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Executive Summary

As a growing global population and higher standafdss/ing drive increasing demand
for energy while testing our planet's capacityustain humanity, energy has entered a
new phase in its history. The stalwart fuel souafefe industrial age -- coal, oil and gas
-- that powered the development of the modern exgrare running out. If not in the
next 10 or 20 years, certainly in the next 50sapplies will pass their peak.

Reflecting a tighter market, energy prices havenlyesing sharply, not only for oil but
also for natural gas and coal. Meanwhile, demohkirand potentially devastating
changes in the climate have imposed a need to equiocuction of greenhouse gases
such as CO2 from carbon-based fuels. New geomlititallenges, echoing earlier
struggles over natural resources, have taken onmpart with the proliferation of
weapons of mass destruction. In an era of gloledrism and small state nuclear power,
territorial conflicts over natural resources poseager risks than ever before.

It is fortunate, therefore, that at this criticabment, new energy technologies are
emerging that not only offer alternatives to fosséls but promise to revolutionize the
global economy. While a variety of renewable fuedse different strengths, the subject
of this paper, solar power -- ubiquitous, not tiedny nation or territory, clean and free
once capital equipment to capture it has beenliedta holds special promise.

A Call to Action

We believe that solar will play a key role in ciagtthe new low-carbon economy of the
21% century and that promoting leadership in solanetogies to take advantage of this
immense new opportunity must be a major policynigiaf the United States. The
transformative capability of solar is exceptionatldhe United States must take a driving
role in developing its potential, both for our oeronomic stake since solar is likely be a
huge creator of wealth and central to our natiamtakest, but also for the sake of the
world. High-level attention to this vital issuereqjuired by the President, U.S. Congress
and other leaders.

The Road Forward

However, the large political and corporate infrasture supporting fossil fuels has
created a huge incumbent advantage that solaryenikeother renewables, must
overcome if it is to compete effectively in the ketplace. Fortunately, the barriers to
solar energy's proliferation are clear and, sagetioge, are the solutions.

To compete with fossil fuels, solar energy mustfand foremost grow more affordable.
This is already happening. However, the most @ilifiactor to drive down the cost of
solar power is to increase scale (or quantity pcedyand here government can play a
critical role. Incentive programs such as the Itwesit Tax Credit have proven crucial to
increasing production and driving down costs. Tlomeay these programs cost is well



worth the investment because of the cost savirgggéisult from lower prices as volume
grows and from savings in social and environmectats.

Second, new technology will be critical to reducaugt. While private capital is flowing
into the sector, the cost of clean technology dgwekent is high and much of the
research and technology needed to unleash solaestml will require government
support.

Third, improved market mechanisms are criticalrigidg solar adoption. So long as
utilities make more money running their plants teating solar power produced by
others, they will resist rather than support selaergy. For this reason, decoupling of
utility profits from power production must occur.

To tap the American entrepreneurial spirit, netariagis needed to enable
electronpreneur$o sell power back to the grid. Additionally, weegroposing a new
concept of net billingn which customers are given the opportunity tg pawer from
electronpreneursr others and take a reduction on their utility toiincrease the
influence of market forces.

Finally, a variety of non-cost barriers continuéhtomper the deployment of solar energy.
Recommendations

To unleash the power of solar energy, this repaites the following recommendations:

= Congress should extend the Investment Tax Credgight years, remove the cap
on residential installations and extend it to ti#i.

= Congress should pass a renewable electricity stdndth a solar set-aside.

= Congress should step up funding for energy R&D.

= Congress, regulators and stakeholders should oatrymited power industry
reform that, among other goals, requires decougfrpwer profits from
production.

= Congress should requiret meteringand what we calhet billing for electricity.

= Congress and state and local governments showdtedreentives for
homebuyers to more readily finance homes with gobaver or install solar power,
reflecting the lower cost of ownership of energgducing homes.

= Because renewable power will require better switgtaind efficiency to move

power to where it is needed, government, utiliied other stakeholders should
work together to modernize the grid.



|. Introduction

Imagine you had to choose between two energy ssuooe is part of our every day lives,
readily available at almost any point on earth, amézingly, once equipment has been
installed to capture it, free. The other is degenan increasingly complex technology,
dispersed in hard-to-reach places and growing mxpensive daily.

If you were making this choice today—with no priestory—you would almost
certainly choose the first option.

The two technologies are, of course, solar powdrfassil fuels. Yet today, government
as well as capital, continues to favor the lattet,the former. Why?

In large part, the answer is that fossil fuels salil, natural gas and coal enjoy the
benefits of trillions of dollar in sunk capital iestments as well as huge incentives for
their development. They are incumbent technologieshave built up not only a
competitive advantage, but important political atteges as well. Solar technology is, by
comparison, in its infancy. At the time the worléf discovered petroleum, few knew
the sun could even generate power. Meanwhile, halgs of petroleum and seams of
coal lay below the surface of places such as Pérargg and Texas.

A century later, however, the easy-to-find oil @g. So is easy-to-tap natural gas and
coal close to the surface. What survives is a Byzametwork of wells, mines, tankers,
terminals, refineries, storage tanks, pipelines@maer plants embedded in a web of
complex regulations. The fuel to feed this giantcure now resides in a declining
number of pockets miles below the desert sandgalbia, the frozen tundras of Siberia
and the open seas. What once seemed easy to staird and what once was cheap and
plentiful has become increasingly expensive anel rar

In contrast, solar power enjoys free feedstoclwidely distributed, reducing the need to
transport it long distances, and is clean. Whiaicks, currently, is scale (quantity of
production) and support.

Today, solar power represents a miniscule 0.06%eatricity generation in the United
States and many important energy markets, sudiegsowering of cars, remain beyond
solar’s reach. Does this fledging technology hdseedapacity to become a meaningful
component of the world’s energy supply? This pap#rargue “yes.”

To be clear, the issue is not as simple as chodmtween solar power and fossil fuels or
other renewables. The world’s energy demand ir2iffecentury will be so great and
diverse that every form of energy will be needeil. i@&tural gas, coal and nuclear
energy are certain to remain major sources of grfergdecades. Wind power, biofuels
and other renewables share many of the benefgslaf energy and have some
advantages. Wind is, on average, cheaper thanwblikr biofuels are more portable.
They will play important roles in our energy futu(@hey are, however, beyond the
scope of this paper.) But solar power has immensgengial to grow as a source of energy



and there are many public policy reasons to hogeats so. Yet as a result of the large
advantages enjoyed by incumbent technologies, polaer is likely to achieve its
potential only if government takes a leadership olits development—comparable to
the role government has played in the developmieotther technologies through history.

In this paper, | will examine the potential of sodmergy, outline its strengths and
weaknesses and discuss current barriers to itsgemes as a major source of power. In
turn, 1 will propose a series of critical stepstliataken, can make solar energy a major
source of power within a decade.



