off paakd 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 usefuhipanding RPS targets, and
coordinating these technologies with the RPS,iff é&xpanded to 33 percent or higher,
and other policy goals in the future.

Possible SolutionsETAAC recommends that California take steps ssagy/ 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 climagnge goals. In particular, the State
should institute a process to resolve and examssuges 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 contributoiisdevelop a
coordinated action plan to alleviate the impediraent

o0 Institute a process to re-evaluate whether and RB® targets should be
modified, giving due consideration to: 1) resolatmf key issues such as
transmission development, CA ISO queue reform,ededricity storage; 2)
existing utility resource portfolios, including egtayer protection and other
issues associated with sunk costs, and the migsofurces needed to
accommodate other high-priority technologies ad aglntermittent
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renewable generation; and 3) input from CA ISOglasn periodic review of
how a modified RPS will affect system integrity .

Resolve key issues such as coordinated renewalnlentission development,
and CA ISO queue reform. The inability to transpatver from new
renewable facilities to load centers constituteballenge to achieving the
2010 RPS delivery goals. Successful reform ofphixess is central to
achievement of current and future California RP&Igjo

Increase support for electricity storage, as ddted in this chapter’s section
IV.F, to integrate intermittent and baseload rer@de/@nergy resources, as
well as consider other technology-specific recomaiagions made in this
section and in the Appendix IV on energy technaegi

Develop GHG emission reduction and cost effectigsreziteria for

gualifying technologies under the RPS and instituteview process by the
CEC to consider emerging renewable technologieo#met technologies that
may have equivalent or greater GHG emission redngiotential.

Coordinate among State agencies (CEC, CPUC andSChA tb ensure that
adequate transmission, interconnection, and stdaesdpologies are
established for increased renewable energy cottitiis.

Conduct a feasibility analysis in determining hanathieve 33 percent RPS
in a cost-effective manner while maintaining systefrability. The analysis
should also consider potential ratepayer impaatisodiner 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 thatbmaaccepted 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 Enerqy Zones

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

Time Frame: 2007-2012.

GHG Reduction Potential:8.2 million metric tons of carbon dioxide equesats
(MMTCOE) for investor-owned utilities and 3.2 additiohdMTCO,E from
municipal utilities by 2020. (These total emissreductions are based on the
calculation cited in th&Jpdated Macroeconomic Analysis of Climate Strategie
Presented in the March 2006 Climate Action TeanoRdpr a 33 percent RPS.
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If renewable penetration exceeds 33 percent in 2G5 emission reductions
would be higher.)

» Ease of ImplementationThe resource zone designation process has conaghenc
and the CEC and the Federal Bureau of Land Managef@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®@pbbusiness-as-usual scenarios,
especially nitrogen oxide (NOXx).

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

Problem: Renewable resources are usually located signifatiastances from urban load
centers and lack adequate transmission infrasteitburansmit power from where it is
generated to where it can be consumed. Becaubesdafilemma, some renewable
resource-rich areas, such as the Mohave Deses, iemn only minimally developed.
Many of these resource basins have a myriad oflifecrchaeological and other siting
issues that must be addressed before developm#rgsa renewable resources can
proceed in earnest. Federal and State agencygsexto site and permit renewable
energy projects can be complex, arduous, and ngghy.

In order to begin developing any renewable eneamnegation 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 levelsurigdiction (Federal, State and local)
and associated processes for renewable develorenbmmon problemscross all
renewable energy technologies.

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

Possible SolutionsCalifornia could adopt a policy to identify ansisass Competitive
Renewable Energy Zones (CREZs) throughout the atateéhen develop a strategy for
public agencies and other stakeholders to faalitta¢ 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 thabsrdinated between the Federal,
State and local agencies, similar to the CEC anl’'Blcurrent joint National
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Environmental Policy Act (NEPA)/California Envirorental Quality Act (CEQA)
process for concentrating solar power planthis new siting process will create
common environmental documents and consolidateae Stal Federal permits within
one year. The program has a sunset date of Jahuaoi 2.

In 2007, both Colorado and Texas adopted policregas to CREZs. California has just
commenced such a process: the California Renevizaldegy Transmission Initiative
(RETI). Over the next two years, RETI will assemsewable resource zones, prioritize
those zones, and develop coordinated, cost-efeeatisource development plans that
could provide sufficient renewable capacity by 262@neet the AB 32 GHG emission
reduction targets.

RETI will build upon the work of the Tehachapi Gdidbrative 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 highestrpty CREZs that provide
detailed plans for necessary transmission andsimntreture upgrades (but will
not select specific transmission routes.)

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

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

The inability to transmit electricity from renewaliesources to load centers constitutes a
significant barrier to achievement of RPS goalsuréntly, there are 118 renewable
projects in the CA ISO queue, representing 57,686.Mhe CA ISO is exploring these
options to “clean up” the queue: clustered intensamion studies; increasing the
reservation payment from its current level of $00,0ncreasing penalties for project
delay or withdrawal; prioritizing requests for irtennection based on State policy
objectives; and integrating generation interconioagblanning with transmission system
planning. Successful reform of this process idre¢to achievement of current and

future California RPS goals.

The California Investment Incentive Program (Clpyvides tax abatements for
gualified manufacturing facilities based on theeasged value of the improvements
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exceeding $150 million. The optional program foumties is an incentive to encourage
certain types of industries to construct manufaetufacilities in California. Renewable
energy projects are not considered qualified martufeng facilities under the CIIP and
therefore are not eligible for this potential tekef. 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 goal6AB 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, geotheraral solar resources that can be
expanded to meet future needs. Deployment of rablenenergy installations will have
a significant impact on meeting California’s GHGission reduction targets by
displacing more carbon intensive technologies etlser needed to meet growth in
electricity demand. Deployment of these “game givagi’ technologies in large volumes
will spur significant reduction in carbon emissiarsl alter the way energy is
traditionally supplied and distributed.

The technology assessment below addresses ceatr@lagion technologies. Appendix
IV of this report contains additional information these and other technologies,
including equipment converting animal and agria@twaste to clean renewable fuels
and green electricity; distributed renewable tebdbaies, like solar water heating, solar
photovoltaics (PV) and solar heating and coolirggam 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 recommendatidb 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 enargyurces, these resources
have yet to be developed at a sufficient scaledkenthe necessary reductions in carbon
and other GHG emissions to meet the near and lermg-goals embodied in AB 32.

Possible Solutionsin the course of examining a wide range of renewabld clean
electricity generation technologies, the ETAAC #lety and natural gas sector
subgroup arrived at a number of technology-speoifigervations that may be beneficial
to CARB as it seeks to cultivate the developmera adbust state renewable energy
portfolio. The discussion which follows is not mé# suggest that any technology not
referenced is unimportant to California’s energyfa; rather the observations about
energy solutions listed below appear to ETAAC tartsaifficiently 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 totahieal 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 pofentia
offset an estimated 130 million metric tons of SQ(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 substangattion of this carbon-free
energy is available through repowering of existingage wind facilities with
new modern multi-MW turbines. Despite the avaiiapof better wind
technology, there has been little progress in mptpaging 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-hoursyear — many times the
state’s own peak electric needs. Only a very sfradtion of this resource has
been developed — 354 megawatts — with more progectsng on-line in coming
years from utility solicitations. Some policy argthnology development efforts
will be helpful to ensure further development asttesource. Extension of
property tax exemptions or abatements would helgtdhe developers’ cost and
their power prices. Establishment of manufactunmgstment 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 ansoaftater for cooling. Dry-
cooled system development is underway to minimiatenwuse. Storage system
development is also underway, and should be availalihe 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 fdizing Brownfield areas, such as
regions of the Central Valley that have been damhdyeexcessive salt/selenium
build-up.

California also has substantial potential for ditred solar technology — both
electric and thermal systems. According to the C6Gftop solar PV has a
technical potential of more than 74,000 megawatg.present, there are about
198.2 megawatts of grid-connected PV systeri$ie 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 depah@nt and deployment.
NREL estimates that 65 percent of residential amgeftcent of California’s
commercial buildings could be outfitted with sotatlectors for hot water
systems and for space heating and cooling systefite huge potential to offset
air conditioning peak load with solar-powered coglsystems is currently largely
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untapped. This technology would benefit from addal study by the CEC and
State incentives, and the recommendations in Chépte

Geothermal: California has the largest developed geothermaluregs in the

U.S. at approximately 1,900 MW. CEC studies hdw@s the potential for an
additional 2,900 MW using conventional flash and binary technologielriown
resource areas. US DOE estimates California resquotential at between
12,200 and 15,100 M\¥.In order to better pursue this valuable base load
renewable resource, California should consider takieg a number of steps.
Resource identification is a costly and time-consignprocess, one that might be
assisted by targeted State intervention. The USdge&al Survey is undertaking
a new resource assessment, updating the last m&s@sshich was completed in
1979. The new assessment, however, will not examéw technologies and
their potential in California, nor will it examirdirect uses, heat pumps, or other
non-conventional geothermal resources (like oltfm-production or geo-
pressured resources). The CEC should suppomvitscomplementary
assessment to examine California’s geothermal paten a more comprehensive
and up-to-date manner. Roughly one-half of the 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 feési 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 pbét of
biomass wastes and residues from agriculture, tigraad municipal waste is
currently being converted into clean energy in Oatia. Dedicated energy crops
could add to this rich state clean energy poteititthe future. Biomass projects
require infrastructure to collect, process, tramspod store feedstock and then
distribute biofuel products. On top of that, cbid@ation among various industries
-- agriculture, forest products, electric powersteamanagement, chemicals, oll
and gas, and the automobile industry — has yet¢ardo 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 g and transport fuel
production such as ethanol and biodiesel. Angbh@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; éosv, further technology
demonstration is needed to spur widespread comatieation. As with other
biomass and waste projects, barriers relatingeddtck supply, regulatory
treatment and permitting issues also need to beeasked.

5-14



ETAAC FINAL REPORT

IV. Enabling Technologies for Zero Emission Electricityand Vehicles

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

E. Electricity Storage as an Enabling Technology foRenewable Enerqy

Energy storage addresses the need to integratenittency 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 gliggtin California occurs during late
afternoon peaks, when wind generation may be atddsvels. When energy storage is
used to provide the necessary services to integiat 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, rampingnspg reserve) as well as meet
capacity needs. Energy storage can provide treyseces more efficiently and without
the CQ emissions associated with fossil fuel generatibhus, large-scale successful
storage technologies can help to transform winckgaion 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 wéleaplanning, ratemaking and
financing challenges of integrating a new resounte grid operations at scale.

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

* Responsible PartiesCA ISO is ultimately responsible, but CEC and CRJ&y
roles during policy development and support. Pidemvolvement of CARB as
coordinating entity, especially since electricityrage facilitates the market for
electric-drive transportation technologies, migkbae desirable.

Problem: Electricity storage has the potential to helggnate higher penetrations of
wind energy in California’s power supply portfoliaowing the state to take better
advantage of its superabundance of this renewabtiurce. Research has been
conducted into this issue on a statewide level BERIAC 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 infgent renewable generation on the
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California grid. The IAP concluded that integragtien 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 resamas and pumped hydro stock to provide
this balancing function. The CA ISO has acknowgstithe difficulty in planning for and
integrating wind resources in its recémiegration of Renewable Resources RepQA

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

Several important challenges presently limit thiitsitof storage technologies to reach
full commercial status. The high price of batterigscourages independent wind farm
developers from developing a battery storage compioipecause 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 limitédithout reforms, these limits could
be reached before the full potential of these rexidavresources is exhausted (unless
other resources are added to compensate for tirnes wind generation output does not
match electricity load profiles and CA ISO balamciequirements.)

Possible SolutionsThe potential for a transformative effect froradtticity storage is
truly “game-changing.” That is why ETAAC recommaerulrsuit 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 fandpmrtation services. Other
stationary energy storage technologies such as @ditmgdroelectric storage, compressed
air, or batteries can provide the enabling techywto shift wind power from off-peak
generation to peak power consumption, providingspatchable resource to firm up
supply flowing to the grid. Storage may reduceifGaiia’s current reliance on polluting
gas-fired peaker plants to firm intermittent enecgptributions. Storage could also
provide emergency and remote-area power supplies.

The State of California should recognize the valienergy 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 stor@gdnologies -- 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 teldgygproviders, analogous to
the “Golden Carrot” approach in demand-side managemr the RPS program
for renewable generation. Under this approachylaeggrs and utility planners
would develop performance specifications for stersaghnologies — including
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cost, reliability and environmental impact of tlwugion — and would establish a

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

Energy Storage Background: Examples of Non-Vehicl8torage Technologies

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

Pumped Hydro Pumped hydro is the most widespread energg@osystem in use on
power networks with large scale capacity. Dudda@uick deployment, pumped hydro
can be particularly effective for wind resourcestwdiurnal generation profiles. Pumpe
storage facilities can be developed with minimaliemmental impact if they use

existing reservoirs or otherwise previously devebbgites. Modern pumped storage
facilities operate at approximately 75 percentcgdficy 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, whigsver technologies are
being tested. For example, Sodium-Sulfur BattdifNzS) are a technology being

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

The largest NaS installation is a 6 MW unit for YokElectric Power Company that cam

store energy for approximately 8 hours. Combinaaegr 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\Viest Virginia over the course of
the past year and plans to install a 2.4 MW elsesvitethe same state in 2008. AEP
recently announced a plan to install six 1-MW Na8&dries in conjunction with wind

projects to assess the benefits of combining integnt 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 temsydae to the economies of scale
associated with mass production. Flow batteriesaspecial class of battery where
electrolyte is stored outside the main power ciethe 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 bolity-scale and
distributed active solar collectors in an insulategository for later use in space heatin

domestic or process hot water, or to generatergggtoff-peak. Some new utility-scalg

solar plants will likely employ molten salt and&#h” water storage technologies to stq
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 eiedrive vehicles (PHEV/EV) could
serve as energy storage devices. (Fuel cell ve=shaduld also serve this purpose.) The
primary advantage of this approach is that thebécles 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-site 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 ajs@duce far less roadside
pollutants, which is an important Environmentaltibgsissue since lower income
families are more likely to live close to major tbaghfares.

* Responsible Parties:CARB.

Problem: PHEV/EV development and other electric driveigkds that could potentially
store energy from the grid face a variety of tedbgical, 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 enthenal 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 atideo electric drive vehicles depend
on a variety of factors. They include the amouritroe 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-gtlte increased energy consumption
still contributes to GHG emission reductions (dlaia 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 GRBIG emission reduction targets.
Absent mitigating measures accounting for increasesectrified transportation, a
carbon cap imposed on the electric sector couladdentage advanced vehicle fuels that
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cut GHG emissions. (For a more in-depth assessmleaise see CARB’s ZEV review
panel webpage.)

Possible Solutionsin order to reduce disincentives for substitutectricity 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 coutthiave this goal, although there are
numerous other policy considerations. Since thEVWHYV market has the potential to
supply distributed generation to the grid duringlpbours or provide ancillary services

in the future, this approach offers multiple betsetinat should be recognized during
policy development related to these areas. PHEM#AEYInologies enable greater
reliance upon off-peak renewable resources andpr@ayde 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 eledyrifrom central generation source to
the point of consumption. A “smart” and interaetiyrid and communication
infrastructure is necessary to enable to the twgleav of energy and data needed for
widespread deployment of distributed renewable ggioe 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 sm@dlt 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 Requirementsiwo-way flow of energy and data would
allow customers to respond to price signals to eomesless energy at peak times
of demand, when the lowest efficiency fossil uaits operating. Peak days of
energy demand often coincide with “spare the agstian California. Reducing
fossil generation at peak gives a boost to regiamajuality.

* Responsible Parties:CPUC; State Legislature.

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

Possible Solutions: California should actively investigate upgratteslistribution-level
grid infrastructure that will be needed to supfmth 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 IplessiFurthermore, 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 interopknalsuch 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

|. Carbon Capture and Sequestration in Geological Brmations

Demonstration of carbon capture and sequestra@8] 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 offetential opportunity for achieving long-
term reductions in GHG emissions, especially oateonal and global scale.

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

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

* Ease of ImplementationDifficult.

» Co-benefits / Mitigation RequirementBiemonstration of this technology may
facilitate large benefits if it results in commeticapplication in coal-dependent
areas outside of California. The energy requicedfCS would require
additional fuel combustion (which could be offsethe extent that COnjection
displaces steam for oil production). Some techgiekto capture C{also
reduce criteria pollutants like NOx and S0Of fuel combustion increases,
without better emissions control, emission decreasay be required in areas that
fail to meet California clean air standards. Lepkdask must be assessed at a
general level for the technology and at specifiepbtal storage sites.

» Responsible PartiesFederal and State governments and agencies; psgater.

Problem: Geological CCS refers to the separation (or e¢aptof CQ from industrial

and power generation sources and then the traasioorto storage locations for long
term isolation from the atmosphere. (Biologicalrage is addressed in the Chapter 6-F
and Chapter 7-B.) Many component technologie€fo8 have already been developed,
but both the size and number of demonstration pt®jare very small with respect to the
scale necessary to mitigate significant future; €@@issions. Commercialization of CCS
technologies will require a willingness to bear iigal 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 $25 per ton or more
for capture and compression. Cost estimates \@guse, in part, the technology has not
been demonstrated. Part of that cost can potgnb@lrecovered if C®is used for
Enhanced Oil Recovery, while transportation anddgtipn is an additional cost.
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In addition, there is relatively little experienimedate at the Federal or State level in
combining CQ capture, transport, and storage into a fully irdéggd CCS system.
Regulatory uncertainties and legal issues regarngiagerty rights and liability are still
significant barriers for CCS that must be resolbetbre CCS could play any major role
in meeting AB 32’s GHG emission reduction goalscéss and liability issues present
another challenge. Different states have diffelans regarding land rights, pore rights,
and mineral rights; therefore, developers of CG$egts face varying state regulations
pertaining to underground storage. More importaitie long term responsibility and
liability associated with the CCS projects mustlsarly defined. Monitoring techniques
and standards that need to be approved at varauesgmental levels, and then accepted
by the insurance industry, have yet to be putae@! 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
WESTCARB to advance technology assessments andrd#ranons. 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 ciggteand solutions (most likely for
deep saline formations).

The State should also work with the Federal govermtrto address the legal, regulatory,
and safety barriers and issues associated with Cf. important issue is the
development of a legal framework to address lomgpieability associated with carbon
sequestratioh’® 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 ietsts of taxpayers and the need to
maximize incentives for careful carbon managemenisibns by the private sector.

Currently, potential pilot projects are evaluatedaocase-by-case basis under general

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

Unlike most energy efficiency measures, CCS iskehito bring a positive economic
return under even the most optimistic scenarioeeatlly foreseeable. In addition to
these efforts, a clear and reliable price signaldjacussed elsewhere in this report)
and/or performance standards such as AB 1386 willdzessary to commercialize this
technology.
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VI. Low and Zero Carbon Electricity Generation Plan

J. Low and Zero 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 requiteanake
reductions based on the AB 32 GHG emission redagaals, this plan would
assist in meeting a 25 percent reduction by 20208@npercent reduction by
2050. (This recommendation is not intended tomenend a reduction target for
this sector, but rather how to facilitate meetinp i

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

Problem: Investments in power generation infrastructure yoa#l “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 tteed beyond traditional approaches
that are geared towards power plants with a playloamstruction cycle of several years.
For instance, new centralized natural gas-firedgrguants release less GHG emissions
and other air pollutants than existing imported gmmerated electricity and older natural
gas power plants, but more GHG emissions than gregfigiency and renewable
resources. As noted in the Industry/Commercial/tRedial Use chapter, State efforts to
increase CHP also need to be considered in plafardimate change mitigation and
procuring reliable, cost-effective supply optioriBower plants typically have a lifespan
of 30 to 40 years. Decisions made today on new psuplies need to consider AB 32’s
2020 and 2050 GHG emission reduction goals. Aschelgewhere in this report, new
low carbon technologies are currently being devetiopnd/or commercialized that could
have significant GHG reduction potential. The &tttould develop a comprehensive
GHG strategy that balances existing and new tecigies, as well as renewable and
other potential sources of zero and low carbontedity, to reach its GHG 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 environmelnp@rformance in discrete
technology sub-categories.
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« Time Frame: 2012-2020.

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

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

» Co-benefits / Mitigation Requirements\lot estimated. Closer coordination and
common frames of reference across climate charggrgns 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 tersain percentage of the state’s total
electricity supply, and solar PV programs aim thiaee specific capacity installation
targets from just one renewable energy fuel. Odipgortunities in renewable energy
development -- such as waste heat recovery andameitapture and utilization -- are not
fully developed under existing State programs. udtothese are important programs
individually, they do not encompass all of the tealogies relevant to the unifying
challenge of GHG emissions mitigation. The Statesurce planning process is not
optimized when these efforts are uncoordinatedth@smplementation of AB 32
proceeds and carbon savings become a higher mdiicy priority, there may be value

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

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

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

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

As an important aside, ETAAC notes intense debatearning carbon offsets in a cap
and trade program. Some ETAAC members are condenad a broad offset program
will lessen the incentive for innovation within qagal sectors. The continued role of the
targeted clean energy programs discussed aboveMveowsupport technological
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advances within a climate change framework and nedyy 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 mandatdisacions within the electricity and
natural gas sectors that result in such savingsdaantribute to GHG emission
reduction targets under AB 32. Such a policy ptesian incentive for all energy market
participants to undertake what are now generalhgecognized beneficial climate change
response activities. It would also provide cetiato those making investments that
credits for GHG emission savings will accrue tontheThis unifying standard, however,
should not jeopardize programs that play impontal@s in nurturing certain technologies
to a position of market readiness. Such progrdrosld continue in a targeted and
efficient manner, connected to the climate chaegéene by clear performance metrics
that apply across all technology categories. isndgard, 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 @o&nd financial priorities post-2012.
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VII. Priority Actions

Note: Items are not ranked by priority.

Item Relates | Who
To

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

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

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

. Allow for the use of unbundled Renewable Energydiise Renewable CPUC and CEC
(RECs) generated within California for Renewable Energy
Portfolio Standard (RPS) compliance. (See Chdpter
section Il and Appendix V)

. Reuvisit pricing structure of renewable portfoliarstdard Renewable Legislature,
and either modify or eliminate to simplify the stture. Energy CPUC and CEC
(See Chapter 5 11l and Appendix 1V)

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

ent Zones | California/federal
land use agencie

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

. Create legal framework for long term liability asgded | Carbon Federal
with carbon sequestration, including issues refgtiin 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

environmental
agencies
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9. Create financial incentives to spur CCS technolayy Carbon Legislature
implementation. (See Chapter 5.1) Cadpture
an
Sequestrat
on
10. Provide property tax abatements for renewableggner | Renewablel Legislature
projects. Amend the California Investment Inceativ Energy
Program (Government Code § 51298) to include
renewable energy projects as “qualified manufaeturi
facilities”. The CIIP provides tax abatements doalified
manufacturing facilities based on the assessec\@lthe
improvements that exceed an investment minimum of
$150 million. (See Chapter 5.D)
11.Consider the role of low- and zero- carbon poweha Other CPUC, CEC
next version of the Energy Action Plan (see Chaptet) | Technolog
ies
12.Resolve Cal-ISO bottlenecks for renewable energy Renewable Cal-ISO
projects Energy

Additional Recommendations Addressed in Other @napt

13.Regulatory reform to encourage capture of metheoma f

Biomass to

Water Quality

anaerobic digesters. (See Agricultural Chapter) energy Control Board
and others
14.Create incentives for unsupported distributed gpetroar Solar CPUC
that reduces gas, like economic solar hot water and | water and | CEC, Legislature
advanced solar thermal (solar heating and cool{@ge | SPace
Industry, Commercial & Residential End-Use Chapted gﬁgt'”g
Energy Appendix section G) cooling
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! For example, resource exploration and identifaratf geothermal resources require land rights est
secured or leased before exploration. Both FederdiState agencies are involved with leasing of
California land, and mixed Federal/State/privatelacan mean multiple levels of processing. Tais ¢
cause delays and disagreements among the agehti@st, a significant part of the cost of a “gnéeld”
project may be attributed to the delays associaititleasing and permitting.

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

% Assuming an average emissions factor of 805 IB2&IMWh.

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

® California Energy Commissiogalifornia Solar ResourcesStaff Draft paper in Support of the 2005
IEPR, April 2005.

® california Energy CommissioGrid Connected PV Capacity (kW) Installed in Catifia.
http://www.energy.ca.gov/renewables/emerging_reidegaGRID-CONNECTED PV.PDMecember
31, 2006.

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

8 Sisson-Lebrilla, E., Tiangco, \Galifornia Geothermal ResourceSalifornia Energy Commission,
April 2005.

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

10 california Energy Commission, Quarterly Report,3M8oast Regional Carbon Sequestration
Partnership, May 2005, p. 8.

1 california Energy Commission, Quarterly Report,3M8oast Regional Carbon Sequestration
Partnership May 2005, page Beducing US Greenhouse Gas Emissions: How Muchhas @é6st ?
December 2007 page 59arbon Dioxide Capture and Geologic Storageg7, p. 33.

12 Myer, Larry, WESTCARB Regional Partnership Phasétoviding Underpinnings for Deployment
California Energy Commission, May 11, 2006.

13 The state of Texas, where €i® 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 débed in
Texas.

14 personal communication from George Robin, US EB@ifR Southwest Region, Water Division,
Underground Injection Control, to Ed Pike Decenmb@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 productioAgriculture also requires inputs that
generate greenhouse gas (GHG) emissions and atlatiapts. 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 28<alifornia agricultural sources accounted
for about 30 million metric tons of carbon dioxieguivalents (MMTCGE) ? It is estimated that
raising these agricultural crops also absorb 028rMIMTCO,E annually via plant respiration
and photosynthests.

While the carbon cycle returns the majority of tbesbon to the atmosphere, sequestering a
portion of this carbon or converting it into rendaenergy, fuels or permanent products, would
translate into a significant reduction of Califaisi carbon footprint. Thus, the agricultural
sector also offers the opportunity to reduce GH@ssion 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 maiigaT echnologies that can deliver these
benefits already exist in many cases. Yet a coededsearch, 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 identligdoffer 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@iC, 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 Technicpl

(units/yr) (units/yr) (MTCGE/yr) (MMTCO,E) (MMTCOZE)
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 f2&R efforts based on technical feasibility and eawmics.
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While many of these technologies described arelfisaand available today, further RD&D
programs are needed to launch critical elemendsatifnate response program by 2012. The
keys to developing the full menu of opportunitieghe agricultural sector is to prioritize
research needs, establish easily accessible g@aaethodologies, protocols for monitoring and
verification, provide ability to receive carbon dits or private and/or public incentives, conduct
grower outreach and education, and receive theeratipn of regulatory agencies in developing
needed infrastructure. All of these barriers camercome, 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 thek based agricultural sector through
technologies for energy production from manure lindhass, improved enteric fermentation,
cropping systems for biofuels, sequestration db@ain soil and farmscapes, and improved
efficiency of fertilizer.



ETAAC FINAL REPORT

1. An Agricultural Global Warming Solutions Program
A. Manure-to-Energy Facilities

The use of manure digesters to capture and utitethane rich biogas is well established and
could generate up to 350 megawatts (MW) of newweiée energy productich.

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

GHG Reduction Potential3.1 MMTCQE (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 reducesnge#imissions while
producing renewable energy, rendering a net beokéibout 1.7 MTCGE per dairy

animal; operating these systems requires investar@hexpertise on the part of the dairy
operation, thus the technical potential of 6 MMT£Gs 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 emissioaductions achieved with these systems,
including the recently developed “Livestock ProjBetporting Protocol” by the California
Climate Action Registry.

Co-benefits / Mitigation RequirementBigesters are effective at reducing volatile
organic compounds (VOCs) from lagoons, a relatigehall emission source on most
dairies, but the combustion of biogas in an engdngenerate electricity can emit NOXx.
Controls can reduce the amount of nitrogen oxidex)Nin exhaust gasses. Nevertheless,
the types and sizes of engines typically used murwtion with a dairy digester may not
be available, cost effective or able to meet ladadistrict NOx requirements. Digester
biogas also contains impurities, including hydrogaliide (HS), which must be removed
from the biogas before combustion in the engireeNfOx control device is used. If the
H.S is not removed from the biogas, the sulfur ingkleaust gas will destroy the control
device and render it ineffective. Additional beoigd vector control and water quality
improvements can result from improvements in thaunamanagement system during
the implementation of a digester project.

Responsible Parties:For permitting: the State Water Resources ContoarB

(SWRCB) and regional water quality control boai@alifornia Air Resources Board
(CARB) and local air quality management districkor energy policy: pricing and
funding, the California Energy Commission (CEC)/ifoenia Public Utilities
Commission (CPUC) and the California Pollution GohEinancing Authority (CPCFA).
For implementation and funding: private anaerolgester technology companies, dairy
owners, producer groups and local governments.o¥erall state policy: the California
Environmental Protection Agency (Cal/EPA) and mentimards, offices and
departments and the California Department of FowbAsgriculture (CDFA).
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Problem: Less than 1 percent of dairy manure is currenthe@ssed in digesters in California.
In the current marketplace, it has been difficaltrojects to realize a positive return on
investment because they realize only a portiomefréetail value for displaced electricity and
receive little or no compensation for excess paveivered to the grid. On the regulatory front,
projects can see uncertain and potentially cogtipitove requirements for permitting new
digesters and engines. Air and water requirenm@ntke 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 Califa livestock industry
will require significant cross media coordinatiogtlween regulatory agencies to continue
successful air quality improvements while redudBtdG emissions. Traditional approaches to
regulatory oversight where agencies solely focutheir particular media will likely impede
achieving AB 32 goals. California needs to takeass media approach to regulation that looks
at the full impacts of projects across air quaktgter quality, species protection, waste
management, etc. A clear pathway to permit appriiaanure-to-energy systems based on
regional risk to groundwater and air is neededr @xample, there are well-developed National
Resources Conservation Service manure impoundrteerdards that may be suitable for many
locations and more feasible than hazardous waestelatds. Areas where there is high
groundwater impact risk could be treated with neirangent requirements.

Cross media coordination to promote strategiesdoge GHG emissions will be helpful in each
of the agricultural areas suggested in this cha@ecause of their GHG emission reduction
potential and lack of technical barriers, methaigesters could be used as a demonstration
program for how this coordinated approach coulddeeloped 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 &igesusing the concept of “net environmental
benefit.”

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

What follows is a summary of necessary standamg;yptools and new incentives to accelerate
development of manure-to-energy facilities statenages regulating water, air, electricity,
natural gas and solid 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 saltdanutrient content of liquid digestate
to inform the development process, especially Haligestion proposals. CVWRB
should also develop a simplified design procedsetp assess and develop criteria to
determine the potential need for pond reconstrodcind 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 mechaaisBARB for dairies
with cow numbers below district permitting thresteto use distributed generation
equipment to produce electricity from biogas. Btate should determine the net air and
water quality benefits of digesters in order tompaote this climate friendly technology.

