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Introduction

Climate change and the secure sumglgnergy are among the biggest challenges of the twiestyentury. The

problem is immense: While global greenhouse gas (GHG) emissions are still on the rise, they will have to be
halved by the middle of this century in order to prevent the most damgeffects of global warming. And while
energyrelated emissions are already responsible for the largest share of GHG emissions, global energy demand is
estimated to rise by 50 percent or more between now and' ZlBfate change and energy security banseen

as Siamese twins insofar as they can only be sustained with concern for one another: 80 percent of global energy
supply is produced from fossil fuels which, in the United States, Europe, Japan and other important U.S. ally
countries, are increaglly imported and therefore are at the core of their increasing energy dependence. The
burning of fossil fuels also emits GQand energyelated CQ emissions are responsible for about 60 percent of
manmadeclimatechangé.

The security impacts of clinie change and our dependemnédossil fuelshave been much debated. It is in the
national interesof the United States to addrebsth issues vigorouslyThere has been little academic and
political discussion, however, about the security impacts ddresition of our economy to one that is built on a
low-carbon energy foundation. What are theeseeablenaterial inputdemands and what human capacities are
needed for such a transitimhis paper addresses these questions under a particular scemarichithe United
States commits to GHG reductionspasty toan international climate change agreement.

1. Climate Change and Energy Security in the ZiCentury®

There are radical changes ahead of us regardless of whether we act on climate chargygyasdaemity or not.

In both cases, our environment, our economies, our domestic and foreign politics, our societies, and our individual
lives will change dramatically. However, they will change in very different wiys.Intergovernmental

Panel on Climee Change (IPCQGjtates that global warming is by now unequivocal. If emissions continue to grow
unchecked, climate model projections reviewed by the IPCC indicate a further temperature rise of 1.1 to 6.4°C
(2.0 to 11.5°F) during this century. The globfieets would be a sea level rise of 110 to 770 millimeters (0.36 to
2.53 ft), more frequent warm spells, heat waves, and heavy rainfall, possibly followed by a dramatic increase in
inland floods. There would be more droughts, more intense storms, aneéxtrerae high tides. Up to 30 percent

of plants and animal species would already be threatened in a low temperaturgeiscezarid.Already, the

modest climate change that occurred between the mid 1970s and 2000 is estimated to have caused athannual dea
toll of over 50,000 lives. At continued emission trends, this number is likely to double by 2020.

The United Statekas gen anincrease in frequency of weathelated events since tH®50s® The Southwest

has experiencesevere droughtonditions 81ce 1999. The 2007 heat waves in the westeemtral,and eastern
parts of the country were recebdeaking events: Drought conditiored terrible effects on farming and
destroyed théharvest in vast areas. Fires of unprecedented s@esed up to 10Buman deathsand great
destruction of propertyThe cevastating floodof the recent past haved to theevacuation of thousands of
homes. There islso evidencesuggesting that the annual numbers of tropgtarms, hurricanes, and major
hurricanes in ta NorthAtlantic have inceased over the past 100 yeaiGoncerning the future, moderate climate
change irthe early decades of the century might increas@bauctivity of rainfed agriculture in some northern
regions, but decrease productivity in ethparts of thecountry. Further warming in the western mountains is
projected to cause decreased snow pack, mon¢er flooding, and reduced summer flows, exacerbating
competition for already ovallocated wateresourcesHeatwavesand droughts are pjected to have increasing
impacts on forests, with an extended period of Highrisk and large increases in area burned. Cities already
experiencing long stretches of high temperaturesegpected to be further challenged by an increasmaber,
intersity, and duration of heat wavedgth direct health impactsMany of Amer i caés maj or cit
directly on thecoast. These locations could face major landlaatdtatloss. Particularly for Floridayut also for

the Northeast, sea level rise mighecome a major threat. If the intensity of tropical storms further increases, so
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will the human and economic lossés.2003, a heat wave of unprecedented magnitude struck large parts of
Europe, the United St agtresdnthiB5600peipdport ant ally, cau

For more than three decades, experts have calledidening the concept of national security to incladéar
broader range of threats to peace than traditiomal-state conflict, namely global resource scarcityd
environmental pution. However, only recenth as fAenvironment al s e c paliticdl y 0 e
debate at the highest level; some of the layers of contemporary world politics have declaskthate change
the most serious global challengetiois centry.’ Climate change can aggravate the o$lntrastate conflict and
interstate war over fertildand, food, water, and other resources. Both incremetitahte change and rapid
weather disastergan worsen living conditions to an extent that theause people to flee their homes,
exacerbating populatiopressure on neighboring regions. In 200&creasing setevel rise left 500,000
Bangladeshisof Bhola Island permanently homeless. The IPCC expet60 million climate refugees
predominantlyfrom regiors in Africa, Latin America, and Asiby 2050™° These migrants will also knock on
American and European doors in their search for shelter. Former UN Se@etmyal Kofi Annan stated:

ACli mate change is not just a nstilldelieve. tt & mmedencbnaphssings s u e
threat. It is a threat to health [€é]. 1t could impe
on which nearly half™the worldés population |ive.?d

With the devastating effects of global wangibecoming as clear as the economically disastrous effects of
exploding energy prices, the debate to date has been often misleading. Fast and ambitious action on climate
change and energy security is oft erhowewmnthereche noesdund o b
alternatives to it. It is in the national interestf the United States, mandated by environmental, security, and
economic concerngnd, as such, a patriotic imperatifée same can be said about energy security. For egampl

an increasing number of experts believe that the maximum rate of global petroleum production has already been
or is soon to be reached. After t hriaphaseofulimatpcedife, 06 t h
The escalating shortageould further increase the price of petroleum. Are we going through this phase already?
After all, oil production has not increased for years now despite rising demand and escalating prices. No one
really has an answer to this question because there igliable data on remaining resources and, due to the
OPEC cartel that determines supply rates, prices are manipulated and not the result of a free market. It is clear,
however, that oil pricewhich have brokemistorical recordsecently, haveand will cortinue to haveenormous

negative implications for the globatonomy as well as for prosperity in those regiwhgch are net importers,
including theUnited StatesThe profiteers of a continuation of the current enexggtem will be the biggest oil

and raturatgasexporting countries. In Businessasusualscenario, they will gaiboth in terms of capital and in
influence. It is moreplausible than not that these countries, whichoariee aware of their powerful situations,

will employ more radical métods if they believe their nationaterests are at risk. Some commentators
speculatethat rampant energy prices bear a number of Hgburity risks, including wars for resources,
particularly oil; state failure and disintegration if the economies r&fadly fragile states end up in complete
disarray; and nuclear energy related problems because growing use of nuclear energy in response to the
diminishin% oil reserves also increases the danger of reactor accidents and the proliferation of-gvadpons
plutonium:

The success of climaendenergypolicy begins with the awarenesta problem of unprecedented dimensions:

that our economies are fundamentally built on the burning of fossil fuels. Our entire transportation, agricultural,
and industrial systas depend on their affordable supply. So the first link between both challenges, securing
energy supply as well as an intact climate, lies in the joint root of the problem: that our dependence on fossil fuels
is responsible for both a warming planet anscarce energy supply. Our dependeogdossil fuels creates an
unstable world by threatening our environmental, economic, political, and security systems through climate
change and energy scarcity. The second and related link is on the solution sid#. ily wucceed in solving

both problems if we manage to, first, change our consumption patterns, i.e., instead of continuing to squander our
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energy, consume it far more efficiently and, second, transform our energy production patterns, i.e.ad&bmeve
scale alteration of our energy mix.