Il. The Potential Benefits of Solar Energy

Why should we support solar energy? It exhibitaaety of exceptional qualities. It has
a very positive environmental profile, is ubiquispgcales nicely and has a very low
marginal cost. All of these benefits will only irase in value going forward.

Environmental benefitdEven before concerns about climate change asota, won
high marks for its environmental profile. The alsenf a chemical component in the
energy chain makes solar energy essentially potiutiee. The only negative
environmental effects relate to the use of somi tmaterials in the manufacture of
certain thin films, an alternative technology tgstalline silicon for converting light to
electricity (SedBox B in Section VI), and the impact on the land on wHarger plants
may be located.

Carbon neutralitySolar is also carbon neutral, since solar energyawn directly from
photons or radiant energy—rather than chemical $erahd no physical matter is
transformed at all. Thus, solar produces essentialicarbon (or other emissions) and
does not contribute to climate change. With them@tation of the climate due to carbon
emissions, this quality of solar has become mdradive.

Ubiquity. Solar energy has the benefit of being ubiquitinse sunlight touches every
point on the earth. While sunlight levels are olgly greatest in the vicinity of the
equator and arid regions such as deserts, thesubstantial even in cloudy Germany,
which, at the same latitude as Canada, is the viealder in solar generation. And while
the sun does not shine at night, its rays are géstrat precisely the time of day at which
power demands are highest.

Scaleability and DistributabilitySolar has another appealing quality: it is highly
scaleable up and down, permitting its use in nuoespplications, and the ubiquity of
its principal input, sunlight, makes it ideal fastibuted production of energy.

With few, if any, moving parts, photovoltaic (P\Ylar, one of two major variants of
solar energy, scales down easily to a micro lavelhich it is used in watches and
calculators. PV solar is increasingly used onghtlly larger scale in powering off-grid
LED streetlights. It works safely at the level adiagle home, and has the potential to
scale up dramatically as well, with many utilityake solar plants currently in
development. The other main variant of solar enesglar thermal, can be scaled
downward to heat a swimming pool or upward, inftren of concentrating solar power
(CSP) to utility scale. (Segox A.)

By virtue of its distributed capability, solar ceeduce long-distance transport and the
need for large power plants, along with their asged environmental impacts. Because
finding and building new transmission lines and powaorridors will be a major
challenge in the years ahead, the distributed eatiisolar is an important advantage.



Box A: Understanding Different Types of Solar Energ: PV, Thermal and CSP

The term solar power actually encompasses a widetyaf technologies.
Photovoltaic (PV3—perhaps the most commonly known variety of sotaduin
everything from calculators to solar powered hotodarge arrays —converts photon
in sunlight into electricitySolar thermalandsolar watertechnologies use the sun’s
heating power to heat a liquid, such as water ®wienming pool, or in some cases,
steam, to drive a turbin€oncentrating solar power (CSR variant of the above
geared toward utility scale, uses mirrors, lensesather optical technology to collect
sunlight over a large area and focus it in suctag that it either heats water or
generates electricity. Each of these technologieses in different forms and possesses
unique characteristics.

Uy

Zero marginal cosfThe cost profile of solar energy, while tradiadiyg viewed as its
primary liability, also possesses some advantagkatigres. Solar has close to zero
marginal cost since the energy source, light, rstantly renewed from the sun. While
capital costs remain substantial, they are dediamdiscussed in Sections V and VI.

Finally, solar has other significant, if secondagyantages.

These include the fact that solar facilities, PWvadl as thermal, tend to be low
maintenancecontributing to solar’s low marginal cost. Mo&t Ricilities and ordinary
solar water systems require minimal human intefeardr maintenance because they do
not need physical fuel, generate almost no wastéhame few moving parts. The Geosol
plant in Espenhain, Germany, one of the largetiterworld when built in 2004, required
only three employees to operate it at the outs®i inaintenance requirements make
solar well-suited for small-scale, distributed looas as in streetlights, homes or
swimming pools, and also makes it relatively rdgeb

Photovoltaic solar power also _is direconverting sunlight to electrical energy withaut
heat stage, eliminating the need for a boiler beointermediate energy transfer
mechanism. The absence of a heat stage elimioaddiag towers, the need to contain
and manage heat and, finally, all the moving paetded to convert energy from fuel to
heat to mechanical energy to electricity. Somerdbkrmal technologies have a heat
stage, but others, such as systems to heat powlater, also are direct

Of course, solar energy is not perfect. Its disathges include that it:

» s intermittent—the sun only shines during the dest brightly near the equator
in a cloud-free sky;

= cannot be stored like coal or oil, or refined andaentrated like gasoline or jet
fuel (though the energy, once captured as elefstiociheat, can be stored using
some promising new technologies); and

! Whitlock, Craig. “Cloudy Germany a Powerhous&atar Energy,'Washington Postylay 5, 2007;
Page AO1www.washingtonpost.com/wp-dyn/content/article/2@3/04/AR2007050402466.html
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= currently costs more in capital outlays than matigoenergy sources.

| will return to these issues later. NonetheleBsphll, solar power holds tremendous
promise.



l1l. The Problems with Competing Fuels

In contrast to solar, its principal competitorst(mzluding other renewables such as
wind, which lie outside the scope of this papes$sil fuels and nuclear power, all face
various problems.

Fossil fuels

Fossil fuels, including coal, the dominant fuel &ectricity generation, gas, the fastest
growing one, and oil, share the following disadeges.

Rising marginal costg-ossil fuel stocks are growing more expensivesthe board.
Unlike the cost of solar energy, which is closeéoo at the margin, the cost of fossil
fuels is steadily rising (and in some instancearisg.)Figurell1-1 shows the rise in the
price of electricity from gas- and coal-fired plsyteflecting the rising prices of
underlying feedstocks.
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Figurelll-2 shows the rising price of crude oil, natural gag eoal. Reasons for rising
costs include, on the demand side, rising globalatel. On the supply side, costs stem
from the increasing difficulty and expense of aitlagas recovery, which increasingly
requires offshore drilling and tertiary extractias, well as supply disruptions in locations
such as Irag and Nigeria.

In addition, natural gas is rising in price, intpaue to its increased use for electricity
generation as well as heating use. Even coal, anauhty often preceded by the
adjective “cheap,” has been rising in price, viltfudoubling in 2008 alone, due to



soaring global demand, shortages in key marketsapgly constraints. Rising prices
may also reflect the declining value of the doflad activity in the financial markets.