Electricity: As of January 1, 2008, the existing The Self-Ger@mrdncentive Program
will no longer provide incentives to certain dibtried generation technologies, thus
eliminating incentives for electricity generatedrfr biogas. This program should be
amended to continue to provide incentives for elatt produced from biogas in
anaerobic digestersThe CPUC should expand its requirement that eteatiiities
purchase excess electricity from biogas produdtipestablishing a fully-valued rate.
To promote competition, the CPUC should also imgetyppower purchase agreements
that have flexible terms such as three-, five- @mdyear agreements instead of the sole
offerings currently available from investor-ownedities. The CPUC should review
existing agricultural tariffs to determine whethate structures discourage distributed
generation and modify tariffs where appropriatémiating demand charges from
NEMBIO (net metered biogas) operations that havg imfrequent service interruptions
due to routine maintenance is also recommendeahgsas maintenance is conducted
off-peak. Finally, the CPUC should clarify thaetbwner/generator of an electricity
generating biogas system owns all the environmexttiabutes. However, IOUs need to
meet their RPS requirements and the generator lpeusible to sell carbon-neutral
electricity under contract.

Biogas. The CPUC, in partnership with natural gas uéstand biomethane producers,
should conduct research to investigate the typdera 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 ditgilior financial incentives.
Determining a MPR for biogas provides policymakansopportunity to consider whether
this renewable fuel represents significant envirental benefits and warrants a
premium. The necessity of using a MPR is unclearesit requires the application of
certain heat rates and capacity factors which nodyield an accurate number.
Developing a separate MPR specifically for biogaggets could facilitate new
development by providing price targets for genesaémd key market data for utilities.
Since each of these digester systems can costthareés1.2 million (not including
scrubbers, catalysts or compression gear), sectivaipitial capital for development and
construction is vital to create a viable market.

The CPUC should therefore assess existing integztimm processes and costs to
determine whether they are appropriate for intrtidacof bio-methane into the natural
gas transmission system and develop uniform stdsdar introducing biomethane into
natural gas distribution pipelines. Utilities shkibbe required to develop procedures to
streamline and speed up interconnection of eledtgenerators under the Rule 21
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process. If purification and injection is a preéel use of biogas, monetary incentives
should be provided and interconnection costs shaped a limit by natural gas utilities.
Whereas the potential generation of electricity sadsportation fuel from biogas exists
for the majority of farms in California given thigint incentives, injecting biogas into
natural gas supply system may only be financiabstble for five to ten percent of state
farming operations, possibly creating an uneverketaypportunity among farms.

Solid Waste: Legislative and regulatory clarification is neededarding which State
agencies have jurisdiction over which parts oftilegas 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 aljuce —beef cattle and dairy cows - may be
achieved by utilizing recommended feeding practites use of dietary additives or agents that
impact digestion efficiency, and longer-term bregdand management changes.

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

GHG Reduction Potential0.8 MMTCQE (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 aboutNIBBOO,E per mature dairy cow).

Ease of Implementation:Feeding to National Research Council (NRC) dinds 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 demathane output and energy inputs.
The use of agents such as concentrates, oils, hamep, 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 peesumt(ng to about 0.39 MTCOZ2E per
head based on mature dairy cow), with about 16emé¢ftom NRC recommended feeding
practicegss, 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 @ti®ns. 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.

Responsible Parties:University of California and California State Unrggy systems
(for developing a sound applied research progr&@DF-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
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operations. Because of the cost, animal die@aiifornia have been highly optimized for
maximum efficiency of production and, thereforegigidnal improvements may be more costly
than their potential returns in productivity. Feegis also highly variable across the state and
can often include regional food processing bypréglu©ne of the key challenges in this area
will be to develop techniques that are cost efiecéind can be implemented with a variable yet
economically optimized system that exists todagtaBlishing a baseline and developing
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 reselafunding, these experts can continue their
work with additional focus on cost effective methamissions reductions. A significant
research program that focuses on California camttand 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. Oma#ocols have been developed, California
Department of Food and Agriculture, University alifrnia and California State University
systems can assist with dissemination of resultseég@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 ciityarilized.

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

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

* Ease of Implementation:This program would require significant privategublic
investment in new biomass processing facilitieshevéas both biochemical and thermo-
chemical technologies are projected to produceeffsttive transportation fuels when
RD&D targets are reached, thermo-chemical techrylogikely to be more appropriate
for California. (See Chapter 4 regarding othedfstocks.) Both technology and
regulatory hurdles exist and are discussed below.

» Co-benefits / Mitigation RequirementsThese facilities would provide energy and
national security benefits because they would dsgpkome imported outside fuel and
energy resources. Emissions from open burningo#imel impacts of biomass waste
disposal would be reduced by utilizing this reseuiar energy production. Depending
on the technology, there could be some level ofrenmental impact that would need to
be mitigated when developing new facility sites.
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* Responsible Parties:For permitting: SWRCB and regional water qualitycol
boards,CARB and local air quality management distri For energy policy: pricing and
funding: CEC, CPUC and CPCFA. For implementatiod famding: private anaerobic
digester technology companies, dairy owners, predgmups and local governments.
For overall state policy: Cal/EPA and member boaoffices and departments and
CDFA.

Problem Power generation from biomass is well-establistechnology in the state with 30
existing biomass direct combustion power plantsgeing 569 MW-> However, the cost of
producing wholesale electricity from biomass udimgse older facilities may not be cost
effective because of low efficiencies. Advanceglthmochemical technologies are being
developed, some that possibly combine the producielectricity 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 under acceptable terms is not
certain and the generators have been at a disadyeaimt obtaining workable provisions. Better
terms are needed so the tariffs work for both #meegators and the I0Us. Ownership of RECS
is ambiguous and subject to different interpretegjgarticularly regarding GHG emission
reduction values that go beyond the avoided geioeraarbon 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 jigtieahs including the CIWMB under
regulations that are designed for solid wasteifas| CARB and local air districts. Few plans
for biomass conversion plants have been approveetant years. It is estimated to take up to
five years to permit and build a thermochemicalarsion 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 advancedugls production is a key to technology
development. Incentives and research supporteséat to encourage the development of an
advanced biofuels industry in California. This kbimclude investment credits, low interest
loans, and fuel tax credits, as well as ongoingstifor 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. Raguis 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 glawhership of the RECs and carbon credits
in future rulings and regulations.

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

Developing alternative uses for biomass would cemgnt regulatory programs requiring
farmers to reduce open burning of residues. Famgxe, approximately 1.1 million tons of rice
straw is produced annually, with over 95 perceiaiilable from the Sacramento Valley. In 1991,
a law requiring the phase-down of rice straw bugniras 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&rOther 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 comweifacility capable of using rice straw or
other locally-produced biomass. Such investmeualdcoontribute significantly to AB 32
objectives and address the economic burden expeddny 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 Standa@#&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@g&t implementation).

* GHG Reduction Potentiall MMTCOZ2E per year (assuming up to 500,000 acoedd
be available in the near term for starch, sugarainctops 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 conversionsaied crops into fuel with improved
energy efficiency and reduced emissions the dewedop of biofuel crop production in
California to supply these facilities will requiextensive crop production research and
long-term market commitment by the facilities ahd tommunity. Much research on
issues associated with renewable fuel productiomvs and ongoing and dispersed
throughout the world. Funded by Federal, Statepaivéite monies, access to this
research is of paramount importance for the agucalland regulatory communities to
make sound decisions regarding best-approachesdaing forward.

» Co-benefits / Mitigation RequirementsJsing 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 aitseffected land that is moving out of
conventional production in the San Joaquin or Iiap&falley!® For example, several
winter cover crops being considered as biodiess &ocks can extract selenium and salt
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from the soil. New biofuels facilities would regelipermitting and mitigation of any
local impacts.

* Responsible Parties:Cal/EPA and member boards, offices and depatsn@bDFA 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 (@K should serve as clearinghouse
for biofuel crop production research. The CECRBAand CDFA should coordinate on
biofuel crop lifecycle assessment. Private biotehpanies, the fossil fuel industry,
agricultural producers, producer groups and looaeghments should work together on
fuel processing implementation and funding. TheRSB, regional water quality
control boards, CARB, local air quality managenuistricts, and local land authorities
should coordinate for permitting of new biofuelsifiéies,

Problem Several commodity crops in California suffer froimmahishing markets and the
ability to shift to bio-fuel crops would help farmsewith new options in crop rotations. Food
production impacts can be prevented by growingdemks on marginal land using advanced
technology for production of ethanol while mininmgiemissions. The development of this
technology, however, requires clear market sigaathRD&D support. At present, there is no
established State funding for bio-fuel field crop&D. Unfortunately, other Federal and
private grants are not being directed to Califom@fuel field production research.

To have a viable biodiesel industry using Califargrown feedstock, processing plants must be
constructed that can economically extract oil fre@ed. Oil press extraction technology is well
developed, but it often requires hexane to geatditional oil needed to make processing
economically feasible. Priority must be giverd&veloping a hexane extraction process that
can obtain state regulatory approval while meetivegagricultural industry’s oil crushing needs.

Possible Solutions:California government can send a strong marketasidpat there is a long-
term biofuels market in California by making it alipy and regulatory priority. Implementation
of the LCFS is an important opportunity to allowtlgarbon biofuels to complete in the
marketplace. This would spur the long-term investtmeeded in conversion facilities.
California also needs to develop a dedicated fundource for biofuel crop research using the
resources of UC, the State university system aheratichools with the expertise and willingness
to conduct this research. California should develggpogram for novel biofuel crops that
conducts intensive research and development onigirggrcrops such as sweet sorghum, cover
crops and bioremediation crops targeted to mardgamals. Production tax credits - tied to
marginal land production - could provide incentives

California can grow feed stocks for biodiesel witiis own borders in a sustainable manner.
Winter cover crops, which can be grown as biodiéssd stocks, can sequester carbon because
they add biomass back into the soil. New enerfgieit production techniques could deliver
greater CQbenefits over production of ethanol in older paintother parts of the country by
taking advantage of California’s proximity to feedrket outlets for distiller’s grain (i.e. dairies
and livestock operations).
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A central biofuels informationlearinghouse that links information resourcesefase of access

and serves as a repository for information andstémi all stakeholders needs to be developed.
This resource should be housed at the USDA Bdisaijricultural 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 wondho are growing biofuel crops, researching
production issues, and planning for the futureeyltan use the latest research results to develop
up-to-date and relevant research projects. Engthit 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 piratestment in biofuels research.

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

o Changes in water needs, availability, and watelityuenpacts;

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

o Lifecycle assessment and GHG emission accountingiéduels production;

o Recommended sustainable residue removal tategintain 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 wildlifeddis.

E. Soil Carbon Seguestration

Soil is a major reservoir for carbon and nitrogerhe terrestrial environment. It contains twice
as much carbon than terrestrial vegetation andtinesphere combinetf. Though much work
has been done on Midwest crops such as soybearoandittle is known about the
sequestration potential of California’s 400 agrictdl commodities. California has abundant
acreage of permanent crops such as wine grapdsuitrahd nut trees that could benefit from
further research to determine above and below greequestration potential. The term
“conservation tillage” designates crop productigstems that maintain a minimum of 30
percent plant residue cover on soil after plantwlgich has significant potential to reduce GHG
emissions.

California’s rangelands managed open spaces andoa#tlands may also serve as an expansive
carbon sink via maintenance and enhancement oabeodos materials and soil organic matter to
effectively sequester GHG emissions. Current mesesuggests that the implementation of
certain management practices to improve overdllsganic matter has a net benefit to the
sequestration of range and pasture lafftBractices 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 soll
carbon sequestration benefits. Of California’s tilion acres, 41 million are range and

pasture lands which represent a major statewidesiepy 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 annugdly.

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

GHG Reduction Potential3.1 MMT CQE (assuming California agricultural soils can
sequester or displace about 0.4 to 0.8 MLE@er acre over a 10-20 year period using
various technique® if sequestration technologies were applied tearmipland 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 difficuihlement or quantify.)

Ease of Implementation Conservation tillage is currently used on liss 2 percent of
California's annual cropland. There will be littteno ability to make any operational
changes without financial support and incentiviesmancial credits for GHG emission
mitigation will greatly benefit a significant paota of the farm population in California. A
simple, web-based interface, such as the NutriethtGreenhouse Gas Evaluation Tool or
NUGGET (see page 6-15) should be expanded to Gthi#ornia commodities and made
readily available to growers and all interestediparto allow the selection and
guantification of site-specific management strageghat are sustainable, reduce
environmental impacts and are potentially moreitable. However, ranchers and land
managers would require specific direction on whexbhceous species effectively
sequester carbon and how to properly manage thvérsg $ystems.

Co-benefits / Mitigation Requirement$Production practices that minimize tillage are
gaining interest because they can provide manyecfits that improve soil and water
quality as well as reduce fertilizer, dust, watensumption and diesel fuel usage.
Conservation tillage requires less fuel use compereonventional tillage. Enhanced
rangeland sequestration may promote the developofiéartd 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 anafipiie California soil carbon
sequestration research needs and coordinate witlAUNIRCS to develop incentive
programs. CDFA and the agricultural community sté@oordinate with CEC and the
SWRCB on water and energy efficiencies of soil oarproduction practices. CDFA and
USDA/NRCS should work with the ranching communitglahose interested in funding
additional research to evaluate what perenniahaval grasses sequester carbon. They
should also investigate what management practitearnee 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 alternativequires 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 changescthad return the stored carbon to the
atmosphere.
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One primary hurdle for adoption is that conservatitbage 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 hagsated relatively little in RD&D to overcome
hurdles to adopting conservation tillage and ofaeorable practices for carbon sequestration.

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

Possible Solutions:Quantifying soil carbon sequestration is only oae pf a larger accounting
puzzle that needs to address soil carbon and ge@xemissions of methane (gnd nitrous
oxide (N:O) holistically to be valid and effective. Wheresgic soil carbon sequestration
recommendations are made based on the new restasainformation will need be used in
models and ultimately in web-based documentatiotstthat 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 tfatmers can participate in the carbon market.

Additional research is required to evaluate rang#kacarbon sequestration capability
specifically reflective of herbaceous species id around California rangelands. Further
research will aid land managers in the developroggtidelines and management practices to
preserve and enhance California’s rangelands amanee soil organic matter. Research should
also encompass the result of livestock grazingamigeland to manage invasive species and
promote healthy and regenerative landscapes thianate likely sequester carbon.

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

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

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

«  The Secretary of Agriculture should actively sug@ominimum of $15 million in
funding annually for five years for research on Gei@Gissions and carbon
sequestration in agriculture through a nationairé8uch as the Consortium for
Agricultural Soils Mitigation of GHGs (CASMGS) itné¢ 2007 Farm Bill and ensure
coordination among all participating CASMGS indittns and USDA agencies
nationwide.
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The GHG Reduction through Agricultural Carbon Erdeanent Network
(GRACENET) should be expanded beyond its currerdi®$ to better represent the
geographic diversity and spatial variability of Gle@issions across the U.S.
GRACENETrepresents a coordinated national effort by the A@@ricultural
Research Service to provide information on theustat soil carbon and GHG
emissions related to current agricultural practicésilso 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 ezatiolo. The soils, crops and
condition will be location specific, but consistenéthods and detailed record keeping
will be used to facilitate cross-location companigmd to ensure quality control.
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Recommendation: Additional State Soil Science RD& D and Web-based T ools

Further State sponsored RD&D is also needed todr&wer questions about how soil texturg
crop rotation, residue type and amount, all infeeegield response and alternative tillage
choices, and, ultimately, corresponding reductionGHG emissions. A dedicated and
significant research funding source on the ordehie 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 prograneicourage new technology for reduced
tillage, organic fertilization, cover cropping almav-input farming. This should include resear
(in-field and modeling), monitoring and incentiveédeation/outreach programs for farmers to
convert to new equipment and techniques. Couamgervation tillage systems with the use
high efficiency, slow-release nitrogen fertilizeatarials under California conditions needs to
investigated, too.

Yet another exciting field of research that coudtbtreduce 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 globaltesng systems (GPS). Using GIS recor
keeping systems, farmers can record all of the faglerations such as planting, spraying,
cultivation and harvest (along with specific infation such as type of equipment used, rates
weather information, time of day performed, et®Remotely sensed data can be analyzed an
added to the GIS using soil maps, digital terraid field operations information as ground tru
This can be used to guide further field operatidesspraying, fertilizing and irrigating plus it
would serve record-keeping purposes.

Current USDA research using dynamic, process maglélas created geospatial tools for
guantifying nutrient fluxes to air and water, chasgn carbon stocks and GHG emissions acr
a range of management practices in San JoaquiManmed Counties. This initial research
project will have an emphasis on computer modekatgr and air emissions from dairies and
provide a decision-making tool for economical uk&edilizer and manure resources called th
Nutrient and Greenhouse Gas Evaluation Tool, or BB&. This tool will utilize GIS
capabilities to capture spatial and temporal vartgn agricultural, environmental, and
climatic conditions. The DeNitrification-DeComptisn (DNDC) model is also being used for
these studies. It will take $600,000 over a tworyesiod to implement this effort on dairies
statewide.

With its unique Mediterranean climate, Californ@antinates the nation with our 1.8 million
acres of tree crops valued at $6.7 billion. 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’sdrejes.
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F. Riparian Restoration and Far mscape Seqguestr ation

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

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

GHG Reduction Potential 2.9 MMTCG: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 storagehmvimitial 20 years of vegetation
growth amounts to 5.8 MTCE per acre).

Ease of Implementation:A current challenge is to facilitate the proceksestoration to
increase both biodiversity of native species ambeated ecosystem services. A toolbox
of management practices, and an understandingtehppal site-specific interactions (e.g.,
grazing pressure, soil type, microenvironment, gladt 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 liketyrequired to help facilitate these
conversions. Eventually this understanding cog@a@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 retato plant species composition. As this
type of information becomes available, it will alse possible to scale up to landscape-
level predictions of carbon sequestration by geasis across different soil types and
management regimes. Assessments of tradeoffsviedah land use change from
grasslands to other different types of ecosystemddwalso be possible.

Co-benefits / Mitigation RequirementsThese efforts can benefit erosion control, water
guality and wildlife habitat.

Responsible Parties CDFA and the agricultural/ranching communitpghl work with
the private and public research community to cowtdi and restoration research in
California ecosystems and coordinate with USDA/NRE8evelop incentive programs.

Problem: The cost of installing an acre of re-vegetationld be prohibitive if done only for
carbon credit generation. Based on estimates éody hedgerow plantindgs,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 neede@dduce costs of irrigation, maintenance and
nursery stock while maximizing growth. In additjorot 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 supporttfeeg=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 lgetaund wood for the species used in
California, although some research is underwaye rétte 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 availabilissessing the amount of carbon stored in
common species can be achieved with simple fieldsmements’

Possible Solutions:Conduct research to quantify the carbon storage these practices and
develop protocols that give landowners the abibtgenerate carbon credits (see Chapter 7 for
more information). This research program shoudllicle an economic and technology
assessment portion that develops the most costigeapproaches and looks at monetizing the
other benefits. Additional support is needed tording and then managing implementation and
ongoing monitoring systems. As with all forms aftwon sequestration, commodity or industry
programs to aggregate credits may be a suitable@agip for marketing these credits, which, in
turn, could provide fiscal support for developmant performance monitoring.

It may also be possible to grow revenue generdtagycrops or perennial biofuel crops in these
buffer strips, making installations more econonticattractive, particularly in combination with
Federal programs such as the Conservation Resevgeaf, etc. It may even be possible to
layer grasses with tree crops in such a way aate 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 plenys that would not otherwise occur.

G. Fertilizer Use and Water Management Efficiency

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

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

+ GHG Reduction Potentiall.8 MMTCGE (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 agticwal crops, this could be a
potential gross emissions reduction on the ord&®MMTCG,E; start-up and
implementation issues reduce this gross potenyialdf).

e Ease of Implementation:Measuring MO poses a double enigma. Not only are
measurements of annuaj@® emissions laborious and therefore expensiy®, tixes are
often very erratic and highly dependent on fewifian and irrigation levels. Nitrous
oxide fluxes are also strongly influenced by enminental conditions such as climate, soil
type, and cropping systeffi. This makes extrapolation of the little availabia
measured across different cropping systems anatgizones highly suspect

« Co-benefits / Mitigation Requirementdmproving fertilizer efficiency and water
management appear to be promising ways to redp©e Nhese approaches should be
further investigated to measure impacts on crola yar and water quality, and returns on
investment for participating farmers. By combinireld information, soil measurements,
event-related PO measurements, and simulation modeling, a relabteial GHG
emission budget could be calculated under curnethipassible future conventional and
alternative cropping system scenarios for Califarni

6-17



ETAAC FINAL REPORT

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

Problem: One of the key barriers to reducing fertilizgputs is the potential impact to crop
yield that would reduce farm income and diminisk 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 noddlls generally shows an increase in nitrogen
-containing trace emissions upon conversion fromveational tillage practices. This increase
has been attributed to an increase in soil bullsiennder no-til?” Researchers suggest that
mitigation of nitrogen containing trace gas emigsimay take up to 20 years of continuous no-
till management.

While it is estimated that 2D accounts for up to 32 percent of all agricult@&G emissions
(CHsaccounts for 50 percent, and €f6r 19 percerff) there is great remaining uncertainty
surrounding the BD emissions inventory. There is therefore a neetbt only quantify the
amount of NO emissions, but also the uncertainty around estisnaf agricultural RO
emissions at multiple spatial and temporal scales.

Possible SolutionsOptimizing nitrogen-fertilizer application ratestivimproved technologies
and management practices could provide the dowdniefh of cost savings and® reduction.
There may be potential “insurance” products foripgyarmers who reduce nitrogen use against
yield decline that occurs as a result. Additionadlbome 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 asroth@nagement practices -- that have the
greatest combined economic and environmental kenefi

This type of quantification requires accurate measients of KO fluxes and well validated and
calibrated biogeochemical simulation models thatestimate annual#D budgets for a range
of representative cropping systems. A databaseait-related and background@emissions,
crop development and controlling factors (e.g. stperature, 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 usedlitorate and validate the biogeochemical
models. Costs estimates for constructing thisbdeta 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-&danalysis of potential agricultural
practices to minimize annuab® and other GHG emissions in California agricultu(@lease
see also the composting options in Chapter 4.IV.N.)

6-18



ETAAC FINAL REPORT

[11. Priority Actions

Item RelatesTo Who
1. Develop a clear stream-lined salt loading and gestion | Manure Mgmt | SWRCB/
compliance process that apply to anaerobic digestio CVRWB
2. Develop a simplified process to help assess anelojev | Manure SWRCB,
criteria to determine the potential need for pond Mgmt CWRWB
reconstruction; develop criteria for pond/digesiteers
that is practical and clarifies regulatory oversighd
approval process
3. Develop a regulatory compliance mechanism for égiri | Renewable CARB,
with methane digesters that have a herd size baiow | Energy CPUC
district permitting thresholds
4. Amend the Self-Generation Incentive Program toiooiet| Renewable Legislature, CEC anc
allowing incentives for electricity produced froriogas in| Energy CPUC
anaerobic digesters and allow excess electriclgssa
5. Require electric utilities to purchase excess gtatt Renewable CPUC
from biogas production at a fully valued rate. Energy
6. Review existing agricultural tariffs to determinéether | Renewable CPUC
rate structures discourage distributed generatioin a Energy
modify rates where appropriate
7. Eliminate demand charges from net metered biogas | Renewable CPUC
operations who have only infrequent service infgians | Energy
due to routine maintenance
8. Allow the owner/generator of an electricity genarat Renewable CPUC, Legislature
biogas system to retain the environmental attrgute Energy
including GHG value and emission reduction credalitd
any other not directly related to RPS complianag an
specific contractual arrangements
9. Conduct research to investigate type and levelajds Renewable CPUC, Natural Gas
(including co-production) impurities to determitfidio- Energy utilities and bio-
methane gas quality stds are needed 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
11.Assess existing interconnection processes and tmsts | Renewable CPUC
determine appropriateness for introduction of bitlrage | Energy
into natural gas transmission systems; if neededldp
uniform standards for introducing biomethane inatunal
gas distribution systems
12.1f purification and injection is a preferred usebabgas, Renewable CPUC
monetary incentives should be provided and Energy

interconnection costs shared up to a limit withuratgas
utilities
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13. Clarify jurisdiction regulatory authority over tiéogas Renewable CPUC, CEC/ Cal
production and utilization process Energy EPA
14.Develop incentives for using biogas as vehicle fuel Renewable CARB
Fuel
15. Utilities should be required to develop proceduces Renewable CPUC
streamline and speed up interconnection of etadtri Energy
generators under the Rule 21 process.
16. Determine net air and water quality benefits of oran Renewable CARB, local air
digesters Energy districts, State and
regional water board
17.Develop a thermo-chemical conversion facility pilot Biomass UC/CSU/ biomass
project that utilizes agricultural byproducts (riteaw, industry
tree and cane prunings, etc.)
18.Revise CIWMB regulations to differentiate betweefids | Biomass CPUC, CIWMB
waste facilities that MSW for electricity generatidrom
those that use dedicated agricultural, forest, greaings
and discrete feedstock
19. Clarify ownership of RECs and GHG credits in future | Biomass CPUC
rulings and regulations
20.Coordinate, prioritize and fund CA biofuel crop Biofuels Growers w/private/
production research needs 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
23.Develop an approval process for hexane extractiah t | Biofuels Biofuel and fossil
meets the needs of the agricultural oil crushirtygtry fuel companies,
and state environmental regulations growers, local air &
water districts
24 Establish state funding for biofuel field crop rassh Biofuels State/federal
agencies, Congress,
Legislature
25.Implement regulatory oversight coordination for new | Biofuels State and regional
biofuel facilities water boards, CARB
and local air districts,
local land authorities
26.Coordinate, prioritize and fund research for sailbon Soil C Growers, public &

sequestration in CA crop production and ranching
environments, including riparian and farmscapes

restoration and any associated water and energy
efficiencies

Sequestration

private research
institutions, USDA,
CDFA, CEC,
SWRCB

6-20




ETAAC FINAL REPORT

27.Develop soil carbon sequestration, fertilizer memd Soil C USDA/NRCS, CDFA
water efficiency incentives Sequestration

28.Coordinate, prioritize and fund CA fertilizer mgmt Fertilizer Growers, public &
research needs and any associated water and energy| Efficiency private researchers,

efficiencies

USDA, CDFA, CEC,
SWRCB
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! California Department of Food and Agricultu@alifornia Agriculture Resource Director{2006),
www.cdfa.ca.goyCalifornia Resources Agendyire and Resources Assessment Progr&utober 2003.
“California Air Resources Boar®RAFT California Greenhouse Gas Inventanpdated 8/22/0%yww.arb.ca.gov
% For irrigated crops, using a total biomass yiéhdl(ding roots) per acre of 5 dry tonne, a 41 petcarbon
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/.FORESTRY SECTOR

|. Introduction

Forests cover 30 percent of California. Photosysithiey forests is one of the few
processes that remove and store a portion of Caigfs 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 resptaap approximately 20 percent of
global carbon dioxide (C£pemissions linked to human activity, adding almosi

billion tonnes of carbon per yearMost of this loss has occurred in tropical fosesut
the United States and California are not immumethé U.S., 1 million acres of private
forest lands were lost to development annuallyhey990<,and housing is expected to
increase by about 25 percent on private land net@omal 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 photosynthiésis 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 vulner@btgobal 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. Earlierrgpenowmelt coupled with unnatural
stocking in some forests -- too many stems per-acri'om decades of fire exclusion
now make some forests more vulnerable to wildfiests and water stressOther

forests are under-stocked, the result of stand-@dimg wildfires or management
practices that maintain carbon stocks below thatural potential. The effects of climate
change will not hit all forests equally, and mamagiorests to improve resiliency
requires a better understanding of processes forakt type$.

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 dienchange include the following:

* Enhancing carbon storage in forests and in woodymts;

* Avoiding carbon emissions from forestland convarsio

* Reducing wildfire emissions that result from unmakdiorest conditions, forest
diseases and pests;

» Utilizing waste forest biomass to generate eletyriar other fuels;

* Substituting low-emission wood products for otheilding materials that
produce high GHG emissions (e.g. concrete, steel).
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The full extent of opportunities from forests tatigrate 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 manageaneiniow public trust that
environmental values will be protected. Many pcojgpes 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 subatditérature is available for each.

The California Air Resources Board (CARB) can brwadue and a new perspective to

the forest debate. CARB can have a significamogfiot only in addressing the climate
change threat, but in finding co-benefits that addlong-standing management concerns
surrounding California’s forests. This chapter msgly does not focus on specific issues
related to forest protocols since these already laaseparate stakeholder forum before
CARB. The chapter does, however, highlight keyanehere CARB action would have
significant impact.
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[I. The Policy Context

California’s forestlands provide a wealth of ecdsgs and economic benefits ranging
from tree-covered watersheds that supply mucheftate’s water, to wildlife habitats,
recreation and open space lands, to sustainabld pmalucts and employment. Total
sales value for California’s primary forest produatas about $2.3 billion in 2000, with
approximately 112,700 workers -- earning $4.5 duillannually -- employed in the
primary and secondary wood and paper products indls

The durability and health of California’s forestg ¢éhreatened by numerous factors.
These include the push to convert forests to ddmet uses as homes expand into
wildlands, the increased occurrence of intense-firiés 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” dilareorounding the siting of biomass
plants in conjunction with fuel reduction projedissigned to restore forests to more
natural structures.

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

Global climate change brings a new dimension tddbk& and offers opportunities for
positive rather than negative outcomes across @hilp in the forest sector.
Recognizing that CARB has limited regulatory auityavver forest management, CARB
can nevertheless offer a broad bridging role tddhest sector by helping to develop the
frameworks, metrics, structure and incentive-bas#ities for the sector to participate
positively in climate solutions.
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[ll. Key Policy Principles

The overarching theme to guide forest sector pEdican be summed up as: “Enhance
gain, avoid los§” In essence, this recognizes that forests alr@edfprm a critical role
countering climate change emissions, but — witlpermew policies -- can do even
better. Enhancing gains and avoiding loss will fedigile” both forest ecosystems as
well asg;“orest landowners. (To ‘resile’ is to maksilient, to spring away from an
impact:

Ways to enhance gain include:

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

. Reforest areas that could naturally support maestr

. Utilize excess wood biomass from projects desigoeéstore forests to more
natural conditions to generate electricity or seasdeedstock for future
alternative fuels;

. Improve efficiencies in wood utilization (includirfgarvest and mill efficiency,
recycling of wood products, and productive useuwfent wood waste.)

Ways to avoid loss include:

. Keep the existing forest land base as forest, rdkiam converting them to
development and associated GHG-emitting activitiéseserving forestland can
take the form of increasing both conservation fisras parks and natural
ecosystems or retaining the working-forest landehsndustrial and non-
industrial private forestlands that are most vidinég to conversion and
development;

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

. Reduce GHG emissions from wildfire by bringing utumal stands back to more
natural fire-adapted conditions;

. Understand climate impacts on forests and work tdsvéostering greater
resilience.

Public comments have suggested various additiahes for forests. These comments
also raised a number of important policy conceptemtation afforestation to provide
fiber for wood products or fuel; increasing smalale wood-heat applications such as
wood densification (e.g., biomass pallets); redgi¢ive consumption of wood products;
natural re-seeding rather than re-planting follaywvildfire; and questions regarding the
efficacy of forest thinning as a GHG emissions cddun measure. Each of these issues
regarding how forests can be managed within théezoof climate change can be
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explored as knowledge and discussions mature e&ar of these concerns or ideas, the
net life cycle carbon benefits will need to be ea#éd along with environmental and
economic impacts. These policy issues need fudéeelopment, but are beyond the
scope of this ETAAC analysis.