2. The Applied Scenario: U.S. Contribution to a 450ppm Pathway under an International Treaty

In the absence of exact knowledge of the complexion of a future global climate deal and the commitments of
individual courtries therein, we employ a scenario in this paper in which the United States agrees to GHG cuts on
the order of 17 percent by 2020 and 85 percent by 2050 as part of an international treaty. We further presume that
all major emitting countries agree to coangble efforts according to their national circumstances: while other
industrialized countries commit to targets similar to those of the United States, emerging countries would commit
to limit their per capita GHG emissions, e.g. to 4.5 t ®Qhe case foChina. The main timeframe we focissthe

present day to 2030n theWorld Energy Outlook 2009he International Energy Agency (IEA) outlines a global
energy scenario from 2007 to 2030 along the lines of these assumed emission trajectories. hatius Isog

term GHG concentrations stabilize in the atmosphere at 450 parts per milliseqG®alent, a level at which

there is a 5@ercentchance that temperatures will not rise above 2 degrelssu€ (3.6 degrees Fahrenh&im
pre-industrial levés.™ Although, according to the IPCC, there is no specific temperature threshold for dangerous
climate changes, and the negative effects are gradually increasing, over one hundred countries have adopted thi
i2AC targeto in or deanditsoiskscanchcorsdquentish ordertb includeriseptm g

climate and energy trend projections, we will wuse t
implications for green technologies in the United States. It is importattess that this scenario is a minimum
for what has to be done in theaalbmietred sStcdtienatto pat

stress the fact that greater seafeof green technologies and practices than is outlined by the IE&gHBdally
and economically possibind preferential given the uncertainty of the costs of dangerous climate change on our
nation.

The assumptions underlying the Scenario include global projections of economic growth, demographics, fossil
fuel prices, tehnological developments, and urbanization. The deployment of individual technologies reflected in
the Scenario take into account projected financial incentives, market barriers, and technological and social
constraints! Some 75percentof added capacitis in the form of renewable energiBeeTable 1.) Considered

are mainstream renewable technologies which are already in use (biomass, hydro, photovoltaic, solar thermal,
geothermal, orshore and ofshore wind, tidal and wave). Fossil fuels will play &tigely decreasing but still

i mportant role. A significant amount of coal emissi

In the Scenario, despite falling GHG emissions, nearly 5,000 GW of power generation capacity is added globally.
This new capacity will be installed across a much wider geographical spectrum as developing countries and other
major economies build up their energy infrastructure p&8entof capacity additions occur in the United States

or its traditional allies amanthe Organization for Economic Cooperation and Development (OEGDhearly

equal share of additions (3¥ercen} occur in other major economies, including China, Russia, Brazil, South
Africa, and Middle Eastern nations. Overall, the Scenario repregengsked shift away from both conventional
sources of energy and the typical distribution of generation capacity in the world.

The U.S. population is projected to expand?® Thsom t ¢
increase will requireghe United States to expand electricity generation capacity and efficiency. In a basiness
usualscenario, i.e. in the absence of significant GHG limitation efforts, the IEA projects that electricity
generation would need to grow nearly 1,000 Terahaits (TWh) - a quarter of current generatighlf,

however, reductions are agreed to at the order outlined above, the IEA predicts that the United States would only
require another 500 TWh of gener &nresult of tatnnmiigating t h e
technologies, energy efficiency improvements, and mobilized government ction.

In the Scenari o, renewabl e sources of energy suppl
energy demand in 2020 and 20 percent by 203Uhis will require the nation to greatly expand installation,
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operation and maintenance of wind, solar, geothermal, and tidal p{®eer Figure 1) Energy efficiency
measures will also be a key action for the United States moving forward. Improvements iplaoivefficiency

as well as the efficiency of processes that require energy input will make up nepdycBdto f t he nat i
emissionsabatement effort up to 203(Bee Figure 9?° Finally, in order to build security in this new system of
renewable engy and energy efficiency, the United States must also sustainably manage water inputs, improve
the electricity grid, and supply the adequate human resources.

In our analysis, in addition to individual energy sources, als® look at transformational needs the
transportation sector as well as new technologies that will become necessary in the areas of energy storage
distribution and usage. The future transition of our energy system will also reqbuddup of intellectual

capital commensurate withd scaleup of green technologies.

3. Energy Productionfrom Renewables
Wind

Wind currently generates slightly above 1.5 percent
42 percent of U.S. capacity additions and 36 percent of newiamdin the European UnidfiBecause of wind
energyo6s relatively | ow ea©SD 0.p4per kilomatthour (kWh), windesaher i c i
cheapest of all zeremissions energy technologies (See Figurei 3he increase in wind capagiis more

dramatic than that of any other powgmeration sourc®.The full life-cycle of producing wind power, from

turbine manufacture to operation and maintenance, also causes far less greenhouse gas emissions than most oth
technologies. The industrgverage is only 21 grams of g@quivalent per kilowathour provided (gC®

e/kwh), while coal, natural gas, and photovoltaic power are rated at 993egikMh, 664 gC@e/kWh, and 106
gCO2e/kWh respectively (see Table ®)Each of these factorsisabbot o t he nationds eco
climate security, and an argument for the ambitious development and deployment of wind technologies. In the
Scenari o, U.S. electricity generation from wind exp
in 2030%” Wind increases in the electricity generation mix of nearly every region of the world, especially in
OECD countries, China, and India. As a consequence, we expect significant international competition for the
immense amount of materials which thiale up will require.

The predominant wingower technology in the United States is a horizontal axis wind turbine (HAWT)
consisting of three large blades mounted on a hub. A 5 MW commescail@ HAWT has a typical height of 114
meters 874 fee} and ablade diameter of 124 meter407 feel.?® Primary materials in wind turbines include
steel and concrete for the basal structures, glassfiber reinforced plastic (GRP) anefileanieon reinforced
plastic (CFRP) for rotor bladé3Concrete supply will reain abundant as its primary componéngand, gravel,

and limestoné are widely available and recycling technology is vesitablished. Steel is also of minor concern
due to welestablished recycling technologies; in 2008, recycling rates for constrysttites and beams reached
nearly 100 percent in the United Stateates this high are also possible for wind turbine pahs.United States
typically imports no more than 20 percent of the iron ore that it needs to produce steel. The majoritytef impo
come from Canada and Brazil, two reliable trade partfidiise greatest security risk for the wind industry going
forward wil!/l be the gl obal economics and availabi
neodymium, which is a primaryerhent in the permanent magnet generators used in the newest cormscefeial
wind turbines (For a discussion of rare earths including neoiyn, e Box 1) These generators are now
replacing geabased generators due to their greater efficiéhcy.