Energy Prices, 1990-2008
‘S 900
2
ks 800
700 - /
S 600
8 500 L\ US Average Crude
D \ [ —=— Henry Hub Gas
S 400 / o
= Appalachian Coal
@ 300 A
8 200
—
& 100 4 —
o}
9{ 0 T T T T T T T T T T T T T T T T T T
~ O N T © ® O o ¥ © ©
o> o o 9 9 & © © 9O 9O
o & & O O © © © O O
4 494 4 4 4 & N N &
g
1S
Figure I1I-2

Source: Energy Information Administration (EIA)

Cost from carbon caps and carbon taxedated to the rising marginal cost of fossillsue
that are carbon-based and likely to exacerbatedbeissue further is the prospect of a
cap and trade system or, indeed, a carbon tax. Ewverfederal action occurs—which is
unlikely—state cap and trade systems such as tgmi@ Greenhouse Gas Initiative in
the Northeast and a similar system in Californimeanber of the Western Climate
Initiative, are poised to make coal-generated gtgigt and the utilization of fossil-fuel
generated energy more expensive as companiesdaeg for emission permits. If
permits are auctioned off, as some plans propbse,dven high-efficiency coal
producers will have to pay for the ability to padueven if credits are initially doled out
for free, less efficient plants will see their @sbar. Thus, a cap and trade system or
carbon tax will almost certainly increase the aftlectricity from fossil fuel$.

Rising capital costsThe capital costs of new coal- and gas-firedtatgty plants are
rising as well. The cost of traditional plants Basred due to the rising price of steel,
concrete and construction labor in the United Stdtaproved environmental controls
have added further to costs. And if a carbon redisemes law, the alternative to
buying credits would be the investment of more i new technologies to reduce
emissions.

2 For detailed analysis of the impact of a carboeroia different forms of electricity production, s8hapiro,
Robert et alAddressing Climate Change Without Impairing the. E&nomy: The Economics and
Environmental Science of Combining a Carbon-Basedahd Tax Relief).S. Climate Task Force, June
2008. www.climatetaskforce.org/pdf/CTF_CarbonTaartk Spgs.pdf.
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Environmental costd-ossil fuels have a generally negative envirortaldootprint,
though the specific environmental profile of eastnt of fossil fuel differs:

= Coal, in addition to producing sulfur dioxide, is ingdited in the spread of
mercury across the planetary ecosystem, notaldytie oceans where high levels
of mercury have contaminated fish. Coal miningtipalarly strip mining, poses
local environmental issues. And coal also prodscéstantial quantities of CO2
as well as carbon-based particulate matter. TiSt ®rote of London’s yellow
fog and residents of Pittsburgh well through thé@Owould awake to a layer of
soot on outside surfaces. While state-of-the-aat ptants no longer turn the sky
dark and deposit soot onto clothes and sidewalksymoal plants built today are
far from modern, and coal is responsible for muictihe particulate matter
blocking the sun in China and many parts of theettgping world.

» Natural gas a fuel that burns clean enough to use in thd&i¢cnonetheless
produces CO2.

» Traditionaloil and dieselused in some power facilities, and of courseresitely
in cars, produces CO2 and other airborne pollutants

Geographic remotenedsossil fuels are far from ubiquitous and gengreither hard to
find and extract or, at a minimum, challengingremsport. In the United States, clean
coal in the West is constrained by a lack of iag$. In the East, coal is concentrated
geographically in places such as West Virginia Badnsylvania that are separated from
some major population centers by mountains.

Natural gas, usually found in the vicinity of a8,dependent on pipelines and thus,
vulnerable to disruption.

Within the United States, oil and gasoline areaasingly hard to find in the onshore
lower 48 states. Oil experts believe the most psargifields are likely to lie offshore or
in Alaska.

Hostage to political instabilityMuch of the world’s oil is situated in countriest viewed

as friends of the United States. One can argueathah oil production (like the

production of other valuable natural resources)idatas an economy, it can encourage
political instability and autocracy as opposedemdcracy because oil production
renders competing business uncompetitive (by dgivip prices through the phenomenon
known as Dutch Disease) and entices competinggailfactions to vie for its control.
Since it is difficult to distribute oil wealth thugh any means other than welfare, the flow
of wealth to one faction can lead to disenfranaheset of others and, eventually,
instability. Oil, like other natural resources,@is associated with territory and therefore
has been implicated in territorial conflicts.

Not downwardly scaleable or distributablEossil fuel power plants tend to be large and
hostage to their location. Coal-fired plants, feample, are most economical when
situated in the vicinity of coal. Natural gas-firpldnts, while more versatile and

-11 -



distributable than coal, are nonetheless sizalolastmial facilities that often provoke
resistance to their placement by communities. Aklimg new transmission corridors
proves more difficult due to zoning and right-ofywiasues, the cost of long-distance
transmission is likely to rise.

Nuclear Fuels

Nuclear energy, sometimes heralded as an alteenttifossil fuels, faces its own set of
challenges:

Safety concernsSince the Three Mile Island accident in 1979 tana lesser degree, the
Chernobyl accident in 1986, nuclear energy hasd@adntend with questions about
safety. Until last year, no new nuclear facilitydHzeen permitted in the United States in
30 years and recent permits are in their earltegies. Even minor incidents, such as
recent leakage from a plant in France, generatélinea due to the potential for
catastrophe.

High capital costsNuclear remains a highly expensive technologytduts intense
technical demands and safety issues. (Once baiteher, nuclear plants generate
electricity at a comparatively low marginal cost/hile no new U.S. facility has been
built recently to afford an accurate picture oftcestimates have soared.

Lack of trained engineer#s a result of the moratorium on new nuclearlitées, most
engineering schools have ended, or significantlyrdzed, their nuclear programs.
According to some estimates, it would take 10 y&argtrain a critical mass of nuclear
engineers.

Environmental and litigation risk&ven apart from issues of human safety, nuclear
facilities place additional burdens on the envirent Though carbon free, they require
immense quantities of water for cooling and thenaexd water can pose a hazard to fish
and other wildlife. Transport of nuclear waste aksises issues of contamination.

Problem of waste disposauge litigation risks dog nuclear projects, whiabe liability,
not only over operations, but over how to handlelear waste. The proposed solution to
the nuclear waste issue in the United States, tliee& Mountain Nuclear Waste
Repository, remains stalled in litigation. The Yacoountain site, about 80 miles from
Las Vegas and adjacent to the Nevada Test Sitdydeascriticized by opponents for its
proximity to a major city and lack of geologicalsminess. As a result, U.S. nuclear
facilities today must preserve their own waste sTdreates an even greater incentive for
communities to oppose a nuclear plant in their paxk particularly in light of renewed
concern about vulnerability to terrorism.

Lack of distributability Finally, nuclear power plants are even more @iffito site than
fossil fuel plants due to safety and logistical @ams. They generally must be located
near bodies of water. And siting must balance hztr humans with the cost of long-
distance transport of power.
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IV. The Economic Promise of Solar Investment

While the aforementioned benefits of solar are espive, particularly in comparison to
the increasing problems associated with traditiema&lrgy sources, there is yet another
potential benefit to solar: its potential contriloatto the U.S. economy.

Besides its environmental advantages, solar, ifempnted on a large scale, has the
capacity to create many new jobs in coming yearsl Because solar has a large local
component, immune to international wage differdstimost of these jobs are likely to
remain in the United States.

