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The Low-Carbon Imperative and Economic Opportunity

Congressman Henry Waxman, Committee Charman, Ranking Minority Member Tom Davis,
and therest of the Committee on Oversight and Government Reform, | am very pleased to have
the oppotunity to appear before you agan. | appreciate the attention your committee isgiving
to thevital issues of greenhou® gas emissionsredudion and climate protection.

| am particularly pleased to appear before this committee so soon after the Intergovernmental
Pand on Climate Change (IPCC) was awarded the 2007 Nobd Peace Prize. | have served asa
Coordinating Lead Author of IPCC investigationsand reports, in particular focusng onthe
science and engineering of climate-friendly innovdions technologies, and pdicies (IPCC,
2000) Alongwith several thousnd other climate and energy scientists, econormic and policy
andysts, | am tremendousy pleased to share in the honorand the continuing responsbility to
provide our collective best assessments on the state of climate science, and of both theneed and
the oppotunities to effectively and efficiently address this nationd and globd chdlenge My
laboratory groupat the University of California, Berkeley, isfocused on energy efficiency and
renewable energy science, technology, and implementation. In addition, | also serve onthe
Executive Committee of the $500million Energy Biosciences Inditute fundel by BP.

The United States istoday faced with both achdlengeto reduce our greenhou® gas emissions
and an oppotunity to invent and re-invigorate severa key indudrial sectors. A key finding of
my research istha by investing in, and deploying, low-carbon technologies we can add
significantly to our econonic and geopolitical health and security, while moving states and the
nationto a postion of globd leadership in the emerging clean energy econony

My comments today will befocused ontheavailability and cog-effectiveness of advanced
control technologies and clean energy alternatives such asenergy efficiency andrenewable
technologies tha the Environmental Protection Agency and state and local energy planne's can
consde asthey strive to met growing energy demandsin an environmentally responsble way.
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While agreat dedl of research, development, and deployment will be needed to meet thelong-
term gods of climate stabilization, we currently have a diverse, cog-effective, and powerful

array of highly efficient energy use technologies and management practices, and agrowing range
of low-carbonpower generation technologies for both our stationa’y and mobile energy needs

An expanding body of research, induding a series of scientific, technological, and econonic
studies from my research team, the Renewable and Appropriate Energy Laboratory at the
University of California, Berkeley, all indicate that alow-carboneconony can be achieved while
expanding theeconony and, in fact, reinvesting significantly in our indudrial base.

Energy Efficiency Optionsto Meet Energy Service Needs

We now have over three decades of active research, investment, and deployment of energy
efficiency technologies, practices, management strategies, and market mechanisms. The
overwhdming conduson fromthis work is tha the mos cog-effective form of energy isthe
energy tha we did not need to design, build, deploy, or manage Thisknowledgeexistsas a
major resource of shared experience and expertise tha is currently in thehandsof Investor-
Owned Utilities, Municipd Utility Districts, state Public Utility Commissions the United States
Department of Energy, the Environmental Protection Agency, and anumber of other inditutions
andindividuds.

Thelists of individud energy efficiency innovdionsis tremendousy long,and indudes: efficient
water heaters; improved refrigerators and freezers; advanced building control technologies and
advancesin heating, ventilation, and cooling (HVAC); smart windows tha adagpt to maintain a
comfortable interior environment; a steady stream of new building codes to reduce needless
energy use, compact fluorescent lights; the emerging wave of even lower energy solid state
(Qight-emitting diode) lights so forth. Improvements in buildingsalone where we use over
sixty-percent of al energy, have come at savingsof tensof billionsof dollars each year.

Severa dtates, induding California, New Y ork, Rhodeldand, Wisconsn, and othe's, tha have
congstently deployed energy efficiency innovaions. Thar state planne's officials, citizens and
indudry leaders, have foundthese to betremendously cog-effective, often providing greater
service at lower personal andsodal cos thanthe @onwentionalOroute of simply adding more
fossil-fud based supply technologies. Thisisthecase for severa reasons First, energy efficient
technologies often represent upgrades in service throughsupeior performance (e.g. highe
qudity lighting, heating and cooling with greater controls, or improved reliability of service
throughgreater ability of utilities to respondto time of pesk demand). These innovdionscan
provide better, less expensve, service.