Box 1 Rare Earth Metals & Neodymiufi

According to the U.S. Geological Survey (USGB) ar e earths are a relati
composed of scandi um, yttri um, and the | ant han
lustrous metals that are typically soft, malleable, and ductile and usually reactive, especially at €
temperatures or
chemical catalysts, computer mami, lighting, televisions, automotive catalytic converters, glass polishing
petroleum refining catalysts.

The US has proven reserves of rare earths, estimated at 13 millioriSems able 3 Nearly 2 million tons of
this reserve is neodymium oxidlefar more than the estimated 40,000 tons needed for expanded wind ca
under the Scenario. However, rare earth mining in the US, concentrated in Mountain Pass, California, h
in the last decade due to pollution concerns. In the meantime,&bis | ow | abor and r
the | ionbés share of rare earth mini ngupgied®6 perceadtl
the worl dbébs demand for neodymium i n 200 &irneddymius
suppl y. In recent years, the Peopleds Republic
and imposed duties on its rare earth exports. It has also made moves to secureanopaly on the global ran
earths mining at refining industries. In 2005, the Chinese statmed oil company CNOOC attempted
acquire the United Statesd sole rare earth pro
that China is highly aware of its current dominanceaoé earths supply paired with the inevitability of dem
growth.

Some possibilities stand out for reducing Chi

turn up previously unknown reserves. The USG&mmodity Summaries 2014 at es t hat
resources are thought to be very | arge relatiyv

boost its domestic rare earth industry. A bill has been introduced in the House of Representatives calli
assessment of domestic resources, supplin support, and workforce development (the bill is calleel Rare
Earth SupplyChain Technology and Resource Transformation (RESTART) Act of 20h@)U.S. Departmen
of Energy has already launched an initiativ®é fiassess ways of diversify

Ssubstitutes for rare earth minerals, and pr omot
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Biofuels

Global biofuel production topped 81 billion liter$6 billion liters of fuel ethanol and nearly 15 billion liters

of

biodieseli in 2008, an increase of more than 36 percent over the previoué® y@iafuel production has

increased more than 350 percent since the start of the decade and now makes up somerit &7 {hercotal

world liquid fuel supply** The United States produced nearly 35 billion liters in 2008, more than 43 percent of
the global totaf® Global biofuel production in the Scenario will increase about eightfold from current levels,

almost onehird of which is U.S. demand. Biofuels will comprise an increasingly large percentage o

f U.S.

transportation energy, rising from 2 percent in 2007 to 20 percent in*208@. U.S. has strong policy support
for biofuels and currently mandates the blending3#f killion liters of biofuels annually into conventional motor

fuels by 2022 under its revised Renewable Fuel Staridard.

Expanding biofuels production will affect the production of other crops and livestock in ways that are n
known but which are geendent on the types of biofuels produidilst versus second generatiSnincreased
biofuel use is contributing to the global conversion of land to agriculture for growing feedStaties United
States already devotes nearly 33 percent of its corn tgpfaduction, up from 6 percent in 2060By some
estimates, pressure to expand biofuel production could increase the expansion of cultivated |a4@ pgrzent

ot fully

by 2020, accelerating deforestation, biodiversity loss, and other problems, each of whipbseasecurity

5



problems in the wider sen8eFor example, increasing biodiversity loss may limit human capacities to develop
new medicines. The rapid growth in biofuels use in the past five years has also contributed to a sharp increase in
the prices ofdod and feed graiff. The International Institute for Applied Systems Analysis looked at a series of
stimulated biofuel scenarios and concluded that increasing biofuel production will lead to more hunger across the
world.* Africa and Asia are expected to bi¢ the hardest, making up two thirds and three quarters, respectively,

of the additional number of people experiencing food insecurity due to biofuel increases in 2020 afd 2030.
Refugees from these areas will search help in richer countries includiipited States.

Current and expected limitations in ethanol infrastructure and production may force the United States to rethink
the future of biofuels in its energy miixOne problem is a general lack of pipelines from major biorefineries in

the Midwestto distribution markets on the East and West Cd43tse properties of ethanol also make it difficult

to transport through the existing petroleum pipeline infrastructure without significant modificatinsther
potential i ssue lendingtinntecurrerdy setatradnaximan bleadhlevdl of b0 percent ethanol

into conventional gasoline (known aslH). A higherlevel blend of 85 percent {85) can only be used in
specially modified engines and is sold at only a small number of filtatipas across the U%Expanding EB5
consumption would require new ethanol distribution channels, new storage facilities, and increased purchase of
flex-fuel vehicles that can run on the fd&Dther potential problems include biomass collection andigéo A
cellulosic refinery producing 220 million gallons of fuel per year requires an estimated 700 tons of input per
day>® Producing such large quantities will require advances in harvesting, collection, transporting, and'storage.
The U.S. Departmentsf Energy and Agriculture estimate that 1.3 billion tons of biomass could be harvested
sustainably each year to produce enough biofuels 1t
while still meeting other needs such as food, feed, apdres> The counted biomass includes 368 million dry

tons of wastes from forests and logging, residues from wood, pulp, and paper mills, and construction and
demolition wasted® Another 998 million tons are available from agricultural production, inolyiénergy crops,

crop residues, and animal manet®otential obstacles to meeting this yearly biomass goal include uncertainties
with nes\s/v energy crops, including yield variability, time to establish production, and harvesting requirements and
timing.

Concentrating Solar Power

In the Scenari o, u. S. el ect r ii concentratingesaiae powdr (C&P), sdlar o m
photovoltaics, geothermal, wave and tidal, hydroelectric, and bidgfualsreases from roughly 89 Twh in 2007

to 223 TWhin 2020 and 413 TWh in 2030. Utiliscale CSP plants currently represent less than 0.1 percent of
the United Statesd electricity gener ¥tHowever, mosepgharc i t vy,
10,000 Megawatts of capacity are currentlgemndevelopment. CSP plays an important role in the Scenario
because it is considered the most commeresdblable solar technology. It is both cheaper than solar
photovoltaic generation and has the second leastylifle carbordioxide emissions perWh of any power
generating technology.CSP plants require an array of mirrors that concentrate sunlight on abaséet liquid

which then produces steam to drive electricity generation. Mirror inputs are fairly unsophisticated. Thus, material
input for CSP is not arnnternational security risk for the United States. However, water availability is a serious
input concern for CSKSee Box 2.)CSP plants are typically sited in dedéte landscapes but use a significant
amount of water equivalent to thaita nuclear power plant.

Solar Photovoltaic

Todaybés PV capacity in the United St eledrisity gethesmtiod s a't

capacity PV, currentlyat USD 21.2per kWh, will be rather costly to scale up. However, it has ins@eGHG

avoidance potential, at only 106 gg&&kWh for the full lifecycle®® PV modules can also take advantage of

existing infrastructure when installed on building rooftops. Currently, three dominant technologies for generating

PV power exist: crystatie s i | i-fciolnmo fiRVWi manel s, a*hSiicom swurcesarethightyt o r

abundant and do not present an import strain for the United States. However, silicon PV electrodes require a
6



significant amount of silvet* As 63 percenof the U.Ssilver supply is currently imported from abroad (primarily
Mexico, Canada, Peru, and Chile) at significant costs, it is predicted that silver needs will significantly hinder the
ability to scale crystalline silicon PV to the terawatt level, unless the rinodwsilver required for PV panels is
reduced, or alternative electrodes are devel6p@tin film PV requires an Indiurtin-oxide conductor layer.