Types of jobs include:

» High-tech design and manufacturing jobs;

» Managerial and professional jobs; and

= Green collar jobs in installation that can providgh wages to skilled, but not
necessarily highly educated, American workers.

Indeed, solar energy, and more broadly, the creatidhe new, low-carbon economy, is
shaping up as one of the major economic challeagéopportunities of the ZTentury.
Already, a number of other countries are vyingdtaklish leadership in new solar
businesses. Unfortunately, in a pattern witnessédd many industries in recent years,
leadership in important components of the solansty, for example, in the production
of solar cells, is shifting away from the United®ts, which pioneered this new
technology.

Broadly speaking, the growing solar industry camivéed into three major components:

= Development and sale of solar design and manufagttechnology;
» Manufacture of solar components; and
» Installation of solar capacity.

While the United States continues to play an imgodrtole in designing and building the
technology used to advance solar power, alreadgegbend category — manufacture of
solar components — is moving overseas. And theddrfitates has fallen behind many
smaller countries in the installation of solar a@pasector, which has the potential to
generate new green collar jobs.

Figure V-1 shows market share in the production of PV cElisope leads the pack,
having recently edged out Japan; China is growapgdly and the United States is in
fifth place, behind Taiwarkigure V-2 ranks leading companies in the manufacture of
solar cells. Germany and Japan are well represe@Gtedese and American companies,
notably First Solar, which uses thin film technglpgaw strong growth between 2006
and 2007, the most recent year for which complata @ available. Nonetheless, the
poor U.S. showing as a whole remains a matter n¢em
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Solar PV Cell Production 2001-2007
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Source: Prometheus Institute PV News

The situation is not much better with respect ®tthird category mentioned above,
installation of solar capacity.

FigurelV-3 shows how the U.S. share of the solar industrydeatned since its peak in

1995, and~igure 1 V-4 shows how other countries such as Germany arengoapidly
to enhance their leadership in this area.
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As Figure V-3 shows, the vast majority of new PV shipped has leegside the United
States, lowering U.S. market share from a peakofie4d5% of the global market in
1995 to a mere 10% a decade later. The marketri¢adizy, revealed bligure V-4, is
Germany, thanks to its aggressive targeting oP¥endustry through a generous and
consistent subsidy package discussed below.

Japan reinforces its dominant role in producingusobmponents by placing second in

new solar capacity and the United States, with rtfuaia three times the population of
Germany and twice that of Japan, places third.

Declining US Market Share of the Global PV Market
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New PV Capacity by Country or Region, 2000-2007
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The United States does remain the world leadeornimesof the most cutting-edge
technologies, such as those at the intersectisolaf energy and nanotechnology. For
example, the United States leads in the highly o field of thin film technologies
with their promise to slash PV costs. Howeverf-agire I V-5 shows, the lead is not
overpowering. Given the potential strategic impoectaof this sector, the United States
should be doing everything in its power to enshe this industry has a fair chance to
develop.

Annual Thin Film PV Production by Country or Region,
2003-2006
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How important is the solar industry to America’®eomic future?

While the future cannot be predicted evidence sstggbat it has the potential to create
large numbers of high-paying jobs and contribut@amrggfully to economic growth. A
new generation of high-tech workers will be neettedesign, build and install the solar
systems of the future. As a result, solar is likelype an important driver of growth in the
overall economy. Many of these jobs—particularlycatled green collar jobs in solar
construction and installation—will be inherentlymdestic. These jobs will offer
opportunity to less-skilled workers. A second virigf jobs, in science, engineering and
technology, as well as in the manufacture of higghtcomponent manufacturing
machinery, will service the export sector. Whileyththus will be vulnerable to
international competition, high-tech and exportsiddoth pay significantly more than
average.

The growth of a large U.S. solar technology expuattistry—or conversely—the failure
of such an industry to develop, also will have imiaot consequences for the U.S.
balance of payments.

Other Economic Benefits

Besides the overall benefits to the U.S. econohg/unique qualities of solar make it
especially well-suited to provide targeted bendgbtsdustry and electricity production.

Because solar peak generation corresponds withgezaknd, solar can provide much
neededeak capacityJust as a city’s bus system must be sized tosts hour demand,
electric power generation must be sized to peakaderDistributed solar power,
installed and financed by customers, by helpingné®t peak loads, can reduce the need
for utilities to build new capacity.

Second, solar power offers an advantage to itsurnass by virtue of itprice
predictability. The cost of solar power is largely a functioriref capital cost of the plant
and not hostage to future price increases of takestiock. Once the plant is built, the
price is essentially locked in for the durationtsefperiod of service.

Finally, by virtue ofproximity to demanddistributed solar power, whether in the form of
electricity generated by solar panels, or thermahe form of energy used to heat water,
can reduce transmission levels, the need to bei long-distance transmission lines,
and thus, demand on bottlenecks or constrainedspoirthe grid. (This is less true of
utility scale solar power.)
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V. Barriers to Solar Proliferation

Given solar's advantages and the problems facets$ lspmpetition, why is it not
competitive? The reasons can be divided into tategories: capital cost and non-cost
issues.

The close-to-zero marginal cost of solar is entigdfset by its higher capital costs.
While the impact of capital costs on unit pricelépendent on the period of amortization
and capital cost recapture, when you figure inctbet of building new plants and
equipment, solar—at the utility scale—remains megensive than fossil fuel
alternativesFigure V-1 shows the comparative capital costs of differentgr sources.

Cost of Constructing Capacity by Power Type, 2007
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Figure V-1
Source: Energy Information Administration (EIA)

As the graph shows, the capital costs of solarggnare high.

In contrast, the ongoing maintenance costs of sé&amal power are moderate (and
those of PV solar quite lowirigure V-2 depicts fixed operating costs for a variety of
energy types. Though not shown in the graph, rab&vforms have no variable
operating costs apart from their fixed operatingtsalue to their free feedstock. Thus, it
is the capital costs of solar, as opposed to gy costs, that account for its current
price disadvantage ami® minimusnarket share.
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Fixed Operating Cost of Power Generation by Type, 2007
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The Cost Barrier: Why Solar is Expensive

According to a recent report by Cleanedge, the @bltilding a PV solar plant currently
is on the order of $5 billion to $7 billion perlmh watt capacity compared with $1
billion to $3 billion for a coal plarit A CSP plant costs $3 billion to $4 billion, still
significantly more than coal. This significant dapicost differential means that even
though solar’'s marginal cost is low, its cost a#terortizing the $4 billion in capital cost
over, say 30 years, exceeds that of coal by a autist margir:

Why does a solar plant cost more than a coal plaritfe case of PV solar, the primary
reason is the cost of solar cells themselves. Apamt wiring and a location site, solar
plants require little other construction. (Indeswhaller installations can be placed on
roofs of existing structures.) For this reasom,¢bst of a plant is linked closely to that of
a silicon cell. (CSP plants and solar thermal gdrave a somewhat more convex cost
profile, reflecting scale economies, but a detadlestussion of the cost profile of all
forms of solar is beyond the scope of this pap&hlis, the cost of PV ultimately comes
down to the cost of PV cells.

