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Executive Summary

Solar energy is an unlimited and emissions-free sourpewer that can be quickly and
seamlessly integrated into New York City’s urban envirortmBme solar energy market
is among the fastest growing energy markets in the wanmldl solar power has the
potential to meet a significant portion of the City'suite energy demand.

New York City is one of the largest urban centerheworld and requires a massive
amount of electricity to power its economy and infractuire. New York relies almost
exclusively on fossil fuel power plants to generate gttt within the city limits.

Recent studies have shown that local renewable eneugges could supply over a third
of the city’s energy within the next 20 years. Howegw York City energy planning
has not taken the city’s renewable resource into accéagrd result, New York City’s
renewable energy resource remains largely untapped.

According to recent studies, solar electric, or photao[PV), systems represent New
York City’s largest potential source of in-city renewabhergy. The amount of solar
energy that falls on the city each year is two Srtiee energy that the city requires. The
challenge for New York City is not whether therensegh sunlight to power the city,
but how to best capture and use the available solaryener@as been estimated that PV
systems mounted on rooftops and building facades could sL@§yof the city’'s
electricity by 2022.

In addition to meeting New York City’s growing electricdemand, large-scale PV
development would generate a broad range of environmental|, smd economic
benefits for the city. New York City’s reliance oantralized fossil fuel power plants has
contributed to air pollution and global warming, createdremvnental justice challenges,
and left the city vulnerable to spiking fuel prices and blatkadnstalling PV throughout
New York City would decrease the environmental impactb®tity’s electricity use,
hedge fossil fuel price volatility, and create a m@slient electrical grid. Solar energy
investment would also stimulate the local economy aedterjobs.

New York City is home to some of the world’s mastovative PV installations, but the
total amount of PV installed within the city is quite simAt of November 2005, there
were 45 in-city PV projects totaling approximately 1.1 meganatiV). These
installations generated an estimated 0.002% of the citgtsradity supply.

Despite this small base of installed PV, New York Bi§VV market has accelerated
rapidly during the past several years. The PV market g5e48% in 2005, and the
average market growth rate during 2002-2005 was 27%. If the @y market
continues to grow at its current pace, it is estimatatiup to 54 MW of PV could be
installed within the city by 2015. Whether this potentiahet (or exceeded) will depend
largely on the policies put in place during the next fearsy.



Introduction

There is a wide range of solar energy technologigsctihavert sunlight into useful
energy. Commercially available technologies includers&ctric, or photovoltaic (PV),
systems that convert light directly into electricibplar thermal electric systems that use
the heat of concentrated sunlight to drive steam turlmnegsgines, solar water heaters,
solar space heaters and air-conditioners, solarlagoh pre-heating systems, and
architectural designs that maximize the capture of nalighal With the exception of
solar thermal electric systerhs)l of these technologies can be readily integratta i
New York City’s buildings and infrastructure. This repmtuses on PV because it has
the greatest potential to meet New York City’s futurergg demand.

Invented in the United States by Bell Labs in 1954, PV tsafirst major application in
the space program. Today, PV’s most familiar usessagepower source for consumer
products like calculators and for remote applicationsHig@éway equipment and
weather stations. During the past 15 years, howeveustef PV as an alternative
power source for buildings connected to the electricity lyais increased exponentially.
While off-grid and consumer applications once comprisedrdgerity of the PV market,
the amount of grid-connected PV is now far greater tharaimount of PV installed off-
grid and in consumer products combined (Maycock & Bower, 20049t 8lectricity
from on-grid PV systems has emerged as one of the wdddtest growing energy
sources and has the potential to supply a large share wfbittd’s future energy needs.

This report is the first in a two-part series that itngases solar energy’s potential in
New York City as part of the City University of New N¢s (CUNY) Million Solar

Roofs Initiative. The CUNY Million Solar Roofs Initi@e was launched in summer 2005
and is managed by the Center for Sustainable Energy (&&tpnx Community

College.

This report is intended as a background document for orgamgatiterested in
developing a comprehensive solar energy strategy for NaWw Qity. Section 1 reviews
the city’'s electricity demand and generation portfoBection 2 provides an overview of
the technical potential of PV to meet future electridiggnand. Section 3 summarizes the
potential environmental, social, and economic benefisolair energy development.
Section 4 discusses the current status of New YorksGdity market.

A subsequent report will review existing policy supportRf, the barriers to PV
development in New York City, and best practices fsmiar energy programs in other
cities.