The United States is largely dependent on China for Indium supply stands in the way of a massiyeo$thée
technology. Zineoxide alternatives for the conductor layer are currently under development. Most of these have
to be imported as well but the main suppliers are Peru, Ireland, and Mexico making the United States less
dependent on one individual eoqer county. A similar situation exists for concentrator PV cells. They require
germaniumi a relatively scarce mineral imported primarily from Belgium and China. A shift to proven gallium
arsenide (GaAs) alternatives would prevent aleggendence on thesountries. However, this technology has

not reached commercial sc&feAmerican companies currently lead the way in production of PV modules, with
First Solar ranking second in silicinas ed cel | s ( @celly)i®Fist SBlar ana &nitgd Belalso

lead the way in production of thin film modul®sWith China as a main competitor in both consumption as well

as production of solar PV technologies and also a major exporter of certain essential minerals, it is clear that the
focal point for reducig risk in PV development lies with intellectual capacity. It is essential that the United States
maintain its competitive advantage in photovoltaic research and development.

Geothermal

Geothermal currently produces only 0.3 percent of U.S. energy bett is expand rapidly as early as 2013, with
several major projects underway in California and Nevada. In 2009, the U.S. Department of the Interior
authorized the installation of geothermal enepgyduction sites on federal lands. The Bureau of Land
Management is planning fol2 Ggawatts of geothermal energy to be installed on its lands by 2025, a greater
capacity than is envisioned for the whole OECD in the Scenario. Sources of geothermal energy in the United
States includesteam or hot water that oceunaturally underground, as well lagt areas of the crughat can be

injected with water to create steaRot water suitable for geothermal energy is also produced at many oil and gas
wel |l s. This Aproduced wat er 0t butscantpsoyide a ahkedp wnd dfficiert a r d
source of geothermal power. One study calculates that over 70 GW of geothermal capacity could be established
at existing oil and gas wells within the United States by 2083pansion of geothermal power will preséew

concerns for international resource competition. Geothermal turbines are technologically similar to the steam
turbines used in many conventional fossil fuel power plants and material inputs are fairly secure. However, the
intellectual capacity foscaling up geothermal will come from abroad (mainly Iceland) until more Americans
enter into the field. The National Renewabl e Ener g\
energy utilization in the US and worldwide is the shortageeobfe with experience and training in geothermal
devel opment a&ahd engineering. o

Hydroelectric and Wave & Tidal

Hydroelectric plants currently make up 78 GW, or 7 percent of existing generating capacity in the Unised State
Due to widespread concern abolie environmental and water resource impact of large dams, hydroelectricity is
an unpopular option for meeting increased energy rfiéddshe Scenario, hydro will increase to just over 100

GW by 2030 a minor increase compared to the capacity incresmudear, wind, and other renewabl&s
Therefore,constructionneeds will be few andavill primarily require concrete and steel supplies which are
economically secur€. Even so, provision of ample rivllow could be a security concern in the future, as
changes to the nationbés wat e(BeeBox2)l e occur from an al

Some new wave and tidal power models call for permanent magnet generators, requiring rare earth inputs
equivalent to those mentioned in the wind section above. However, asan@valal increases are relatively
small over the next twenty years, rare earth security concerns will primarily affect other green technologies.



4. Non-Renewable Energy Production
oil

The United States i s the worrh coisstutiig®89 pereenttof WbS. primaryo n s u
energy source demand in 2007. Ranked eleventh in world oil reserves, the United States imports about 60 percent
of its oil. Due to high production levels, its proven oil reserves have declined by 46 percennbigv@eand

2006.”2 Tapped U.S. oil reserv@dess than 20 billion barrédscan supply demand for about another decade at
current rates of production, and less than a third of that time if the country had to supply its entire demand by
itself. In 2000, the Uited States and Europe supplied 50 percent of domestic oil demand with domestic oll
production. In a businesssusual scenario, they will import more than 80 percent of their oil by 2030, competing

for these resources with other regions, most importainéypooming economies in AsiaMost of this additional

supply would have to come from the Persian Gulf and, to a lesser degree, from the Caspian Sea and Russia. The
result would be an evéncreasing Western dependency on these politically and stratediagile regions.

In the Scenario, the United States sees a significant shift in its transport sector from conventional fuel vehicles to
electric and biofuepowered vehicles. The global share of transport powered bycadoon fuels rises from

t o d dYpkreent to 32 percent in 2030. This shift is largely concentrated in OECD countries. So while U.S. oil
import volumes in the Scenario actually decrégag®m roughly 24 million barrels per day (mb/d) today to less

than 8 mb/d in 2030, they will contie to rise in China and Indfa. Despite this and the anticipation thiae
Organi zation of Petroleum Exporting Countries (OPEC
2030 (a greater increase than OPEC countries achieved from 1980 {0 th@08aditional security concerns
around oil do not entirely disappéearGlobal oil demand rises roughly 0.2 percent per year up to 2030, and with
OPEC countries supplying much of this increase, its members will continue to gain power and influence
internationally. It is more plausible than not that these countries, which are quite aware of their powerful
situations, will employ more radical methods if they believe their national interests are’aReskicing our oil
dependence as swiftly as possiideone of the greatest efforts to contain our dependence on the import of
Aiforeign oil,d a key national security goal

Natural Gas

In 2007, natural gas comprised 21 percent of world and 23 percent of U.S. primary energy demand. In the
Scenario, the natal gas share of worldwide primary energy demand falls slightly to 20 percent in 2030, 17
percent below IEA businesssusual projections. In the United States, however, natural gas share rises to a
projected 25 percent in 2030, only 3 percent below tfezenece case. Natural gas for electricity generation in the
United States increases from 21 percent in 2007 to 26 percent in 2030, a 29 percent increase over the referenc
scenarid.” The United States has abundant natural gas reserves, and in 2007,kovefoo s si a as t he
leading natural gas produc&These abundant resources will play a key role in helping the United States achieve

a significant reduction of GHG emissions in the power sector. Based on current technology, advanced natural gas
combired cycle power plants emit about 55 percent lesstli@h even advanced supercritical pulverized coal or
integrated gasification combined cycle power plants, and 63 percent lees @Qer kilowathour basis than the

average U.S. coal plafitThe moste c e n t estimates of the United State
United States has 2,074 trillion cubic feet of technically recoverable natural gas, including shale gas and other
unconventional resourcé$.Even if U.S. demand were to rise to4%6 billion cubic feet per year, this represents

a 70year supply of gas, although scaling up production of new gas resources will not happen immediately, as
state and federal regulators are still in the process of determining what safeguards will betmesdere gas
development does not occur at the expense of local environmental quality. A significant increase in dependence
on imported natural gas is only likely in the event that shale gas resources prove to have been dramatically
overestimated or thamported liquefied natural gas (LNG) is cheaper than domestically produced gas. Gas
producers abroad are not optimistic about the latter outcome, however. This year, Russian gas giant Gazprom
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shelved plans to develop the Shtokmann gas field, a projexsendriginal intention was to supply a U.S. market

for LNG that is no longer perceived to eXisSome analysts have conjectured that rising U.S. production of
unconventional gas will redirect LNG to Asia and Europe, diversifying the energy portfolibes# tegions.