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

Use CARB'’s stature to reinforce the concept that fi@sts play a necessary
role in solutions to global climate change CARB can bolster public
understanding of forest processes, the role oforasborage in trees and wood
products, and forest health needs.

Acknowledge forests as both a sequestration 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 emissioenitory, 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 privatetected 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 fiterighis is similar to the
approach recommended for low-carbon fuels, wheeeiBp 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 followingamenendations to CARB:

1. Continue to affirm the metrics and structureftoest 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” measureguant to AB 32.

2. Establish the role forests will have in carboarkets: Legitimate “gold standard”
forest carbon credits compliant with the standafdfie California Climate Action
Registry (CCAR) are already in play in the volugtaarbon 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 isstretheroffsets will be allowed for
flexibility; how muchof the cap obligation can be met with offsets; aat kindsof
offsets will be permitted (i.e. will forests begble?)

The forestry sector argues it should be eligibla &gyitimate offset candidate should a
carbon market develop in California. The ETAACdsiry sector subgroup cautions,
however, in its response to the Market Advisory &tet 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 ofGGAR

and CARB policy. As they develop, CARB and CCARymaéso evaluate other registry
systems to determine if they provide equivalemaaads. Recognizing the hesitancy of
the carbon market and many stakeholders towardsgpting forest offsets, CARB must
uphold rigorous and credible accounting in orderféoest carbon credits to have
meaningful market value. While California marketisions are in process, the forest
sector will meanwhile continue to participate ie troluntary and Kyoto-based markets,
receiving highest value from carbon credits thaeintiee 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 evalggivhether additional protocols or
guidance are needed for addressing public lanbanuorestry, 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{dd¢a needs are not trivial. Among the
recommendations of the ETAAC forestry sector subgrare the following:

- Improve methods for assessing sequestration angseEms;

- Test more efficient remote assessment techniquesafbon inventory, e.g. lidar;
spectral analysis from new satellite and convealionagery;

. Model advances in the forest sector to inform statéession data;

- Examine how forests become carbon saturated; exaimiast carbon exchange
through eddy flux;

- Track climate change impacts on forests; evaluaieagement approaches designe¢d
to improve resilience and respond to impacts;

- Model inputs, outputs, and flow of wood carbon taximize sequestration;

Pursue small-scale biomass technologies.
Wood products research is also needed on:

- Alternative wood-based liquid and gas fuels, arg tvood gasification, pyrolysis to
bio-oils, ligno-cellulosic conversion technology;

- Stronger and more versatile wood-based buildingeras.

There is always room for new ideas in the forestme Look for efficiencies in harvest
methods, equipment, combustion techniques, wodidatton, 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 thifgctin stimulating climate- and
energy-efficient forest projects .
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V. Recommendations

A. Link Forest Fuels Management and Biomass Utiliation

Public support of forest fuel management projeatsgrovide a three-way climate gain
by restoring forest ecosystems to more resilientltns, directing excess fuels to
biomass energy production to help meet the StatmisCarbon Fuel Standards, and
reducing wildfire emissions from intense crowndirdDecades of fire exclusion have left
many forest stands in unnatural conditions, andibnprojects can be designed to
utilize excess forest materials in ways that berefih the forest and the climate.
However, recognizing the strong public concernswrdigng potential over-exploitation of
forests for biomass fuels, CARB should considermaea bolster confidence in the
ecological basis for fuels projects. A “Green Biels Index” may assist in this effort.

* Time Frame: Fuel management projects are now underway, buglate
limited. Develop a public process for Green Biofuleldex 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 metions of carbon dioxide
equivalents (MMTCGE) per year at 2020 (.09 avoided emissions; 1.9p@nd
fuels) assuming $400/acre average treatment c®8stnillion from existing
sources; and an increase to $5 million for Califoforest 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 euttsome horizon of dependable
supply. Dependable supply cannot be provided witpoblic trust that forests
will not be overexploited by fuel reduction projectA federally-supported
“Community Wildfire Protection Plan” process nowcenrages public input for
community fuel breaks and defensible space, butestgges by stakeholders
continue on larger forest projects and post-fiteagge. 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 weakstes. 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 Requirementdultiple benefits can accrue to forest
ecosystems, reduced wildfire emissions and biopgeeeration from
appropriate projects designed to improve foressgstem health and resiliency,
especially in face of climate change. Forest caebmninclude: improved water
quality, reduced erosion, reduced sedimentatisgtrem habitats and
downstream storage facilities; improved wildlifebitat diversity; improved air
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guality through a reduction in criteria pollutaatsd smoke emissions; reduced
risk to life and property; and greater employmeantural communities. Increased
biomass utilizatioralso helps meet State biopower and biofuel tangbile
reducing reliance on fossil fuels and other impbeaergy sources. In response
to public concerns regarding potential over-exploon of forests, CARB should
emphasize the need for rigorous California Envirental Quality Act (CEQA)
and National Environmental Policy Act (NEPA) revievfuel mitigation projects
that incorporates a robust public process. (Asl@msote, forest carbon from the
various aspects of fuel reduction, “wildfire avaida,” and electricity generation
from biomass, should be accounted separately, amdgnizant of the
importance of full accounting of upstream and daveazsn storage pools.)

* Responsible Parties:Ongoing international efforts by environmental
stakeholders may provide a model “Green BioFuekliag” 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 fatsds with unnatural excess
levels of stocking (too many stems per acre) anavtdr of mid-successional fuel ladders.
Excess fuels intensify wildfire behavior, impaasetosystems, and risks to life and
property. Stress from drought, pests and gloladate change further exacerbate
wildfire risks and damage. Fuel reduction projests expensive and require extensive
public processes for design, review and final apaito

Possible SolutionsSupport for a Green BioFuels Index -- comparable green-

labeling program -- developed with key stakeholderisicrease public trust in
appropriate projects and address the gridlock @jept design and approval. A Green
Biofuels Index® would rank projects and improve public confideirtbiofuel
sustainability. Based on the “green labeling” aptcthe index develops a green biofuel
protocol; uses environmental labeling to distinguyssoducts; 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 from a vasfespurces for biopower would
mobilize more wood waste out of the forest, attiéaa break-even point to support fuel
reduction cost$? State support for technology development and astnation of small-
scale, mobile gasification (or other) units woukdb®neficial. State support for more
efficient conversion technology to feed distribuggsheration plants one to five
megawatts (MW) in size located near supply comnmesitould also help the forestry
sector contribute to AB 32 goals (see more inforomabn gasification in the Energy
Appendix.)

B. Reforestation and Forest Management for EnhanceCarbon Storage
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Reforestation and enhanced management of estatbhgbriing forests to store greater
carbon stocks will provide climate benefits by absty CQ from the atmosphere and
storing it as carbon in trees for hundreds of yeatsnger

«  Time Frame:Additional gains by 2012 and ongoing.

«  GHG Reduction PotentialCDF estimates cumulative sequestration from
reforestation projects of 15 MMTGOyY 2020 (assuming 0.53 MMTG@ear
by 2010 from 117,000 acres of forest establishefbmest and rangelands; 1.98
MMTCO,/yr by 2020 assuming 430,000 acres establishedrestfand
rangelands?)

. Ease of ImplementationReforestation is not limited by current technoloigyt
proposals will need to assess project success@dbchanging climatic
conditions. Reforestation is a function of avaléafunding. CDF already
provides delivery programs and CEQA compliancetiveaCalifornia Forest
Improvement Program (CFIP). The California SteaekB 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 enmgygestablished through the
accounting standards of the CCAR California FoRestocols and stimulated by
the rapidly expanding voluntary carbon market. &egment of national and
international markets for forest carbon creditd fifther incentivize forest
carbon storage projects.

» Co-Benefits / Mitigation RequirementMultiple ecosystem and economic co-
benefits result from reforestation and enhancebdarastorage in established
forests. Active planting with native tree spe@esl management of forest stands
to store additional carbon can provide watershgaravement, wildlife habitat
diversity, erosion stabilization, and forest healBtonomic benefits include
short- and long-term job creation in rural regifmasn forest management. The
CEQA process is already in place for CFIP and taremagement mitigation
activities. CCAR Forest Protocols currently addrésorest Management” and
“Reforestation” Projects.

. Responsible PartiesCDF for technical support and program delivery;
CARB/CCAR for protocol adoption; State Resource Ageand California
Environmental Protection Agency (Cal/EPA) in sugpotes; State Parks
Department for reforestation on state park lantisteS _egislature for potential
tax and other incentives.

Problem: Millions of acres of native forests on privatelastate ownerships in
California are estimated to remain below naturatising capacity due to wildfire or
forest management that maintains forests below tagbon 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.

7-10



ETAAC FINAL REPORT

Industrial forestlands under conventional manageraentypically managed to store
lower carbon stocks in the forest than their natpotential, being instead managed to
move forest carbon to the wood product pool. Wpaiucts 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

Possible SolutionsGains from forest management in established wgrkorests to
increase carbon storage and sustain the long-tevdugption of wood products are
substantial. Forested land is now estimated taestgr approximately 14 MMTGE
from the air annually. Total carbon stored in @ahia forests is estimated to be 1.7
billion tons. To build upon this base of carboqusestration, the ETAAC forestry
subgroup offers the following recommendations:

o0 Augment support for reforestation on private aradestands via existing

CDF cost-share programs and new forest carbontoffgenue (CDF
suggests a $5 million CFIP augmentation).

CCAR Forest Protocols establish accounting starsd@ardreporting
additional forest carbon from ‘Forest Management &Reforestation’
projects. A forest carbon market would incentiMeredowners to
participate in carbon storage projects, producorgdt carbon as a new
“forest product,” opting to increase rotation aigjee size and forest
complexity with accompanying ecosystem co-benefits.

Income tax credits or other incentives would agedtereforestation/
sequestration efforts by landowners.

Applying existing State Water Bond funds to reféa&isn of upper
watersheds would help develop water-holding capadisoils and
vegetation and to mitigate effects of diminishedwgmack on state water
supplies.

C. Urban Forests for Climate Benefits

Accelerated urban tree planting programs will daatscapes, sequester carbon, and
provide biomass for renewable biopower.

Time Frame: Program delivery systems in place and expandabkdh2 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 reductioangtl

is 0.88 MMTCQE/yr at 2020 (0.14 sequestration; .05 shade; .68ass).

Ease of ImplementatiorPlanting technology and delivery programs are diyea
highly feasible. Urban wood waste is a relativaysistent supply of material.

CDF has broad existing authority to implement itbdh Forestry program.

Program and CEQA processes are established anéhgnddarriers include the

following:

7-11
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0 The need for additional funding for tree plantingéate and local levels;
o Ongoing maintenance costs associated with plartesl s

0o How to best site biopower generation facilitieking urban forest waste
streams with agricultural, forest and other woodt@a to serve as
feedstock.

Ways to overcome these barriers:

o Pursue funding to augment tree planting: grantsgdbpand increased
USFS, city and utility support (e.g. the Sacramdvitmicipal Utility
District and other utilities now provide free skadees if planted to
effectively reduce summer energy use);

0 Support expanded tree-nursery programs at exi€tivig and private
nurseries to provide tree stock for planting;

0 Biomass facility siting is a function of regulataagency action, location,
energy price and dependability of supply.

« Co-Benefits / Mitigation Requirement$here are multiple co-benefits, including
energy efficiency from shading; park, recreatiama®l, street tree and property
benefits from trees; and reduction of landfill displ of wood wastesA CEQA
process is already established for mitigation nesments.

« Responsible Parties:Urban cities and districts; CDF; State Parksdepent,
USFS; California Department of Transportation.

Problem: A renewed state focus on existing Urban Forgatograms can deliver gains
in carbon storage, energy efficiency and energgyecbon, but is currently lacking. Tree
plantings in strategic locations will store carlamntrees grow, provide shade for
buildings and parked cars (reducing energy emisdi@m air conditioning) and shade
roadways to help reduce the urban Heat Island tefl@omass facilities combusting
urban waste will divert wood waste from landfillsdasupplement feed stocks from
agriculture, construction and other sources. Carfterding from CDF Urban Forestry
program, USFS and Propositions 12, 40 and 84 ardfiaient to meet the goal of five
million trees planted by 2010.

Possible SolutionsFurther emphasis on possible grant, bond arel stburces of
funding to increase planting programs and prouvide stock. As biomass/biopower
capacity develops, urban tree programs and wootevgieams will receive more
focused attention.

D. Endorse “California Climate Solutions” Program

California should champion home-grown products actibns that contribute to climate
solutions and provide in-state purchasing prefezsrand priority in regulatory queues
whenever feasible, and give preference to offsadlyets certified by the CCAR in
voluntary or cap-and-trade market systems.
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* 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 &&c
Trade Associations can develop an umbrella “CalitoClimate Label” for
products and actions that result from (or are @erivm compliance with) state
climate policies and programs.

» 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, clirsaligions 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 dite 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 mregulatory queues where feasible.
Give preference to offset products certified by GTiA voluntary carbon markets and
cap-and-trade systems.
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1 a) International Panel on Climate Change (20®])Food and Agriculture Organization of the United
Nations,Global Forest Resourcesssessment 2005, FAO Forestry Paper 147, (2006):
http://www.fao.org/forestry/site/32431/enAlso: http://www.fao.org/newsroom/en/news/2005/1000176/
% Stein, S.M et alForests On The Edge: Housing Development on Amisritavate ForestsGen.Tech.
Rep. PNW-GTR-636. Portland, Oregon, (2005); Unéates Department of Agriculture, Forest Service,
Pacific Northwest Research Statiditp://www.fs.fed.us/projects/fote/reports/fote-§9.pdf

% Stein, Susan M. et aNational Forests on the Edge: Development Pressomeémerica’s National
Forests and Grassland§en. Tech. Rep. PNW-GTR-728. Portland, OR (20073, Department of
Agriculture, Forest Service, Pacific Northwest Rersl Station, p. 26.

* Callifornia Dept. Forestry and Fire Departmefihe Changing California; Forest and Range 2003
AssessmenEire and Resource Assessment Program (20@)//frap.cdf.ca.gov/assessment2003/

® Westerling, A.L. et al, "Warming and Earlier Sgritncrease Western U.S. Forest Wildfire Activity,”
ScienceyVolume 313, No. 5789, August 18, 2006, p. 940-943.

¢ Millar, C, Stephenson, N. and Stephens, S.L., “@t@Change 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 DescriptiAnalysisGen. Tech. Rep. PNW-
GTR-615. Portland, OR (2004): U.S. Department ofiéigture, 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, Dani&llLow-Carbon Fuel Standard for California, ParP2licy
Analysis - FINAL REPORT University of California-Berkeley and Universiby California-Davis: Posted
on 8/2/07 http://www.energy.ca.gov/low_carbon_fuel_ standaud/#

See also: Baker, David R., “Emission Plan from TEam: State Must Reduce Greenhouse Gases, Carbon
in its Fuels,”San Francisco ChronicjeAugust 4, 2007 C-http://www.sfgate.com/cgi-
bin/article.cqi?f=/c/a/2007/08/04/BUNSRCLHF1.DTL & ow+carbon+fuel&sn=001&sc=1000

" ETAAC Review of Market Advisory Committee Repd2€)08.

125ee CDF CAT Report, 8/07 for assumptions andutations for projects on private forest lands

3 Turner B., Plevin, R. O’Hare, M. and Farrell, &reating Markets for Green Biofuels: Measuring and
Improving Environmental Performanceénstitute 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
|. Introduction

Water is one of the few sectors of California’smmmy where the same policies can serve both
preventative and adaptive global climate changésgdéaking more efficient use of water will
reduce our demands on water resources and shergnigrgy consumption associated with water
conveyance, pumping, heating and treatment. Caldoxater policies can therefore help the
State adapt to the effects of climate change waide minimizing GHG emissions.

California’s current water use makes significanttabutions to the State's current GHG
emission inventory. The 2005 CEC repGdlifornia’'s Water-Energy Relationshgoncluded

that the water sector is the largest user of etedtenergy 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 yddrat same year, Governor Schwarzenegger's
Climate Action Team estimated that the energy esedove and treat water in California results
in the release of approximately 44 million ton<&), emissions annually.

The “embedded energy” of water -- which includes ¢éhnergy consumption associated with
water conveyance, pumping, heating, and treatingries significantly by location and use.
Based on research performed by the CEC’s PIER anmogthe following table reflects the
embedded energy (apart from end use consumptiquojreel for indoor and outdoor uses of
water in Northern and Southern Califorhi@ihe difference between indoor and outdoor water
use in this table is attributable to wastewateattreent.

Southern California

Northern Californig

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 percenteoividiter-related energy consumption.
According to NRDC'sEnergy Down the Drafreport, end use energy is conservatively
estimated at 3,900 kWh/acre-feet (AF), a figure titees not include outdoor water use. Total
energy savings per AF (including end use energylavbe 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,Htevever, 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 progelivery mechanisms are justified.

There is a growing imperative to accelerate waserefficiency in California. Likely impacts of
climate change on California’s water supplies,ghexipitous collapse of the San Francisco Bay-
Delta ecosystem, mounting evidence documentindréggle 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 egifigiegCalifornia's efficiency potential remains
largely untappedA report from the Department of Water Resources i)\WhntitledCalifornia
Water Plan UpdatéBulletin 160-05Y estimates that water use efficiency can reducarurb
water use by 1.1 to 2.3 million acre feet (MAF) pear, 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 approxietaB0 million tons of GHG emission
reductions through 2030. Incentive driven advameegater-saving technology over the next 25
years could potentially push savings well beyoreséhlevels.

The CEC’s May 200%Vater-Energy Relationship Repantiudes an avoided-cost based
analysis in Appendix D of present water conservatinod efficiency programs. This analysis
shows that effective water conservation and efficygprograms can provide an entire string of
benefits, including energy savings, reduced airssians, 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 studyby Environmental Entrepreneurs estimated thabuprillion 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 stuldyemultiple public and private entities to
derive its estimates within the following categerie

«  Water metering and tiered pricinglove to 100 percent metered water use and tier
pricing to create an incentive to reduce high camstion;

« Indoor water use:Utilize fixtures and appliances that require lesder;

« Outdoor water use:Rely upon more efficient landscape irrigation;

 Non-revenue waterEliminate water that is lost or consumed, butmetasured, and fix
water losses due to leakage, evaporation and stonagyflows;

e Agriculture: Increased use of drip or other micro-irrigatienhnologies and more
efficient conveyance and delivery systems can dtiaally cut consumption.

The categories of energy efficiency include:

« Solar pre-heating for hot water applications;
« Conversion of biogas to energy at wastewater faesti
«  Water processing plant optimization.

The categories for water recycling include:
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« On-site conversion of wastewater for irrigation aoitets. (Wastewater recycling can
also save energy when it displaces a more enetggsive water supply.)

« Capture of storm water to recharge groundwateo eptwvert into irrigation or
consumption supply.

The solutions listed above represent many cost#feopportunities to reduce the GHG
emission impacts from water use in California. Tt&C 2005 Integrated Energy Policy Report
noted that the State could achieve all of the gp/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, cadhdieve additional savings at virtually no cost.

In January, 2008 the CPUC approved $6.4 milliorpitat water-energy projects and associated
studies. This is the first use of electric ratepdyading applied to water efficiency
improvement projects. Included in the new prograr$§341,000 for emerging technologies, plus
another $100,000 for evaluation of these same @ntetgchnologie$.It is hoped this program
can verify the benefits of technologies that savth bvater and energy.

By identifying cost-effective opportunities to resuwater sector energy use through water
conservation and efficiency programs, California atso reduce its vulnerability to the effects
of climate change. Governor Schwarzenegger’s 268kl report on climate impacts in
California entitledOur Changing Climat@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 saenakdditional 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 dependapoe our scarce water resources today,
California will be better prepared to withstandgbgrojected changes in the future.

However, the State is not on target to achievieléstified water savings potential. A 2004
analysis by the CALFED Bay-Delta program revealet tn the urban sector, the voluntary
process based on the Memorandum of Understandiggr&eg Urban Water Conservation in
California “is not working as intended and its imapan urban water use remains well below its
full potential.” The analysis noted that the agricultural wateraffieiency 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 CECchtitat water
efficiency policies, programs, and funding lagti@hind 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 mustlgiéa adequately addressed.
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Il. Recommendations

A. Establish al oading 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@sch 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 eachatolu 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 mosh®fnergy is
delivered by investor-owned utilities that are fed¢ed by the State, most water in
California is sold by public agencies under a dédfeé 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;

0 Reduced water consumption will make it easier toaga natural water shortages
and the alterations of California’s hydrology calibg global climate change;

0 Reduced energy usage will cut air emissions cautirig to unhealthy levels of ozone
and fine particulates;

o Disadvantaged communities can reap economic berfitioritized for access to
water use efficiency projects.

* Responsible PartiesSWRCB, DWR, CPUC, State Legislature, Dept. of Healt

Problem: California currently does not have a procedurepfritizing water efficiency and
other alternative sources of water over traditiGradrgy-intensive water supplies.

Possible Solution Model water resource planning and supply develeqt 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&tv generation needs with renewable and
clean distributed generation resources; and (3pflemaining 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 Legislatnldied 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 Siate energy efficiency programs. Those
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programs have been a major reason why Califorpefscapita energy consumption is one half
the national average.

The Loading Order for the water sector would loék khis:

» First, decrease demand through improved wateriefity 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 traditiosisbply 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 watgeuddeasures 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 tettkemand through alternative sources such
as water recycling (processing used water or stamoff) to produce water suitable for
irrigation, toilets, or in some cases, consumptiSuoch alternatives can be compared both on the
cost of water delivery and also on the GHG emissgaluctions. Agencies that demonstrate that
they are on track towards maximizing their effidgmpotential could simultaneously pursue
these alternatives if necessary to meet demanall¥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&af must take these steps to put these policy
goals into operation: establish a process forrdeteng the efficiency potential and
corresponding efficiency targets; standardize extadn, measurement and verification of
savings; and adopt regulatory and incentive progremachieve those targets.

A Loading Order would also need to be harmonizeati existing policies including (but not
limited to) the California Water Code (sec 1063thjch requires an evaluation of measures or
combinations of measures that offer lower incremlertsts than expanded or additional water
supplies; AB 1420 (Laird), which requires considieraof demand management measures as a
condition for water management grants or loans;ahdr 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 effegiograms in the electricity and natural gas
sectors.

B. Establish a Public Goods Charge for Funding Water | mprovements

The State should establish a program that colkepisblic goods charge from water users for
investments in water efficiency as a cost-effectinaer supply measure and a GHG emissions
reduction measure.
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* Timeframe: Programs in place by 2012.

* GHG Reduction PotentialThis financing would accelerate implementationhaf water
“Loading Order.” (See estimates of the one-for-bnle between water and energy
savings in recommendation A above.)

» Ease of ImplementationSimilar effort to that used by the public goatisirge in the
electricity and natural gas sectors.

» Co-Benefits/Mitigation Requirements:

o Can benefit disadvantaged communities by fundicgllavater efficiency
projects;

0 Reduced water demand will improve water qualityhi@ Bay Delta;

o0 Reduced water consumption will make it easier toaga seasonal natural water
shortages;

o0 Reduced energy usage limits unhealthy levels ohezamd 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 eandslected on water
bills and then used to fund end-use water effigramgprovements, system-wide efficiency
projects, and water recycling. The charge can baehed after the program used for energy
efficiency and managed by the California Energy @uossiort®

A Public Goods Charge is financed by a small sugdhan rate payers. Despite these upfront
costs for ratepayers, the existing CEC energy pragras demonstrated an ability to generate a
positive return, which ultimately lowers customdsgls. A study by the RAND Corporation on
California’s energy efficiency program showed suked 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 teab@onized with other funding,
particularly the funds created by the recently pdg3roposition 84.

! Navigant Consulting, Refining Estimates of Watetd®ed Energy Use in California, prepared for tiadif@rnia
Energy Commission, Public Interest Energy ReseBrolgram (December, 2006) CEC 500-2006-118

2 http://www.nrdc.org/water/conservation/edrain/eons.asp

3 http://www.waterplan.water.ca.gov/previous/cwpua@tdex.cfm
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* http://www.e2.org/ext/doc/E2C2WaterReductionsSumynpealf

® California Energy Commission, 200&egrated Energy Policy Repo€EC-100-2005-007CMF, (Sacramento,
CA. November 2005) p.150.

® http://docs.cpuc.ca.gov/PUBLISHED/FINAL_DECISIONA26.htm#P108_3558

" CALFED Bay-Delta ProgramWater Use Efficiency Comprehensive Evaluati@acramento, 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_400-99-020Lht

™ http://lwww.rand.org/pubs/monograph_reports/200512R2.0. pdf
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9. ETAAC Review of MARKET ADVISORY COMMITTEE REPORT
|. Introduction

CARB requested that ETAAC provide a consensus wieWow various policy mechanisms
referenced in the Market Advisory Committee (MAEport might affect investments in -- and
the implementation of -- technologies and otheutsohs designed to help meet AB 32’s GHG
emission reduction goals. CARB directed ETAAC toyide comments on three specific
market design objectives highly relevant to the@ife implementation of AB 32: (1) Early
Action; (2) Innovation; and (3) Clear Price Signals

CARB also requested ETAAC to comment on how auatewenues 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 reviéasdd not be considered a comprehensive
analysis of all of the risks and benefits of paitac market designs or how traditional regulations,
tax incentives, or other alternatives to a marlstesn might affect early action, innovation, and
price signals. While these are all very imporigoals, ETAAC acknowledges that there are
additional factors that policymakers should conswleen designing new markets for carbon and
other GHG emission reductions.

The rationale for focusing on Early Action, Innaweatand Clear Price Signals is summed up
below:

1. Early Action: It is imperative that California implement polisithat encourage early
action investments in climate change mitigatiompto the imposition of GHG emission
limits in 2012. CARB therefore requested that ETAé@nment on how various market
design features either encourage or discouragg @&etibn.

2. Innovation: While efficiency improvements and existing teclogges can provide
substantial GHG emission reductions throughoutf@alia, it is clear that the long term
goals will require significant technological inndwes in renewable energy, cleaner
transportation options, as well as innovation imynather sectors of California’s
economy. With this in mind, CARB asked the ETAAGCctimment on how various
market design features either encourage or disgettee development and deployment
of innovative technological solutions to climatenge.

3. Clear Price Signals: Both the carbon market, as well as emerging marketCleantech
technologies and services, require clear and pensiprice signals to provide certainty
for investors. Absent this certainty, firms argsldikely to invest in the development of
new technologies or to install existing clean textbgies. CARB therefore asked
ETAAC to comment on how various market design fesgteither encourage or
discourage the establishment of these criticalcar 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-desggicap and trade system cannot address all
of the different market failures that may preveninopede the development and deployment of
new low-carbon technologies. Complementary measamd regulations will also be necessary.

A. Scope of Carbon Cap

A broader cap is preferable to a narrow one inmot@eneet all three policy goals in the most
cost effective manner. Therefore, the AB 32 cartam should 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-termestment opportunities, and can thus
encourage early action on a larger scale.

Innovation: A broader scope should lead to more innovatioergouraging investments
in more sectors as each regulated entity seelksitece GHG emissions. Some ETAAC
members noted that trading would have an ambigatiast on innovation: buyers of
credits may escape the pressure to innovate byasireg GHG emission reduction
credits, while sellers may profit from innovatiaesulting in excess GHG emission
reductions. If the scope of the cap is not braaoecomes more important to have a
mechanism to encourage reductions in sectors eutiselState cap. Ways of
accomplishing this are to either allow offsets imect funds from auction proceeds
through a mechanism such as the proposed Calif@aibon Trust (see Chapter 2,
section IIA).

Clear Price Sgnals. A 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 booshtineber of GHG emission reduction
opportunities available under the cap. By incregasive breadth of these opportunities
throughout California’s economy, the true cost éf@&Gemission reductions will be
revealed over time. Furthermore, the higher nunobentities covered by a broad cap
should increase liquidity, thereby improving coefide in market signals. Ultimately,
this stability and liquidity should attract morepgal and consequently lower costs.
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B. Point of Electricity Requlation

Some members of ETAAC believe that if CARB chodsgsursue a “first-seller” model of
electricity GHG emission reductions, then certaéps become important to ensure that price
signals fostering innovation can be effectivelyeactipon. Load Serving Entities (LSE) — such
an electric utility -- may be better positionedritiast-sellers to directly stimulate innovation by
virtue of their likely greater economic power, thegsource planning processes, and their diverse
portfolios of energy assets. For example, the meaif an entity such as the proposed California
Carbon Trust (see Chapter 2, Financial SectorisgelitA) 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 incestio innovate exist under the first seller
model because:

. LSEs will have a AB 32 compliance responsibilityaafirst seller;
«  Costs will flow to LSE customers, creating an egaimincentive to innovate;

«  To the extent the first-seller model is consisteith what is likely to be implemented at
the 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 inaten.

C. Allowance Allocation M ethod

ETAAC considered the impacts of the free allocaiohGHG emission allowances based on
historical emissions (known as grandfathering) fadocations based on economic output, and
revenue-generating allowance auctibSIAAC members agreed that grandfathering is bad fo
all three criteria. There was general agreemeatdbme level of auctioning will be necessary.

Early Action: Allowance auctions, whether partial or full, prdeithe strongest

incentives for early action. Entities that redun@ssions early will not have to purchase
as many allowances at auction. Free allocatiotesys whether grandfathering or
output-based, do nothing to encourage early actidrandfathering actually provides a
disincentive to innovation. As a result of grant&atng, firms that undertake early
emissions reductions receive smaller allowancesatlons. In contrast, output-based free
allocations do not discourage early actions.

Innovation: Allowance auctions provide the strongest finanitiaéntives for innovation
within capped sectors. With auctioning, permitsatecated efficiently and all parties
have an incentive to innovate so as to reduceuh&ber of permits they must purchase.
Auctions are also an easy way to permit the ertrgriovative new firms into the market.
The revenue from auctions can be used to encoumageation. However, it was
mentioned by some ETAAC members that firms havédidnavailable capital. Money

! Free allocations, such as the US Acid Rain progemdistributed to complying entities at no doshemselves.
Allocations based on megawatts for power generateran example of “output” based allocations.
“Grandfathering” means allocations based on histemissions.
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expended for purchasing permits may reduce thdityato invest in new technology.

Some ETAAC members felt that a well-designed flkeation system with a stringent
cap could provide the needed incentives for infionags all companies would still have
to meet a hard cap and ultimately decrease the{e ®Hissions. 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 showddesigned in such a way that the
setting of baseline emissions levels does not disge early reductions.

Clear Price Sgnals. Some amount of auctioning is necessary for estaibly a clear and
early price signal. Auctions expose the true mackearing price for all GHG emissions
under a cap, whereas free allocation systems cbmeggation prices for emission
reductions that are not traded.