Second, awide rangeof energy efficient technologes have andllary benefits of improved qudity
of life, such as advanced windows tha notonly save on heating and cooling expenses, but a'so
make thework-place or home more comfortable. More efficient vehicles, for example, notonly
save immediately on fud purchases, but also emit less pollutants, improving health and saving
onmedical cogsto theindvidud andto sodety.
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Theintegrated benefits of energy efficiency have been so striking tha those states and naions
tha have invested significantly in these technologies have saved significantly on energy coss
and on greenhou® gas emissions
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Figure 1: Per capita energy consumption in California, New York, and the United Statesas a whole.
Energy consumption in the most efficient statesisfully 40% lower than the national average. A
number of nations, such as Denmark, are even far mor e efficient than the leading U. S. states
indicating strongly that a wedth of furt her innovations are possible if weinved in, and deploy,
thesetechnologies Saurce: California Energy Commission.

Theadopionrate of energy efficient technologies and energy management practices varies
widdy aroundthenation, with some states more than 40% more efficient thanthe national

averageon ape capitabasis (Figure 1). According to statistics provided by the California

Utilities Commission and the California Energy Commission, savingsin Californiain 2007,
relative to thenaiond average amounted to more than $400pe peson pe year.

The United States, throughthe longstanding efforts of the EPA and the Department of Energy,
have developed and facilitated in the adoption of anumber of energy efficiency practices. The
Green Light, EnergyStar programs, and much of the U. S. housng codes are derived from this
expeience. In Germany, asimilar effort, GreenFreeze is credited with similar savingsthat are
finanda aswell asin greenhou® gas emissions In total, energy efficiency investments save the
naionover $170billionannudly, an amounttha isrising with inareasing energy cogs. While
these savingsare impressive, awealth of data indicates that far greater savingscould berealized
if these programs were expandel to a greater number of appliances, lighting systems, andif the
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standardsin place were to be made more stringent. Themog efficient technologies congstently
provideremarkable levels of savings often repaying thar added cos in mere weeks or months
and then providing those savingsyear after year.

These energy savingsare notsmply local bendit, providing much-needed savingsfor
individuds and busnesses. In regionswith aggressive energy efficiency programs, theneed for
new power plants has been significantly reduced, in some locationspermitting theremoval of
pooily fundioning, or expensve fossil-fud supply options

Taking the Next Step in Energy Efficiency - Redudng Carbon Emissionsat a Savngs

Energy efficiency has been, and continues to provide, atremendousy cog-effective oppotunity
to reduce the need for new power generation and greenhou® gas generation. In many cases
investmentsin energy efficiency can be made at near zero or even negative cos, when health,
adde worker produdivity, or security or other @o-benefitsOare taken into account(Kammen and
Pacca, 2004)

Oppottunities for energy efficiency come in agreat many technologies and practices. California
has been a congstent leader in developing and deploying energy efficiency and in the early
1980stook theinnovdive step to decouple revenues and total sales fromits investor owned
utilities. Asaresult, revenues are determined by a process of matching predicted and oberved
energy sales, with the effective price of eectricity adjused to meet an expected revenuetarget.
Thisinnovaion has putenergy efficiency and congervation on an @ven footing@with new
geneation, and has, in fact, inditutiondized energy conservation and efficiency. Thereasonis
tha thevalueof efficiency isnow equivalent to new generation on a kilowatt-to-kilowatt
compaison, andin fact energy savingsis generally supeior dueto theavoided cods of added
power generation, opeaation and maintenance.

New energy efficiency innovdionsare taking place all the time, and should befeatured
prominently in thetechnical and econonic assessments conduded by the EPA. On September
27,2007 for example, the California Public Utilities Commission® voted to enhance energy
efficiency peformance standadsby adding a new incentive program. This program returnsa
portion of thefinandal savingsform deploying energy efficiency (e.g. compact fluorescent
lighting, improved efficiency water heating and space conditioning) innovdionsas a mondary
incentive to thelnvestor Owned Utilities based onthelevel of end-user (ratepayer) efficiency.

Theoppotunities to continueand expand the deployment of energy efficient technologiesis
vast. Theevolution of solid state lighting, for example, has been sufficiently promising tha the
Office of Energy Efficiency and Renewable at theU. S. Depatment of Energy has now set a
technology-based god of lights tha are fully 50% more efficient tha wha we have today, and
result in adecrease in total electricity consunption of ten percent?. SandiaNationd Laboratory
projects that advancesin solid state lightingwill save thenaion over 70 GW of supply capecity,
more than 100milliontonsof carbonemissionsannudly, and save more than $42billionkear.