Thus, while global demand and competition for natural gas will almost certainly rise in the coming decades, the
United States, due to its immense domestic reserves, is unlikely to become dependent on foreign sources of gas.

The United Statesurrently has a large, undetilized fleet of combined cycle natural gas plants, representing a
total nameplate capacity of 221 GW, but used at a capacity factor of only 35 f&fdenprimary reason for this
undetutilization has been the high fuel ta$ natural gas relative to coal. In the Scenario, stricter regulation on
power sector criteria pollutants, a potential price on carbon, and expected lower and more stable gas prices (i.a.
because of the exploitation of unconventional gas reserves) fatthie will help make natural gas a sustainable

and costtcompetitive alternative to coal. If the existing plants were operated at 80 percent capacity, they could
theoretically generate about 1,554 TWh of electricity anndathore than enough to meeetprojected demand

for electricity from natural gas in the Scenario in both 2020 and 2030 (1,071 and 1,249 TWh, resp&ctively).
Despite the large amount of existing efficient natural gas capacity, additional plants may need to be constructed
depending orthe geographic and temporal distribution of future electricity deniagheinographic trends, state

and local policies governing the power sector, the construction of new variable wind and solar capacity, the
retirement of aging coal and gas plants, and nathgr factors. The main inputs in the construction of new
combined cycle power plants are concrete, steel, iron, and aluminum; new pipelines to serve new capacities will
require additional steef’ None of these input materials should be limited by sigmit shortages in the
foreseeable future.

Although shale gas resources are located around the world, United States is far ahead of the rest of the world in
the experience and technological expertise needed to develop those resources. Foreign compdirigs inc
Norwayb6s Statoil and Franceds Tot al have signed jo
U.S. shale gas production expertise. Last November, the U.S. government announce@land.Shale Gas
Resource Initiative designed toash U.S. experience in shale gas with CHind.S-based consultants and
service companies anticipate dominating international markets for some decades to come.

Coal

Roughly equal to natural gas, the United States covers about 23 percent of U.S. priengyydemand by

burning coal. Coal consumption must decline sharply if the United States is to reduce greenhouse gas emissions
17 percent by 2020. Over 90 percent of coal consumption in the United States is by the electric power sector,
which emits 82 perct of all elericity sector emissions and 33 percehtotal U.S. emission®.In the Scenario,

U.S. demand for coal will decline from 1,122 million short tons in 2008 to 833 million short tons in 2020 and 498
million short tons in 2030, a 60 percent retion relative to the 2030 busineasusual scenario. Similarly,
electricity generation from coal will decline from 1,700 TWh in 2007 to 1,692 TWh in 2020 and 1,106 TWh in
2030%" On the global stage, coal comprised 27 percent of worldwide primary enemggnd in 2007. This is
projected to fall to 18 percent by 2030 in the Scen
while coal for electricity generation will fall from 42 percent in 2007 to 24 percent in 2030, a 13 percent decrease
against business as usual.

As the most abundant and evenly distributed fossil fuel in the world, coal is the least likely to pose a direct
security of supply concern to the United States. As of January 1, 2009, the United States had an estimated 261
billion short tons of remaining recoverable coal reserves, or roughly 27 percent of the gloB&iCuttet.
countries with significant coal resources include Russia, China, Australia, South Africa, and Kaz&khsgn.
supplies of coal could be enough totl&w 230 years at current rates of consumption, although the National
Research Council has estimated that U.S. coal resources may be closergearpply° However, due to
tightening EPA regulations on coal(spl &ntsda@i emi ei c
ozone, mercury, and particulate matter), uncertainty about future carbon prices, and growing concerns about coal

9



mining and coal waste disposal practices, coal generation is highly likely to become more expensive in the
coming decades, losing its large cost advantage over other generating technologies. The amount of remaining coa
generation possible under a scenario of 17 percent reductions,iby@D20 depends to a significant extent on

the development of commercialrban capture and storage technology.

Carbon Capture and Storage

CCS refers to processes of capturing,@®@m a source such as a power plant and sequestering it into geologic
formations such as deep saline formations, unmineable coal seams, and oil @seyags. CCS is considered

a key technology to achieve the goals of the Scenario, but it is not projected to be deployed on a large scale until
after 2020 Currently, theintegrated process of capturing, compressing, transporting, and storirtiaEt

been done at a commercial scale in many places around the world, although according to the U.S. National
Energy Technology Laboratory there are 135 active CCS d&nation projects worldwide, 47 perceftwhich

are in the United Staté8Governmenied efforts to evolve CCS technologies have increased recently, with G8
leaders announcing plans in 2008 to undertake 20-&rgie demonstration projects by 2010 and a May 2009
U.S. announcement &fSD 3.4 billion in new funding for CCS projectéThe Dem r t ment of Ener gy
is to develop, by 2@, systems that will achieve 90 perceapture of C@at less than a 10 perceantrease in

the cost of energy services and retérp@rcenstorage permanenéé.

Although CCS has attracted great integest potential solution to reducing greenhouse gas emissions from fossil
fuel s, sever al constraints wi || | i Thhe first cohsgaintUs the e d
availability of geologic formations suitable for @8equestration. ThNational Energy Technology Laboratory
(NETL) estimates that North America has sufficient formations to store between 3,600 and 12,920 gigatons of
CO,, with most of the uncertainty surrounding the extent of suitable saline form&tiewen low end estintas

predict sufficient storage capacity for centuries of, E@issions. However, the portion of these potential storage
sites within an economical distance of carbon point sources remains unknown. Second, carbon capture technology
is still in early stageef development and could present risks or require inputs as yet unknown. In carbon capture,
carbon dioxide is separated during the combustion of a fossil fuel througlomiristion, postombustion, or
oxy-combustion capture. These technologies are liteeipvolve physical or chemical absorption on a variety of

next generation membranes or sorbents whose inputs have not been det&rmiied.capture, CQ is
compressed, a process which requires significant energy inputs, and transported through fostingge sites.

Finally, questions about permanence of,Géquestration and the significant additional cost that CCS technology
represents to plant owners continue to add uncertainty to the future of CCS. Because the IEA 450 Scenario relies
on optimigic assumptions about the use of CCS technology by 2030, failure to achieve commercialization in this
timeframe would force the United States to increase its generation from otheaio®n energy sources, in order

to meet its emissions reductions targatsreasing competition and potential security risks associated with their
resource inputs.

Nuclear

In the Scenario, electricity generation from nuclear expands from 837 TWh in 2007 to 1,214 TWh in 2030 in the
United States, requiring 54 GW of capacityrmt¢han is currently installed. Because most reactors in the United
States are due for decommissioning in the next twenty years, more than 54 GW of new capacity must be
constructed. Current loan guarantees offered by the U.S. Government will only sufgp@€ iiew reactors with

a capacity of roughly 1 GW each. As a result, nuclear power expansion in the Scenario would require more than
50 new reactors to be built over the course of the next twenty yeare i nt i ng t o the nuc
dependence ordditional federal funding.