Why are cells expensive? In recent years, a @& pure silicon—the element most
often used in cells—relative to skyrocketing demeadsed the price of silicon ingots

3 Pernick, Ron and Clint Wildebtility Solar Assessment (USA) Stu@eanedge, 2008.
www.cleanedge.com/reports/reports-solarUSA2008.php.

* For purposes of comparing solar PV to coal, | agking at the plant level since there is no coal
equivalent to a small household installation. datf coal plants tend to be large and PV instalteti by
comparison, small.
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(the hunks of silicon from which wafers are slicaaljyise. However, this shortage has
eased and, indeed, the shortage itself is notaltieetprimary material from which
silicon is refined, sand, but rather to purificat@and manufacturing constraints.

As more manufacturing capability comes on linecgsiare declining. In short, since cell
costs are declining with volume, the answer to whiar energy is expensive is, primarily,
lack of scale. This, incidentally, also is the cassolar thermal facilities, although the
key components are not solar cells but specialzecbrs, lenses, turbines and related
technologies. The strong inverse relationship betwseale and cost of solar is
demonstrated clearly iRigure V-3.
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Were solar production to ramp up dramaticallysilikely that prices would drop
significantly further, even without major advan@e$echnology. But advances in
technology will cut prices even faster. Currentiyes power is declining in cost at the
rate of up to 40% per year with comparatively modaseases in volume.

At what point will the cost of solar cross thatfo$sil fuels, achieving the holy grail of
grid parity?

There are several key relevant comparisons. Toratadel at what point solar becomes
competitive, it is important to understand theddnature of electricity production.

® vital Signs 2001 (Washington, DC: 2001); Paul Magikcd'Boomer,"PVNews July 2007, p. 12. Prices
adjusted to 2007 dollars using U.S. Departmentah@erce, Bureau of Economic Analysis, "Implicit
Price Deflators for Gross Domestic Product," wwa.gev/bea/dn/nipaweb/TableView.asp#Mid.
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Utilities have one class of “baseload” generatbes tun steadily around the clock. These
plants include nuclear and hydro facilities, if daale, and coal plants that provide
electricity at the lowest marginal cost. Dependingsupply and demand, utilities also
may have to run more expensive generators, sushtagl gas turbines. However, since
electricity generation requires managers to précisa@ance supply and demand (also
known as load) to prevent either brownouts if theneot enough supply or overheating
of lines if there is too much, operators bring eosel class of capacity on line as needed
to respond to hour-by-hour to demand. As load moye®perators turn on increasingly
more expensive generators and when load decrahsggyurn off generators as much as
possible in order of cost.

Thus, it is likely that solar energy will becomewgeetitive with the second class of
generators, switched on at times of highest loafhrk it becomes competitive with fully
amortized baseload coal, hydro or nuclear powed galar power is likely to become
competitive with retail prices—making solar insaitbn profitable to end users—Ilong
before it becomes profitable at the wholesale leMainy analysts consider the retail
price the key benchmark; due to the distributedingadf solar power, end users are often
decision-makers.

Indeed by this measure, solar already has achignedr near-grid parity in some
markets such as Italy, Hawaii and parts of Caliomhere a combination of ample
sunshine and high peak rates makes solar especoatipetitive.

In its recent report, Cleanedge projects that seithbe as or less expensive than retail
prices for electricity in many major markets by 30If fossil fuels technologies jump in
price due to shortages or putting a price on catboough a tax or system of caps), solar
energy would achieve parity even sooner.

Non-cost Barriers: Other Obstacles to Solar Probficon
In addition to a cost disadvantage, solar suffemnfother obstacles. These include:

Intermittency As previously discussed, solar power disappeangyat and varies during
the day. For this reason, in the absence of sontieosh@f storage, solar cannot act as a
24/7 power source. While a discussion of promigilegtricity and heat storage
technologies (as used in solar thermal) is beybadstope of this paper, intermittency is
less of a barrier than one might think as utilitigsically have an excess of power
available at night and face their greatest loadsduhe day.

A utility planning paradigm based on central getieraof bulk power Few utilities like

or even “get” solar power because a chief advanitgdistributed nature that cuts down
on the need for high voltage lines and long-distainansmission, is at odds with the
utilities’ historic, centralized model for produati and transmission. While new utility
scale solar facilities do not challenge this modeialler decentralized installations do.
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In fact, early electrical electricity installatiomsere decentralized, servicing particular
factories or buildings. This was a consequencpamn of DC power that, in its heyday,
was not readily transportable across long distar{€#3 subsequently has overcome this
issue). AC power arguably triumphed over DC polexrause its voltage can be easily
stepped up for long-distance transmission at altms-factor and then stepped down for
usage. However, the triumph of the grid over sisént generation led to a model in
which utilities invested in huge, centralized fdigk they owned and from which they
sent power out to customers. This centralized mteel was enshrined in utility
business models and further memorialized in thebieste system of rate setting and
utility regulation that allows utilities to earnspecified rate of return on costs added to
their ratebase.

In contrast, much solar power may be sited neat tite customer’s premises, reducing
the need for long-distance power lines and ceagdlutility-owned plants—key
elements of the ratebase. Distributed power may #dotually decrease utility
profitability.

Coupling of ratebase and profit performance totel@ty generatedindeed, solar power
further suffers from the fact that most utilitieske money on quantity of power served
and actually lose revenues and thus profits ifamasts install solar power. The primary
method of rate setting, moving costs into the base on which utilities then are allowed
to earn a measure of profit, is an incentive tbtias to invest in large plants, but a
disincentive for energy savings or reduction ohsraission loads.

Lack of uniform grid connection standards with msgo power quality (e.g. voltage,
frequency, harmonics, and DC/AC issuélar power manufacturers and installers of
equipment also must contend with a variety of défe grid connection standards,
making connecting to the grid unnecessarily expenand complex.

Complex and uncertain billing procedurésmally, garnering any benefit from solar
generation in excess of one’s unique demand isgmaddic in the United States. While
approximately 36 states use net metering to allmividuals or companies that generate
power to sell excess power back to the grid, stalsdare not uniform. Indeed, many
states do not allow customers to receive any ré¢arrpower sent back to the grid.

The effect of this is to lead to undersized as sppdo oversized solar installation. This
is in stark contrast to countries such as GermadySpain that encourage people and
companies that install solar systems to generateuad power as possible.

Together, cost and non-cost barriers are slowingdamentation of this highly promising
technology.
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VI. Breaking the Barriers

To break these barriers, strategies must addreésscbst and non-economic barriers. |
will address the cost issue first.

(1) Breaking the Cost Barrier

There are two principle ways to reduce cost oveldahg term. The first is by scaling
production since solar, as previously indicateaefies from economies of scale. The
second is through the development and deploymemewftechnology.