D. Useof Auction Revenues

In legal terms, auction revenues are a “fee” bez#usy 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 betweenrpesplof 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 aimiss 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 accomplishvery same goal of GHG emission
reductions. In addition, it is important to puésle revenues to use quickly to avoid “fiscal drag.”
It does not serve the greater public interest thivald these funds from the economy while State
regulators decide what to do with them for extenpedods of time. So long as the fee starts
generating revenues (and corresponding potenttdigbenefits), it is at least indirectly
compensating consumers and companies for any ipgoeases 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 Géfssions reductions to support the
development and deployment of low-carbon techne®ghrough an investment program.
This could be accomplished in a number of waysuticlg, but not limited to the
following: create a direct investment program tlsaiutsourced to a private entity; work
with existing private nonprofit organizations timaake 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 prae achieve commercialization quickly
(see Chapter 2, Financial Sector, Il. B).
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» Create financial vehicles and/or programs that @sklspecific gaps, imperfections, or
opportunities in the low carbon market in ordes¢éove 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,
vehicle demonstrations for clean transportatiohrietogies, etc. (See Finance Sector Il
B)

* Take advantage of Environmental Justice co-benafitsGHG emission reductions in
disadvantaged communities. Co-benefits from enmiseduction 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 potentiallpitapt 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 affedtgalimate change or by climate change
mitigation. Any such assistance should not elim@rthe incentive created by placing a price on
carbon, but instead should help with short-termditeons to a more competitive, low-carbon
economy.

E. Offsats

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 thastities 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-bagedach to offsets is preferable to case-by-
case review since this approach reduces transauigis as well as increases predictability, both
of which encourage early action, innovation, arghcprice signals. ETAAC received
significant input on the subject of offset ruleelfocus here is on the use 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 &lsa buyer in the voluntary market, bringing
more capital to the table.

For a variety of reasons, policymakers may chooggdce 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 lseful if policymakers are trying to drive
progress within a particular segment of the econdrmgits 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.)
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Early Action: ETAAC does not believe that offset rules have angod implications for
early action. Offsets themselves provide no ingestfor early action. To the extent
that other policies encourage early action, howesi#sets can increase the scope of
potential emission reduction projects in the egding.

Innovation: There is a tradeoff between incentives to innoaatk the cost of compliance.
The increased flexibility provided by unlimited séts would reduce AB 32 compliance
costs, but could also reduce the pressure to lagiveeavithin a given sector and weaken
price signals for would-be innovators. Limits difsets are therefore useful for
encouraging new technological advances within $jgezapped 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 secémme ETAAC members noted that,
in sectors with particularly high mitigation costsierly strict limits on offsets could
drive up compliance costs and thereby reduce theuahof capital available for
investment. Any limits on offsets should therefeaey sector by sector based on the
ability of each particular sector’s ability to inraie and reduce GHG emissions. A report
by McKinsey —Reducing US Greenhouse Gas Emissions. How Much at What Cost?
provides a detailed cost estimate of a variety ldf33eduction projects. While quantity
limits on offsets can be valuable for encouragiaiijpa and creative thinking within a
sector, it should be pointed out that it is diffido come up with a “scientific’ number to
justify any specific limit.

Out-of-state offsets will send money out of theifdahia economy, thereby limiting
innovation and investment within the state’s bosdeBeographic limits on offsets could
therefore be helpful in promoting in-state innowatand reductions. Keeping these
activities in-state would also ensure that Califaiis able to take advantage of co-
benefits such as economic growth and reductiogsteria pollutants -- both objectives
of AB 32 -- among other public policy goals. Plagmeographic limits on offsets is one
way to guarantee that offset projects used for diamge within state borders meet
California’s rigid standards for “additionality” drverification. Some members raised
guestions as to whether or not placing geogrami¢s on offsets could be designed in a
way that does not violate the Commerce Clause.eMesearch is needed on this issue.

Clear Price Sgnals. By providing increased flexibility for complianceffsets can lower
prices. Limits on offsets based on geography tenditigate 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 earlyaphs 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
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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.”)

Early Action: Banking encourages early action by allowing finvig undertake early
reductions to save allowances for later use. Siegeee of banking is required if
policymakers want to encourage early action, asdithat are not allowed to bank credits
generated through early action have little incenttv make early reductions in GHG
emissions. The early action benefits of bankinklvé limited to the extent that banking
is limited.

Innovation: Banking of allowances is expected to encouragevation by providing

value for deployment of innovative emission redoasi in advance of required reductions.
Banking lets companies take advantage of lumpysimrents in step-change emission
reduction technologies and measures. Some merafgrred that time and quantity

limits on banking would limit this innovation inceve. However, others noted that the
buildup of a large bank in the early years couldrease the pressure to innovate in later
periods. Limits might therefore be helpful to pret/the banks of offsets from growing

too large to thwart near- and long-term innovation.

Clear Price Sgnals. Banking is one way to address price fluctuatiors gtabilize 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@ lpeevent allowance price spikes by
decreasing relative demand for allowances wheregice 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 béricted to the extent that limits are
placed on banking. Other ETAAC members arguedlitméts on banking are necessary
to force allowance sales, thereby providing liqui@ind price containment. Since
allowance prices are generally expected to incregagee future, firms may not be
inclined to sell allowances that are increasingalue so long as they can bank them
indefinitely.

G. Borrowing

This policy allows entities to “borrow” allowanc&sm future compliance periods for use in the
current compliance period. While banking theoadlycencourages over-compliance and early
action, borrowing can have the opposite effecavailhg capped entities to delay compliance.

ETAAC believes that borrowing should be limitedviery specific circumstances. For example,
conditional borrowing, triggered by certain markenditions, could serve an important role as a
cost containment mechanism. Beyond this limitgaliagtion, however, borrowing is
problematic in practice. Many of the benefits thatrowing offers in terms of flexibility over

time can be achieved instead through the use gklocompliance periods.
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Early Action: Borrowing discourages early action by allowing aagbentities to delay
compliance. Unrestricted borrowing would providsttang disincentive for early action.
Limits on borrowing can reduce this effect to aréeg but even a restricted borrowing
ability is likely to reduce early action.

Innovation: By allowing firms to delay compliance, borrowingalgs technological
innovation and the diffusion of advanced solutioAstew ETAAC members felt that
limited borrowing might be necessary for innovatinrorder to encourage longer-term
investments. The use of a longer compliance paradd serve the same purpose,
however, and eliminate the need for borrowing.

Clear Price Sgnals: Borrowing can help smooth prices by providing flekiy over time.
But this can also be achieved through banking badise of a longer compliance period.
Conditional borrowing, triggered by adverse madaatditions, could address price
spikes.

H. Cost Containment M echanisms

Cost containment comes from flexibility and goodgram design. A broad scope, offsets,
banking, and proper use of auction revenues, stalulalp keep compliance costs down to
reasonable levels for capped entities. Nevertbetes market is ever perfectly designeddidr
situations. The emerging market for carbon andrd@¢G emission allowances could benefit
from a fast-acting cost containment mechanismdbald 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 tHidbhg 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 borroying

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 cledd§ined; 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 @icehigh enough level to maintain the
threat of high prices and therefore incentivesefmly action. The same argument could
be made with regard to a dynamic market makerhtastcost containment as one of its
goals. Nevertheless, such an entity could be as@ded 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
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reduction technologies. An active market maker ldidng able to monitor trends in both
costs and investments in low-carbon technologiésyeng for more well-informed
intervention.

Clear Price Sgnals: A safety valve would create an upper bound forpthee of carbon
and other GHG emissions, but would not create ciable prices. A market maker that
could actively monitor trends and intervene as ss@g/ would be better able to smooth
prices, providing consistent and clearer price aigifor investors. 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 Much at What Cost?, 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 @Golion Clean Transportation. He
served as the Secretary of the California EnviramadeProtection Agency from 2004
through February 2006 and as the Chairman of thiéo@aa Air Resources Board from
1999 to 2004. Prior to joining ARB, Dr. Lloyd wasetExecutive Director of the Energy
and Environmental Engineering Center for the DeRedearch Institute at the University
and Community College System of Nevada, Reno, laadchief Scientist at the South
Coast Air Quality Management until 1996. Dr. Lloyavork focuses on the viable future
of advanced technology and renewable fuels, wigné&bn to urban air quality issues
and global climate change. A proponent of alterfiaegés, electric drive and fuel cell
vehicles eventually leading to a hydrogen econdmyyas the 2003 Chairman of the
California Fuel Cell Partnership and is a co-fourmfehe California Stationary Fuel Cell
collaborative. He earned both his B.S. in Chemiatrg Ph.D. in Gas Kinetics at the
University College of Wales, Aberystwyth, U.K.

Bob Epstein (Vice-Chair)

Dr. Epstein is an entrepreneur and engineer with.®. from the University of
California at Berkeley. He is currently the Co-Rdar of Environmental Entrepreneurs,
Director of New Resource Bank, Director of Cleaht@apital Group, Board Member of
the Merola Opera Program, and Trustee of the NeRgaources Defense Council. Dr.
Epstein co-founded Environmental Entrepreneurs,(&#2pational community of
professionals and business people who believeotegting the environment while
building economic prosperity. It serves as a champin the economic side of good
environmental policy by taking a reasoned, econallyicsound approach to
environmental issues. Through active support dtiké Resources Defense Council, E2
works to influence State and national environmepddicy.

Lisa Bicker

Ms. Bicker is President of the California Clean &yeFund (CalCEF), a private
nonprofit corporation formed to accelerate investhie 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 higrewth, retail electricity provider
which is now the largest retail electricity provide the United States. Ms. Bicker has
also served as General Counsel to California CétmrcEnvironmental and Economic
Balance, a non-profit advocacy group. She hadafBom the University of California
at Davis and a J.D. from the University of San Ersecp. She is a member of the
California State Bar and several industry assamiati
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Jack Broadbent

As the Executive Officer/Air Pollution Control Oéer, Mr. Broadbent is responsible for
directing the Bay Area Air Quality Management Dists 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 joiredAir 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 impitatien 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 degrefenmironmental 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@ala. She has been associated
with the agricultural community for over thirty ysathe past seventeen years have been
at CFBF working on State and Federal matters imetudir quality, biotechnology,
climate change, transportation and renewable 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 Comemithnd their Biodiesel Working
Group.

Alex Farréll

Dr. Farrell is an Assistant Professor in the Enengg 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 submatritee.tdat, Dr. Farrell worked for the
world’s largest hydrogen supplier, Air Products &ftemicals, Inc. He received his
Ph.D. in Energy Management and Policy from the ©rsity of Pennsylvania and then
worked as a research fellow at Harvard, and a relsemgineer at Carnegie Mellon
University, where he remains part of the ClimateiBien Making Center. For the last
decade, Dr. Farrell has conducted research onyaedyenvironmental policy and has
published over two dozen peer-reviewed papers esetlopics. He has served on
advisory committees for the National Academy of iBegring, the National Science
Foundation, and has consulted for various publetc@ivate organizations.

Bill Gerwing

Mr. Gerwing is the BP America General Manager ofjitatory Affairs. He is
responsible for regulatory issues management pgpgesernment regulator and non-
government organization stakeholder engagemenegtraand 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 assignmentsthaltorporate and operating
business units within BP and Amoco. In 2003, he aygsointed as the Director of HSE
for BP’s Western Hemisphere business and was taered to his current role focused on
US activities in 2006. Mr. Gerwing represents BPREW's Business Environmental
Leadership Committee (BELC), API Climate Change=Bi Committee, and a variety
of external stakeholder forums to advance polioyetigoment on climate issues.

Scott Hauge

Mr. Hauge is the President and owner of CAL Insoea& Associates, Inc., which was
founded in 1927 and currently has 27 employees agency specializes in providing
insurance for small to medium sized businesseshdddbeen a leading advocate in
paving the way for small and medium sized busirebgentroducing government
legislation that has affected business on localteSind national levels. Mr. Hauge is
renowned for his knowledge of how to best protect serve the business community.
He is currently a member of over 20 boards and cissions in San Francisco and
California. He is the founder of the San FranciSogall 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 Caliopbased technology companies. He
directed successful TechNet lobbying efforts relategreen technology, litigation
issues, e-commerce regulation, corporate taxagioth broadband deployment. Mr.
Hawley has a B.A. Magna Cum Laude in political sceefrom Amherst College, a JD
from Georgetown University Law Center and an actamber of the California Bar
Association.

Patti Krebs

Patti Krebs is the Executive Director of the IndiadtEnvironmental Association, a

Southern California public policy trade organizatibat represents manufacturing,
technology and research and development companiasaide variety of legislative,
regulatory and policy issues that affect theirlfaes and operations.

Patti currently serves on the San Diego Associatfo@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 RegiGatainability Partnership. She is a
past member of the Board of Directors of San Diegmsit Corporation, the San Diego
Natural History Museum and the San Diego Symphdlye has served on numerous
Statewide technical boards and commissions inctutlia State Water Resources Control
Board Advisory Group on TMDLs and the Air ResourBesrd Neighborhood
Assessment Group.
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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 ©&xffat the Energy Foundation, a
private foundation which promotes a sustainablegniiture through increased energy
efficiency and renewable energy. From 1995 to 2046 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 CdateEnergy 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 Environmentaéi®&e and Policy at the University
of California, Davis and an Associate Energy PolAnalyst and Co-Director of the
Hydrogen Pathway Program at the Institute of Trartsgion Studies (ITS-Davis). Her
primary research interest is technical and econassessment of new energy
technologies, especially in the areas of alterediiels, fuel cells, renewable energy and
energy conservation. Since 1994 she has studiechalive strategies for developing a
hydrogen infrastructure for transportation applmas. Ogden and her colleagues have
developed an extensive set of data on hydrogeriushdell technologies, and tools for
modeling infrastructure performance and costs. iShew active in the H2A, a group of
hydrogen analysts convened by the Department ofgigrie develop a consistent
framework for analyzing hydrogen systems. She skovethe Blueprint Advisory Panel
for the California Hydrogen Highway Network. Dr. @an received a Ph.D. in theoretical
plasma physics from the University of Maryland,nat specialization in numerical
simulation techniques. She was a research scient&tinceton University’s Center for
Energy and Environmental Studies and her recenk w@nters on the use of hydrogen as
an energy carrier, particularly hydrogen infrastinwe 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,carchion policy arenas. She was
promoted to a policy analyst position at the st82006, tracking and lobbying on
energy, government procurement, outsourcing angammental issues, as well as air
and waste management. She was named policy adviocanergy and climate change
issues in October 2006. Before coming to CalChay¥s. Patel garnered Series 7 and
63 broker’s licenses while working at E*Trade Ficah She also served as a public
policy intern at the Sacramento Metropolitan Chandf€Commerce. Ms. Patel
graduated from the University of California, Dawgh 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 Reladifor the California
Manufacturers and Technology Association since 280€viously, she consulted on
energy and telecommunications regulatory issuemérstrial energy users, policy
advocates, and economic research firms. Ms Rothgoattuated 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 keyypa the restructuring
legislation. He has served as Chair of the GowgrBoard of the California Independent
System Operator, and as a member of the GoverroagdBof the California Power
Exchange and the Restructuring Trusts Advisory Cdtae Mr. Smutny-Jones is a
graduate of Loyola Law School and is a member @fAmerican, California State and
Sacramento County Bar Associations. He did hiugpéduate work at California State
University, Long Beach, and has a certificate iwiEonmental Management from the
University of Southern California.

Andrea Tuttle

Andrea Tuttle has 30 years experience in Califoresmurce policy issues. She is former
Director of the California Department of Forestnda-ire Protection (CDF), and served
on the California Coastal Commission and the N@wlast Regional Water Quality
Control Board. She was principal consultant toSke&ct Committee on Forest
Resources in the California Senate, and has c@uasait sustainable forest management
in Malaysia. She currently teaches forest andgakcy in the College of Natural
Resources at UC Berkeley and is a board membeh@Phcific Forest Trust. She is a
strong advocate for retaining working forestlanaistheir environmental, economic and
social values, and incorporating the role of fweésta 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 develot, procurement and settlement.
Mr. Wan joined PG&E in 1988 and moved to Energydiimg in 1997. He served as Vice
President, Risk Initiatives for PG&E Corporationppart Services, Inc and as Vice
President, Power Contracts and Electric Resoureelbement. Mr. Wan has a Bachelor
of Science degree in chemical engineering from @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 Berkshiaghaway. 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 En&sggciation. He is an Adjunct
Professor of Law at Georgetown University Law Centdnere he has taught a seminar
on energy issues since 1990, and he has alsolgagstd on energy issues at Stanford
Law School and the Johns Hopkins Environmentalr®eiend Policy Program. Mr.
Weisgall earned his B.A. from Columbia College &ilJ.D. from Stanford Law School,
where he served on the Board of Editors of Stanifand 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 EMiRaucts model comparison studies
on major energy/environmental policy issues by emmvg 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 Reseati®tatistics all from Rensselaer
Polytechnic Institute, and a Ph.D. in Managemeigr®e with minors in Economics,
Operations Research, and Organization Theory fromeusity of California at Berkeley.
Dr. Weyant was also a National Science Foundatast-Poctoral Fellow at Harvard’s
Kennedy School of Government. His current resefircases 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 angdkbgen business for Chevron
Technology Ventures Company, LLC. In this role hlas responsibility for the
commercialization of infrastructure developmengdurction and supply, as well as all
current technology initiatives. Mr. Zalesky joindee company in 1978 holding a variety
of management positions of increasing responsibilithe downstream in refining,
marketing, and technology. He is Chevron’s reprizda/e on the Fuel Operations Group
of the FreedomCAR and Fuel Program of the DepartmieBnergy and a member of the
UC Davis External Research Advisory Board. Mr.eadlly is a graduate of the Georgia
Institute of Technology, with a bachelor’s degne€ivil Engineering.
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APPENDIX ||: ETAAC Meeting Dates and Venues

Date Venue Focus
March 1, 2007 Cal-EPA Headquarters, Brought the Committee
Sacramento members together for the

first time, and began to
develop plans for meeting
the ETAAC goals.

May 31, 2007

South Coast Air Quality
Management District
Headquarters, Diamond
Bar

Provided Federal, local,

and other State agencies
the opportunity to present
to the Committee.

August 14, 2007

Cal-EPA Headquarters
Sacramento

Discussed the informatior
gathered to date and how
it will be incorporated intg
the Committee’s report to
the ARB

September 6, 2007

Stanford University,
Stanford

Provided national
laboratories, academia,
and technology providers
the opportunity to present
to the Committee.

October 16, 2007

Cal-EPA Headquarters
Sacramento

, Discussed draft report
status, provided commen
and revisions to staff, ang
voted on releasing for
public review period.

(S

November 29, 2007

4

Campus of University o
California at Merced,
Merced

 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 |1
Inventory of Current Funding Programs Related to Climate Change

The programs listed here fund activities to depémhnologies that can reduce GHG
emissions. Some of the programs are directed spabjfagainst such emissions. Others
-- such as the Carl Moyer Program -- are directextteer State air emission challenges,
but which can cut GHG emissions as a co-benefit.

Some of the programs offer grants; others offetre@ts based on an open bidding
process or other competitive disbursement instriasneBome of the entities listed in this
Appendix are directories of grant and contract peots. EXxcept as specifically noted,
the information shown here was obtained from thb sites cited for each of these
programs.
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Program: Advanced Technology Program (www.atp.nist.goy

Sponsor: National Institute of Standards and Technol(g\5T)

Funding source:NIST

Sectors supportedNew technology across all industrial sectors
Activities supported:Research and early R&D

Geographic limits: None

Funding: ~$155 million per year
Grant amount:~ 2.5 million, avg.

Grants as percent of applicationd:1 percent

Overview

ATP supports research and basic development otteewologies by sharing the cost
and the risk with companies when risks are too foghhe private sector to bear alone.
Research priorities for the ATP are set by industgr-profit companies conceive,
propose, co-fund, and execute ATP projects andranog in partnerships with academia,
independent research organizations and Federal labs

The ATP has strict cost-sharing rules. Joint Vesdi{two or more companies working
together) must pay at least half of the projectsotarge, Fortune-500 companies
participating as a single firm must pay at leaspéftent of total project costs. Small and
medium-sized companies working on single firm ATBj@cts must pay a minimum of

all indirect costs associated with the project.

Each project has goals, specific funding allocatj@nd completion dates established at
the outset. Projects are monitored and can banated for cause before completion.
The technology areas for grants are:

Advanced Materials/ Chemicals

Biotechnology

Electronics/Computer Hardware/Communications
Information Technology

Manufacturing

Measures of Effectiveness

N/A
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ATP uses complex, "cutting-edge" econometric arslys 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 estimaiade in a complex economic
analysis. “Cost” is the award by ATP.

ATP spends $2 to $5 million annually for the asses#s, which in part are done by
contractors. Data are obtained via formal sunaygrantees for six years after projects
end. Many of ATP’s analyses are comparisons oabieve metrics between companies
that have received awards and applicants that hatveeceived awards. (That is: they
gather data from both classes.)

In a study of 100 ATP projectsl22 new commercial products were identified améfg
grantees. In case studies of the first 120 ATRepts, 41 percent showed "strong" or
"outstanding" performance vs. ATP objectives. éfcpnt of awardees reported
reduction of R&D time by at least 2 years, and 6fcpnt expected to reduce their times
to market by the same amount. ATP funding wagalito16 percent of the projects3
of the awardees reported increased external furdiiego their awards. Over 14 years,
the overall benefit: cost figure is 8:1.
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Program: California Clean Energy Fund (www.calcef.org

Sponsor: California Clean Energy Fund (CalCEF)

Funding source:PG&E bankruptcy settlement

Sectors supportedNew technology (renewable fuels, energy efficiefcstorage)
Activities supported:Venture capital

Geographic limits: PG&E service territory

Funding $30 million (total)
Grant amountN/A

Grants as percent of application®i/A

Overview

CalCEF is a non-profit organization that makes ggavestments in emerging clean-
energy technology companies. Funds are investpdvate companies that are creating
technologies or products that should reduce reiamcnon-renewable fuels. These
include companies that focus on renewable eneggietbenergy efficiency, and energy
storage. They also include companies that prowiddyzts and services, such as
software, that are designed to enhance some asipthet clean-energy sector. CalCEF
acts as a critical funding source for emergingreleaergy companies that are too young
to access traditional venture capital.

The Fund arises from the PG&E bankruptcy settlemegbtiated by the California
Public Utilities Commission. CalCEF invests in canfes located in PG&E’s service
territory, and elsewhere, that are developing teldgy or products that could benefit
constituents residing within the service territory.

Measures of Effectiveness

N/A
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Program: California Solar Initiative (www.gosolarcalifornia.ca.goy/

Sponsors:CPUC

Funding source:Rate-payers of PG&E, SDG&E and SCE

Sectors supportedElectricity (photovoltaics)

Activities supported: Incentives (subsidy for installation of, or protlan by, solar
power in commercial buildings and existing homes)

Geographic limits: Service territories of PG&E, SDG&E, and SCE

Funding $2.16 billion over 10 years (2007-2016)
Grant amount: For >100 kW: $.03 - $.50 / kW-hr; for <100 kW: $0.2$3.25/ W

Grants as percent of applicationsEirst come, first serve

Overview

CPUC'’s California Solar Initiative, provides sulisglfor installing or using photovoltaic
power systems in existing residential homes anstiexj and new commercial, industrial,
and agricultural properties. All utility customewho do not receive subsidies for
distributed generation, do not pay at interruptidever rates, and do not resell power are
eligible.

Measure of Effectiveness

The goal for the program is 3,000 MW of new phottaio capacity installed by 2017.

It is too early to attempt to measure progress tdvlze goal. For systems larger than 100
kW in size, payments will be made based on perfageai.e. per kilowatt-hour
generated.
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Program: California Solar Initiative R& D
(www.cpuc.ca.gov/static/energy/solar/070216 csi laldptm)

Sponsor: CPUC

Funding source:Electric utility ratepayers

Sectors supportedElectricity (production technologies; grid integoat, storage &
metering; business development & deployment)

Activities supported:Mostly demonstration projects; also R&D and deplepin
incentives

Geographic limits: California
Funding $50 million over 10 years
Grant amount: No experience yet

Grants as percent of application®o experience yet

Overview

The CPUC will initiate a program to promote photi&ie distributed generation. The

intended outcomes are to:

Move the market from the current retail solar poé&9/watt or about 30
cents/kWh to levels that are comparable to theectimetail price of electricity.

Install increasing volumes of solar distributed gration projects that build from
the current range of 40+MW per year to 350 MW orenoer year.

Theproposedallotments of the funds are:
Research — 20 percent (to be committed to a péatipuoject)
Research & Development -- 10 to15 percent

Demonstration -- 50 to 60 percent (to be directeprojects that have already been

accepted for DOE or PIER R&D grants.)

Deployment -- 10 to15 percent (to be directed thmelogies and measures subject

to CPUC'’s regulatory processes and standards)

Measures of Effectiveness

No projects have been funded yet.
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Program: Carl Moyer Memorial Air Quality Standards Attainment Program
(www.arb.ca.gov/msprog/moyer/moyer.htm

Sponsor: State of California (administered by air qualitgnagement districts and
CARB)

Funding source: Vehicle registration fees, State grants

Sectors supportedTransportation (private and public sector); Agligre
Activities supported:Incentives for clean engingsreduce PM, ROG and NOx

Geographic limits: California

Funding $140 million per year

Grant amount: Buses, farm equipment, agricultural pumps (anayeof $12,000 per
unit); Marine vessels, construction equipment (880,per unit)

Grants as percent of application®/A

Overview

The Carl Moyer Program provides subsidizes theemental cost of cleaner-than-
required engines and equipment. (“Cleaner” ifenence to emissions of ozone
precursors and PM. GHG emissions are not addressedever, to the extent that fuel
economy is improved by replacing or retrofittingl @ngines, the program indirectly
provides reduced Cmissions.) Eligible projects include cleanerieag for on-road
and off-road vehicles, marine vessels, locomotiaes, stationary agricultural pumps, as
well as for forklifts, airport ground support equipnt, and auxiliary power units. The
program also supports light-duty vehicle scrappi@gants are based on the cost-
effectiveness of the capital cost of achieving supgulatory emission reductions.
Determinations vary by air-quality management distr

Measures of Effectiveness

The Carl Moyer Program measures reductions ofr@itand toxic pollutants achieved in
excess of reductions that are occurring from reageyacompliance. Grants are based in
part upon the emission reductions to be achievedrdmg to prescribed procedures of
calculation. Those reductions must cost less piascribed amounts, per ton of
reduction.

Calculations and statistics for cost per ton hasebeen kept for reductions of GHG
emissions that have been incidental to reduceedr@iaind toxic emissions.
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Program: Driveclean.CA.gov (www.driveclean.ca.gov/en/gv/driveclean/demoprsg.a

Sponsors: Directory of several government agencies

Funding source: Particular to the agency providing the incentive

Sectors supportedTransportation

Activities supported:Incentives to purchase and use EVs, hybrids &n@ €ehicles

Geographic limits: Particular to the agency providing the incentive

Funding Particular to the agency providing the incentive
Grant amount: Particular to the agency providing the incentive

Grants as percent of application®o data available

Overview

Incentives offered for purchasing EVs, hybrids &NiG vehicles; fueling infrastructure;
and vehicle parking. Funding is available from Fajeegional and local governments.

Measures of Effectiveness

N/A
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Program: Grants.gov (www.grants.gov/search/category)do

Sponsor: Multiple Federal agencies

Funding source:Particular to the granting agency

Sectors supportedAgriculture, electricity, new technology, transgdion.
Activities supported: Particular to the granting agency

Geographic limits: US

Funding Particular to the granting agency

Grant amount: Particular to the granting agency

Grants as percent of applicationsParticular to the granting agency

Overview

This is a directory of all Federal grant programsluding the Federal Department of
Energy (DOE).

Measures of Effectiveness

N/A
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Program: Innovative Clean Air Technologies (ICAT) Grant Program
(www.arb.ca.gov/rsearch/icat/icat.htm

Sponsor: CARB

Funding source:Research Division of CARB

Sectors supportedNew technologies, including those that reduce Gifiissions
Activities supported:Demonstrations

Geographic limits: Supported technologies must be usefCatifornia

Funding Up to $1 million per year
Grant amount: $200,000 average

Grants as percent of application& percent to 10 percent

Overview

ICAT co-funds practical demonstrations of innovattechnologies that can reduce air
pollution, including GHGs. Its purpose is to adeasuch technologies toward
commercial application in California, thereby rethgcemissions and helping the State’s
economy. ICAT seeks technologies that are nomaketed 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 ithabt intrinsic to performing a
particular demonstration, or marketing activities.

Measures of Effectiveness

The following table compares statistics from ICAIddour grant programs by various
State and Federal agencies. The statistics caietved as measures of the effectiveness
of grant funds or of the quality of the technolagikat were selected for support.
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Table 1. Program Evaluation Statistics

Annual Sample C_,or_nmgr- Timeto  Benefit Annual Grants Gr_ants
Grants ~g. o | cialization Sale® Costn Revenue I leveraged critical to
(MM$/yr) Rate ale $ 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 3lyr >38% 319%**
ICAT ~0.9 15 53% 1.7 yrs 1/yr ™ 37% 50%

* >$300,000 revenue
# Defn of "Time 0" varies.
" 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 Partner ship
(www.gosolarcalifornia.ca.gov/nshp/index.hjml

Sponsor: CEC

Funding source:CEC

Sectors supportedElectricity
Activities supported:Incentives for installation of solar photovolia new homes

Geographic limits: Service areas of PG&E, SDG&E, SCE and Bear Vallegtec

Funding $400 million over 10 years
Grant amount:No experience yet
Grants as percent of application®o experience yet

Overview

The CEC will manage a 10-year, $400 million progtarencourage solar in new home
construction. The program will target single famlbw-income, and multi-family
housing markets. Eligible projects include singlae multi-family developments where
at least 20 percent of the project units are reskefor extremely low, very low, lower, or
moderate income households for a period of at Wagears. Strict standards for energy
efficiency will be applied. Depending on the tatestalled photovoltaic capacity in the
State, the proposed subsidy will be $0.25 to $pdi0watt.

Measures of Effectiveness

The goal for the entire CSI program is 3,000 MWheiv solar photovoltaic capacity
installed by 2017, and the New Homes Solar Patineis the subset of this program
managed by the CEC. It is too early to report m@asurable progress toward the goal.
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Program: Public Interest Energy Research Program
(www.enerqgy.ca.gov/pier/index.htjnl

Sponsor: CEC

Funding source:Investor-owned utility ratepayers

Sectors supportedAll sectors

Activities supportedRD&D
Geographic limits: US

Funding $62 million per year

Grant amount: Varies by program area

Grants as percent of application®/A

Overview

PIER supports energy RD&D projects that will brergvironmentally safe, affordable
and reliable energy services and products to th&et@ace. The PIER Program partners
with other RD&D organizations that include indivals, businesses, utilities, and public
or private research institutions. PIER suppores¢hRD&D program areas, some with
contracts and others with direct grants:

Buildings End-Use Energy Efficiency
Climate Change Program
Energy Innovations Small Grant Program
Energy-Related Environmental Research
Energy Systems Integration
Environmentally-Preferred Advanced Generation
Industrial/Agricultural/Water End-Use Energy Efeicicy
Natural Gas Research
Renewable Energy Technologies
Transportation Research

Technologies supported by PIER address the follgwimals:
Reduce the cost (and increase the value) of atagtri
Increase the reliability of the electric system
Reduce the environmental impacts of electricityagation, distribution and use
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Enhance California's economy
Demonstrate a connection to the market

Advance science and technology not provided by &titiyve and regulated
markets

Measures of Effectiveness

The following comments are taken fromladependent PIER Review Panel Interim
Reportpublished in March 2004

“Since PIER’s inception in 1998, a total of abo@6® million has been encumbered
for research contracts. A review of contracts ctatga through 2002 revealed a
total of 20 commercialized products with projecheshefits of $221 to $576 million.
The benefits are significant in comparison to ttaltcontract disbursements of
about $125 million between 1998 and 2002, resuliting benefit-to-cost ratio
between 2 and 5 to 1.The Independent Review Panel believes that exaept f
minor issues the current PIER research portfoliovedl focused, addresses issues
relevant to California as outlined in the Energytidn Plan, meets PIER objectives
and is well balanced.”