Fuel for these reactors wild/l come | argely from Aus
uranium ore, and from Russian stocks of highly enriched uraffiutmwever, fuel costeduction proposals have
called for reprocessing of already irradiated nuclear fuel. Though this practice is common in France, the United
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States has traditionally maintained that reprocessing brings nuclear material closer to \gemgmrad has
refrained due to proliferation concernNuclear expansion in the United States remains highly risky. The
considerable barriers to adding new nuclear capacity include stringent safety regulations, opposition of local
residents, and most importantly high costs. In addition, there is a shoftagmed workers to run and maintain
nuclear power plants since a large share of the nuclear work force in Europe and North America is rapidly
approaching retirement ad®eyond these input security concerns, an extension of nuclear energy in the United
States poses weallocumented, conventional security risks. These include, in addition to proliferation, the inherent
continued encouragement of other countries to launch or intensify nuclear programs, and the risk of terrorist
attacks on nuclear power ptanthe effects of which would put the health of millions of Americans at risk.

Box 2. Watet®

Water is a major input into almost all forms of energy production, and as water supplies are increasingly
vulnerable to climate change and population presswater is a key component that needs to be considered
when looking at future energy security. Too expensive to transport over long distances in large quantities, water
is a highly localized resource, which means that security concerns about water iduoha international
competition or vulnerability but rather the stability of the domestic energy supply.

Many, but not all, forms of lovearbon energy also have low water requirements. The emphasis on wind [power
in the IEA 450 Scenario is positive froa water standpoint. Wind energy is the least wiatensive method of
energy production, with operational water use largely limited to the water required for cleaning the tuAsnes.
a result, the predicted increase in wind power should not be ety changes in water availability in the
future.
The lowcarbon energy technologies that are more problematic with regards to water requirements are
concentrating solar power (CSP) and nuclear power. According to a 2009 Department of Energyueart, n

power consumes around 720 gallons of water per megawatt(gal/MWh) of electricity generated, in additian
to the large amount of water withdrawn for cooling but ultimately returned to the sdarcentrast, producing
electricity from coal consmes 450 520 gal/MWh, and natural gas uses a mere 190 gal/MWh.

In the case of CSP (750920 gal/MWh)? the water needs are particularly worrisome because the prime sites for
CSP are in deserts with limited water availability. Already, several CSiEsp&mned for the Southwest U. 5.
have been put on hold due to concerns about water usage. Given the growing thirst of cities such as Los Angeles
and Las Vegas, water could be the limiting factor in the development of CSP in this region. Similargr, nucle

power plants, which are often situated on river banks for easy access to cooling water, can be impacted as river
water levels vary due to climate change. During the heat wave of 2G08;eFwhich gets 75 perceuit its
electricity from nuclear powerwyas forced to shut down 4000 MW afopluction capacity (just over 6 percexfit
total nuclear capacity) because water levels in some rivers dropped so low that there was not enough water
available for cooling.

Another major area of concern when loaket the energyvater nexus is biofuels. A recent study has shown that

switching from petroleurtased fuels to biofuels or electricity for transportation in the United States will result in
substantial increases in water requirements. Of particular woiscthe expanded production of irrigated biofuel
crops in the Great Plains, where groundwater levels are dropping, resulting in energy and food security cancerns.

Energy security risks to the water supply can be mitigated through improved technolbggssagcooling,
regulations about water usage, and by encouraging energy and aragervation efforts. Nearly 40 percerit
U.S. water usage is related to the energy sector, making energy efficiency measures crucial to avoid [stress on
water supplies.Similarly, much of U.S. electricity use goes into purifying, transporting and heating water, so

reducing water use can have a significant impact on electricity demand. However, unless energy and water
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policies are managed together, the availability diewaan be a large risk factor for U.S. energy production in the
near future.

5. Energy Consumption
Updated Transmission Technology

In order to optimize the useful energy provided by new renewable power plants and various new generating
technologies, theystem of cables and storage devices connecting the power sources must be updated. Since the
current U.S. grid is optimized for electricity input from singular lacgpacity sources, a ramp up of distributed
renewable energy without reciprocal updatestoans mi ssi on woul d present a ri
electricity supply. This requirement is already holding back renewable energy projects in parts of the country.
For example, the California Independent System Operator (CAISO) has defi@tesignificant changes to the
California power grid are needed if the state is to meet its goal of 33 percent renewables 1Y 12ig0.
Temperature Superconducting (HTS) cables could replace traditional copper cables in an upgraded power grid.
These chles can transmit ten times the power of a conventional copper cable over long distances. Some leading
superconductor research and manufacturing firms are located in the United States. One firm, American
Superconductor, reports that material inputs, witctude the rare earth yttrium, are not a major concern for
security or expanded use of HTS cable in the §fid.

Upgrading the grid to improve energy efficiency and to accommodate increasing amounts of variable power
supply will also require increased gjinterconnectivity and integration of Interdssed digital communication

and information systems. As a result, the potential reach of -eytaerks by hackers seeking to disrupt the U.S.
power supply could grow? Foreign hackers have already demonstraie ability to shut down power supplies

to major metropolitan areas, while recent cyattacks on the U.S. grid system, purportedly from Russia and
China, may have left behind codes that could be activated in the events of future hostilities. Drstributi
automation technologies, transmission systems, and smart meters have been cited as being vulnerable entry point
in smart grid information system& These vulnerable systems are driving investment in ey®eurity spending

at power utilities. Pike Reaech projects that a total of USD 21 billion will be invested in global smart grid cyber
security deployments by 201%. Large IT system providers such as IBM, General Electric, ABB, Emerson
Electric, Lockheed, Boeing and Raytheon will likely absorb smdllesecurity firms currently developing
relevant cybesecurity technology. Japanese companies Kyocera Communications, Toshiba Corp., and Fujitsu
may also become major players, as they are already contributing cyber security and communications technology
research elements to a pilot smart grid project being conducted collaboratively by the U.S. and Japanese
government in New Mexic®

Electric Cars and Energy Storage

Hybrid electric vehicles currently account for 2.4 percent of new vehicle sales in tresl \Btétes, and full
electric vehicles far less than a perc@hBy 2030, the Scenario predicts that electric vehitleluding hybrid,

plug-in hybrid, and full eletic vehiclesi will be over 60 percentf passenger vehicle sales in the United States.
The annual number of electric vehicles sold by 2030 could be as great as 10 million. The current fleet of hybrid
electric vehicles uses a variety of battery types. However, the industry is focused on developing high efficiency
lithium-ion batteries. It ieestimated that a full electric vehicle with a range of at least 100 miles will require a
sizeable lithiurdon battery. Lithium input could be as great at 10 kg per veHitEhere are mixed signals for

the security of lithium supply in the United States tBe one hand, the concentration of known lithium reserves

in a very few countries presents a security risk. The United States currently relies almost entirely on Chile and
Argentina for its lithium supply. Bolivia is also set to build significant lithiexport capacity, though the
industry there is still in its infancy. Another important producer is China. The United States will likely remain
depemlent on imports for at least 50 percehits lithium supply unless a greater share of its own resenesi bas
410,000 metric tongtwo hundred times 2009 import levels)s tapped?’ The lithiumexporting countries could
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decide to tighten exports and raise costs of the materad China has done with rare earth meta@lse
concentration of lithium sourcessal makes supply more vulnerable to natural disasters. The recent 8.8 magnitude
earthquake near Santiago, Chile was felt over 700
largest lithium resources. Had the earthquake occurred further tiwténtire world may have entered a lithium
supply shock?®

On the other hand, a positive sign for lithium security is the U.S. dominance of litlsised product
manufacturing. The USGS reports that mpaorter2fdithiom A
minerals and compounds and the leading producer of @atliel e d | i t h i*UTime United Statels mays . o
also take the lead in recycling lithivion batteries a currently rather uncommon practicevhich would reduce

both costs and iport requirements. The U.S. government has also launched a concerted effort to support the
build-up of intellectual capacity to produce more efficient lithiilim and alternative higbfficiency batteries.