Breaking the Cost Barrier: Economies of Scale

As previously discussed, the cost of most PV igdbra function of the semiconductor
used to transform light to electricity, which in st@ases is silicon, similar to the silicon
used to make computer chips. While silicon forBveindustry is not quite as pure as
that used in computer chips, it is sometimes gatithe PV industry exists on the
leavings of the semiconductor industry. As a reshé chip industry provides an
excellent model for forecasting the sensitivity?M cell pricing to scale.

In the semiconductor industry, each doubling odpiciion volume, on average, has led
to a drop in unit costs of 28%. The figure is pigigacomparable to the impact of a
doubling of volume on solar energy cost as wetleled a recent McKinsey article found
that, “Over the last two decades, the cost of maetufing and installing a photovoltaic
solar-power system has decreased by about 20%ewetty doubling of installed
capacity.®

This relationship provides a model for estimating point at which solar power may
achieve grid parity through greater volume alone.

» For example, let's assume that solar power cuyaatsts $0.15 per KwH
compared with $0.05 for coal. Let’s further assuhs coal stays constant in
price (a conservative assumption given that cqaltse is likely to increase). For
solar to drop to the price of coal, it would needdalize a 67% decline in price.
At a 22% reduction in price for every doubling iolwme, achieving a 67%
decline would require doubling global solar prodmetthree times or, in other
words, a sixfold increase in volume. Using thesagtions, increasing solar’s
share of electricity production sixfold, from 0.1686a still-modest 0.96%, has
the capacity to bring solar cost down to pricetgasith coal.

Just as with computer chips, in which it did notterawhether scaling occurred through
the sale of servers or home computers, in the@aB¥, it does not matter if utilities or
homeowners end up purchasing more solar power. Btigstion of solar power, when it

®Lorenz, Peter, et al. “The Economics of Solar PgwEne McKinsey Quarter|y26 June 2008.
www.mckinseyquarterly.com/The_economics_of solawgro 2161 abstract.
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eventually occurs, will radically drive down priciesthe way that mass adoption of the
PC, VCR and other devices containing chips hasdrdown their prices.

The key, however, is to bring solar to the tippaint at which scale begins to drive
down prices. When this tipping point occurs, saagrice will drop so precipitously
relative to fossil fuels that solar power may vat#al an accelerating share of the market.

While the specific dynamic is different in the cadesolar thermal and CSP, scale in
these technologies has translated to lower costsvdhcontinue to do so.

Breaking the Cost Barrier: Improved Technology

The second key way that solar can decline in psicerough new technology. For
example, if silicon could be sliced more thinlystowould be reduced. Eliminating a
step in the manufacturing process also could cstisc®ne problem faced by the PV
sector of the solar industry is that it must corapeith chip makers for silicon. Thus, one
promising approach is to skip the crystalline stag&hen silicon is grown into crystals
— by using amorphous silicon (sBex B). Other promising technologies substitute
other semiconductors for silicon, for example, Cl@®lend of four different elements.
Indeed, the premise of some thin films is that tbayy be deposited using technology
similar to that of an inkjet printer onto a subttrthat can be manipulated as easily as foil
or plastic. While thin films typically exhibit loweefficiency rates of converting sunlight
into energy as shown kigure VI-1, their cheaper manufacturing cost can make them
highly cost competitive. Again, scale only will pdbwer the cost of these technologies
as they reach commercial status.

Scale also is likely to drive down the cost of stkeermal technology whose principal

components are mirrors, optics, turbines and maaster systems. Improved scale also
should bring down the cost of solar thermal storage
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Box B - Types of Photovoltaic (PV) Technology

There are two major types of photovoltaic techni@sgcrystalline silicon, the traditiona
workhorse of PV technology, and thin films.

Crystalline Silicon (C-Si)

Crystalline silicon, used in the 1962 Telstar diéelis still the most efficient technology
for converting light to electricity. However, itqeires precision manufacturing
techniques similar to those for manufacturing cotepintegrated circuits. It comes in
two main varieties, mono-crystalline and multi-¢afne.

With mono-crystallinesilicon, a pure crystalline silicon ingot is groand then sliced.
Since impurities would ruin the product, the siticoust first be vaporized and then
resolidified. Finely sliced layers are deposite@ onto another in a precision
manufacturing process to produce the final product.

With multi-crystallinesilicon cells, multiple crystals are grown togethg melting and
then freezing the molten silicon. While this isdelemanding than mono-crystalline
technology, the resulting modules are somewhatd&gsent.

Thin Films

Because of the expense and exacting requiremethg &-Si process, a number of
companies have been developing thin film techne®gnat would facilitate high-volum
manufacturing techniques from the plastics, meaiaksven printing industries. For
example, if silicon could be attached to a suriagiag something like an inkjet printer,
this would vastly simplify the manufacturing prosewven if the resulting module was
not quite as efficient. The thin film market i®wing rapidly.

Prominent thin film technologies inclu@enorphous silicothat uses jumbled silicon in
place of crystals stabilized by the addition of logen and deposited one micron thick
copper indium diselenidénat uses copper, indium gallium and selenide &Ii@ the
place of silicon; andadmium telluridgused by First Solar), another alternative to
silicon.

Thin film installations require more space thani@aStallations due to their lower

efficiency.
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Efficiency of Photovoltaic Technologies — Crystallie and Thin Films

Material

Cell Efficiency at
Standard Test

Module Efficiency
at Standard Test

Annual Energy per
Square Meter

Conditions* Conditions* (Sacramento)**
Crystalline | Monocrystalline | Superb 12-14% 238.1 kWh/sg. meter
Silicon Wafer 14-17%
Multicrystalline Very Good 8-14% 141.9 kWh/sq. meter
Silicon Wafer 11-17%
Thin Films | Amorphous Good 5-7% 117.8 kWh/sg. meter
Silicon Thin Films | 7-10%
CIGS Thin Film Very Good 9-11% 165.9 kWh/sq. meter
12-13%
Hybrid Silicon Excellent 14-16% 304.7 kWh/sq. meter
Wafer 18-19%
Back Contact Best 16-20% 318.6 kWh/sqg. meter
Silicon Wafer 20-22%

*25 degrees centigrade, 100, W/square meter **fitde@ngle = 35 degrees

Figure VI-1
Source: Applied Materials

Breaking the Cost Barrier: Accelerating Cost Redurtt

From the preceding analysis, it follows that the pvimary ways to reduce cost are to
drive scale and deploy new technologl#hile private capital is funding much of the
cost of scaling up the industry and developing tesshinologies, capital is flowing to
those markets to which governments have provideehitives for production.

The Power of Incentives

Through their broad impact on the industry, taxditeeand similar incentives work at a
variety of different levels:

By lowering the cost of solar, they increase voluand scale of adoption,
lowering cost in turn;
By making solar companies profitable, they incraasentives for private
companies to invest in new technologies; and
By promoting solar, they encourage structural cleartg utilities that support
solar power (such as practices that promote digetgeneration).