As illustrated on Table 1 of this Appendix, PIERgge return of 1.3 to 3.4 dollars for
every dollar of PIER funds invested.
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Program: Low Emission School Bus Program
(www.arb.ca.gov/msprog/schoolbus/schoolbus)htm

Sponsor: CARB

Funding source: 2006 Proposition 1b State Bonds

Sectors supportedTransportation
Activities supportedincentives

Geographic limits: California

Funding $200 million
Grant amount:No experience yet

Grants as percent of applicationsNo experience yet

Overview

Proposition 1B, the “Transportation and Air Qualtgnd, approved in November, 2006
provides $200 million for replacing and retrofitfischool buses. These funds are not
available until appropriated by the California Lelgture, which is expected to occur
after the Legislature reconvenes the 2007-2008 Re@ession in January, 2008.

The terms for making grants under the new progralirbe/ proposed by CARB in the

near future. Under the previous version of thegmm (funded at $25 million in 2006),
half of the funds were used for new school buspases and half were used for in-use
diesel bus retrofits. CARB was directed to alled#ie new bus purchase funds to replace
pre-1977 model year school buses, in order of dloes first.

Measures of Effectiveness

No experience yet. However, one useful measuld@ithe estimated GHG emissions
avoided by early retirement of old buses with nfaed-efficient (and, possibly,
alternative-fueled) buses.
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Program: Small Business | nnovation Research (SBIR) & Small Business
Technology Transfer (STTR) (www.science.doe.gov/sbir

Sponsor: Eleven large Federal agencies (DOE is highligh&ldw); coordinated by the
Federal Small Business Agency

Funding source:Federal agency R&D budgets

Sectors supportedAll sectors
Activities supported:Basic Research and R&D
Geographic limits: US

Funding SBIR (2.5 percent of agency research budgefS)RS0.3 percent per agency)

Grant amount:Research (up to $100,000); R&D (up to $750,000)

Grants as percent of applications (DOBResearch (20 percent); R&D (50 percent)

Overview

SBIR and STTR are U.S. Government programs in whadteral agencies with large
R&D budgets set aside a small fraction of theialtéinding for solicitations earmarked
for small businesses. The major difference betwkemprograms is that STTR projects
must involve substantial (at least 30 percent) eoaipse research collaboration between
the small business and a non-profit research utistit. Small businesses that win awards
in these programs keep the rights to any technalieygloped and are encouraged to
commercialize the technology.

The Federal agencies participating in SBIR and S$&Raside 2.5 percent and 0.3
percent, respectively, of their annual extramu&@DRbudgets. For the DOE in FY 2005,
these set-asides correspond to $102 million anch§illidn, respectively.

Each October, DOE issues a solicitation for smadliesses to apply for SBIR/STTR
Phase | grants. It contains technical topics seaech areas such as Energy Production
(fossil, nuclear, renewable and fusion energy) rgné&se (buildings, vehicles, and
industry), Fundamental Energy Sciences (matetifds.environmental, computational,
nuclear and high energy physics), Environmental Ag@ment, and Nuclear
Nonproliferation. Grant applications submitteddoyall businesses MUST respond to a
specific topic and subtopic during each annual cgodicitation.

SBIR and STTR have three distinct phases. Phasgldres the feasibility of innovative
concepts with awards up to $100,000 for about 9thsonOnly Phase | award winners
may compete for Phase I, the principal R&D efferith awards up to $750,000 over a
two-year period. There is also a Phase lll, incwmon-Federal capital is used by the
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small business to pursue commercial applicatiorib@R&D. Also under Phase llI,
Federal agencies may award non-SBIR/STTR-funddldwfeon grants or contracts for
products or processes that meet the mission née¢ldese agencies (or for further R&D.)

Measures of Effectiveness

SBIR measures "success" in terms of the fractidiPbise 2” products that provide a
minimum of $300,000 in revenue. The recent progeiccess rate is reported to be 25
percent. It often takes four years or so aftesehgrants that revenues begin
accumulating.

SBIR also mentions an "environmental metric" thatiid count "pollutant reductions”
and/or cost savings, but that apparently is noirgatpractice. No general protocol for
producing such a metric is presented in the matitréd CARB staff received.
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Program: Global Climate and Energy Project (GCEP)

Sponsor: Stanford University

Funding source:ExxonMobil, General Electric, Schlumberger, and dtay

Sectors supportedAll sectors
Activities supported:Research

Geographic limits: None

Funding $225 million over 10 years
Grant amount: Average $1.2 million

Grants as percent of applications:

Overview

The Project's sponsors will invest a total of $2a@Bion over a decade or more as the
GCEP explores energy technologies that when deglogea large scale are efficient,
environmentally benigand cost-effective. Here are GCEP's specific goals:

- Identify promising research opportunities for lomtssions, high-efficiency
energy technologies.

- |dentify barriers to the large-scale applicatioritedse new technologies.

- Conduct fundamental research into technologieswiibehelp to overcome
these barriers and provide the basis for largeesaaplications.

. Share research results with a wide audience.

GCEP sponsors research at Stanford and other teadiversities and research
institutions. It does not sponsor research byragtenstitutions, businesses or
individuals.

Measures of Effectiveness
N/A
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Program: Technology Advancement Program (www.agmd.gov/tao/About/index.htinl

Sponsor: South Coast Air Quality Management District (CSAD)

Funding source:Vehicle registration fees, regulatory violatia@itements, State
Federal grants

Sectors supportedTransportation
Activities supported:R&D, demonstration projects and incentives

Geographic limits: South Coast Air Basin (the greater Los Angelesar

Funding $9 to $15 million per year
Grant amount: Ranges from $6,000 to $3 million

Grants as percent of applications:

Overview

The Technology Advancement Program expedites theloement, demonstration and
commercialization of cleaner technologies and cleaming fuels. It uses cooperative
partnerships with private industry, academic arsg@aech institutions, technology
developers, and government agencies to cospongiecis intended to demonstrate the
successful use of clean fuels and technologieddhegr or eliminate emissions. The
supported technologies are chosen to provide emnissductions in the SCAQMD in the
context of the district’s emission-reduction stgads.

Typically, SCAQMD public-private partnerships effizely leverage public funds,
attracting an average of $3 from outside privateces for every public sector dollar
contributed.

Measures of Effectiveness

As of 2004, twelve technologies supported by tieamlitechnologies program had
become commercialized.
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Program: Alternative and Renewable Fuel and Vehicle Technology Program (AB
118)

http://info.sen.ca.gov/pub/07-08/bill/asm/ab_010bWab 118 bill 20071014 chaptered.html

Sponsor: California Energy Commission

Funding source:Vehicle registration fees

Eligible business and technology areaSee “Overview”.Details TBD
Functions supportedTBD

Type of support TBD

Economic sectors affectediransportation, energy production
Geographic limits: TBD

Funding TBD

Grant amount: TBD

Grants as % of applicationsNo information

Overview

The bill creates the Alternative and Renewable el Vehicle Technology Program to
provide grants, loans, loan guarantees, revoloag$, or other appropriate measures to
develop and deploy innovative fuel/vehicle techgas to reduce exhaust emissions of
CO. from future vehicles. Recipients of the awards lsampublic agencies, businesses
and projects, public-private partnerships, vehaeid technology consortia, workforce
training partnerships and “collaboratives”, fleetners, consumers, recreational boaters,
and academic institutions. The funding will dependuture legislative appropriations.
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Program:Investor and Publicly Owned Utility Energy Efficiency Programs
Sponsor: CPUC, Investor Owned Utilities (I0Us), PublicalDwned Utilities (POUS)
Funding Sourceratepayers

Sectors Supporteclectricity and natural gas energy efficiency

Activities Supportedsee below

Geographic Limits1OU/POU programs are targeted to customers witheir service
area.

Funding: The CPUC authorized a total program budget of atr8@ billion for all IOUs
combined energy efficiency programs during the 2P088 program cycle. Funding
levels for other programs are described below.

* |OU energy efficiency programslhe 10Us administer programs under the
oversight of the CPUC that provide information,entives, and technical
assistance to help their customers use energy efiiceently and to reduce GHG
emissions. The CPUC authorized a total prograngéiudf almost $2 billion for
all I0Us combined during the 2006-2008 program €ydh addition, the CPUC
authorized approximately $163 million in funding fnergy efficiency
evaluation, measurement and verification (EM&V)\dties to ensure that the
energy savings during the 2006-2008 cycle areamealverified.

* POU energy efficiency program3he POUs invested $54 million in similar
efficiency programs in during fiscal year 2005-86¢ have plans to significantly
increase these investmehts

* 10U low-income energy efficiency (LIEE) programehe IOUs also administer,
under the oversight of the CPUC, programs spetlifitargeted to help low-
income customers become more energy efficient andrltheir energy bills.
The CPUC has authorized the utilities to spendou$stL7 million on LIEE
programs during 2007 and 2608

* POU low-income energy efficiency progranmske IOUs, many POUs offer
energy efficiency programs targeted to low-incomstamer$

As noted earlier in this Appendix, ratepayers algpport the separate Public Interest
Energy Research (PIER) program for electricity aatliral gas. This program is funded
at approximately $80 million per y&aiThis includes approximately $62 million for
electric sector research “collected annually fronestor-owned utility ratepayers for
‘public interest’ energy RD&D efforts not adequatprovided by competitive and
regulated markets’"and up to $18 million for natural gas efficienegearcH
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APPENDIX | V: Background Status Report on Energy Technologies
This Appendix contains information on a number rérgy technologies and other
energy-related subjects including: energy efficiemenewable energy; enabling
technologies; and low carbon generation technotogie

A. Summary of Existing Enerqy Efficiency Standards and Programs

California has taken a leading role in setting dgads for buildings (Title 24) and
appliances. California has also adopted invertedktelectricity rates (also known as
tiered rates) for residential customers. This mehaasost per kWh increases as
electricity consumption increases, thereby encaongggnergy efficiency and
conservation. California has taken regulatory actmensure that investor-owned
utilities (I0U) are not penalized financially fanplementing effective energy efficiency
programs by decoupling utility sales and reveniéso, California fully integrates
energy efficiency options into utility resource miéng. The California Public Utilities
Commission (CPUC) has allocated major resourcédtk 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 thaegmbination of utility and nenutility
programs coordinated at the State level by the @Cthe CPUC. These efforts will
include more expansive building standards, legmtabr regulations requiring energy
improvements at the time of a building’s sale, lardinances or codes affecting energy
use, pursuit of emerging technologies, programsbooimg efficiency with renewable
energy resources, new Federal and State applisartgasds, improved

compliance mechanisms, and other programs thatesillt 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 computelsgtronic equipment, and
appliances. Commercial energy demand is projdctgdow at an average annual rate of
1.6 percent between 2001 and 2025. The most nagieases in demand are projected
for computers, office equipment, telecommunicati@ml miscellaneous small appliance
uses:' In addition to efficiency standards for consuraedio and video equipment in
standby-passive mode, the CEC has implementedastimtbr external power supplies
which went into effect in 2007 and which will ragtildown farther in 2008. Still,
additional technology and policy efforts are neettetinprove product efficiency.

The California IOU emerging technology programsaosely 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. fitlet pipeline) as existing technologies
achieve market penetration. One of the most priagisear-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 engggficiency improvements. The
greatest opportunity for savings in lighting enenmgyalifornia lies in addressing the
continuing prevalence of incandescent lamps. Thenaof sockets in existing houses
are still occupied by incandescent lamps, whiclerav efficiency of approximately 10-
17 lumens per watt. When compared with the 45d4rifehs per watt of currently
available compact fluorescent lamps (CFL), incandeslamps are clearly very
inefficient. (The efficiency of incandescent langmaild be increased by 30 percent with
technology presently available, such as halogesutap with infrared coatings. Industry
stakeholders suggest that, with additional techgiodd improvements, incandescent
efficiency could even exceed 40 lumens per wathm@ercially-available “cool white”
LED sources can currently achieve 84 lumens pet;, watl warm white devices can
reach 59 lumens per watt under optimal conditioeal (vorld numbers are about half
that for actual output when used in a lightingdie). Based on research, development
and demonstration (RD&D) results and industry casss, these numbers are projected
to increase by 75 percent for cool white LEDs b§®@Q0while 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 160nhens per watt (Im/W) in cost-
effective, market-ready systems by 2625.ED lights are mercury free (unlike CFLs),
and are therefore more environmentally-friendly.

Early applications of LED have been for red exjinsi and traffic signals, though they are
also used for airport runways, exit signs and osiigamage, typically displacing neon
signs. Red and green traffic light LEDs have alyeaached 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 genaliaimination are several years from

full market commercialization. These lights ar@ected to reach early adopters by 2008
and reach mass market within the next several ydaraddition to energy savings from
LEDs, the co-benefits for California associatechitis lighting technology include
economic development since significant numberskD Imanufacturers are California
companies. As policies and regulations make wajniproved LED implementation,

this benefits the State not only in energy savengs emissions reductions, but also in
spurring job creation.
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CO, Abatement Potential

The total technical potential as of 2006 from enmgggommercial LED lighting in
California (2006-2016) is estimated to be 297 megtsy(MW) 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 neede expand LED
technology applications.

Financial: Although LED prices are dropping, bulbs remain mexpensive in up-front
costs. In addition, LED lights may also requireedesign of an existing lighting system,
yet another additional expense.

Institutionat While LED lights can last 10 to 15 years or longiormal use -- and make
financial sense on a lifecycle basis -- consumédrs make purchase decisions based on
payback period are reluctant to invest in LED lightdue to higher upfront cost. In
addition, the decision makers (e.g. builders andltzrds) are not necessarily the end-use
customer who pays the electric bills, and thus hrevencentive to pay higher cost for
energy efficiency unless there are other compehaagons, such as 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).

Regulatory Energy efficiency programs and standards can peo&idoost for LED
technology.

B. Wind Power

Wind power can be harnessed by small on-site @#gtgenerators or large “wind
farms” comprised of dozens or even hundreds otlatdity-scale turbines operated as a
single large generating station.

The total installed capacity of California wind pemutility-scale generation is 2,376
MW.'* The areas with the highest wind potential in fatiia are the Altamont Pass east
of San Francisco, the Montezuma Hills in Solanor@pmear Rio Vista, San Gorgonio
Pass near Palm Springs, and the Tehachapi MoumtearsBakersfield. The Altamont
Pass and San Gorgonio resources are the mosthdieNeloped. 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 wiadfis 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.
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California Wind Resources
Annual Wind Power at 50 Meter Elevation
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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, pariécly off of the Northern California
coast. Unfortunately, ocean depths off the Calitoooast have made building towers
prohibitively expensive.

Wind is very effective in displacing fossil fuetspwever, wind is an intermittent
resource. Generation is dependent on when the iwibldwing. Therefore, great care is
used in siting wind facilities in areas with highdapredictable winds. Given the variable
output nature of wind, there is a need to ensuatitlis efficiently integrated into the

grid. Recently, forecasting tools have been deesldo better schedule wind production
into the grid.

California’s wind resources are driven by the terapge differentials between the cool
coastal air and hot inland valley/ desert air. Whes warm along the coast (during
peak) there is usually very little wind availablEhere can also be a challenge at night
(off-peak) when many wind areas in California exgece high production. The grid
needs to accept all of this wind generation in tiga¢. A problem can arise under
minimum load conditions, especially when this gatien exceeds the supply and
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demand balance. Shifting demand to off peak arwtéating energy storage is an
effective way of addressing this issue.

There are several studies underway examining homtégrate additional large quantities
of intermittent resources into grid operations.e TEC published thimtermittency
Analysis Project: Final Report 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 underfgayturbine design and size will yield
both higher capacity factors and lower costs ostmetion. (A capacity factor is a
measurement of how frequent intermittent capaatyegates energy as a function of
time.) This is true for both on-shore and off-ghturbines. Capacity factors for on-
shore turbines are expected to improve by 5 tor@ep¢age points while capital costs are
projected to decline by 10 percent by the 2030 frame. Utility-scale turbines of 1-3
MW are already commercially available. Larger tnes are expected to be installed in
the 2010 to 2020 timeframe.

CO, Abatement Potential

Wind power does not emit any greenhouse gas (GiH®seons or criteria pollutants. In
2006, wind turbines generated 5.37 million megawatirs (MWhj® of power. The

CEC has estimated a total technical potential g84® MW of wind generating capacity
(including both high-speed and low-speed wind) alifGrnia, which translates into an
energy generation potential of 323.94 million MWHRAsWind power developments at
California terrestrial sites could offset an estieas130 million metric tons of CGP It is
important to note that these figures to not captiseeequally large estimates of potential
of off-shore wind resources.

Technology-Specific Barriers

Wind development shares the barriers faced byeabwable technologies. There are
some barriers that are specific to wind development

Requlatory Despite the availability of better wind technologlyere exists a lack of
progress in replacing aging wind facilities withaneechnology through repowering. This
barrier is closely related to permitting issuesn@projects face some permitting hurdles
that are quite specific to this renewable energhitelogy. The three main issues include
radar interference at military bases, view shethaéiss, and wildlife impacts on birds
and bats. Radar is a relatively new issue thashdaced in connection to a new
generation of digital radar systems. There isfavsoe fix, the cost of which can be
abated if spread out across multiple wind projeé¢tsw shed issues are typically an issue
when wind development projects are proposed neat tear protected land -- such as a

10-34



ETAAC FINAL REPORT

nature reserve -- or near a recreation area. @iddbat mortality have become a large
issue in the Altamont Pass, but not elsewhere.

Generally, study protocols for bird impacts havedme standardized and are used at
most newly developed wind project sites. Traifornia Guidelines for Reducing
Impacts to Birds and Bats from Wind Energy Develantis in the final drafting stages
at the CEC and represents the most thorough sofne 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 enhaetability as well as reduce avian
mortality.

Financial: The Federal Production Tax Credit (PTC) providesbenefits for the
production of wind generation which has helped cemmalized the technology.
However, due to its serial short duration, it hiae areated a boom and bust cycle that
has a demonstrable affect on cost and availalmfityind technology. A long term PTC
would provide developers and turbine manufactunés avstable market lowering cost
and providing a sustainable market.

Institutionatl Wind turbine availability is driven by world-widslemand. California
wind developers must compete for wind turbinesnmngernational market. Therefore it
is imperative that California policies provide foistable long-term market.

C. Geothermal Power

Geothermal power can be used to generate enefggr @it utility-scale plants or in direct
use applications, such as space heating and varomomercial and industrial heat
applications. Another technology to use the eartigat is geothermal heat pumps, also
called “geoexchange.”

California has the largest developed geothermaluregs dedicated to electricity
production in the U.S. at approximately 1,900 M@BEC studies have shown the
potential for an additional 2,900 Miusing 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 Eegeneration came
from geothermal power plants. This amounted tetaatal of 13,448 GWh generated
from in-state geothermal resouré@sFifteen geothermal projects are currently in some
form of development in California, which will amaduie 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 NevidgaMammoth Lakes area, Coso Hot
Springs in Inyo County, and the Imperial ValleyhelCity of San Bernardino has one of

the largest geothermal district heating projectlanth 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)
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Figure 10-2: Known Geothermal Resource Areas infQatia
Technological Developments

Investing in RD&D to improve geothermal power corsien technologies could help
expand new renewable energy resources from thenfivlh:

* 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@smpportunities to use hot
water, available in large quantities of up to Z82r more in temperature from
existing oil and gas operations.

» Higher-Temperature/Supercritical Resourcd3eveloping plant designs for
higher resource temperatures to the supercritieéémregion could lead to an
order of magnitude (or more) gain in both reserpeiformance and heat-to-
power conversion efficiency.

* Enhanced Geothermal Systeni®eservoir technologies focusing on enhanced (or

engineered) geothermal systems (EGS) could poligrgizable an enormous
potential resource for primary energy recovery g$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 GHis&ons, except for geothermal
systems using water cooling (which may result ipregimately 60 pounds per
megawatt-hour of CE&”) They do not emit conventional power plant efiss such as
nitrogen oxides (NOx) and carbon monoxide (CO),thpically emit hydrogen sulfide
and often emit ammonia in amounts that can vargdeing on the characteristics of the
geothermal fluids used to generate power. Basdd@B estimates of total potential, the
committee estimates that geothermal has the totahpial 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 geotherealdpment.

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 develepin The U.S. Geological Survey is
undertaking a new resource assessment, updatingsth@ssessment which was
completed in 1979. The new assessment, howeviknatiexamine 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 comghtany assessment to examine
California’s geothermal potential in a more compmetive 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 laghts even before exploration.
Improved development of exploration tools and tedbgy 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 subs@rfaxploration 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 uodasideration in the U.S.
Congress.

Institutionat There are a wide variety of geothermal resowped in California, but
there are a restricted number of capable exploratities. The Federal Bureau of Land
Management (BLM) rarely issues these leases bedisagnsure of the geothermal
development potential. Since its pre-lease pracgssquirements of the agency are
significant, this has stunted growth of the statgsthermal industry. Moreover, given
the BLM’s limited resources and growing public dews on the agency, geothermal
leases have not been a high priority. A bettarfate between California and the BLM
may help in addressing this issue. Moreover, tpddtment of the Interior must
enhance the ability of the BLM to modernize itssieg practices and capabilities.
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California has no effective policy to support gewthal 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 supportgaiie CEC’s Public Interest Energy
Research (PIER) program, has proposed that sulem@e developed focusing on
addressing the barriers to developing new geothieesaurces 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 percéiihe time, making solar energy a
valuable resource for “shaving the peak”, especdliring hot months. How much
electricity a solar system produces depends onquhéty of the solar radiation where the
system is located. Figure 10-3 bef8whows solar quality for California and the entire
United States.

.~

Solar resource for a flat-plate collector

Figure 10-3: Solar resources in California and tbeS.

California has hosted the largest concentratiosotdr generation in the world for almost
two decades. California is the clear national éead solar photovoltaics (PV). And

until the construction of the 64 MW Solargenix sgiant in Nevada, California was
home to the only utility-scale concentrated solanfs in the country. Large
opportunities also exist for distributed solar gasing technology in California.
Consequently, this analysis examines the total splargy potential throughout the state.

Concentrated Solar Power

According to the National Renewable Energy Labasa(blREL)?’ technical estimates
of concentrating solar power (CSP) potential inifGatia are phenomenal: 877,204 MW
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of capacity able to generate 2,074,763 GWh per. y€aroughout 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, Califarhas enough CSP potential to provide
many times that state’s own demand for peak etgiytri

Parabolic trough technology has seen incremengadwements 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 psggbto 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 C{eductions as the displaced on-peak generation is
often the most polluting in California’s power siypportfolio.

California is home to 354 MW of parabolic trouglstgms, divided into nine power
plants, called the Solar Energy Generating Sys®BGS). These plants began
construction in 1985 and construction was completed®91. On July 25, 2007, Pacific
Gas & Electric (PG&E) announced the largest sotavgr purchase agreement in the
world — a 553 MW parabolic trough plant in the MaggeDesert. 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” thegrerated from 1998 to 1999. To
date, there are no commercial power tower fadlitierrently in operation in California,
though the new PG&E contract features next germragower tower technology of
modular design. To date, there are no dish-engisiess 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 GB¥mms in operation in California,
though a few have been proposed in utility Renegv&dlrtfolio Standard (RPS)
solicitations and a few other CPV projects havents@ounced.

Technological Developments

New versions of each of CSP technologies are utelslopment or construction. New
parabolic troughs plants will likely employ moltealt 2-tank storage systems, which will
have the ability to retain heat efficiently to puae 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 stadare attracting some attention.
For all CSP technologies, the key challenge isnrove efficiencies to drive down cost,
further technology development, and then manufadiwi 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 carboeritgria pollutants, and provides
valuable peak power.

Technology-Specific Barriers

CSP development shares the barriers faced byraivable technologies, yet there are
some barriers quite specific to these forms ofrsatergy development.

Technological Dish-engines have significant maintenance chgls due to many small
engines (one per dish), and challenges of usingdgygeh as a working fluidParabolic
trough and power tower systems have to date besedasing water. Troughs, if wet
cooled, require 739 gallons per MWh for cooling &7dgallons per MWh for cleaning
the mirrors®® Power towers require 739 gallons per MWh for bmtbling and mirror
washing®™ Both power towers and troughs can be dry-cooligl some loss in
efficiency (and consequent cost increase). Dewaipigchnologies 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 mirroistvag.

Financial: The up-front capital cost is greater for concatimig solar systems than other
renewable energy sources. Concentrating solar ppregcts were eligible for a 30
percent Federal investment tax credit through Déegr81, 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 Califoasapposed to other states.

Institutional There is a lack of recent, available experianadeveloping, constructing,
operating and permitting concentrating solar plail@sme technology types do not have
long-term operating history. There also existack lof understanding and training for
utility procurement officers and decision-makersha unique attributes and benefits of
concentrating solar power. A clear understandirth®technology is an institutional
barrier that must be overcome with time and adeguraining.

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-day. 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 sugptevelopment of the solar industry. At
present, there are about 198.2 megawatts of grideied PV systems in Califorria.

In 2006, the legislature passed SB 1, which creat®8l.2 billion, 10-year program with
guaranteed funding. This program is called thef@ala Solar Initiative (CSI). The
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CSl awards incentive payments based on actualpmated 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 texdbgy to achieve efficiencies of
between 20 and 22 percent. Despite the recentagjeoin silicon -- and subsequent price
increase -- manufacturers expect a 50 percentedagttions in the near term as new
polysilicon factories come on-line and as manufactuprocesses continue to improve.
Manufacturing cost reductions are due to thinnefieveabeing cut with a thinner saw
wire, higher efficiency cells with fewer proceses, smarter panel design with auto-line
production, and smarter systems design. Additicoat reductions will come from
improvements in crystal growth technology, improeens in cell processing technology,
new lower cost silicon refining technologies, andreased manufacturing scale — from
200 MW to 500 MW plant sizé®

Technological advancement is occurring in thin fit¥f to improve the efficiency,
durability and performance, and reduce costs. tategn of solar PV into building
construction can reduce the cost of installatiomictvis a significant cost barrier to
widespread adoption.

CO, Abatement Potential

The CSI sunsets in January 2017, at which poistptojected that 3,000 MW of solar
PV will be on-line cutting 3 million metric tons (MIT) CO;, per year. The CEC has
estimated a technical potential in excess of 74MW@0 of potential solar PV capacity on
existing residential and commercial buildifdhese figures suggest a substantial
untapped potential for a greatly expanded solap&ifolio with the potential to provide
an estimated 74 MMT C£eduction per year.

Technology-Specific Barriers

Technological The global demand for silicon to make PV pamels skyrocketed over
the last few years, from a combination of boomirggldwide computer and solar
industries. Demand has created a global shortagdiatin, which has contributed to
higher costs.

Financial Solar PV is expensive technology. Customer-ovswdr PV systems
purchases are supported by a combination of govemhor utility-provided incentives
including — rebates, tax credits, net metering @x@mptions from certain fees — and
private investment. Additionally, there is a lotaafst built into “balancing the system.”
This includes Rule 21 interconnection, net meteramgl site-specific installation.
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Institutionat There still exists a fairly widely held belidfat solar is unattractive or
unreliable, though this is changing with time ahne growing acceptance of solar and
environmental, or “green” building design.

Regulatory Stability is very important to the future of aoPV in California. The
existing policy framework needs to continue inte fhture 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 tedahe CSI raised the net metering cap
from 0.5 percent to 2.5 percent of peak electrimaied. Solar PV installations in
California could be curtailed once this level iagked. In January 2007, the CPUC
ordered that renewable energy credits (REC) tleaatiributable to power produced from
a distributed PV system fully belong to the ownkthat PV systeni>

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 individualemsefor all dwelling units in multi-unit
buildings. The intent of this legislation is sotthesidential customers receive the correct
economic price signals to make energy efficienayisiens appropriately. As a result,
each unit currently must have its own inverter #resolar generation must be split into
these inverters and interconnected behind eachrmwdieh increases costs for multi-unit
dwellings. The CEC, CPUC, as well as the utilitid® solar community and low-income
community have been grappling with this issue, ¢iothere is no clear solution at hand.
Regulators and legislators should investigate viayget 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 stilarmal energy through a rooftop
collector, just as with solar water heating syste®®ST systems are used for space
heating and cooling, process heating and cooliisfyict heating and cooling, and large-
scale domestic hot water. Solar-heated watethgrused in a space heating or
industrial process application, or run through dlehto create solar space and process
cooling. Solar cooling can be used in lieu of alitg system powered by electricity,
providing a huge opportunity to cut electric ainddgioning demand in the hot summer
months. AST systems can also provide domestic hteénvas a by-product of any cooling
or heating system, or as a large-scale hot watlgrsystem.
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NREL estimates that, in California, 65 percentedidential and 75 percent of
commercial buildings could be outfitted with sotatlectors for hot water systems and
for AST systems$? Solar radiant space heating and hot water systiset to be
prevalent in California before customers had actegas for heating in the early to mid-
20" century. There is a small distributed solar whgsating 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 pidi& only a few AST systems
currently exist in California.

Technological Developments

Solar hot water and AST systems are commerciabyl@vle, constructed using readily
available off-the-shelf technology, and deployewtighout the world. China, Japan,
India, Korea, Israel and the European Union usarsbermal extensively both for solar
hot water and AST. The 46 million solar hot watgstems around the world have a
combined capacity of about 88 GWth.

CO, Abatement Potential

NREL released a studiyin March 2007 of the potential for solar hot watety systems
to reduce demand in residential and commerciatngk in the U.S. The calculated
technical end-use energy and GHG emission savioghpal for both residential and
commercial sectors in California was estimatedd @p to 116 trillion Btu and 7.8 to
8.6 MMT CGQ,. The advanced solar thermal industry currentlyresges 15 to 35 MMT
CO, reduction potential from AST systems.

Technology-Specific Barriers

Financial: Power does not include the price of environmeeéérnalities such as GO
which has had the effect of dampening demand terradtives. A major financial barrier
is also a regulatory barrier, which is the abseaiae State program or incentives to spur
the development of a distributed solar thermal gtiduin 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 aboutBt the early 1990’s, the AST market
was rapidly developing in Europe, but far less g@ handful 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 2GAB 1470), requires
the CPUC to evaluate data from its current pilaigpam for solar water heating in the
San Diego area for possible design and implememntati 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 undedstg what the market most needs
to take off in California, such as quality equipmdrained and certified installers,
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performance warranties, or targeted advertisinthdfpilot program looks promising, the
CPUC expects to design and implement a programceiitives 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 ggvithe 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 andfééX). At present, wave energy is a
pre-commercial, nascent technology. Systems tgezbmave energy to electricity are
often categorized by their location in the seatipaarly the depth of water, because this
has a bearing on the wave height and thereforartteint of energy. Offshore wave
energy converters are designed for sites thaeaiedf meters deep while shoreline
systems are intended for shallow water and arealygtouilt 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 @ission (FERC) preliminary permit
applications (40 MW each) at Eureka in Humboldt @gwand Fort Bragg in Mendocino
County. If approved, multiple wave energy convansilevices 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 underwedbte.