! Solar thermal electric systems require levels aalisolar radiation unavailable in New York’s humid
climate. Humidity diffuses sunlight and, while diffuse sghtiis captured by other solar technologies like
PV, solar thermal electric systems function betiaarid climates like the Southwest.
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1. Background on Energy Use in New York City

New York City is one of the largest urban centers in therld and requires a massive
amount of electricity to power its economy and infrastruatuiNew York relies almost
exclusively on fossil fuel power plants to generate eledyigvithin the city limits.
Recent studies have shown that local renewable energy sowaelsl supply over a
third of the city’s energy within the next 20 years. HoveeyNew York City energy
planning has not taken the city’s renewable resource into agto\s a result, New
York City’s renewable energy resource remains largely untapped

New York City is one of the largest and most denseputaded urban centers in the
world with over 8 million inhabitants living within 309 squandes. The city occupies
only 0.6% of New York State’s landmass, but is home to dfthe state’s population.
The city’s economy is one of the world’s largest, aa@$500 billion gross metropolitan
product is larger than the gross domestic products (GD#&l) lodit 16 countries.

In order to support its inhabitants and its economy, Mevk City requires a massive
amount of electricity. As can be seen in Figure 1, Nesk\City's electrical
consumption has grown at a fairly consistent rate duhe past decade from 43,734
gigawatt-hours (GWh) in 1995, to 52,836 GWh in 2005. The New Wat&pendent
System Operator (NYISO) projects that consumptionamilitinue to grow at an average
rate of 1.15% through 2015 (NYISO, 2005a).

Figure 1. Historical and projected electricity dema  nd in New York City
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While New York City accounts for 32% of New York Statedtal annual electricity
demand, the city is unable to rely on power generated upstateet its electricity needs.
Regional transmission lines can only carry 5,000 MW of ppared4% of New York
City’s 11,315 megawatts (MW) peak demand, into the city. Aesalt, New York City is
required by NYISO to site 80% of its power plant capacitywithe city limits (New
York City Energy Policy Task Force, 2004).



To meet this requirement, New York City relies on 8,884 of fossil fuel power plants
installed throughout the five boroughés can be seen in Figure 2, almost half of New
York City’s power plants are dual-fuel facilities thaindourn either natural gas or fuel oil
no. 6 (i.e. residual fuel oil). The remaining half ofiN¥ork’s generating fleet consists
of single- and dual-fuel plants that burn natural gas,dii@lo. 2 (i.e. distillate fuel oil),
and kerosene.

Figure 2. Generating capacity and output in New Yor  k City (2004)
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While New York City relies almost exclusively on fodsitls, renewable energy markets
are growing extremely rapidly around the world, and opymities exist for New York

City to integrate renewable energy systems into itsggr@anning. According to recent
forecasts, close to 3,000 megawatts of additional gengredpacity will be needed by
2008 to meet demand and help control electricity pricesrf@itk et al., 2003; New York
City Energy Policy Task Force, 2004). The Mayor’s End?glicy Task Force
recommends that the projected shortfall be met througix af new or repowered large-
scale fossil-fuel plants, new transmission capaeitgrgy efficiency, small fossil-fuel
generators, and peak load management programs. While & K&¢8BRDA report
concludes that New York City has the technical poterdiaigtall up to 694 MW of
sustainable energy sourtesthin the City by 2007, the Energy Policy Task Force repor
states that, “By design, the scope of the report doemclude such energy-related issues
as... sustainable energy, clean air, [or] climate chaogey.”

In order to respond to the economic, social, and enviratahehallenges posed by our
current energy system, New York City should integrastasnable energy into its post-
2008 energy plans. Sustainable energy could meet up to achetiNew York’s
electricity needs by 2022 (Plunkett et al., 2003a) and could asraegesponse to climate
change, air pollution, rising energy prices, fuel suppremsity, and blackouts. As will be
discussed in greater detail in Section 2, solar energy far New York City’s largest in-

2 This includes a 744 MW cogeneration plant sited in Lindenbbklconnected to Staten Island by a
dedicated transmission line.

% Defined as wind energy, solar energy, biomass, andéilsj blYC'’s energy efficiency potential is not
included in this figure.
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city energy resource. This report reviews the poterdrasdlar energy in New York City,
discusses the benefits that accompany aggressive solgy eleeelopment, and
describes New York City's current solar energy market.

2. The Technical Potential for Solar Energy in New York Ciy

Solar electric, or photovoltaic (PV) systems represent Nerk\City's largest potential
source of in-city renewable energy. The amount of solar rigyethat falls on the city
each year is two times the energy that the city requifidse challenge for New York
City is not whether there is enough sunlight to powhetcity, but how to best capture
and use the available solar energy. It has been estimatedRNasystems mounted on
rooftops and building facades could supply 18% of the city’s elettrioy 2022.

Every two days, more energy falls on New York Stadenfthe sun's rays than the total
amount of energy consumed by the state all year (P2082). Each square foot of New
York City receives the equivalent of 160 kWh of sunlightyesar. This solar energy
could be converted into over 125 thousand gigawatt-hourgdfielty, or more than 2.5
times the city’s 2005 demand (Perez, 2001).