! hitp://www.cpuc.ca.govistatic/newsindec.htm
2 http://www.netl.doegov/ss
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A vigorousenergy efficiency research program will is needed to spur these advances, butaswe
have seen over the past decades, will pay for itself many times over in energy savings avoided
supply and greenhou® gas emissions

Renewable Ener gy Technologies

The last few years have seen a tremendousexpangon in interest in renewable energy supply
technologies. Technological and cost advances in solar, wind, biofud, geothemal, and ocean
enegy systems have made renewable energy supply options compsitive with fossl fud
technologiesin an inareasing number of locations

Wind energy in particular is now often directly cos compditive, and at timesis a least-cos
supply option. Pricesfor ddivered wind energy rangeas low as 3.2 centskWh for the120MW
San Juan Mesawind farm in New Mexico®. Ownership and finandal structures are particularly
important for wind projects, with those privately owned averaging 4.95 centykWh induding the
federa produdiontax credit (PTC), 6.56 centskWh withoutthe PTC. Investor Owned Utility
projects with corporate finandang averaged 3.53 centskWh induding PTC, 5.9 centskWh
without Projectswith public utility ownership, and project finandng are inexpensve as 3.43
centykWh induding renewable energy produdionincentives, and 4.89 centykWh without
(Wiser and Bollinge, et a, 2007). Therecent volatility in naural gas prices makes renewables
an even better relative deal.

The peformance of renewable energy technologies, induding notlimited to wind, has
encouraged twenty-nine states and the District of Columbia to enact Renewable Energy Portfolio
Standads, which each call for a specific percentage of electricity generated to come from
renewable energy (Figure 2). Some of the mog aggressive state standadscall for over 2096 of
total electricity generationto come from renewable sources by 2020,and in 2007these
technologies generated almos 150 TWh of electricity. Statesthat have seen tha they will likely
meet thar RPS gods, induding Texas, Caifornia, and Colorado, havein turn increased ther call
for renewable ingallationsbased on the performance, cog-effectiveness, and the ben€fits of
supply diversity tha renewables provide

® http://www.awea.org/projects/newmexico.html
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Figure2. Map of Stateswith Renewable Energy Portfolio Standards As of September 2007, 29 statesand the
District of Columbia have enacted or voted to adopt either an RPSor a stategoal. Theseplansrepresent a
diversity of approaches and levels, but each reflect a commitment to clean and secur e energy that could be
emulated at the federal level. In addition 13 states have specific measuresto increase the amount of solar
photovoltaic power in use. These range from specific solar energy targets, to double (MD) or up totriple
credit (DE, MN, & NV) for solar. Electricity ratesfell in portions of Colorado after voters approved
Proposition 37, a20% RPS limited to the Investor Owned Utilities.

An important feedback effect existsin thecall for, and ingallation of clean energy supply and
pollution control technologies. As more and more solar, wind, biofud, and trace-gas emissions
control technologies (e.g. NOx) and condructed and deployed, the price has consstently fallen
by 10 ©20% pe doubing of thetotal number of units ordered (Figure 3). This effect, termed the
Qearning curveChas hdd remarkably congant over awiderangeof technologies for many years
of technology experience (Duke and Kammen, 199). An outcome of this process of indugrial
learning istha as weinvest morein the clean energy sector, theproduds we desire have become
increasingly affordable, further increasing thar significance in the market. This effect has been
seen to occur for technologies than can be mass-produced. Our investment and deployment of
energy efficiency, renewable energy, and of pollution control technologies are important drivers
of future innovaion.
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Figure3: The Oéar ning curveshowing the cost dedinesin clean energy and pollution control
technologiesthan accompaniesexpanded commercial production. A 10 D20% deceasein per unit
cost typically accompanieseach doubling of cumulative production.

A diverse rangeof low-carbonenergy supply, and energy efficiency optionsexist aroundthe
naion. Table 1 listsarangeof current policies, and potential resources for two states, Utah and
Kansas tha currently do not currently have RPS policiesin place. These statesilludrate an
addel level of diversity in the efficiency and supply options and policy measures, tha can
reduce greenhou® gas emissionsand obviate the need for added fossil-fud capecity.
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Support and Opportunitiesfor Efficient and Clean Energy Systemsin Utah and Kansas