As a result, solar energy today is highly dependenncentives.

Those regions with the most solar power today atele countries with the most sun,
but rather the countries with the greatest incestii he European leader in solar
production, Germany, is known for its clouds, rnstsun. According to a recent article,
15 of the 20 biggest PV plants in Europe are im@aery, although it has only half as
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many sunny days PortugalAs previously discussed, most of the world’s solpacity
is installed in Germany and Japan, not the UnitateS.Figure VI-2 shows that
Germany’s, and even Europe’s, solar exposure dte lgw by global standards.

Global Solar Radiation
(hours of sunlight per day during month of least aerage sunlight)

=, R STe

Figure VI-2
Source: Alternative Energy Storé

Germany and Japan have driven their industry thHromgentives. These typically take
one of two forms, either a guaranteed “feed-iniffaor price at which utilities must buy
renewable power, as in Germany, Korea and muchuadfe, or tax credits and
incentives toward the purchase of power, as irUihiged States.

Feed-In Tariffs

In the case of Germany, a feed-in tariff knownhesGEC encourages German
homeowners as well as businesses to install splan énvestment. Every kilowatt of
power exported to the grid earns a payment thadag0.57 euros per kWh but is
steadily declining to reward early adopters. Howeg@erman households still are
allowed to pay for the power they draw from thedgrt much lower than normal rates.
(They do not net the two, but rather get the feethiff for all renewable power they
produce and pay the lower standard rate for ajl tmsume, earning a nice differential.)
All told, those who install solar systems receivetarn that has been estimated to be
about 7% on their solar investments, which excéeelseturn on German government

" Whitlock, Craig. “Cloudy Germany a Powerhouse aia® Energy, Washington PosiMay 5, 2007; Page
A01, www.washingtonpost.com/wp-dyn/content/arti2@7/05/04/AR2007050402466.html.

8 http://howto.altenergystore.com/Reference-Matei&kar-Insolation-Map-World/a43/.
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bonds. The cost of the plan is borne by taxpayens, pay slightly more for their
electricity. However, the impact on prices has beegligible so far because solar
remains a small component of total power.

The adoption of a feed-in tariff in Spain of 0.4#@s/kWh has jump-started solar energy
in that nation. Greece offers a 0.45 euros/kWtiffdraly a 0.40 euros/kWh tariff and
France a 0.30/kWh tariff. The programs have wotlksd well in France and Italy due to
non-cost barriers to installing a solar system.

The U.S. Investment Tax Credit (ITC)

The main alternative to supporting the price oasgenerated electricity is to subsidize
its production. Passed by Congress in 2005, thelDGSis credited with reviving solar
power in the United States after a long periodafitancy. The ITC offers a 30% tax
credit that is unlimited for commercial building pers but capped at $2,000 per year for
homeowners. A tax credit, unlike a “deduction,acually taken off your tax bill.

The lack of a cap for commercial projects has nthdencentive highly attractive to
building owners. Big box retailers operating builgk with roof areas that are large
relative to the space inside, in particular, haxalad themselves of the credit. In many
cases, a third party such as Sun Power actualiglimshe system, takes the credit and, in
turn, sells power back to the building owner aé@uced price under what is known as a
power purchase agreement (PPA). Companies suchfaw&/, Whole Foods and Wal-
Mart have installed solar on many facilities. Thasystem for a big box that might
otherwise cost $500,000, after taxes, would co87E®0. However, due to the $2,000
cap for homeowners, a home system that might otkergost $20,000 would cost
$18,000.

However, unlike European feed-in tariffs that hadeng time frame—20 years in the
case of Germany—and enjoy widespread political sttpghe ITC has been authorized
for only one or two years at a time.

The problem of uncertain renewal is particularlytadn the case of larger projects such
as CSP projects that can take multiple years to, jpiaild and complete. The failure of
Congress to renew the production tax credit, aicsgdilar to the ITC used by the wind
industry, led to severe contractions in the windlistry and serves as a cautionary flag to
potential solar investors.

For this reason, ITC advocates seek an eight-yedit¢o extend to 2017, when many
solar proponents expect solar power to cost no thare coal. However, Congress has
not yet passed this legislation.

State and Local Incentives

In addition to the federal ITC, which remains hgstéo Congress’ annual budget process,
many states and localities also offer innovativegpams. For example, Berkeley, CA,
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offers a novel program that allows homeowners todvothe cost of a solar installation
from the city and pay it off as an addition to th@ioperty taxes. The city provides the
financing and then merely adds the debt servicéhcost of the installation to annual
real estate taxes. Unlike taking out a home edody to pay for solar, you don’t have to
pay it back when you sell your home and you dolaite@ an additional lien on your
property that could complicate getting a mortgagkame equity loan.

The effect of the program is to socialize borrowilegvering borrowing costs and hurdles
for homeowners and landlords, but also giving esghte owners the option of installing
solar power.

Many other states and localities offer more tradil tax credits, rebates and similar
incentives. However, these vary greatly by localitaking it difficult for homeowners
and businesses to learn about programs and taket@de of them.

Support for R&D

Another way to reduce costs to make solar more etithe with fossil fuels is to

improve technology. To achieve breakthrough innioveathat, in addition to scale, will
accelerate cost reduction and improve performasaience and technology investments
are critical. Currently, the United States perfownsstanding science in the energy arena.
And for the time being, the private sector hasstelforward to support solar energy

with venture capital. However, many companies diosarvive the “valley of death,” the
period between initial investment and commerciaiiraof technologies. Accordingly,

the government should provide:

= Additional science funding;
= Peer-reviewed grant funding for middle stage congsarand
» Improved technology transfer from the governmerth&oprivate sector.

(2) Breaking Non-Cost Barriers

In addition to incentives focused on the cost isaggon is need on non-cost barriers as
well.

While there is no easy cure for the issuetérmittency solar power does match up well
with the highest periods of demand. Thus, whilaspbwer may never become the sole
source of power—unless the intermittency probletotally resolved—it can play a key

role in meeting peak demand and reducing the reedrtstruct new high carbon plants.

To overcome the problem of intermittency:
» Government should encourage the development ofstenage technologies
through innovative support of R&D;

= Utility regulators should encourage the use ofrsptaver as a source of peak
power in place of dirty power and other spinninggrees; and
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Utilities should encourage the use of customer-ggad solar power as a way to
reduce load at peak times.

To address the other non-cost barriers describedealthe appropriate bodies in the
federal government should implement measures to:

Improve and standardize billing such as net meganrunleash
electronpreneuersndividuals or small businesses that producer thein power;
Permitnet billing, the ability of consumers to purchase power direictigpen
access markets from producers and deduct thafroostheir regular bill;
Create uniform standards for hookup to the grid;

Promote funding and initiatives to modernize thid ¢o better and more
intelligently move power to where it is needed;

Decouple profit incentive from generation levelsgda

Encourage other industry changes that work to deslere the industry.
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VII. An Agenda to Unleash the Power of Solar

In light of the arguments and suggestions put fortiis report, NDN makes the
following recommendations. Congress and regulatbosild:

= Extend the ITC for eight years until the industnfieipates price parity with
fossil fuels; remove the cap of $2,000 per housklasid extend the credit to
utility-scale projects.