The challenge for New York City is therefore not whetthere is enough sunlight to
power the city, but how to best capture and use thes@tjar energy resource.
According to recent estimates, there is enough comatend residential roof space to
host between 8,500 MW and 15,700 MW of photovoltaic (PV) ilagtahs within the
New York City area (Chaudhari et al., 2005; Plunketl.e2803b). If the correct policy
incentives were put in place and market barriers weneved, a recent report prepared
for NYSLERDA estimates that 7,736 MW of PV could be instaWithin New York City
by 2022

As can be seen in Figure 3, this technical potentigh®edi the potential of other in-city
renewable energy resourtesd is larger than the potential output of the city'sdvi
energy, solar thermal, biomass, fuel cells, and wastsergy resources combined.

Figure 3. Alternative Energy Potential in NYC (GWh by 2022)
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Source: (Plunkett et al., 2003a)

* Includes residential, commercial, and building-integradédsee Plunkett et al, 2003b, pp. 190-202)
® Solar thermal includes solar hot water heating, sdaorption cooling, and solar ventilation air heating.
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Were this technical potential to be realized, PV would ggaell,655 gigawatt-hours of
electricity, or 18% of New York City’s projected eldcity demand in 2023 Part of the
reason that PV’s technical potential dwarfs that oéotknewable systems is that it can
be seamlessly integrated into New York’s urban environnuémike most other
conventional and renewable energy systems, PV panelgereerate electricity without
any noise, moving parts, or emissions. Moreover, PV gystan be sited on existing
buildings and infrastructure without any of the aesthegigulatory, or environmental
justice concerns associated with large power plant develop

A second reason that PV is projected to contribute @Gerno the city’s electricity supply
than other renewable energy sources is that it is grii@nfastest growing energy
sources in the world. Solar energy market growth kas lextremely rapid during the
past two decades. On average, solar energy capacitydvas 6% annually over the
past 8 years, reaching a high of 60% growth in 2004 (Osbotn 20@5). In comparison,
growth rates in the nuclear and fossil-fuel industriegt@een in the single digits. PV’s
growth rate is comparable to the growth rates of tecigmd like personal computers
and cellular phones. As with these other technologié's, $hare of the global market
could be enormous if current exponential growth rateramn Recent analyses (Figure
4) project that if PV market growth continues at its entpace, solar electric power will
constitute a larger share of US domestic energy produttamoil by 2040 — even when
oil from the Alaska National Wildlife Refuge (ANWR) tiaken into account (Byrne et
al., 2004; Byrne et al., 2005). These statistics are pktigwompelling for New York
City which, unlike the rest of the United States, contirtoagly heavily on oil for
electricity generation. A more thorough discussion ofN@rk City’s currently installed
PV capacity and projected market growth can be found inddet.

Figure 4. Comparison of forecasts of potential US PV energy supply and US oll
production from existing domestic reserves
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® This technical potential does not take into account tlysighl limitations of New York City’s electricity
grid. PV is an intermittent resource, meaning thatliy pnoduces power during daylight hours. New York
City's network grid configuration poses unique challengestesmittent, customer-sited resources like
PV. These limitations will be addressed in more detate next report in this series.



The primary drivers of PV's rapid market growth have benenvironmental, social,
and economic benefits of solar energy (Section 3) tla policies put in place to unlock
those benefits. Projections like the one in Figureedbased on the assumption that
policy will continue to drive PV markets in the neamn, but that PV will become
competitive with conventional generation as PV systests continues to fall and the
price of fossil fuel electricity continues to rise.

3. The Benefits of Large-Scale Solar Energy Development ineM York City

In addition to meeting New York City’s growing energy demaratgle-scale solar
energy development would generate a broad range of environmerdeialk and
economic benefits for the city. New York City’s reliance centralized fossil fuel power
plants has contributed to air pollution and global warming, createdseanmental
justice challenges, and left the city vulnerable to spikifugl prices and blackouts.
Installing PV throughout New York City would decrease theveonmental impacts of
the city’s electricity use, hedge fossil fuel price vdiat, and create a more resilient
electrical grid. Solar energy investment would also stimultdte local economy and
create jobs.

The challenges posed to New York City by its relianceaogel-scale fossil fuel power
plants have become increasingly apparent during the leatiee In this section, fossil
fuel and renewable energy development paths for New Eiykare contrasted and the
benefits of solar energy development are discussgkater detail.

3.1 Air Pollution and Public Health

Power plants produce 67% of the sulfur dioxide {S€nissions in the US, and 27% of
nitrogen oxides (NQ. These emissions contribute to asthma, acid rainngrtevel
ozone, and the formation of particulate matter. Aspneé, New York’s five boroughs are
designated non-attainment areas by the EPA, meanindhdyatld not currently meet the
National Ambient Air Quality Standards (NAAQS) for pamiate matter and ground-
level ozone.