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 of teah&00 MW or an annual electrical
energy output of 48,000 GWh. Despite this pronggebhal installed capacity is
estimated to be less than 4 MW as of the end 06 2@@h none installed in US waters.

Technology-Specific Barriers

Technological At present, most procedures and vessels usgeviop this form of
ocean energy come from the offshore oil and nafyaalsector and share a tremendous
amount of experience with construction and openaticheavy seas. Unfortunately, most
of these technologies are expensive, though trierisate that companies are trying to
come up with simpler, cheaper ways of installind aperating their wave power
conversion devices, relying upon small 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 machicenipared to a wind
machine) more than compensates for the higher bpesaand 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 eveonma economic value.

Institutional The cost for a small demonstration site to tfestfirst few wave energy
devices is heavily dependent on electrical inteneation costs. A second important
consideration is the availability of good local piofrastructure. Many ports in Northern
California are small fishing ports with harbor emices that are only dredged to about 4
meters and some of them are without any breakwatgking navigation in and out of the
port difficult when large waves are present. Adhgonsideration is the availability of
good local grid infrastructure, which would allovgignificant amount of electricity to be
fed into the grid. Most coastal towns in Northemifornia are connected by 60 kilovolt
(kV) transmission links and usually offer no madnart 50 MW of available capacity.

Regulatory There is a lack of Federal government suppdhte U.S. government has
supported the development and demonstration eledtricity 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 uncatias of permitting an offshore project,
and the private investment communities are likelinvest in projects with less risk. In
addition, permitting an offshore project itselislaunting task, with many regulatory
issues, making it difficult to license a project.

F. Additional Solutionsfor 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 plédnproxy GHG emissions adder was
included in the 2007 MPR. That adder is proposesktalate over time, but does not
substantially change the overall MPR calculatidine CPUC will further examine the
application of a GHG emission adder to the MPRfditure years. Other environmental
values are not included in the MPR. Up until regrany costs above the MPR were
supposed to be made in payments, called Supplehtemgegy Payments (SEPS), from
the Public Goods Charge (PGC) paid by ratepayethainutility 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 aizibdto allow utilities to recover
above market costs for renewable energy, thus ramakie fiscal concerns regarding
above market cost recovery. Nevertheless, the muk®R and RPS pricing process is
still too complicated. The issue of how to besedaine the market price for carbon free
energy is still up for debate. The ETAAC electyfitatural gas sector subgroup
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recommends that the State revisit the structufRRS 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/selletanmodity; a market price valuing
the benefits provided by non-carbon renewable gngogrces. California’'s RPS
program requires that utilities and other Load BerEntities (LSE) covered under the
RPS law meet their requirements with delivered gyeanot with RECs. In other words,
the REC must be “bundled” with the delivered eneaggl cannot be traded or sold as a
separate commodity. The benefit of allowing fonundled” RECs for renewable
energy delivered to California is multiple-fold.@ua policy helps address geographic
transmission needs in constrained areas such aBi€go. It would encourage
development of renewable energy projects beyondratiyidual utility’'s RPS
requirement, which could then be sold into regisunsh as San Diego that do not yet
have ready access to renewable energy procuremhagat® transmission constraints.

In an ideal world, LSEs should be able to use udle¢hRECs to comply with the RPS.
SB 107, signed into law in 2006, gave the CPUGsthautory authority to consider
unbundling RECs for RPS compliance once the RE€kiing system known as the
Western Region Energy Generation Information Sygd@REGIS) was off the ground.
WREGIS, which will verify and transfer RECs betweba sellers and buyers, was
launched in June 2007, greatly simplifying REC s$ations.

Unbundled RECs are used in other states to meetRRfations. The following markets
track and perform RECs transactions for both stededated and voluntary renewables
purchases: Pennsylvania-Jersey-Maryland (PJM)\#&ve 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 telrkshops this past September.
The CPUC expects to decide on whether to use umddiiRECs for the purpose of RPS
compliance by the end of 2008.

Production Tax Credit and Investment Tax Credle 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 PTCafam/off-again" status, coupled with
the uncertainty over continuation or expiratiomtrilbute 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 affexfinancial attractiveness of a
project, too. The PTC has thwarted landfill gagjguts, for example, especially by
companies that have adequate taxable income tathkantage of the PTC. Clean, non-
carbon power plants that might otherwise show negatsh flow can become profitable
with the PTC.
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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 willirexim 2008 unless extended, which
would result in a significant barrier for solar BYbjects.

G. Enabling Technologies: Ener gy Storage

Energy Storage is key to California achieving higbenetrations of variable output
renewable energy such as wind power in Califorrsaigply portfolio. Other types of
renewables — such as geothermal and biomass -aseddad resources. These
technologies do not require storage, although #teevcould 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 gridsabsorb 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 sowgé¢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-benéfspled with advanced power
electronics, storage systems can reduce harmastmrtilons and eliminate voltage sags
and surges.

Storage technologies are particularly attractivedmd power, in effect overcoming the
intermittent and frequently off-peak production fdeoof wind power. This may help

avoid penalties for wind generation falling shdrfarecasts and enables grid operators to
utilize generation that exceeds generation forecagith storage, wind power can
increase capacity credits, reduce grid connectatings and boost overall market
penetration. Storage can be on-site or at cendab utility facilities such as the Helms
Pumped Storage plant. Utility-scale central sterggnuch cheaper than on-site storage,
but it requires transmission services to transipbermittent generation to the storage site
or to meet required demand at load centers.

Technology-Specific Barriers
Financial The high price of batteries discourages indepehaind farm developers
from embracing a battery/storage component bedausmild drive the wholesale

electricity prices above competitive rates. FioEbatteries are expected to come down
within a decade.
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Requlatory Currently there is a lack of policy recognititivat energy storage is a
necessary component to successfully using hightpmg levels of intermittent
renewable energy. The CA ISO has stated it haieutt time planning for and
integrating inherently intermittent energy soursash as solar and wind, some of which
occurs during minimum load conditions. Storagewdites much of this problem by
firming and shifting the resource.

H. Enabling Technologies: Plug-in Electric Vehicles

Plug-in hybrid and dedicated electric vehicles (FE\B offer a key way to increase
renewable energy consumption and to balance al#gtivads around-the-clock. Plug-in
hybrid electric and electric vehicles provide apaypunity to reduce the transportation
sector with electricity generated from low and zeadbon 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 wHectegcity 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 cedhan 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 amogiection below) would be a key
advance allowing California to get the most valuarf society’s growing investment in
PHEV/EV technology.

Running cars on electricity from today’s U.S. powad (which is about 50 percent
coal-fired) instead of liquid gasoline or diesetlzicuts overall GHG emissions from 22
percent to 61 percent. Electric vehicles are nemergy efficient than internal
combustion engines, even considering the efficiari@y 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 GHGsimns significantly, potentially
reaching a maximum cumulative reduction of 468 MBT2050 in the mid-range
scenario outlined (62 percent PHEV fleet penetraltip 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@i#libn PHEVs in the U.S..

The actual GHG emission reductions attached taygpocehensive 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 rangeld cut CQ emissions about one-
third compared to a gas-electric hybrid.) Sincef@Gadia has a cleaner electricity supply
than the rest of the U.S., the contribution oflausi 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 capaditrability and
enhancement of current grid infrastructure to ematlltidirectional flows of both power
and the data necessary to monitor and manage terpo

The battery types for PHEV/EV include nickel-médigdride (NiMH), currently used in
conventional hybrids, and lithium-ion (Li-ion). kon batteries are smaller and lighter
than NiMH, though they cost more and may not bsads or durable. When operating
on liquid fuels, the heavier batteries can pose@ht penalty. Additional RD&D is
need for longer-lasting batteries and greater etechly range.

The traditional problem with lithium-ion batteriessthat they heat up too much (known
as “thermal runaway”), but some battery manufactuage using nanotechnologies and
new materials such as phosphates to address thprbbfem and reduce weight as well.
The challenge and opportunity is scaling up lithiilom technology to store and deliver
enough power to run a car, while controlling therraaaway. Durability is also a
problem with the lithium-ion battery, as it tolezatonly 750 cycles of discharge and
recharge, or about two years of service, beforeraeation of the terminals carrying
power reduces charge capacity by 20 percent. Matteries promise to boost these
numbers to 9,000 cycles and a 20 year lifespan.

Financial: The operating costs of PHEV/EV in electric-ompde are much lower than
liquid fuel vehicles, but the upfront costs for dEV/EV are much higher. At present,
the price premium is in the $7,000-10,000 rangectiVaf the higher upfront cost can be
traced to batteries. ETAAC did not attempt to drgik the work of the ZEV panel
review of these and other ZEV and partial ZEV textbgies.

Institutionat The actual fuel and climate benefits from PHEViepend on a variety of
factors, such as the amount of time the vehictperating in electric mode, the
generation mix of electricity used to produce tleteicity, time when the user is
charging the car, and whether the excess capaciheigrid can be used.

Requlatory Fuel electricity for PHEV/EV requires a spedi@atment compared to other
electricity because it represents a potential esessor transfer of emissions. As electric
transportation load grows, emissions that woul@wtise have been the responsibility of
the transport sector would shift to the electrictge even though the overall impact to
the environment is positive. For instance an AR&&bon cap for only the electric sector,
absent mitigating measures, would make this otlsergesirable shift a liability for the
complying entities. This would serve as a powedfgincentive 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 gridrigkadvantage of State-of-the-art
communication infrastructure. Today’s transmissgstem was only designed to
transmit energy from central generating sourcééopint of consumption. This delivery
system stands to benefit radically from evolutiéthe Internet and modern material
sciences. A modernized grid would also improve apenal security and allow
increasing amounts of distributed resources todweldped near points of consumption.
This would diminish overall system energy losses taiereby 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 auived. 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 @nétre operating (and GHG emissions
reach their highest levels.)

Technology Development

A range of technology exists today that can impritneegrid such that reliability and
efficiency is improved, and cleaner, distribute@ngy resources are better integrated,
including new smart meters, remote sensors, enmadyagement systems, better
transmission lines, and advanced storage techresalgat serve to optimize electricity
generation, dissemination, and usage.

NREL has described some of the major charactegiftica smart modern grid,
including:

» Self-healing A grid that can rapidly detect, analyze, angboesl to problems,
and restore service quickly.

* Empowering the ConsumeA grid able to incorporate consumer equipmeidt an
behavior in its design and operation.

» Attack-Tolerant A grid that stands resilient to physical andarybecurity attack.

« 21% Century Power Quality A grid that provides a quality of power consiste
with Digital Age consumer and industry needs.

* Generation Options A grid that accommodates a wide variety of |caad
regional generation technologies, including cleamrses such as solar, wind,
biomass, geothermal, and small-scale hydroelectric.

The electricity carrying capabilities of the gridivoenefit from nanotechnology, which
could provide “quantum wires” that could condu@agticity 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 prototgtdrice University in Houston, Texas.
Alternatively, superconductors used for both enetgyage and transmission and
distribution wires could provide significant advagés in energy storage and
transmission.
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Technology-Specific Barriers
Financial: Lack of financial incentives for utilities tovast in new grid infrastructure.

Requlatory Traditional regulation with uncertainty arounastrecovery provides
economic disincentive for utilities to invest ilrmemart grid technologies.

J. Enabling Technologies: Carbon Capture and Sequestration

Carbon capture and Sequestration (CCS) referstedparation of C{from industrial
and power generation sources and transport togedoaations 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 commerciakzeapplications at power plant scale:

* Pre-Combustion systems applylbegrated Gasification Combined Cycle
(IGCC) plants. The coal is first gasified intoyagas which is then treated to
remove CQ. The resulting hydrogen gas is mixed and combusta gas or
hydrogen turbine.

* Oxyfuel-Combustiosystems utilize high-purity oxygen rather thanimithe
combustion process, which yields a highly conceattatream of Coand water
vapor. The water vapor is condensed for removalG@gis thus captured.

* Post-Combustiosystems separate and capture, @fer the combustion of fuel
in air in conventional and advanced power plaslvents 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 terrestrialeayst Carbon sequestration in oil and
gas fields, including for Enhanced Oil Recovery BChas been practiced for decades
and is therefore is a fairly mature technofigin EOR, CQ is injected into oil

reservoirs to reduce the oil’s viscosity, i.e. imye the oil's flow rate, and thus enhance
oil extraction. The C@in the produced oil is captured and re-injected @timately
sequestered below the earth’s surface. The denoaradidlitional CQis expected to
increase as production from existing oil, usingwaartional 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 sequesteneéd long-
term target levefS. There is significant potential in other geolosézjuestration options,
such as, saline formations, deep coal seams, agakitions, oil shales and salt caverns.
However, these technology options are still atauggistages of research, demonstration
and commercialization.

Technological Developments

Pre-combustion capture is widely applied in fexéti manufacturing and in hydrogen
production. The initial fuel conversion in pre-doastion systems is more elaborate and
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costly; however, the higher concentration of (®the gas stream and higher pressure
make the separation easier. Oxyfuel combustiotilisrsthe demonstration phase. The
use of high purity oxygen results in high £&ncentrations in the gas stream and thus
easier separation. However, it also requires as@d use of energy to separate oxygen
from air. Post combustion capture of 86 power plants is well understood and used in
selected economically feasible, commercial appboat however, the C{n the exhaust
is more diluted and thus capture is more costlpagsion of CQin the natural gas
processing industry, which uses similar technolagglready mature.

Within each aforementioned system category, thex@amerous emerging technologies
which offer the potential for major incremental impements in cost and energy required
as compared to commercially available capture telcigies. These emerging capture
technologies include chemical and physical absashenlid dry scrubbing with physical
adsorbents or chemical absorbents, cryogenic metlaod gas membrane separation.

In addition, well-drilling technology, injection¢bnology, computer simulation of
storage reservoir performance and monitoring mestiaan existing applications are
being developed further for utilization in the dgsand operation of geological storage
projects.

In California, the West Coast Regional Carbon Sstyagon Partnership (Westcarb) is
conducting a C@storage pilot project in the Rosetta gas fieldrAgerton, California,
testing CQ storage within the context of an EOR project. ifGalia can continue to
cooperate with these types of projects, with theelf@ government taking a lead role
consistent with the national importance of thihitemogy. The project will validate the
sequestration potential of California Central Vialkediments, focusing on overcoming
current monitoring challengé8. Monitoring is an important issue to ensure @
injected into geologic formations remains secunelyafe storage.

One interesting sequestration technology is ansams-to-biofuels pilot that uses an
algae bioreactor system connected to the flue flagyenerating station. The system
grows algae by absorbing G@ the exhaust stream. Algae is then processed int
biodiesel and other products. Past successful gilases have spurred Arizona Public
Service, in conjunction with NREL, to create a &rgcale pilot project, ultimately
hoping to bring this technology to market scaléodgh CQ is emitted when the
biodiesel is combusted, it displaces emissionswioatid have resulted when dirtier
diesel fuel was burned. One of the challengekisfibnovative, 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
reductiozmlshould either be credited to the powanipbr the transport sector, but certainly
not both:

A variation on this technology circulates turbindnaust gas through algae in an open

pond (compared to a closed bioreactor) to prodpuoelsa to be used as a dietary
supplement (compared to a biodiesel feedstockciag capital costs. Testing multiple
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methods of using the same technology will help meitee what variables are the most
valuable in creating a sustainable carbon redut¢tiohnology*?

Other proposals presented to the ETACC electriwdtylral gas sector subgroup would
use acceleration or enhancement of naturally-oecguaohemical and biological reactions
to effect carbon capture and sequestration. Omgosal would combine limestone and
CO, to create a slurry of bicarbonates to be dispo$é&y dissolving it in the ocean.
Two other proposals would create enhanced plargutowth by seeding parts of the
ocean with iron particles. The new plankton waathdorb CQand 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 involthiggsensitive environment be
carefully researched for irreversible consequebeésre implementing®

CO, Abatement Potential

Technology is available to capture 85-95 perceithefCQ processed in a capture plant.
After accounting for the energy needed for capaum@ compression, a plant with CCS
could reduce C®emissions by approximately 80-90 percent comparedpower plant
without CCS. The IPCC says that CCS has the paldntabate C@emissions between
15 and 55 percent of the cumulative mitigation effeeded by 2100.

Technology-Specific Barriers

Technological Many component technologies for CCS have alrdmiyn developed, but
both the size and number of demonstration progetsery small with respect to the
scale that will be necessary to mitigate signifidature CQ emissions. While carbon
capture has been successfully demonstrated fosinduprocesses, the utilization of
CCS for large-scale power plants still remainsdarbplemented. There is relatively little
experience in combining G@apture, transport and storage into a fully ireégpt CCS
system, though various government and commerdaitefare underway around the
world, including promising ones in California.

Another major consideration is the highly diversg¢une of potential storage sites, which
differ widely in their geologic characteristics,tpotial for economic co-benefits, and
geographic distribution. Terrestrial sequestraislow-cost and has environmental co-
benefits, but capacity and storage life are limiethpared to the geologic option. There
could be potential leakage if previously drilletiand gas wells were not sealed
appropriately. Saline formations provide the npsimising storage option due to its
large aggregate CQtorage capacity and minimal number of existing penetrations.
Given that power plants are widely dispersed ggaucally, deep saline formations will
be important reservoirs for Gvherever 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 accurdtyin 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, gihhasome of the cost disadvantages may
be reduced in new and highly efficient plants oeweha plant is substantially upgraded
or rebuilt.

Geologic sequestration offers large capacity aridmi@l permanence, but capture costs
are high and assurance of no adverse environmemgacts is required. Activities
undertaken for CCS purposes generate liabilitygssundeed, 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. Insnce companies can mitigate near-term
risks, but insurance companies will not cover loeign (greater than 100 years) risk.
Efforts by government to help address the liabiiisk 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 percefit. A newly completed NETL study shows that on averag
addition of post-combustion CCS technologies reducpulverized coal plant's thermal
efficiency by 13 percent, hiked capital costs @& thcility by 73 to 90 percent, and
increased the cost of electricity produced by tlaatpoy 60 to 70 percent. Such
enormous cost increases clearly highlight the fieeshvestment in RD&D aimed at
slashing costs of CCS technologies. After all, GESeen 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 C®from the point of capture to the point of geolomiection for
storage poses fewer technical unknowns, with déstic@Q pipelines already
commercially established. Yet it appears there beageployment barriers in siting
issues and the sheer scale of the major new pgeétworks that will be necessary to
carry compressed G@rom power plants to injection wellhead locatior@Surrently,

there are thousands of miles of Q@)pelines in operation in the U.S. These pipeliaes
regulated by the Department of Transportation guenintegrity 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 topgiji@lines; thereby providing the
option for right of eminent domain for securing Rig) Of Way for pipes linked to
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gasification projects, including feedstock/coaksks and any outputs such as methanaol,
CO,, H2, etc.

An entirely new gathering and distribution infrastiure will need to be built to compress
and safely transport GQlioxide to appropriate geological formations amedt it deep
beneath the Earth’s surface. The US appears &y large C@sequestration
potential. However, these formations are not gvdigtributed throughout the country.
Fully developing a system of permanent f@ologic sequestration sites will require the
U.S. to build a vast interstate pipeline systemewhat similar to the natural gas pipeline
system that has been created over the last cemtjggtion wells must be drilled several
thousands of feet below the Earth’s surface. Whilisrequire 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 i#-pommercial technologies. Key
challenges include the willingness to bear theahftigh cost and potential risks of first-
generation systems. Developing a track record,edlsas continued technical advances to
build up the required infrastructure, are also ingoat factors.

Reqgulatory Evaluating the safety of potential CCS projewxils be very important for

both regulators and communities located near WG&8 projects may be located.
Regulatory uncertainties currently pose a baroeldCS. For example, it is not clear
whether underground injection of @@ 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@d@e Class V for experimental
wells. However, the EPA has indicated that it meofassify experimental wells for CCS
research if and when they are put into commergatation. 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 chadlefferent states have different laws
regarding land rights and mineral rights. Devetspraust negotiate varying regulations
and ownership issues regarding land rights and nalinights in order to gain access to
underground storage with each State governmeraddition, long-term retention of
stored CQ will require approval of monitoring techniques astdndards at various
governmental levels and acceptance by insurers.

Federal and State governments must develop orerésitegal and regulatory framework
to support these investments, because CCS raiselegal and regulatory challenges for
project developers. These challenges and potersia are not yet fully understood, nor
are uniform standards or government regimes inggl@@ddress and mitigate them.
Among the key questions to be addressed in thel@mwent of a consistent regulatory
framework for CCS are: property rights, includihg passage of title to G@ncluding
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to the government) during transportation, injectoml storage; government-mandated
caps on long-term CQiability, insurance coverage for short-term £@bility; the
licensing of CQ transportation and storage operators, intelleqgitagberty rights related
to CCS, and monitoring of CGGtorage facilities. California should addresseheerging
legal and regulatory issues associated with CC8l &rnegulatory permitting legal
structure is developed and the issue of liabilgl s addressed, it is highly unlikely that
large-scale carbon sequestration can be achiewdkislregard, among the options
California should explore is that adopted by Texdsich transfers the title (and any
liability post-capture) to CoOcaptured by CCS to the Railroads Commission oa$ex
Public acceptance will be crucial; potential riskdruman health or to ecological
systems, and associated mitigation measures, raugidntified and communicated.

K. Fuel Célls

Fuel cells operate on natural gas, methane, diggajas, hydrogen and other fuels.
They range in size from tiny — less than one wath as large as 1 MW, with larger
systems currently in development. Fuel cells aatadble, 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 reeovand used in combined heat and
power/cogeneration applications, which can doufetotal energy efficiencies of fuel
cell projects. Currently, fuel cells are primaniged 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 @lgyrowned power plants or on-site
distributed generators. California has installldost 15 MW of fuel cell capacity since
2003; about half of the installed capacity is casto generators; the balance is utility and
waste water treatment facility power plants. Anoéh&I\W of fuel cell capacity is under
negotiation.

Technological Developments
Fuel cells are generally characterized by the elgte employed in the device. Fuel
cells are also characterized by their operatingpeature, i.e. low or high temperature.

There are dozens of types of fuel cells, with fjpamary 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 rapltarbonate or phosphoric acid. Solid
oxide fuel cells are on the verge of commerciaiarat Proton exchange membrane fuel
cells are commercial in small scale backup powstesys and specialty vehicles.

CO, Abatement Potential

Renewable fuel cell projects operating under thspmes of the Self-Generation
Incentive Program deliver GHG emission reductidva tlepend on whether the unit is
used for combined heat and power and the displeadubn 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 aftévand Power (LADWP)
substantially higher. Substantial deployment pidourrently exists for grid support
and for large buildings with base load power nesdsools, hotels, hospitals, office
buildings, jails, and industrial buildings.

Technology-Specific Barriers

Technological Fuel cells require highly-durable, expensive poment materials. Cost
reduction for these materials is the key techraballenge and commercialization factor
for fuel cells.

Financid: Fuel cells are still relatively expensive, aswpared 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. Furthernfoel cell operators that use
natural gas must absorb the fuel cost and volatibk. Key factors are bringing down
the price of component materials, reducing theaust capital costs for installations,
providing cost recovery for natural gas and otlessil units, and expanding the
availability of low carbon and renewable fuels.

Institutional 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 atgyniad, but suffer from fear and lack of
familiarity with the technology. Lack of workfordeaining for utility employees on
technology operations and best applications igiadna

Requlatory A number of regulations impact the cost-compaditess of the technology.
Created in 2001, the Self-Generation Incentive Riog(SGIP) provides funding for fuel
cells and other clean Distributed Generation (D&8hhologies. Rebates are limited to
the first installed MW of a maximum total projecesof 3 MW. This restriction on

SGIP is too low to incent economies of scale ardkvacale deployment. Increasing this
subsidy cap would enable a greater market transfibomfor fuel cell technology.
Renewable fuel cells are also eligible for net mete The current net metering cap in
California law, 2.5 percent of total peak demasdyotentially too low to build demand
to accelerate installations.
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L. Biomass/L andfill/ Digestion/ High Temperature Waste Conver sion

Biomass is defined by Federal statute (7 USC 7&3) &8s “any organic matter that is
available on a renewable or recurring basis, inolgdgricultural 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: remewatyer generation, production of
biofuels such as ethanol and biodiesel, and biedatastics and chemicals. Another
key co-benefit provided by biomass plants is thastare able to provide firm base load
capacity as well as energy.

The three primary sources of biomass used for griarGalifornia 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¥B. The remainder is generated by
the combustion of landfill gas and biogas in smmgilants typically in the 1-10 MW
range.

California leads the nation in the consumptiontbbaol. Almost all of the current
ethanol supply is created from corn, with most grown in the Midwest. In 2004,
California consumed almost 25 percent of all eth@noduced 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 appesae 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 develapnigew markets will offer
additional outlets for biomass energy, but willcalscrease 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 potentiabiofnass wastes and residues from
agriculture, forestry and municipal waste are auityebeing converted into useful energy
products. Dedicated energy crops could also addisaesource potential in the future.

Out of available technical potential of 39 metrg tbns (MDT), four to five MDT of
solid biomass resource was used in 2005. In addiio 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 thatamsidered to be recoverable on a
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sustainable basis.) The theoretical potentiaCfalifornia’s entire biomass inventory is

estimated to be over 90 MD

T per year.

The electricity generation from biomass could pbédly reach 60,000 GWh per year by
2017, or 18 percent of projected statewide elattraonsumption 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 support over 2 billion
gallons of ethanol per year, approaching 3 biltialions by 2024°

Technological Developments

There are several pathways for converting biomassable energ?:

Biological Conversion

Source

Conversion Process

Primary Energy Product

Agricultural crop

Fermentation of sugars

Ethanol

Any lignocellulosic*
biomass

Cellulose to sugars, then
fermentation

Ethanol

Landfill gas, animal
manures, food and other
organic residues, biogas
from wastewater treatment
process

Anaerobic digestion,
cleaning separation

Pipeline quality gas, CNG,
LNG, hydrogen (via
reforming)

Thermal Chemical Conversion

Sour ce 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*
biomass

Pyrolysis and upgrading

Upgraded bio-oils
(generally non-transport
fuel)

Physiochemical Conversion

Source

Conversion Process

Primary Energy Product

Bio-oils (waste oils/fats, ag
crops)

Transesterification or
hydrogenation

Biodiesel

10-59



ETAAC FINAL REPORT

*Lignocellulosic or cellulosic biomass refers tmhbiass that is not food or feed, and the non-food
component of traditional agricultural crops suchiies 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 themSan Joaquin Valley. Less than twenty
of California’s dairies are generating methaneslectricity production. These dairies
provide an opportunity for load-serving entitiestsas public and private utilities to
produce base load renewable energy without the foeetectric transmission
reinforcements (the biogas could also displacerabgjas for heating and other uses).
Capturing the methane from dairies has high abatepwential due to the GHG
characteristics of methane, which has 23 timeetfeet 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 ldlsdivas performed in
2002, at which time the total electrical generatiapacity from the 51 then existing
landfill gas to electricity (LFGTE) projects in Gfaknia 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 contsylstems or were venting the landfill gas to
the atmosphere. These 164 landfills have the patdat producing significant amounts
of electricity while reducing the contribution tbrneate change of the methane emissions.
Additionally, some of the existing LFGTE projectge aperating 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 electyigeneration, 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 whetheatgr climate change benefits can be
achieved through waste reduction or recycling mdshostead of conversion; and on
avoided GHG emissions of electricity that coulddsplaced by high temperature waste
conversion. Similar types of analysis would bedwsekif high temperature processes
were used to convert waste to other fuels for hgaind/or transportation.

Technology-Specific Barriers

Technological While existing bioenergy generation technologieswaell established,
new emerging technologies such as gasificatiomglpsis and lignocellulosic ethanol
have yet to be fully demonstrated and commercidlibeie to feedstock variation, the
new technologies being developed need to be alblartdle a variety of feedstock
quality. Adequate environmental data often do matexist for many new biomass
industries or they have not been fully evaluateddngulatory 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 plantsehalatively high capital and
non-fuel Operations and Maintenance (O&M) costsNd&f compared to fossil fuel
plants using similar technologies. In additiorg ghants are sensitive to biomass
feedstock costs. The cost of collecting and delvebiomass to the point of use is often
high and reduces the competitiveness of biomasggsgstems compared with other
renewable technologies that do not incur fuel cagte benefits of bioenergy options are
also not adequately recognized or valued in thketaAnd the cost of siting and
permitting for new projects can be prohibitive,givthe lengthy and complex process. In
the final analysis, biomass projects are capitainsive, and the uncertainty of
California’s long-term commitment to and availatyilof bioenergy -- coupled with
uncertainties associated with new technologies asdjasification or cellulosic ethanol
technology -- make financing difficult.

Institutional Biomass projects require an infrastructure téecq process, transport and
store feedstock, and to distribute biofuel produéiarthermore, there needs to be
cooperation and collaboration among various indesstincluding: agriculture; forest
products; electric power; waste management; chdsnichand gas; and the automobile
industry. There is a lack of public awarenesseflienefits of bioenergy and facilities
that covert municipal waste to electricity faceotlgh high-temperature processes face
substantial public concern over air toxics emission

Regulatory Any form of combusting fuels to generate elettyiwill be subject to
regulations and permitting for pollutants such &xNn California. Strong public
barriers to acceptance over concerns such as deoxissions for high temperature waste
conversion may block political and regulatory apaie.

Different aspects of biomass development, manageamehuse are governed by various
State agencies, which may have unintentionallylapping 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 systemasi&essing the overall, lifecycle cost
and benefits of bioenergy options. Furthermorejildestry is fragmented and composed
of a diverse group of fuel providers, producers asers. Each segment of the industry
faces different regulatory issues and challenges.

The Federal production tax credit is lower for bass than that for wind, solar and
geothermal projects. Federal programs have ontyg@eently begun to support biofuels
other than ethanol. At both the Federal and Seatel$, bioenergy subsidies lack
regulatory certainty, which acts as a barrier togte sector investment.
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To qualify for diversion credit, a gasification flity must meet stringent criteria, as set
out in AB 2770, a bill signed into law in 2002. & triteria includes using absolutely no
air or oxygen in the conversion process. Gasiboabowever, does require some air.
Gasification of municipal solid wastes is therefgreatly inhibited by the language of
the law. The diversion credit rules of the wasenagement laws also inhibit the use of
municipal solid waste. Current laws allow diverswedit for many activities, but
generally exclude energy conversion from theseits.e@ending legislation (SB 1020)
may change this State policy. Also, permitting t®anversion 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 baseline for NOQemissions 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 wofiidet other gas use, and therefore
be a more efficient use of energy. Yet there isentty no credit given for such offsite
NOx reductions.