The 2009 American Recovery and Reinvestment Astailcated USD 1.5 billion for advanced electric vehicle
battery and manufacturing research and reports a goal of bringing thraf ttsetim-ion batteries from USD 800

per kWh down to USI300 per kWh by 2014

t

Lighting: Compact Fluorescent LightiBsand Light Emitting Diodes

The Department of Energy estimates that efficiency gains brought by compact fluorescent light bulbs (CFLs) and
light emitting diode bulbs (LEDs) could cut electricity demand for lighting in half by 2025, a reduction equivalent

to more than 130 new power stations in the United St&é&oth technologies are in line to replace inefficient
conventional incandescent lighting. Regulations in major markets will phase out incandescent bulbs in the near
future, most importantly in Europey2012 and the United States by 2014Turrently, CFLs are the cheapest

direct substitute for incandescentlts. CFLs use approximately 75 perckass power and last about ten times

longer than incandescent bulbs. They costs morframp but are cheapearn a lifecycle basis due to reduced
operating costs. The biggest problems CFL technology faces are mercury content and consumer complaints over
light quality as well as bulb aesthetics.

CFL6s main competitor ar e L EDandhroptoting tite pdce that ftugrgscent w h i
technology is unlikely to match® Already, LED bulbs are generally as efficient as CFLs, but have longer life
spans and avoid the environmental and health concerns raised by the mercury content of CFL bulbghwhile h
costs compared to CFLs will inhibit domestic adoption of LEDs in the- neanediumfuture, LED lifecycle

savings might make them economical options for businesses and other large organizations (which consume 75
percent of the electricity for lightinpurposes) in the near tefffi.Future research pathways for both CFL and

LED lighting will focus on increasing lumens per watt and improving manufacturing technigues to bring down
costs™™’ The major leader; LED and CFL technology (GE, HavelBylvania, SRAM, and Philips) are all
headquartered in the United States or Europe. Manufacturing, however, is mostly located in China. A lighting
industry study conducted for the U.K. government predicts that dependence on Chinese lamp manufacturing will
intensify & the transition is made away from incandescent lamps. However, lighting industry experts surveyed for
the study do not view supplbhain constraints or material shortages as a concern for the production of future
ultra-efficient lighting technologies.

6. Intellectual Capital and Human Resources
Workforce

Whether the U.S. possesses the intellectual capacity to supportcardoan transition rests in large part on the
quality and size of the U.S. energgctor workforce. A number of studies with assumpso s i mi | ar t o
450 Scenario forecast large increases in demand for technically skilled labor to construct, operate and maintain a
low-carbon power system. One repestimates that a target of 20 percesrtewables by 2020 would require an
additional 185,000 direct jobs in the energy settdThe Department of Energy estimates that over 215,000
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direct and indirect workers would be neededotild, operate and maintain 20 percerihd-based electricity
generation in 2038 Expanding the energy wdiece is a great challenge. The power sector workforce is aging,
ensuring that it will need large numbers of new workers to maintain the status quo. At the same time, the training
and education system is producing insufficient numbers of technicallydskitdersector workers. Prominently,

the electricity utility sector and the nuclear industry, both of which must significantly expand their workforces to
meet IEA 450 targets, are already facing labor shortages as high percentages of their workforeéiresaeht

in the coming years. gproximately 30 to 40 percent of electric power workers (about 400,000 employees) will be
eligible to retire in the next five yeal® while the Nuclear Energy Institute estimates that 25,000 more nuclear
workers may be need by 2014 just to maintain current employment figdfesncreasing the size of these
workforces is made harder by low levels of enrollment in relevant engineering programs and a small number of
powerengineering university programs. U.S. graduate powginerring programs currently produce about 500
engineers per year, compared to 2,000 in the 1¥80$e number of college graduates receiving degrees in
science and engineering has steadily declined as well. According to current figures there are fegsvbign

strong university poweengineering programs in the U& well below the number of similar graduate programs

in Europe® In the nuclear sector, a lack of modernized training facilities, the result of theaBlreeze in US
demand fornewcivii an nucl ear power plants, i s another i mpo

workforce!?®

R&D

Beyond the U.S. power sector workforce, assessing the state of U-8adoen intellectual capacity must also
consider the state of U.S. cletath research and development (R&D). Given that the potential market for low
carbon energy sources are considerable, with the IEA estimating that cumulative global investments in clean
power generation technologies between 2010 and 2020 will total Bigintl.55 trillion, the development of a

market leading U.S. cleaech industry could have a significant impact on the national ecotfSipwever,

China and several European countries have already moved past the U.S. in their efforts to provide support for
domestic demand and production of clean energy technologies. In 2009, China alone invested substantially more
money in clean energy technologies than North America, announcingyeaen$400 billion clean energy
technology investment program and enactimgices that help drive economies of scale and achieve cluster
benefits in renewable energy industrigsIn 2008, Europe led the world in clean energy investments, spending
nearly $50 billion. Altogether , neaagylechno®dkesipaitsideont o
the United States, primarily in Asia and Eurdffe.

Summary and Recommendations

Address the climate and energy security challergssif uel | ed ener gy generation i s
enormous global challenge ofdleet € change and has | eadoftnprecédantedi nt er n
p r o p o P°iniordamto adldresshese problemsye have to generatmergyfrom alternativesources andseit

more efficiently Many experts on climate change and enegurty havelong seen the need for a reform of our
energyproduction and consumpti@ystemsas a great opportunity for making our lives safbile growing the
economyWhile the recessary changes are so fundamental that the call for a Third IndustrialtRevsdems
justified, the chances generated bycha newindustrial revolutiorhave not been wetommunicated® We have

to develop strategies to get the public, the informatiuitipliers, and the key decisionakers on board a@his

giant enterprise whbh is both without alternativeend highly valuable from a range of perspectifese do not

succeed in altering the ways we produce and use energy, we risk runninglimate and energyatastrophe

openreyed.