Current Utah Policies.
* Utah Renewable Energy Systems Tax Credit: 25% residential, 10% commercid
* Utah Renewable Energy Sales and Use Tax Exemption
* Utilize the Federa Renewable Energy Produdion Tax Credit of 1.9 centskWh
* Utah Solar and Geothemal Busness Tax Credit of 10%
Oppottuntities for Utah:
» Utah has an exceptiond solar resource, for both solar thermal (~ $0.1/kWh) and solar
phoovoltaic (~ $0.2/kWh) indallations
* Utah has asignificant wind resource in the southwest and northwest areas of the state,
and could meet a significant portion of total demand. An even more impressive wind
resource exists in neéighboing Colorado, where over 360 MW of wind has been ingalled,
and where ratepayers in many parts of the state have seen electricity ratesfall since the
adopton, by popukr vote, of arenewable energy portfolio standard (Propostion 37).

Current Kansas Policies:

* Renewable Energy Propaty Tax Exemption (100%)

* TheRenewable Energy Electric Generation Coopeaative Act (which provides for creation
of nonprofit coopeatives to generate electricity from renewables)

* Kansas Energy Efficiency Program (Zero interest on state loansfor energy efficient
appliances for low-income residential cugomers)

* Kansas City Power & Light Commercia / Indudrial Energy Efficiency Rebae Program
(which provides varying incentives for pre-approved projects)

Oppottunities for Kansss:

« Kansas has an exceptiond wind resource, estimated to beroughly 122000 MW, third
largest in the nation. According to the U.S. Energy Information Administration, it isaso
oneof thefour states with themost land near existing tranamission lines which is suitable
for wind energy development, making the state aleading canddate for utility-scae wind
energy development. Kansas coud thus become alow-cost natond supplier of wind
energy.

Table 1: The Utah and Kansas portfolios as examplesof efficient and clean energy invegment
driversand a number of opportu nitiesfor carbon savings, CO, mitigation, and economic growth.

The Job Creation Dividend from Greenhouse Gas Abatement

A nunmbe of andysts have charted an additiond benefit of developing the clean energy options

of efficiency and renewable energy technologies. job creation. My laboratory conduded a study
of job growth in the clean energy indugry across the naionrelative to that seen in thefossil-fud
sector. We found(Kammen, Kapadia and Fripp, 2004)tha on average, three to five times as




Average Employment

Daniel M. Kammen DHouse of Representatives Committee on Oversight and Government Reform, Nov. 8, 2007

many jobswere created by a Ssmilar investment in renewable energy versustha when thesame
investment was madein fossil-fud energy systems.

In addition, an important aspect of thejob growth istha alarge percentage of thejobswill be
local, community based. Van Jones of theElla Baker Center for Human Rightsin Oakland
Cdifornia has noted tha not only can these jobsbecome drivers of re-development, butthat they
afford achance to turn augment @lue CollarOwith @reen CollarGin poorcommunities, andin
communities of color.

Oneway to sum upthejob growth potential of an efficient and clean energy econony isto
compare employment totals unde fossil-based and clean energy-based supply scenarios Using

U. S. Depatment of Energy forecasts for new generation mixes, we provideacompaisonin
Figure 4.
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Figure4: Compari son of the edimated employment created by meeting the equivalent of 20 percent
of current U.S. eledri city demand via and expansion of fossil or renewablesbased eledri city
generation. Thesetotalsusethejobsper megawatt numbers from Kammen, Kapadia, and Fri pp,
2004. Thesescenariosarefor different fuel mixtur esthat could compri se state or federal
Renewable Energy Portfo lio Standards. The use of biofuel assumesthat a range of biomass sources
are either mixed with coal and combused as a solid fuel, or as a gasified feedstock that iscombined
with natural gas. In either case,the net greenhouse gas emissionsis reduced over the coal-only or
gas-only case because of the amount of biomass that isregrown in subsequent years (based on U. S.
Depart ment of Energy work in The Billion Ton Feedstock Supply, 2004).

A key result emerges from our work, and can beseenin Figure 4. Acrossarangeof scenaios
therenewable energy sector generates more jobsthan thefossil fud-based energy sector per unit
of energy ddivered (i.e., per average megawatt). In addition, we find that suppoting renewables
within a comprehensve and coordinaed energy pdicy tha aso suppots energy efficiency and
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suganable trangoortation will yield far greater employment benefits than suppoting oneor two
of these sectors separately. Work by the German Potsdam Ingitute for Climate Changeandthe
Ministry of the Environment comes to similar condusons

TheU. S. Government Accouniing Office conduded its own study of thejob creation potential
of aclean energy econony (GAO, 2004) In an important assessment of rural employment and
income oppotunities, they foundtha:

E afarmer wholeases|and for awind project can expect to receive $2,000to $5,000
per turbine per year in lease payments. In addition, large wind power projectsin some of
the naion®poorest rural counies have added much needed tax revenues and
employment oppotunities.