Experience has shown that incentives such as sredfavorable tariffs are needed to
drive solar investment; waiting for the market tong prices down would cost the
United States dearly in terms of market share,, jidzhnology and its eventual
position in the global industry food chain. Curigrthe industry is in a Catch 22 in
the sense that it needs scale to drive down pridesever, until prices drop, scale is
unlikely to happen on its own. Rather than waitifaentives in other countries to
drive down global prices, the United States shagldhow to continue to make solar
competitive here at home. Moreover, to create lalestaredictable and favorable
investment climate, Congress should commit to edtenthe ITC for eight years
until solar becomes cost competitive. Otherwiskeptountries are likely to take
even larger shares of important markets than threpdy possess.

= Enact a National Renewable Portfolio (or ElectrygiStandard of 25% by 2020
with a solar set-aside.

To further drive the adoption of solar, Congressusthdo what many state
legislatures have done and adopt a renewable ielgcstandard, that is, a percentage
of electrical capacity that must be derived fromewwable sources. The advantage of
a federal standard is that it would simplify anetamline the complex rules that
currently drive solar investment at the state adlllevel. However, because wind
energy currently is far less expensive than salaglar set-aside is required if a
national renewable portfolio standard is to bertetsolar industry.

» Encourage banks to offer either an interest ratéuttion or allow a higher loan-
to- value ratio on mortgages for houses that geteetiaeir own electricity,
reflecting their lower cost of ownership.

As an additional financial incentive to investimgsolar, NDN proposes that
Congress, as part of its role in the housing marlertcourage banks to lend money
for solar installations as part of the mortgagecpss. Solar installations lower the
overall cost of home ownership because they loheicost of energy. Thus, banks
should be encouraged to lend more money or at loverest rates reflecting this
lower cost of ownership.
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*» Enhance R&D Support.

To accelerate the cost reduction curb, Congressidgipoovide enhanced R&D
support to the solar industry through a peer-regyprocess that makes money
available to fund promising companies and techriekdrather then reinvent the
wheel, this should be accomplished through the msipa of existing advanced
technology and Small Business Innovation Rese@BHiR) grants to solar
companies.

» Require Decoupling.

Currently the solar industries, as well as otheeveable energy sectors, are
hampered by the business model and regulatorytsteuby which many utilities
calculate rates and profits based on the amouturoént they move without regard
for savings. States, such as California, that lieeupled profitability from these
outdated metrics, have seen energy use declinessndf renewables increase.
Decoupling should be mandated at the federal eveteate the right incentives to
drive the use of solar energy. At the same timeydwer, utilities should receive a fair
rate of return on their investments in utility scablar energy.

» Require Net Metering and Standardize Billing Praged.

Would-beelectronpreneursften are stymied by complex billing proceduresher
inability of net metering in their state to alloletn to profit from electricity they
produce. National net metering would 1) allow peoplth solar power to enjoy the
assurance that they may always sell power to tide gnd 2) stimulate the
entrepreneurial spirit of the American people toduce solar energy in innovative
ways.

» Require Net Billing.

Currently, competition is reduced even in open sscearkets by the difficulty faced
by consumers in purchasing power from producersinfple provision to allow
consumers to purchase a portion of their powerctyrérom alternative producers
and then deduct this amount from their regulandduld greatly increase competitive
forces in electricity markets.

» Simplify and Standardize Grid Hookup Procedures.

National standards also are needed to simplify lgpockup procedures to safely
connect solar producer to the grid and reduce dseaf acquiring solar power.

= Carry Out Limited Electricity Industry Reform toifginate Bias Toward
Centralized Generation.
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In addition to mandating net metering and simpdifreokup and billing procedures,
Congress and the states should carry out limitectrétity reform to make it easier
for people to connect to the grid and move thewegroacross it.

This involves reigning in incentives now on the k®dor utilities to bar access to the
grid, sell their own power instead of renewable pofwomelectronpreneurand
otherwise block innovation. Consistent with safatyl quality assurance, utilities
should be encouraged to partner with producersmédwable power to increase
consumer choice.

= Modernize the Grid.

Congress and regulators should create the righhihes and provide sufficient
funding to modernize and update our antiquated @ik is important for reasons of
power assurance and security—to safeguard thdrgridterrorism, improve
performance and reduce the chance of blackowdtsatis critical to moving power
from renewable sources to points of demand givgional variations in costs,
guantities, demand and prices.

This is an ambitious agenda. But the rewards ofesgcare incalculable and the
consequences of failure unimaginable. If the Un8é&ates fails to reign in energy costs,
reduce its dependence on foreign oil and lower @@®2other greenhouse gas emissions,
the costs will be huge to our environment and, @agéhe American way of life.
Accordingly, NDN strongly urges participants in tiirgergy community to work together
to make the changes needed to unleash the potehsialar energy and facilitate
America’s transition to a low-carbon economy.
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About Michael Moynihan

NDN'’s Green Project Director Michael Moynihan igm@ntly a William Bowen Merit
Fellow at The Woodrow Wilson School of Public anternational Affairs at Princeton
University and on the faculty of New York Univess#t Real Estate Institute. In 1999, Mr.
Moynihan founded the first Internet video sharimgnenunity and Web site,
AlwaysonTV, pioneering such innovations as perseigdo channels and video
greetings. From 1996 to 1999, he served in thet@liddministration in which he held
the Internet portfolio and advised Secretaries RdRebin and Lawrence Summers as
Senior Advisor for Electronic Commerce. While i tGlinton Administration, he led
successful efforts to pass the Internet Tax Freeflotnhelped negotiate e-commerce
agreements on payments, taxation and other isstieshe European Union and Japan
and oversaw the e-commerce efforts of TreasurydsQDD employees. Prior to assuming
the Internet portfolio, he advised Secretaries Ralnid Summers on a variety of other
issues including managing debt crises, reformirggibbal financial architecture,
balancing the budget and modernizing the IRS.

Mr. Moynihan has been a fellow of the Center faafggic and International Studies and
was the Robert C. Seamans Fellow in TechnologyPardic Policy at Harvard
University’s John F. Kennedy School of Governméte.holds degrees from Columbia
and Harvard and is currently a PhD candidate aicEton.

Mr. Moynihan is the author of the critically aceteed book;The Coming American
Renaissanc€Simon & Schuster) and other books. His forthcagrbook,Mankind
Unbound: The History of Freedo(Ralgrave-McMillan) is scheduled for publication i
2009. His writing has appearedHiarper’s, TheNew York Timesrhe Washington Post
and other publications. He also is the author abraginal paper for NDN, entitled
Investing in Our Common Future: U.S. Infrastruct@iovember 2007).
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