Reduce U.S. dependency on foreiguradtresourcesT he | EA6s 450 scenario wild| r
the import of resources such as oil and uranium. This will make the United States safer from both aasnergy
well as a conventional security perspective. In the Scenario, we peadewepossible new resource
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dependencies. However, these dependencies can be addressed in a rather straightforward manner. The primary
areas in which these dependencies will occur are wind areldetficitygeneration, as well as battery

technology. Conaaing wind, excessive dependency on China for supply of rare earths, particularly neodymium
can be reduced by a twwong effort to a) increase exploration for domestic rare earths, and b) advance R&D
efforts for their substitutes in wind turbines. RegagdPV technology, the focal point for reducing risk in PV
development lies with intellectual capacity. It is essential that the United States maintains its competitive
advantage in PV R&D, especially in developing material alternatives to silver, indngpamrd germanium. A

similar strategy needs to be employed in the sector of electric cars where thepbofilshtellectual capacity to

produce more efficient lithiurron as well as alternative higgfficiency batteries can tackle possible
dependenciesmothe import of lithium from a relatively small number of countries.

Stimulate a Competitive Cledrech IndustryThe lack of a clear national leearbon policy has hindered the
development of domestic cledéech demand, especially relative to many Eurapeauntries and China. Until

federal carbon mitigation legislation has been passed, individual state action as well as funding of R&D is the
most significant government support to U.S. intellectual capacity in the-tiddehrarena. While lovgarbon R&D
initiatives have increased recently, they are still surpassed by investments in China and elsewhere. Without
increases in R&D and clear policy signals that foster domestic demand and production of clean energy technology
at a larger scale, U.S. cletath conpanies will find themselves at a handicap-adgs many of their foreign
competitors.

Minimize lowcarbon collateral damagéncreased penetration of legarbon technology may increase the strain

on other important natural resources, most importanttgmand land. Nuclear and CSP are both highly water
intensive generation sources. R&D should be committed to developing technologies suetoadiryyCSP that
decrease water demands without significantly raising generation costs. In a similar wsurepre expand

domestic mineral exploration (e.g. to expand and diversify the supply of domestic rare earth metals) could
threaten protected wilderness areas. Resulting biodiversity losses would potentially have grave security impacts of
their own. Alterrative energy strategies must be carefully crafted in order to lessen the impact on other important
environmental resources.

Address the risks of nuclear expansidtuclear expansion in the United States remains highly risky. The
considerable barriers tadding new nuclear capacity include high costs, stringent safety regulations, and a
shortage of trained workers to run and maintain nuclear power plants. While there are-teontoimgernational

uranium resource constraints, the pursuit of nuclear enlthited States may cause traditional security risks.
These include proliferation of nuclear technologies, the encouragement of other countries to launch nuclear
programs, and the risk of terrorist attacks on nuclear plants on U.S. territory. If the Shaitesl commits to an
extension of its nuclear capacities, it must undertake a serious effort to train a new generation of nuclear workers,
seek to minimize the risks posed by civilian nuclear power proliferation, and design credible building protection
measures for reactors.

Build the WorkforceThe transition to the 450 Scenario could be made slower and more costly by a lack of well
gualified powersector workers. New federal funding is being provided to support university efforts to build or
expandenegy science and engineering research and education capabhibyesver, further shorand medium

term efforts to boost the education and training of the erszgior workforce will be needed to ensure a
sufficient supply of highlyskilled technical workrs required by the Scenario.

Avoid Green Mercantilismin the Scenario, global markets for lamarbon technologies will be substantial and

the rewards will be large for countries with competitive clean tech industries. However, the United States should
help to pursue a national green policy path that creates competitiveness without overshadowing collaborative
international approaches such as lesgele multilateral flagship projects, fastcking of international pai¢s, or

the installation of an inteational cabon market The growth of a global gregach market will not be zersum,
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and many nations stand to reap the economic benef]i
would slow the pace and increase the costs of a tramditi a new, sustainable energy path. International
partnerships including climate policy and technology transfer agreements are clearly in the national interest of the
United States.

Appendix. Tables & Figures

Figure 1. United States power generatioagacity in the 450 Scenario
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Figure 2. United States energelated CQ emissions abatement, 202030
G , Abatement Investment
s INL Reference Scenario (Mt CO,) (52008 billion)
2020 2030 2010-  2021-
504 2020 2030
“ Efficiency 548 1141 475 955
ASq e End-use 411 855 443 949
404 N Power plants 137 286 31 5
Renewables 43 288 36 330
10 430 5cenario N INyclear 01 206 6 77
2007 200 2015 2020 2025 2030 €€S 93 33 300

Source: IEAWorld Energy Outlook 20Q0%igure 9.12
16



Figure 3. Levelized cost of energy from newwpger plants, 2008
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Table 1. Capacity additions by fuel and region in the IEA 450 Scenario (GW)

ERebgvaAypalBebs}

2008-2020 2021-2030

World OECD+  OME oc World OECD+  OME oc

Coal 640 114 353 172 315 119 145 51
of which CCS 15 13 2 0 167 112 48 7
oil 39 7 20 13 13 3 8 1
Gas 517 178 193 146 347 134 123 90
of which CCS 4 3 1 0 46 34 10 1
Nuclear 134 51 68 16 244 17 80 47
Hydro 376 8 168 126 456 68 151 238
Biomass 84 53 19 12 153 48 60 46
Wind onshore 399 237 129 33 535 281 151 103
Wind offshore 64 36 23 4 131 87 31 13
Selar photovoltaics 108 86 13 10 286 147 73 66
Concentrating solar power 20 8 6 6 88 40 27 21
Geothermal 9 5 1 3 23 8 3 12
Tidal and wave 1 1 0 0 8 8 0 0
Total 2391 858 992 541 2 601 1060 853 688

Source: IEAWorld Energy OutlooKTable 6.2
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Table 2.Greenhouse gas intenses of selected energy technologies

Technology Typical Min Max
kWhy/kWh, g CO,e/kWh gCO,e/kWh gCO,e/kWh
Black coal PF fuel (Table 6.12) 2.85 941 843 1171
Black coal supercritical (Table 6.15) 2.62 863 774 1046
Brown coal subcritical (Table 6.20) 3.46 1175 1011 1506
Natural gas turbine — open cycle (Table 6.27) 3.05 751 627 891
Natural gas — combined cycle (Table 6.29) 2.35 577 491 655
Wind power (Table 6.36) 0.066 21 13 40
Photovoltaic generation (Table 6.48) 0.33 106 53 217
Hydro power (Table 6.52) 0.046 15 6.5 44
Sour ce: M. Lenzen, ALi fe cycle energy and HEpergyenhol

Conversion and Managemef#ustralia: 2008), Chapter 6.

Table 3. Rare Earth$ mine production and reserves,|set countries

Data in metric tons of rarearth oxide. NA = Not Available- = zero.

Mine production® Reserves®
2008 2009

United States — — 13,000,000
Australia — — 5,400,000
Brazil 650 650 48,000
China 120,000 120,000 36,000,000
Commonwealth of Independent States MNA NA 19,000,000
India 2,700 2,700 3,100,000
Malaysia 380 380 30,000
Other countries NA NA 22,000,000
Waorld total (rounded) 124,000 124,000 99,000,000

Source: USGSylineral Commodity Summaries 201@/ashington, DC: 2010), pp. 1229.
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