M. Next Generation Advanced Gas Turbine Technologies

Clean, flexible, natural gas-fueled resources apessary 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 thes@ng up services.

New technologies have been proposed to improveffleency of new and existing gas
turbines in base load and peaking applicationse Ype of strategy is increasing the
energy efficiency of gas turbines. They are useddth simple cycle and combined
cycle (where waste heat is used to generate staaadditional electricity generation).
Another is improving systems to increase the eadficy of combined cycle systems, and
optimizing systems so that they can achieve higffigient 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 Bestilatae Control Technology (BACT)
decisions that includes power generating equiprsecit as gas turbines and boilers.
This database should be expanded to include greeelgas emission rates, now that
CO, has been recognized as an air pollutant, to fatliechnical information sharing for
permitting within California for new. For instanaxisting EPA guidance requires
consideration of GHG emissions when selecting aliupon emissions controls as
BACT. Thus, establishing this information will fiitate evaluations by California
permitting agencies. (In areas that violate hela#tbed standards, achieving the lowest
achievable emission rate of the pollutant(s) coboting to the violations is the over-
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riding concern.) In addition, GHG emission ratak aso 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 stahhrmat and the CEC and air
Districts should include this information with eygrermitting action for fossil-fuel fired
electricity generation. Other agencies such astSGoast Air Quality Management
District (SCAQMD) and EPA should also seek to imiguhis information as well in their
air pollution control technology databases forlfaes within their jurisdiction. CARB
should also consider the feasibility of providirafal 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 ustsiedmal energy for heating, cooling or
dehumidification. (As noted earlier, fuel cellge @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 iretbroduction of electrical and thermal
energy.

CHP avoids the use of fuel by combining what waatlterwise be stand-alone
production facilities — e.g., steam boilers andtia@ized 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 (Matural Gag)
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Figure 4-10: lllustration of CHP efficiency.

There are two main types of CHP employed in Calir “Topping cycle” CHP

captures the byproduct heat from electrical ger@rdor domestic or industrial heating
purposes. Byproduct heat at moderate temperatli@®st¢ 180°C) can also be used in
absorption chillers for cooling. By capturing #mecess 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#igiency typically found at new,
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conventional gas-fired base load power plant. |Ateel process is a “Bottoming Cycle”
plant that is more efficient than conventional §eed facilities by virtue of capturing
process waste heat to generate electricity. Baesyf CHP have a wide range of
applications, both large and small.

Historically, California has been a leader in teeelopment and installation of CHP
projects. Large scale topping cycle CHP facilitiese been installed in California at
paper and glass manufacturing plants, food proogseefineries, thermally enhanced oil
production operations and other industrial locatioBottoming cycle plants support
other California industrial processes, such asop@im coke calcining operations.
Smaller scale projects can be found at schoolgitabs, prisons and other commercial
sites. There are currently over 9,200 MW of CHRailhsd at 900 sites throughout
California. By 2020, California could add betw&ef00 MWe and 7,300 MWof new
CHP capacity, resulting in G@eductions of between 1.5 million and 6 milliomsaper
year.

A properly designed and sized CHP system can re@@emissions by 20 to 25
percent compared to separate processes for genpedtictricity and thermal energy. If
these CHP facilities rely upon renewable fuels,jtamithl GHG emission reductions
occur. Small-scale CHP systems already receive mumencentives, including
exemptions from various charges (such as standisygtems under 5 MW), and
favorable natural gas transportation rates. Sugpo6tandard Offer contracts under the
federal Public Utilities Regulatory Policies Act b378 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 mayehswplus electricity for sale. CHP
facilities today face difficulties obtaining powssalles agreements with utilities to take
limited amounts of non-dispatchable electricity gi@ted by the project, especially as
utilities add non-dispatchable, base load renevgabBecond, there are policy tradeoffs
between efficiency and ratepayer equity resultmbpng standing debates between
utilities, CHP generators and various classestepeyers over standby rates, cost
shifting and rate design. Third, the ratepayer tyqgoncerns have led to customer load
served by CHP facilities facing material “departlogd” charges or exit fees when the
facility becomes operational. The cumulative intpEdhese issues can make the
difference between a project that can and cannet meequired hurdle rate. These
challenges may be further exacerbated with theemphtation of AB 32 if CHP owners
are asked to bear the costs of electricity germratirectly, while other industrial sites
experience carbon mitigation costs that are partaddsorbed by upstream producers.

These are not new issues presenting insurmountadplgatory barriers. California can
eliminate these barriers by first creating a viatdeoon market, which properly accounts
for CHP benefits, and then weighing the tradeoéfisMeen utility portfolio needs,
ratepayer equity, and efficiency to address powakassregulations and departing load.
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0. Oxyfudl Combustion

Oxyfuel Combustion offers several advantages coetpsr capturing carbon from
natural gas power plants using ambient air for agstibn. CQ separation is expected to
be more costly for post-combustion clean-up fouratgas/ambient air natural gas
power plants due to the low concentration of,@Qthe exhaust in post-combustion
systems. With Oxyfuel Combustion, air is excludiedn 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 gasessstof a process to separate,Clhe
same process could also be applied to fuels sunhtasal 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@xssions 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 Qi8tess is an oxy-combustor or
“gas generator” adapted from rocket engine techgyl®he gas generator burns gaseous
fuel with oxygen in the presence of water to predasteam and GOnixture at

extremely high temperature and pressures. If unglbed, 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 opportuniip¢cease the overall efficiency to 60
percent when steam turbines that can handle 308@am become commercially
available. One of the biggest challenges associaitddoringing this technology to
market will be to improve the cycle efficiency bymking to develop steam turbine
technology capable of cost effectively operatingeaty high temperatures.

P. Advanced Coal Technologies

Coal currently accounts for more than half of trezicity generated in the United
States and more than three-quarters of the elettgply in China. It is also the dominant
fuel source for power production in India. Becaasal is such an important resource in
to so many major economies throughout the worlel diesvelopment and deployment of
affordable, efficient new coal technologies thaiduce less C@is critical to climate
change response strategies designed to avoid gtababmic instability.

In recent years, Californians have received amegéid one-fifth of its total electricity
supply from coal-fired power plants located acribgsinterior 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 gatexl by other coal plants in the
interior West was estimated to have been soldthedCalifornia market.

Governor Arnold Schwarzenegger announced a newgrahip in April 2006 with
Governor Freudenthal of Wyoming by signing a Memdrtam of Understanding (MOU)
supporting the development of advanced coal tecigmed with the goal of improving the
availability, diversity and stability of Californmelectric energy supplies. Since then, a
number of utility executives and representativesifithe CPUC have met to discuss the
advancement of clean coal technologies. Early dsons have centered on California
and Wyoming working together to prove the viabibfyintegrated Gasification
Combined Cycle (IGCC) power plants using CCS eqeipmif this first of a kind
commercial demonstration is successful at its Wygysite, California could obtain
electricity generated by a clean coal technology ttould 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 promaie é@ergy security and environmental
sustainability. Coal, which is both cheap and alamds well-suited to meet the former
objective, but, absent CCS, will actually undermtime second goal of reducing GHG
emissions. Demonstration projects offer potentia#lgt public benefits as California and
the rest of the nation move to reduce our deperaendoreign energy sources and
address climate change. More broadly, the develapofahis technology can play a
fundamental role in combating climate change glgithrough technology transfer to
nations such as China and India, which remain lgrdgpendent on coal.

Most power plants today use Pulverized Coal (P€)rtelogy, 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 stghime, which drives an electric
generator. The pressure and temperature of thengieaduced 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&is are sub-critical, which means that
the pressure and temperature are below the cri@at of water. Subcritical plants are
well established and relatively easy to controthvaverall energy conversion
efficiencies in the range of about 30 percent tocat 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 arathemistry and metal temperatures, but
today they are just as reliable as subcriticaltslafo 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 efficiemfcgpproximately 50 percent. As USC
plant designs cross the 1250°F (670°C) threshb&; will require more expensive
nickel-based alloys for high-temperature componehtsustained commitment to
materials technology development is needed to m®these advanced alloys, address
field fabrication and repair issues, gain apprdr@h industry standards organizations
and insurers, and optimize plant designs for tvedespread use.

Developmental advances are also under way for tiver @lirect combustion
technologies:

. Circulating Fluidized-Bed (CFB) systems are alrebding selected for new
generation capacity, especially where inexpens$iagj-to-burn fuels such as
lignite and solid waste are available. CFB plamtsrate at relatively low
temperatures and thus produce less NOXx in therlibée PC plants. In
addition, the aerodynamically suspended “bed” 6F8 boiler is fed with a
sorbent (usually limestone patrticles) to remove S@lutants. This approach
produces a bit more GOhowever, which puts CFB technology at a
disadvantage relative to PC plants under stringariion emissions constraints.

«  Coal Oxy-combustion — the burning of pulverizedléogure oxygen separated
from air — has emerged as a potential combustidiorofor 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, €&@am would be more amenable
to separation for long-term storage. Advances stesyis that can properly
manage oxygen combustion and Q€cycling and purification will require
additional development work before full-scale 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 Comti@gcle (IGCC) technology is
designed to combine a chemical gasification prowgigstraditional combustion turbine
based processes to generate electricity at conngyahigh 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 temperanaoeressure to form a combustible
gas composed mainly of hydrogen and carbon monoXiais “synthesis gas” is cooled,
cleaned, and then combusted in a gas turbinectmdined (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 per¢t@@C technologies have improved
efficiencies compared to traditional PC plants. dlierall efficiency of an IGCC plant
depends on the particular gasifier technology eyeuzland the type of coal.
Improvements in overall efficiency translate indaluctions in C@emissions; for every
one percent of efficiency gain, a plant producesua percent less G@er kWh. A

10-67



ETAAC FINAL REPORT

generic IGCC plant has a G@missions rate of 1600-1760 Ib/MWh as compared to
rate of 2000 Ib/MWh for a conventional coal plant.

Use of nitrogen diluents in the gas turbine comtmuiginits NOx production to about 10
ppm. Sulfur dioxide (Sg) emissions are low as well because of sulfur rexhrates
greater than 99 percent during synthesis gas cigamior to combustion. IGCC has the
added advantage of being amenable to the additiashat is known as a water shift
reactor downstream of the gasifier to produce a&h&gis gas with mostly hydrogen and
CO,. Commercial processes from the chemical indugtnyremove C@more
economically in this relatively concentrated, higtessure form than they can remove it
from a diffuse flue gas stream at ambient pressureh as occurs in pulverized-coal (PC)
boilers.

Technology-Specific Barriers

Technological The basic IGCC concept was first successfullyalestrated at
commercial scale at EPRI's Cool Water Project fi#84 to 1989. However, IGCC is
not yet considered a commercially viable technolfmyycoal at this time, though there
are IGCC plants operating in the US and worldideilizing 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 eadfi;
however, none of these plants captures or seqaes@r Unfortunately, these coal
plants have not consistently achieved capacityfaatomparable to readily available
supercritical PC plants.

Most of the information on the operation of IGCE€Hhrology is based on the use of
higher ranked, higher heat content bituminous ooglet-coke. Lower ranked
subbituminous and lignite coals, which feature Iotveat content and greater moisture
content, can be gasified, but at lower efficieridye industry needs significantly more
experience working with these coals, especiallgithe 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 ravdare found in elevations that exceed
4,000 feet. The output of a combustion turbineeduced approximately 3 percent with
every 1,000 feet increase in altituitfeFor a project operating at 5,000 feet (which wioul
apply to much of PacifiCorp’s generating fleethe Rocky Mountain region), output
losses would be a significant 15 percent. In singlms, this increase in elevation results
in a reduction in output, although the capital aesissentially the same. Relocating
power plants to a lower altitude and moving thetetas by wire may seem a reasonable
option, but this would move the generation awaynfrmany of the most potentially
suitable carbon sequestration sites in the 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 considereéd #n 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 thetfinoup of U.S. IGCC plants is expected
to cost about 15- 20 percent more than that fronventional PC units with SCand

NOx controls, assuming no CCS requirements. Thraagire product development by
the equipment suppliers, this cost differential rbayreduced 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 twdpce a gas-based fuel that can be
burned in a combustion turbine; and (2) power gati@r. CCS is a potential
complementary add-on to this technology that wawalavert the carbon in the synthetic
gas to CQ, separate and compress it, and ultimately inje¢ep beneath the Earth’s
surface for permanent sequestration. As describ&dction J above, CCS is also a two
step process: (1) G@ captured from the air, a fuel or exhaust; andhi@n transferred
into a natural sink (trees, algae, carbonate etdnjected into geologic formations for
long term storage. CCS will play an important rolelimate change response strategies
given the world’s continued reliance on fossil BielThere is a variety of pre- and post-
combustion mechanical, chemical, and natural cadapture technologies that are
currently 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 hydrogewpoplant for Carson, California. The
plant will convert carbon-rich petroleum coke itgdrogen gas and G@hrough a
chemical gasification process. The hydrogen géddiven 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 inaila@ve underground reservoirs for
long-term storage, eliminating 4.5 million tons/yedGHG emissions. The plant will be
located adjacent to the existing refineries in@aeson 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 todmaéd 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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Figure 10-5: lllustration of Carson Hydrogen Poweroject and CCS

SCE has filed an application with the CPUC requgstiermission to assess siting and
design for this coal-based hydrogen fired IGCCéduko CCS

Among emerging options for large-scale {f®moval are new chemical solvents,
alternative physical/chemical separation methodsehsystems based on mineralization
processes, and concentration of Qi®flue gas via high-oxygen combustion or chemical
looping. EPRI is currently evaluating these optiand intends to develop appropriate-
scale projects to speed the validation and deplaywiethis promising technology and to
improve the economics of integration with coal poplants.

One particularly promising new G@ost-capture technology is the chilled-ammonia
process. The current monoethanolamine (MEA) profmsemoving CQ from the flue
gas of a PC plant has several disadvantages, ingllmlv CQ, 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 absorbetfteilt saves energy by regenerating
the absorbent at high pressure. Early data fromrédbry-scale equipment indicate that
removing CQ from a PC plant using the chilled ammonia proeceayg reduce electricity
output by only |0 percent, compared with 29 perdenthe MEA process. Because of
these promising early results, EPRI is working wAtetom to build a 5-MW chilled
ammonia pilot test facility, expected to begin @iem in 2007, and provide capture test
results in 2008. A Cg@storage test could follow in 2009.
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In addition to the technical issues associated @{Is there are a series of legal and
regulatory issues which will need to be addresse 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 provitbessingle largest “wedge” of
carbon emissions reductions that could be achibyete electric utility industry in
meeting a goal of reducing 2030 emissions levelO&0 levels. It is clear that broad
commercial deployment of CCS technology is theaaitcomponent of achieving long-
term reductions in GHG emissions, both domesticatlg internationally. The recent
MIT study, The Future of Coalalso endorses this course of action: “We concthde
CCS is the critical enabling technology that wotrdduce C@ emissions 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 repolstied to the California Legislature in
November 2007, with recommendations for “how theté&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 rexamn-project. While engineering and
construction designs for a traditional coal plasgtdess than $1 million, an IGCC plant
cannot be built without a FEED study. Such a stmits $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 cpknt.

This added risk and cost create financing challerigean IGCC investment. Assured
and timely cost recovery, typically achieved byy@s 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#SCC pre-construction costs through
a 12-month generation surcharge. AEP proposedandephase of recovery during
construction to cover financing costs, and a tipindse to recovery the costs of the plant
after it becomes operational. Similarly, the Indidutility Regulatory Commission
approved the requests of two utilities for defeanadl recovery of IGCC pre-construction
costs. Colorado, Indiana and Pennsylvania alligeofull cost-recovery assurances for
IGCC and CCS by statute; Colorado additionallyudels recovery for replacement
power costs associated with unplanned IGCC platsigas.

Requlatory Before IGCC technology can provide a criticalhp@ward a low carbon
future, it must become economically competitivéiatde, and more broadly applicable
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to lower rank coals and higher altitude conditioR®licy makers must understand,
however, that combining a chemical process (gagitin) with a mechanical process
(coal-based power generation), and then captundgsaquestering the gasified carbon,
is not simple and has yet to be definitively dentiaied anywhere in the world today.

Government support for IGCC/CCS development woelg kirect the industry toward
this higher risk technology investment. This suppgould take the form of accelerated
depreciation; investment and production tax crediésearch, development and
commercial demonstration funding; performance agtagyuarantees; and/ or public-
private partnerships to develop, construct andaiperommercial scale IGCC plants.

S. Nuclear Power

At present, nuclear power provides about 15 peroe@alifornia’s total electricity
supply. Three reactors supply California: PG&E220 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. Theirentroperating licenses will expire
during the 2022-2027 timefram&.The re-licensing of these nuclear reactors veill b
determined by the federal Nuclear Regulatory Comaimis(NRC). The California
utilities are in the process of completing re-liseig studies, which are expected to be
completed in the 2010-2011 timeframe. If the stsiglive 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 chaties, but public resistance.

Nuclear power provides fuel diversity, enjoys lopecating costs, and generates virtually
no GHG emissions. Nuclear generation is experignaifrenaissance” as utilities and
independent power producers explore its potential garbon constrained electric
generation market. The Federal government, thréligthoan guarantees included in
Energy Policy Act of 2005, has spurred renewed@stein nuclear power. Throughout
the U.S., 21 projects have been announced anad &egious stages of the permitting and
licensing>* though none has yet been constructed.

How much of this capacity actually gets built rensaio be seen. The last generation of
nuclear power plants to be built experienced sigait siting issues, cost overruns and
delays. Nuclear proponents argue new technoldgvesr development risks and
associated costs.

The largest barrier to new nuclear developmentalif@nia is a regulatory one. Under
existing California law (Public Resources Code 255fhere is a moratorium on the
construction of new nuclear power plants until@tC finds that there is a federally
approved, high-level nuclear waste disposal fgciNucca Mountain Nevada has been
designated by the U.S. DOE as a high-level nusleaste site. The date for operations
has slipped several years with the date now sirggayut 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 arywnnuclear power plants here in
California.

Despite these obstacles, a potential new nucleaeipplant is being proposed by the
Fresno Nuclear Energy Group, LLC.

Technological Developments

New technologies for nuclear energy generatiorunhelload 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. lilee, it is capable of cooling down
from a reactor critical condition to a refuelingepgtion 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. Intamdielectrical safety includes full load
rejection of 100 percent to 3 percent without aptap, four emergency diesel
generators, and two smaller, divers SBO D/Gs. HNigsvcharacteristics include airplane
crash protection and explosion pressure wave. éftielency has also improved to 35
percent (the typical current U.S. plant is 33pat efficient), and now uses 8 percent
less uranium to generate each MW of electricity.

Technology-Specific Barriers

Technologich Long-term waste disposal has been an on-going iggt still needs to be
resolved.

Financial: The capital intensity of nuclear generation igrdang, and increases the risk
profile for investors. Furthermore, the levelizesicof new plants is hard to estimate,
since few plants are being built.

Institutionat Public concerns over plant siting, safe operaéind waste disposal pose
significant barriers. There are global concernsualbiwe proliferation of nuclear
materials. New fears have emerged in the postWdakld regarding nuclear plants as
targets for terrorists. Finally, lack of qualifiabor pool is also a concern.

Requlatory The California Moratorium is a significant regidey hurdle. No new nuclear
plants may be built in California without a cleapository for waste.
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In addition to the recommendations in the Eleitiri& Natural Gas Chapter 4, the
electricity & natural gas sub-group recommendsaotiewing:

Additional Electricity & Natural Gas Sub-Group Reum
Not ranked by priority.

endations

[tem

RelatesTo

1.

To encourage wider adoption of LED lighting,
consumer education is necessary to increase aveagrehie
benefits and availability of consumer-ready LEDdrcts.

Energy Efficiency —
LED

Cap & trade or other regulations should not put
electricity at a disadvantage compared to tradatigetroleum
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. EPRhselliGrid
Consortium, with founding members including ABBeth
Bonneville Power Administration, Con Edison, Elesite de
France, and Hitachi, is working to establish annogtandard
for smart-grid interoperability. Similarly, the @wise
Alliance, under the guidance of the US Departmémrergy
and the PNNL is developing supportive open starsland
guidelines.

Smart Grid

California should actively investigate the upgrattes
distribution-level infrastructure that will be nesstito support
both increased DG penetration by renewables andaver
flows associated with a PHEV/EV fleet. Ratemaking
treatment for these utility investments should toelied and
implemented on the most accelerated timeframe Iplessi
consistent with technical feasibility and the steathrket
deployment of the technologies in question.

PHEV/EV —
Transport; Smart
Grid

Organize and expand the current level of effoth
science and business of CCS, with the federal govent
taking the lead. For example, UC system-wide pigktion
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 maxamihe
commercialization potential of CCS technology

CCS

Fostering interactions between consuming and coa
producing/generating States should include:

a) Closer collaboration between all utility
commissioners
b) Support “Capture-Ready” requirements for all n

coal generating facilities. “Capture-Ready” ref@rs
IGCC and PC power plants that are located in imatedi
proximity to a suitable sequestration site, andtang

| CCS

D
=

10-74




ETAAC FINAL REPORT

CO2 pipeline, or a verified pipeline rout to a réeo
sequestration site and have space on site andthery o
essential features to allow CO2 capture facilities
subsequently to be integrated without extendedgasta

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 amoraggpams
and technologies.

h Renewable

10.

Continue existing incentives for distributed
technologies, and adjust to account for actualgner
performance, environmental attributes, and econswiie
scale.

Renewable

11.

State support for development of new technologies
geothermal exploration.

fRenewable

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 agtither
programs as services such as recruiting, creafiolean
energy equipment manufacturing “enterprise zones”.

ndrenewable

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 landfilgyfor
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 permitteféprts.

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 expectedaohrger
term would increase clean energy investment ang sy
and continue momentum in lowering costs and coitgqu
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 tH&b2
Energy Policy Act for demonstration projects of adeed
coal technologies using carbon capture and sea@uiesty with
a focus on those locations and coal types thaharenost
abundant.

0IGCC with CCS
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21. Provide specific development goals for the IGCC with CCS
advancement of IGCC technologies that focus on majo
components that will result in higher availabililgcreased
performance and lower cost.

22. Address legal and regulatory barriers/issues aataut| IGCC with CCS
with CCS.

23. Provide financial incentives for permanent geologig IGCC with CCS
carbon dioxide sequestration.

24. Develop a regulatory framework for injection wells | IGCC with CCS
and carbon dioxide pipelines.

25. Consider innovative technologies like integratiotps | Renewable

technology into existing power generation facistie
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APPENDIX V: Background Status Report on Transportation Sector Solutions

This appendix was compiled by the ETAAC Transpatasector subgroup as a
reference document for strategies that can redeEngouse gas (GHG) emissions from
the transportation sector. It contains summariepecific technologies and a set of
references in endnotes. Material was contributelddth 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

O@mMMoOO®m>

A. Vehicleand Fuel Technologies

A.1 Conventional Vehicles and Fuels

Many technologies exist that can improve the fditiency of contemporary vehicles
that burn fossil fuels in internal combustion emginthereby substantially lowering GHG
emissions, as has been documented elsewhere by @A&Bthers! Many of these
technologies involve improvements to internal costlmn engines, hybridization of
vehicles, and similar incremental changes. Mamnelaready been introduced into
transportation markets outside of the United Statetably Europe. In general,
technologies to reduce emissions from conventivehicles can be integrated fairly
easily into new vehicle design and manufacturimpey 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 emissimer unit of fuel, although
technologies can be developed to limit or to capaud store additional GHG emissions
used in resource extractidh.These include improved efficiency in oil prodoctiand
refining, the storage of carbon dioxide in deplatédields and reservoirs, and possibly
even the capture of carbon dioxide from the aerdfissil fuels have been combusted.

* Timeframe: Near to long term growth potential.

* GHG Reduction PotentialPotentially very large, especially if carbon afye 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 Parties:ederal and State governments, private sector.

A.2 Electric Vehicles

Vehicles that draw electricity from the grid haweeh 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 d#éf& plug-in hybrid electric vehicles
(PHEVSs) to neighborhood electric vehicles (NEVshigh performance battery electric
vehicles (BEVs). Generally speaking, the key @rajke for EVs is improved battery
technologies since relatively little infrastructuseneeded.

Some of the key advantages of EVs are: they hawetadpipe emissions of GHG
emissions; they tend to be very efficient in tewhenergy consumption; they have low
operating costs; they diversify the transportagorrgy supply; and they have the
potential to support the electric power systemubtovehicle to grid (V2G)
technologie$® However, they are currently very expensive -gédy due to battery costs
-- although these costs may be mitigated by add@mehicle designs that use smaller
batteries (e.g. vehicles with relatively shortelctric 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 Ebstitute such a wide range of
vehicles, the relative importance of these chaksngaries greatly according to vehicle
type. ETAAC did not attempt to duplicate the wofkhe ZEV panel review of these
and other ZEV and partial ZEV technologies.

* 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 tpdgmissions.

* Responsible PartiesFederal and State governments; private sectectredity
providers.

A.3 Biofuels

Transportation fuels produced from biological faedks (biofuels) are currently used in
California and may offer important opportunities @HG emission reductions, but there
are also significant concerns about bioffél<Currently, gasoline in California contains
about 5.7 percent ethanol by volume, which impdiesual consumption of about 900
million gallons. Much smaller quantities of biosie are consumed. A major advantage
of biofuels is that they require smaller changefuéi 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 levelsadbiition, the carbon intensity of biofuels
varies greatly with production method, and somday’s biofuels can have higher
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GHG emissions than fossil fuels. As biofuel praguthas expanded, concerns about
the environmental and social implications of udimgd crops for such expansion have
risen.

Most experts agree that for biofuels to contriigmificantly to lowering GHG
emissions, advanced (or “second-generation”) teloigines will be needed because they
offer two key advantages over today’s biofuelsist-they will enable the cost-effective
use of feedstocks such as grasses, trees, wastiggossibly algae in place of crops like
corn and sugarcane. Second, they may yield fhalsare 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. Depant 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. This is a key
demonstration program

Measuring the lifecycle carbon content of biofustsl developing appropriate
regulations is a challenging undertaking that tta#eSof California is currently
addressing, as are the U.S., the European Uniootaed national governments.
Increased support for the collection and analysdata (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 Potentiallnclear, 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 ceff* Because deriving energy from hydrogen emits amger vapor (in
amounts that have no significant effect on clinctange), it does not contribute to
global climate change. There is some variabilggween hydrogen production processes
in regards to their GHG emissions, but assuminggpopriate production methods are
in place, a hydrogen-based economy could have taenegly low carbon footprint.
However, the hydrogen economy requires integratfcan array of technologies:
hydrogen production, compression and storage;iloliston and delivery; dispensing at
fueling stations; vehicle utilization; and estabiisent of codes and standards for safety,
measurement and environmental regulations.
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* Timeframe: Long term.
* 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 tpdgbHG emissions and other
pollutants.

* Responsible PartiesFederal and state governments; private sector.

A.5 Other

A number of other vehicle and fuel technologies foayer GHG emissions in
California®® One is hydraulic hybrid technology, which usemi of reservoirs
operating at high and low pressure, hydraulic flaildd a pump/motor to store energy.
This system transfers the vehicle’s kinetic engogthe high pressure reservoir during
braking and uses the stored energy to supplemenibstitute the engine’s power during
acceleration. Hydraulic hybrid technology is legpensive that electric hybrid
technology, and may be particularly applicabletfeavy duty vehicles with frequent
stops and starts (such as buses, refuse trucKs, éther 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 @li@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, furtheruatan, especially as an additive to
hydrocarbon fuels, may be warranted.

B. Transportation Planning and I ncentives

Demand for transportation services is linked to Géffdssions. 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 choicewfaavelers today, some involve
changes in land use and infrastructure developraedtsome are wholly technological
in nature®® These opportunities are divided into three caiegocorrect incentives,
improved transportation planning, and advancedspraration systems. These
approaches to lowering GHG emissions will have irtgod co-benefits in terms of
improved public health, improved air quality, redddraffic injuries and fatalities, less
congestion, neighborhood designs designed for duglity of life instead of just
convenient parking, and others.

B.1 Incentives: Road Pricing
Road pricing policies can reduce congestion anitielEHG emissions by inducing

demand shifts from autos to public transportatioa by reducing discretionary travel.
They include cordon pricing (toll rings in high-atly centers like central business
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districts that charge drivers for entry into a spearea), “FAIR” lanes (fast and
intertwined regular lanes that charge drivers ®eapress lanes and transfer a portion of
the collected money to drivers using the non-expoesegular lanes), and “HOT” lanes
(or high occupancy toll lanes that enable driveithout the minimum number of
passengers to access high occupancy vehicle lanadde). 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 averafiesh addition, the city of Stockholm
implemented a six-month trial of cordon pricingdemuary 2006, including provisions
for expanded transit services and park-and-riddities. Using emission models, the
Stockholm trial is estimated to have reduced @ad particle emissions by
“approximately 100 tons per weekday 24-hour pedpbdy 14 percert”

 Time FrameNear to mid-term.
» GHG Reduction Potential: Modest.
« Ease of ImplementationTechnically not too difficult.

« Co-Benefits / Mitigation RequirementReduced congestion and increased
revenue.

« Responsible Partiest.ocal, regional, and State governments; privatéosec

B. 2 Incentives: Parking Cash Out

Parking cash out offers "commuters the option aslcout” their employer-paid parking
subsidies. [It gives] commuters the choice betwiess parking or its equivalent cash
value...éIhe cash option also rewards those who ogrpde 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 Pleasai@ahfornia (offered to city
employees) to 200 tons in Santa Monica, Califéfhia

» 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 PartieSState and local/regional governments; employers.
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Problem:Some employers or employees may not be awarerafgmot be fully
implementing the employee cash-out program.

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

B.3 Planning: Improved Transportation Impact Anays

Traditional transportation planning tools and nostiend to under-estimate the benefits
of transit and other alternatives in a way thatiéeto greater road construction for
automobile use. These processes should be drafhatinproved with new tools and
larger public sector budgets.

«  Timeframe: Planning processes implemented by 2012. Onrteng effects
will become more visible over time as the cumukaifects 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 reductiorfsone million or more tons of
GHG emission reductiorts.Exact results will depend on the outcome of local
planning decisions.

. Ease of ImplementationLow to moderate.

«  Co-benefits / Mitigation RequirementsSignificant co-benefits including
improved air quality, public heaffrand quality of life.

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

Problem: There are inherent trade-offs between differenh®of transportation and
accessibility of goods and services. Roadway desigl land use patterns that are
designed for maximum motor vehicle traffic are gatig less suitable for other modes.
Traditional transportation planning metrics suctaammobile Level-of-Service (LOS)
compare existing and expected motor vehicle voluimestimates of roadway capacity.
“LOS” is convenient due to its simplicity, but #ifs to recognize the environmental
benefit of improving mass transit and non-motorirgatles of transportation. Despite
the limitations of LOS, CEQA guidelines give greadight under case law to LOS and
related measures as a proxy for significant trartapon-related air quality impacts.