Combining Technology and Finanaal Innowation Bthe Next Wawe of Greenhou® Gas
Abatement

As states and cities explore greenhou® gas emission redudion oppatunities, new and important
financia modds are also emerging. TheCity of Berkeley, California provides onerecent
example tha has already attracted internaiond attention.

A Sudainable Energy Finandng Digtrict is being developed as part of the City of Berkeley®
implementation of Measure G Da successful 2006bdlot measure setting greenhou® gas
redudiontargets of afull 80% redudionin emissionsby 2050.

Thefinandng mechanism is loosly based on existing Qundegroundutility districtsOwhere the
City serves as thefinandng agent for aneghboihood when they move utility poles and wires
undeground. In this case, individud propaty owners would contract directly with qudified
private solar indallers and contractors for energy efficiency and solar projects on thar building.
The City provides thefunding for the project fromabondor loan fundtha it repays through
assessments on participating property ownersCtax bills for 20 years. Cities may also beableto
aggregae bonds and states govanments can facilitate this program in anumber of ways.

No propety owner would pay an assessment unless they had work doneonther propety as pat
of theprogram. Thos who choo® to pay for energy efficiency first, and then solar and energy
ingallationsthroughthis program would pay only for thecod of thar project, interest, anda
small administrative fee.

TheFinandng Digtrict solves many of thefinandal hurdles facing propeaty owners. First, there
would belittle upfront cod to the propety owner. Second,thetotal cog of the solar system and
energy improvements may beless when compared to finanang throughatraditiond equity line
or mortgagerefinanang because the well-secured bondwill providelower interest ratesthanis
commercialy available. Third, thetax assessment is tranderable between owne's. Theefore, if
an individud sellsthar propaty prior to theend of the 20-year repayment period, the next owner
takes over the assessment as part of thar propety tax bill.

This mechanism, announed publicly on Octobea 23, 2007, has attracted statewide attention as
other cities, and now the state govenment, looksto find ways to expand the Financng District
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modd statewide. Further, theU. S. Department of Energy has expressed its willingness to
facilitate the disseminaion of the program to other cities, states, and regions

A Roadmap to Low Carbon Energy Efficiency and Clean Energy Supply Options

A paticularly ussful view of low carbonenergy optionshas been developed by the Vattenfall
Utility Coopeative in Sweden and can bedonein theU.S. Such aroadmap can focusand
contextudize EPA consdeationsof alternaive power generation proposls and thear related
cods. This presentation, seen in Figure 5 shows:

* Estimated cogs (some of which are negative, implying overall savingsto the econony
throughthe adopion of clean energy optong of potential climate solutions andthe
amountof carbonthey may beable to offset, or avoid, by a specific time (in this case
2030)

* Thepotential for awiderangeof energy optionsto play asignificantrolein CO,
redudion, which in turn leadsto distinct technology and management strategies tha
individud states may pursue

* A clear condusontha we will need to adoptpolicies tha suppot and encourage
development and deployment of adiversity of clean energy options
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Figure 5: Estimate carbon reduction possibilitiesin Euros per ton of carbon dioxide equivalent
(EUR/tCO,e). Theverti cal axis showsthecaost (or benefit) of the specific mitigation option, while
the hori zontal axis shows the edimated amount of savings (in giga-tons of carbon) by 2030.
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Thekey ingghtfromthis andysisistha aportfolio of low-carbonoppatunities exists, and that
state and local goveanments, if suppoted by andysis and policies at thefederal level, can enact a
widerangeof cog-effective disseminaion programs. While these will require a combination of
research and deployment to become major comporents of our econony, thetools to begin this
process exist today. Theabundance of cogd-effective energy efficiency options and of low-
carbonsourcesin theU. S. isarich resource fromwhich we can draw.

Thecritical first step in achieving thebendfits of alow-carboneconony is condud systematic
reviews of ouroptions and to build supply partfoliostha protect theeconony andthe
environment. My testimony highlights the degree to which this task, while significant, can be
accomplished throughactionsby the EPA and othe federal agendes,

Thank you for the oppotunity to appear before your committee.
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