Projects that increase roadway capacity and spgedsited favorably even though they
increase VMT, discourage non-motorized transpamatand 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 unfaviyrabnder LOS despite the overall
decrease in VMT and GHG emissions that would beetiteresult. Such projects may
beneficial from araccessibilityperspective, but they would be considered unbeiaéfi
from a motor vehicléraffic perspectivé?
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CEQA guidelines are not established in the CEQAecadowever, State or local
planning agency that uses alternatives to LOS ciogiease the risk of legal challenges
based on the existing CEQA guidelines. This apgraaeates barriers for projects that
improve transit and non-motorized transportation.

Potential Solutionst.ocal and regional planning agencies should prariteductions in
VMT over increases in motor vehicle traffic andlpbbn, while maintaining access to
goods and services. Recognizing this under CEQdegjnes will facilitate a shift to
Smart Growth planning practices. To the extent éicaess to goods and services should
be addressed by CEQA guidelines, per capita coogedtlays and travel times are
examples of meaningful measurements. The ETAAGSpartation sector subgroup also
offers the following recommendations:

o Local, regional, and other transportation planraggncies should use
alternatives to LOS whenever possible.

0 The California Resources Agency should recognimdeu CEQA guidelines,
the benefits of using alternatives to LOS, or aloanmaffic congestion as an
indicator of environmental quality and instead ea#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 leaa|ha offset the transportation-related
emissions that their project will create. Currgndlt least six California Air Pollution
Control Districts have indirect source rules fargollution (Colusa, Great Basin,
Mendocino, Placer, San Joaquin, and Shasta). idéascould be extended to GHG
emissions so that developers of projects thatimgllease vehicle use would be required
to offset at least some of the associated GHG émiss

«  Timeframe: Could be implemented by 2012.
GHG Reduction PotentialPotentially large.
. Ease of ImplementationLow to moderate.

«  Co-benefits / Mitigation Requirementtinclear.

. Responsible PartiesState, regional, local transportation and enviramiale
planning agencies.
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C. Mobility Options
C.1 Bus Rapid Transit

Bus rapid transit (BRT) is the application of aiegof ITS technologies, route planning,
exclusive rights-of-ways, and management to imptmy& 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 efficiencyddi. If additional riders are attracted
from another 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 (Houstbns Angeles, Adelaide,
Brisbane, and Leed$J. Furthermore, faster journey times and reduced
acceleration, deceleration, and idle times—resylfrom fewer stops and signal
priority—have been shown to reduce fuel consumptiSignal priority modeling
results indicate a five percent reduction in fuehsumption* Using data from
the 2001 National Household Survey and emissiote flam the Department of
Environmental Protection and the Energy InformatAaministration, Vincent
and Jerram (2006) concluded that a BRT system playimg 40-foot compressed
natural gas buses -- provides the greatkstrease in COemissions when
compared to light rail and 40- and 60-foot hybriéseél BRT buse&

e The 40-foot CNG buses used in BRT exceed light@&y reductions by
approximately 300 percent.

« Ease of ImplementationModerate to challenging

« Co-Benefits / Mitigation Requirementbcreased transit ridership, traveler
satisfaction, reduced congestion; mitigation chmgéss include land use
requirements and rights-of-way.

Responsible Partie§ransit agencies, regional and local governmedadtrans.

Problem: BRT systems require changes to current road wshqated lanes) and access
infrastructure. Also, GHG emissions will dependvdmat 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 @Bsystem?

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 f@aleating a demonstration project
include projected GHG emission reductions, costd,associated benefits such as
reduced congestion, greater transit access fopalmunities, and the potential for
manufacturing and other employment in Californ&an Francisco is one of the
California communities planning BRT systems.
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C.2 Personal Rapid Transit

Personal Rapid Transit (PRT) is a system of eleMateks (or guideways) and small
vehicles that offer automated, on-demand transponta Most examples look like small
train or monorail systems, sometimes seen at dgpdn general, PRT is designed to be
a public transit system that is more personalizetiavoids many of the undesirable
features of ordinary public transit. A governméntded, first generation PRT has been
operating in Morgantown, WV for over 25 years ahteast one is under construction at
London’s Heathrow airport. Nonetheless, no commeRRT system are in commercial
operation today. Costs are estimated to be simildower than those for light-rail
systems at $30-$50 million per mile. However ip@ars that most potential customers
(cities or regional transportation boards) seemilling to take the risk on building the
first such systen?.

In a PRT system, individual riders or small groopder a vehicle ahead of time and
would have exclusive use of their vehicle duringithrip, which would take them

directly to their stop. This provides a level oivacy and safety (perceived, at least) that
ordinary mass transit does not, and avoids the teesgly 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 eledyiprovided to them had a lower

GHG emission profile than the fuels that were dispd.

* Timeframe: Unclear. Firms and advocates involved with PR&Bit 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 deployniéntiowever, the
development of the PRT system at Heathrow and Iplgssther 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 guidewayseegdat.
» 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 contaiormation 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 coatitlice CQ@emissions by 1,500 tons per
year by 2030 — 2056’ Use of Smart Cards is widespread in Hong Kongsitaystems
and for other uses. San Francisco Bay Area tragsihcies are currently rolling out
smart cards.
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* Timeframe: Near to long term.

* GHG Emission Potential Stockholm is interested in integrating Smarntds&or
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@ 2tneframe.

» Ease of ImplementationModerate to challenging.

» Co-Benefits / Mitigation Requirementkess travel time associated with payment
for parking and transit (e.g., idling), encouragiessit use, and less/no time
waiting at toll facilities.

* Responsible PartiesState (standardization of Smart Cards) and Acegibnal
governments; transit agencies; and taxi companies.

C.4 Telecommunting

Telecommuting is generally defined as work at aatentocation or home office rather
than working at a fixed employer-provided site tirce. Estimated fuel savings per
telecommuter range from 49 to 177 gallons per geeavss three studies from the 1990s.
" This range converts to approximately a 0.5 totdrni7CQ reduction, per year per
telecommuter, using a standard assumption of 1&uags of CQ emitted for every
gallon of gasoline combust&d.However, more recent and more comprehensive sisaly
to evaluate the greenhouse gas emissions fromdssssector energy (e.g., commuting,
office temperature control, lighting, and electsfice equipment) in telecommuting and
non-telecommuting scenarios suggests that whiged@hmuting could potentially reduce
GHG emissions related to commuting, reductions beagffset by increased home office
energy use and/or commercial electricity use abtigness offic&’ In addition,

workers that do not commute to the office may tatkesr 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 traveblver during tele-work days.
The overall effect may be small.

» Ease of ImplementationrRequires 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 (emgela
employers, metropolitan planning organizations;@ats, business,
transportation and housing agency).

C.5 Car Pooling

Ridesharing (or carpooling) is an arrangement whgoeor more individuals agree to
share a vehicle to their destination (typically coate trips). Frequently, the motivation
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for this is to save money, spend less time initdffia congestion-free high occupancy
vehicle lanes), or reduce hassle (e.g., searcbing 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 cilygrnment there estimates that this effort
will reduce CQ emissions by 15 tons per year by 28%0.

* Timeframe: Near to long term growth potential.
* GHG Reduction PotentialModest.

» Ease of ImplementationMore challenging without value/road and parking
pricing policies. Nevertheless, an increase iesidring 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 tcsitam 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. Typicallgh facilities are found in the suburbs of
large metropolitan areas. Development and manageoh@ark-and-ride lots is an
important way to promote sustainable transportdtiomcreasing park-and-ride facility
capacity in Stockholm is estimated by the citydduce CQ@emissions by 600 tons per
year by the 2030 to 2050 timeframe (City of Stodkhy@2002).

* 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 Requirementeess 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 spaceddne use impacts).

* Responsible PartiesCaltrans; regional planning organizations; emeis;
transit agencies

C.7 “Low-Speed” Modes

“Low-speed” modes are motorized and non-motorizedais that travel at lower speeds,
such as bicycles, electric bicycles, Segway Hunramdporters, and neighborhood
electric vehicles. Some of these modes use hummguision and do not produce €O
emissions. By enhancing the bicycle and pedesémaronment, it is possible to
encourage travelers to take entire trips or pairi@ag with non-motorized modes that link
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with mass transit. One way to encourage bicycdis@n alternative mode is through a
better low-speed mode infrastructure, particularystreet bike lane$.

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, thif kequire improving the low-speed
mode infrastructure. Stockholm estimates that sugmovements will reduce GO
emissions by 2,900 tons per year by 2050 (Citytotholm, 2002).

* 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 travéiersake entire trips or partial
trips with non-motorized modes that link with masmsit™

* Responsible PartiesRegional and local government; transit providers

Problem: Urban transportation systems are often inconverig pedestrians and
cyclists.

Possible SolutionsDevelopment of pedestrian and bicycle friendlyastructure at the
local and regional level should be a priority. &ed law should also be revised to define
bicycling as a “qualified” form of transportatiohgeble 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, excludafstem gross income. The public sector
can play a key role. For example, all State ahérogovernment buildings should
provide bicycle parking whenever feasible to do Btunicipal governments should try
“bike sharing” programs like the one in Paris, Egnwhich provides conveniently
located public bicycles for a small fee.

D. Traffic Flow I mprovements

D.1 Traffic Signal Control

Traffic signal controls can integrate freeway andace street systems to improve traffic
flow and vehicular and non-motorized traveler sagetd provide priority services for
transit or high occupancy vehicles. They can manegffic speeds, vehicle merging and
corridor crossings, as well as interactions amaetgales and low-speed or non-
motorized modéds such as bicycles, pedestrians, and wheelchairsateasections.
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« Timeframe: Near to mid-term.

* GHG Reduction PotentialStudies suggest that improved traffic signal cant
can produce fuel savind¥. Results from a signalized intersection, usinga-r
time control strategy, resulted in a “four percexttuction for CQ emissions in
peak traffic, corresponding to a 14 percent redndtn the part of costs due to
stops and delays.” These effects are reduced bypxipmately one half when
traffic is fluid %’

« Ease of ImplementationWithin a jurisdiction less challenging; providin
transitions from one jurisdiction to next is mofealtenging.

« 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 cteia and incident clearance costs.
Incident management consists of three key area§ictsurveillance (incident detection
and verification), clearance, and traveler inforiorat Also covered within this area are
emergency management services, which coordinat dmcl regional incident response
to traffic accidents, security threats, and hazasduoaterial spills. ITS technologies
employed can include traffic surveillance, digdald 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 messag€GM8) and personal communication
devices, such as cell phones and personal digissdtants (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 potertial 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 yea?®

e Ease of Implementatiohow to moderate.
« Co-Benefits / Mitigation RequirementReduces traffic congestion and accidents.

« Responsible Partie€altrans; regional and local governments; Caiifo
Highway Patrol.
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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. isleklo-roadside communication
technologies include electronic roadside antenoiase@ders) and pocket-sized tags
containing radio transponders (typically placeddas vehicle’s windshield).

» Timeframe Near to mid-term.

« GHG Reduction PotentialStudies show that ETC saves time and reducegyene
consumption and emissions by reducing the stopganidaffic associated with
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 peraya&lue to reduced delays at toll
plazas employing ETC. Approximately three-fourtlishe reported savings
accrued to passenger cars and one-fourth to corraheeticles’

« Ease of Implementatiof.ow 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, prowgsand dissemination of real-time
information about travel modes and conditions. ®@bgctive 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 mém 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. Fanpbe if
ITS technologies assist drivers with route selectind guidance, benefits will
likely be greater the less familiar a driver istwén area. Fuel economy benefits
of route guidance systems could reduce non-optiowdé driving and save up to
10 percent of miles driven and proportional fueisamption*

The timeliness and delivery of information will alsfluence the degree to which
travelers use it and subsequent energy/@@ission impacts. Benefits might
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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 dtiect
real-time information is necessary.

« Co-Benefits / Mitigation Requirement$raveler satisfaction, reduced delays,
increased transit ridership/alternative transpmnatodes; potential for privacy
concerns (monitoring of travel times from toll tggs

« Responsible PartiesMetropolitan planning organizations; local gavaents;
and CalTrans.

E. Goods M ovement

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 MMTC(E),
railroad (3.1 MMTCGQE) and other (0.5 MMTCGE) (Bemis and Allen 2005F. These
uses consume approximately 3.9 billion gallonsie$el fuel in California.

Both biodiesel (fatty acid methyl ester, or FAME)3aebiomass-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 i0tpercent 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 8fiI®FTD and hydrogenated oils are
extremely similar to ordinary petroleum-derivedsdie 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 iretbpen literature, and none in the
peer-reviewed literature.

Natural gas is also a heavy duty vehicle fuel antllze is available in California as both
a compressed and liquefied gas. There are ove0Q@hatural gas vehicles in the U.S.
today, and about 200 natural gas refueling staiioi@alifornia. The carbon intensity of
natural gas is about 25 percent less than thaesgtfuel, although this advantage is
diminished somewhat because natural gas engindsdde less efficient than
compression ignition engines using diesel fuelvawes in natural gas engine
technologies and increasingly stringent dieselmmgmission requirements tend to
reduce this gap. Thus, heavy duty vehicle useatfral gas may also help lower GHG
emissions in the transportation sector.
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Off-road electric vehicles in California could cahtite to state GHG reductions by
2020. These technologies can be applied in lagigtlso known as freight handling and
goods movement) as well as other applications ag@mall lawn and garden engines,
which are numerous in California. Jackson (200%)weated 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 craries.
Two truck-related electric applications were algaleated: electric truck refrigeration
units (e-TRUs) instead of diesel-powered deviced;the supply of electricity at truck
stops as a substitute for engine idling.

E.2 Electric Freight Rail

Cargo transport is responsible for 8 percent dést4) 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 uggs including both infrastructure

and locomotives. For instance, in order to mampabductivity and efficiency in the
Ports of Long Beach and Los Angeles, electrificatat to distances as far as Barstow,
Yuma, Arizona and Bakersfield may be necessaryxh@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 eainis reduction targets. Such an
expansion would be expensive and might well requéw land rights of way for
increased trackage, but if it encouraged modesshifese electric rail systems would also
tend to relieve congestion for motorists on Catifats highways.

«  TimeframeBy 2020.

. GHG Reduction Potentialln addition to the shipment of cargo, signific&HG
emissions reductions could take place by replaicitrigstate 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 thestn
part, Amtrak operates on private rail Rights-of-\WMaith freight transport
taking precedence. Creating new tracks that altmwthe separation of
passenger and freight operations would be a fiegt t®ward improving both
transport delivery systems. However, electrifigatof rail systems would
require major infrastructure and locomotive invesstits.

. Co-benefits / Mitigation RequirementsA strategy for rail improvements ideally
would be launched near ports and the routes indcoanh of the ports, where
serious Environmental Justice problems result fieenconcentration of air
emissions from diesel ships, trains and trucksbliPtealth would obviously
benefit from a shift in transportation prioritiesaard electrified rail.
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. Responsible PartiesPrivate operators; regional and State transpori@es;
Amtrak, Federal Rail Administration.

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

Possible SolutionsStandard rail transport systems emit far fewep €Qissions per
ton-mile than long-haul trucking (the exact beneéities with distance). Electrified ralil
travel -- including shipments from truck to railasll as from diesel rail to electric rail --
would reduce emissiorandlower oil imports. Coordination with the high sglerail
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 investiing the possible use of alternative
and/or renewable fuels for aircraft. This reseasahadequately supported especially
since it may be possible to gain significant GHAssion reductions from the aviation
sector. Firms like Boeing and Virgin are alreaelsting algae-derived biofuels in flight,
some of which have performance equal to or bdtian turrent kerosene-based fuels. Of
course, safety concerns in aviation are paramaualaing slightly to the challenge of low
carbon aviation fuels.

Better infrastructure for aviation may include ugpdgd air traffic management systems,
which industry groups suggest could lower GHG einissby 10 percent-15 percent.
Unfortunately, Federal RD&D support for these tamlbgies has fallen recently. Airport
expansion is another potential aviation infrastieetimprovement, but will tend to
increase air travel much more than improve opegadificiencies, 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 foromggacts from co-pollutants such
as nitrogen oxides and particulate matter.

* Responsible Partie€€ARB; CEC; California universities.

Problem: Improvements in engine and airframe efficiencieslikely to be outpaced by
projected increases in demand for passenger aelir&Vhile aircraft engine and
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airframe efficiencies have historically improvedeot¥ime, they are not sufficient to
overcome projected increases in passenger mileat rdle may ultimately need to be
filled by low-carbon fuels. Potential improvemeintsir traffic management systems
have been slowed recently by reductions in Fed®&#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. AccordioegBoeing the use of "bio-jet” fuel from
the same feedstocks as vehicle fuels like biodmselethanol is possible in the near term
as a blend to stretch supplies of Jet-A refinecthfooude oil. Feedstocks with potentially
lower land-use impacts -- such as switchgrass k@t a- have also been identified as
possible options.

Integrated Gasification technology is another péoption for producing fuels from
renewable sources. Kerosene suitable for avia@onbe 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 removedhfthe atmosphere as crops are
grown. According to scenario studies, £#nissions could be just a few percent of
conventional keroserid.Under a high electricity value and other favoragsumptions,
one UK study found that gasification could bringcps closest to petroleum Jet - A. The
CEC has also recently funded a gasifier demonstragtioject 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 cargldevery long term bet, due to the
need to re-design aircraft to accommodate this fliel the 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 fource.

Increases in Federal support for RD&D of advancgettafic management systems
would help improve the air travel infrastructurelamuld provide modest reductions in
aviation-related GHG emissions. Potential airpagansions should be considered only
if the GHG emission effects are considered justifidhe State of California might
consider a detailed evaluation of how to improwedarbon profile of air travel in the
state, including all three of the following opeacaial aspects; better aircraft; better fuels;
and better infrastructure. Airport operations agdipment themselves are also an
additional potential area for GHG improvements.
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APPENDIX VI: Summary Table of Public Responsesto Request for Climate Change

Emission Control Technologies

In May 2008, ETAAC solicited input from the public regarding suggestionsfor greenhouse gas
emission control technologies. Theresponsesreceived are summarized below. (All public
comments on draft versions of the ETAAC report are available at the ETAAC website.)

Suggestion

Pollutant saving Cost

direct photoelectrochemical CO2
H2 generation from Water
increase recycling and
materials-specific waste
limits

petroleum coke to H2-fueled CO2,
sequestered

turbine for electricity
generation

improved fuel/air mixing
increases combustion
efficiency

pulse corona discharge to  soot
control soot from

combustion

more HOV lane stickersto CO2
incentivize high mpg
vehicles

fuel and oil additives for
improving vehicle mpg
H2 ICE and fuel cell transit CO2
buses

on-board water to H2

fumigation
fuel taxes to encourage highCO2
mpg vehicle development
high-albedo materials to

SCR for ferry boats

solar, wind, fuel cell ferry  CO2
boats

split cycle retrofit kit for
existing engines

advanced mpg display in  CO2
cars to inform/incentivize
drivers

improve electricity
generation efficiency by

5mmtCO2-eq

CO2, others

CO2, others

CO, PM, HCs,
generation for ICE intake air others

110-210kg

reduce a/c cooling demands CO2/year/100sq

m treated roof
NOx, THC, PM

NOx, PM, 50k
tpd CO2-eq for
CA diesel fleet

.64mmtpy
CO2/yr from 32
enhanced turbine H2 coolingplants

Solar Hydrogen Co.

Contact  Contact Organization
Last First
Name Name

$2.08/kg Oakes Thomas

H2 w

Smithline  Scott

$2B capital, Rau
2 percent

Iyr

operating
$199/gas Mogford  John
engine

Tiffany

na Harris Godfrey
na Kutaka- Joy
Kennedy
na Phelps Kyle
na na na

$12,900 for Gilchrist  Steve

large

diesels

na Fromm Larry
$0.0 - $0.20 Taha Haider
/sq foot

17 percentWeaver Chris
of vessel
constructio
n costs
na Culnane Mary

$500/liter  Rutherfor Rob
displaceme d

nt

na Rhett Norm

$140k-
$260k per
plant

Speranza  John
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Carson Hydrogen Power

Tadger Group International

Pulsatron Technology

citizen

Advanced Lubrication
Technology
na

Canadian Hydrogen Energy
Company

Achates Power

Altostratus Inc.

EF&EE

San Francisco Bay Area
Water Transit Authority
Roted Design Ltd.

citizen

Distributed Energy Systems
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system control

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 connected to CO2
hiway remote sensing to
make motorists aware of
vehicle condition

biofuel technology for
passenger cars

CcOo2

plug-in hybrid vehicles with CO2
larger batteries

require dockside ships to us€C 02
cold ironing

microsolar panels to CO2
supplement residential

electricity

synthetic engine oil to CO2, others

increase engine efficiency

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
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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 UusmMC
Roane Jerry Roane Inventions
Bruns-  Stefan Hannover Export
Wustefel Management Conusult
d
na na na
na na na
Ellis Chris Hykinesis Inc.
Nortman  Pete EnergyCS
Waugh Mike ARB
na na na
Suel Patrick na
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charge fee for low mpg cars CO2, others
to subsidize high mpg cars

Neste Oil's techology to CO2, others
convert vegetable/animal fat

to diesel fuel

liquefied landfill gas for CO2
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
flywheel batteries for port

CcOo2

CcOo2

CcOo2

COo2

na

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 CO2
on-board ammonia for COo2
reducing NOx

capture landfill gas for CO2, CH4
power generation

increase average vehicle CO2

ridership through

ridesharing incentives

Demand Side Management, CO2, others
reduced population growth

proprietary substitute for 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

na Hodge Cal For a 2nd Opinion Inc.
Hodge Cal For a 2nd Opinion Inc.
$.72-$1 Watkins  Larry SCAQMD
/gallon
LNG
na Vahab Christian  Peeker Atomic Energy
Systems Inc
na Ralston Jack ECO2
na Drushell Theo Davis Electric Cars
na na na CalStart, etc.
$20k/unit Pasek Randall SCAQMD
$550- na na G&S Mechanical Services
$700/unite
na Craft David MBUAPCD
na na na USDA Forest Service
$250/crane  na na VYCON
$3k- Starr Gary ZAP
$11k/car
na California Fuel Cell
Partnership
$7/gallon/ly Simmons Blake Sandia National
ear Laboratories
$.52/L Simmons  Blake ndBaNational
Laboratories
na Jacobson  Wiliam SY-Will Engineering
na Bennet Russ Redding Power
na Bishop Josepth Traffic Bulldog
na Bennett Russ Redding Power
na Kalinows Tim Foam Supplies Inc
ki
$1500 Del Bernadett Environment California
rebate/unit  Chiaro e
na na na na
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commute emissions

convert diesel enginesto  CO2 down 20
natural gas percent -25
percent

ice storage air conditioning CO2 4-6 tpy
to shift a/c loads to off peak CO2-

hours eg/commercial
building

solar conversion of ambient 450 tpd CO2 per

CO2 to fuel 100k gallons
MeOH produced

truck APU CO2, others

convert all Cl & Sl engines CO2, others
to run on plant-based fuels

use nuclear power, iron-seedCO2
oceans to increase algae

fuel additive to improve fuel CO2
economy

continue incentives for CHP CO2 50 percent

projects reductions over
central power
plants

scrubber for removing CO2, others

VOCs without combustion

hybrid HVAC using evap  CO2, others

cooling, heat exchangers and

thermal storage

install solar collectors as

Salton Sea evaporates to

reduce dust and generate

power

install flue gas condensers CO2, CH4,

on boilers/heaters to recoverreduced by 10

latent heat percent -15
percent

reactors to reduce ag waste CO2

for burial/sequestration and

oil recovery

ban high consumption light CO2

bulbs, incentivize residential

solar panels, etc.

CO2, dust

na Funk

up to Kuhlman
$30k/install
ation
$5- Stechel
$6/gallon
gasoline
equivalent
produced
$1350
installed,
$120/yr
equal or
less than
current
fuels
$.10/kw-hr, na
trillion
dollars
$03-
$.12/fuel
gallon
treated
$1800-
$3000/kw
plus .5-2
cents/kw
10 percent McGinne
-100 SSs
percent
cost of
convention
al thermal
oxidizer
systems
$15/sq ft

Dennehy

Hotaling

Taplin

Wong

Lentz

na na

na Abma

$500/unit

na na

10-98

Semerau

Werner

Paul

Ellen

John

Dick

na

Harry

Eric

Mike

Mark

na

Sid

John

na

Omnitek Engineering

Ice Energy Inc.

Sandia National
Laboratories

Emerson Suphal

Fleet Multi-Fuel Corp

nrc.gov, planktos.com

BTU Consultants

California Clean DG
Coalition

EcoShield

Lentz Engineering
Associates

na

Sidel Systems USA Inc

na

na
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86

87

88

89

90

91

restore ecosystem
productivity
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 CO2
education to remind people
where resources come from,
what happens to wastes
recuperated gas turbines to CO2
replace locomotive engines

improved drying process for CO2 8.5M

clothes dryers and flue gas tonnes/yr in

Germany
35trees=6cars low

cleaning
tree sequestration

outreach - reduction is the na
solution, technology is not

hybrid, alt fuel, other COo2
"green" vehicles

lithium batteries - H2isa  CO2
storage medium not a fuel
expand electric rail service CO2
throughout the State, and
nuclear power

CO2 200
tons/hectare
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na Coleman

$150/kw-hr  England
er

$1B-$2B Woodbur Rick
y
$9000/retro  Covit
fit Paul
na na na
$5M/mile Bartley Tom

na na na

$1.126M/lo  Pier Jerome
comotive/2
Oyrs
na Curtis Fritz
McBheGreg
n
na na na
na na na
na na na
na na na

diesel-electric hybrid class CO2 down 30 $47k/truck  Truebloo Tom
6&7 trucks percent -60 d
percent
fuel cell CHP systems CO2 down 20 $7/kw Slangerup Tom
percent -50 installed, 6
percent cents/kw-hr
incentives to reduce cost of CO2 down 30 incremental Van Bill
HD hybrid vehicles percent -60 costof 50  Amburg
percent percent -

100 percent

increase us of polyurethane CO2 down by 15 20 percent Womack Frank

foam panels and spray-on percent -20
insulation to reduce buiding percent

energy losses

unique CO2 separation

CO2, 10ktpd for na

-200
percent of
convention
al
insulation
cost, but 15
percent -50
percent
energy
savings
GrahanwWendy

10-99

William

Planktos

ChristophElectrochimica

Development
Commuter Cars Corp

Raymond na

na

ISE Corporation

na

JR Pier & Associates

na

UCDavis Urban Forestry
na
na
na
na
International Truck and
Engine Corp

ClearEdge Power Corp

WestStart-CALSTART

Air Products and Chemicals
Inc.

Air Products and Chemicals
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500MW plant

high speed maglev, as used CO2, 743ktpy

in Shanghai

battery-powered school bus

CO2, 100
percent
reduction

State funded solar and wind na

power installed on industrial
roofs

Advanced Energy Storage toaCO2

flatten electric grid load
curves

electric efficiency
improvement through
automation and DG

automated equipment and CO2 down by 43

ground power to reduce
locomotive engine run time;
High Speed Train in
California Corridor

H2 generator based on
ethanol reforming
Advanced Truck Stop
Electrification

cellulosic ethanol via acid
hydrolysis, also from landfill
gas and waste

replace current IC engines
with Tour engines

solid oxide fuel cells

CHP DG systems with fuel
independent renewables

bio-oils from microalgae

tidal electricity generation

forestry and biomass for
power generation
promote solar pv
installations

closed-cycle combustion

compression and turbo-
expansion of process
exhaust stream to separate
Cco2

CO2, others

percent

CO2 down
12.4B pounds
CO2 down
1ktpy

CO2 down 98k
tonnes/year
CO2 down
176ktpy/plant

CO2, others

CO2 down by
400lbs/MWhr
CO2 65ktpd

2M tpd for 30
percent market
share

CO2, others

C02,7M
tonnes/yr
na

CO2, 100
percent
reduction

6{0)

$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

10-100

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

Inc.
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
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

CcOo2

alt fuels for Container CO2
Terminal Equipment
replace older equipment  CO2

with lean burn equipment
partial oxidation catalyst for CH4, NOx 41

vehicles percent
permitting fast track for CO2, CH4
businesses using green

technologies

focus on efficiency, CO2

incentives for performance
instead of cap & trade, use na
tax refunds/feebates to

incentive technology
development and
commercialization

find substitute for Siin PVs, CO2
advance Ni-metal-hydride

for H2 storage in cars

better refrigerator insulation,CO2
lower appliance stand-by

power demand, prioritize

hiway lane access

CO2 capture via 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

na

na

na

na
na
na

$18-
$30/vehicle
na

na

na

na

na

na

na

na
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na

Barry

na

Goodrich

na

Ayala
Bartley

Ryan

na

Johnson

Deniz

na

na

Mumma

na

na

Chris

na

John
na
William

Gordon

Hank

na

Ken

Gladys

na

na

Stanley

na

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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APPENDIX VII - Glossary

AB 32
BEV
BLM
BOE
Cal-EPA
CARB
CallsO
CalTrans
CCAR
CCSs
CDF
CDFA
CEC
CEQA
CFIP
CHP
CIWMB
CO2
CPUC
DOE
DWR

California Global Warming Solutions Act 2006
Battery Electric Vehicle
US Bureau of Land Management

Board of Equalization

California Environmental Protection Agency
California Air Resources Board

California Independent System Operator
California Department of Transportation
California Climate Action Registry

Carbon Capture and Storage

California Department of Forestry and FiretBction
California Department of Food & Agriculture
California Energy Commission

California Environmental Quality Act
California Forestry Improvement Program
Combined Heat & Power
California Integrated Waste Management Board
Carbon Dioxide

California Public Utilities Commission

United States Department of Energy
California Department of Water Resources

Emission Allowance Authorization to emit a giveragtity of a pollutant

Emissions Cap

FCEV

GHG
Grandfathering
EJAC

ETAAC

IOU

LCFS

LED

MAC
MMTCO2E
MPR

MSW

MW

MWh (or MWhr)
NOx

NEPA

NRCS

Offset

PHEV

A limit on emissions of greenhousegar other pollutants, with

or without a trading system
Fuel cell electric vehicle
Greenhouse Gases

Setting emission limits or baselipased on historical emissions

Environmental Justice Advisory Committee

Economic and Technology Advancement AdvisGommittee
Investor-Owned Utility

Low Carbon Fuel Standard

Light Emitting Diodes

Market Advisory Committee

Million Metric Tons Carbon Dioxide Equivait

Market Price Referant

Municipal Solid Waste

Megawatts

Megawatt-hours

Nitrogen Oxides

National Environmental Policy Act

Natural Resources Conservation Service

An emission reduction that can be used tgate an emission
increase, or in lieu of an otherwise required ermrsdecrease.
Plug-in Hybrid Electric Vehicle
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PM10
PV
RD&D
RECs
RPS
SOx
SWRCB
USDA
USFS
VMT
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Particulate Air Emissions less than 10-mmerin diameter
Photo-voltaic
Research Development & Demonstration

Renewable Energy Credits

Renewable Portfolio Standard

Sulfur Oxides

State Water Resources Control Board

United States Department of Agriculture

United States Forest Service

Vehicle Miles Traveled
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http://www.energy.ca.gov/electricity/gross_systewwer.html
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10-104



ETAAC FINAL REPORT

% California Energy CommissionComparative Costs of Central Station Electricitgr@ration
TechnologiesStaff Draft Report, June 2007.

% http://www.gosolarcalifornia.ca.gov/solar101/oriiin. html(Accessed August 12, 2007).
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