The public health impacts of air emissions from theggneector on New York City are
significant, and it is estimated that power plant elmisscontribute to over 1,000 deaths
and 25,000 asthma attacks in the metropolitan area annG&dbyr the Air, 2005). The

cost of power plant emissions on public health in NewkY@ity is estimated to be over

$6 billion each yeaf.Rather than trending downward, however, emissions fome of

the City’s largest generators have actually increaskel Ravenswood plant in Queens
increased its NQand SQ emissions by 14% and 337%, respectively, between 1995 and
2003 (Corrigan & Figdor, 2005). The Astoria generating planeased its SO

emissions by 65% during the same period.

In the short term, renewable energy systems like &Vbe deployed to reduce the need
for fossil-fueled electricity generation in the cégd reduce air emissions. It is estimated
that each megawatt of PV installed in New York wilace 100 pounds of SO
emissions and 44 pounds of Némissions (Herig et al., 2005). In the longer terns it i

" Estimated using the values published by Abt Associ2@G0).



estimated that the Clean Air Interstate Rule (CAIgSyed by the EPA in March 2005,
will significantly reduce N@Qand SQemissions in the eastern US. The CAIR rule
establishes a cap-and-trade program that targets a 70% oedncEQ and a 60%
reduction in NQ across 28 states by 2015 (EPA, 2005). In New York State, the EP
estimates that the cap-and-trade program will res@hiB4% reduction in SGand a
48% reduction in NQemissions over 2003 levels. It is likely that the co$isir
emissions control equipment required by the CAIR regintieangrease the costs of
fossil-fueled electricity sited within New York City. Byrioritizing the development of
renewable energy resources like PV over new fosdigfeeeration, New York City will
limit its exposure to the regulatory risks of CAIR andnitsre stringent successors.

3.2 Climate Change and Greenhouse Gases

With only 5% of the world’s population, the United Statelsases a disproportionate
amount of carbon dioxide into the atmosphere by burning fasés to produce energy.
In 2003, the US emitted 24% of the world’s energy-relatedan dioxide (CQ. COy is
the most significant contributor to the greenhouseceffeat causes global warming.
There is overwhelming scientific consensus that glalaaiming could have catastrophic
ecological impacts if the greenhouse gas levels ardadutized and reduced during the
next several decades (IPCC, 2001a, 2001b).

In 2000, the Metropolitan East Coast (MEC) assessmejagbed the impacts of climate
change on New York City using two different global climatedels (MEC, 2000).
According to the MEC, temperatures in the New Yorly@itea could increase by
between 1.68 and 2.10 °F by 2020, and by between 6.25 and 6.47 ByT208Mcrease
in temperature is projected to cause coastal erosiamgy gsa levels, flooding of low-
lying areas like East Harlem, and an increase in stornitgcheat-related deaths, and
tropical diseases like malaria (Bloomfield et al., 1998ney et al., 2000; Physicians for
Social Responsibility, 2001).

Unlike SGQ and NQ emissions, which create regional air pollution, greenhgases
emissions have created a global problem that will reduoth international cooperation
and local action to address. State and local governnretiie IUS have taken the lead in
climate change policy in the face of federal inactioewNrork State is one of seven
participants in the Regional Greenhouse Gas InitiaR@Gl) whose goal is to establish
a cap-and-trade program for g@missions from power plants in the Northeast (RGGI
Staff Working Group, 2005).

At the local level, New York City has joined the Imational Council for Local
Environmental Initiatives’s (ICLEI) Cities for Climaterotection initiative and
committed to a C@reduction target of 20% below 1995 levels by 2010 (Mayor's ©ffic
of Environmental Coordination, 2005). The City has alsoesighe US Mayors Climate
Protection Agreement and committed to meet or exceed$h€yoto Protocol target
(Seattle Office of the Mayor, 2005).

Photovoltaic systems have an important role to pldyaw York City's climate change
strategy. First, PV systems can immediately redudeocadioxide emissions by reducing

8 Using the Canadian Centre for Climate Modeling and Asisiyodel and the Hadley Center model, with
forcing from greenhouse gases and sulfate aerosols
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the need for fossil fuel generation. Second, the cityuse PV to adapt to global
warming. It is projected that the number of cooling degtays will increase by 43%-
135% during the Zicentury (MEC, 2000). In response to rising temperatures, it
expected that air-conditioning demand will spike. Traditigr@nning would dictate that
more fossil fuel generation be installed to meet this delnthereby further increasing
greenhouse gas emissions. Because PV system output oodestosely with periods
when air conditioning demand is highest in New York (Peteal., 1996), PV could be
effectively employed as an energy management tagisiponse to rising temperatures.
Third, integrating PV systems into New York City's genemraimix will help the city
respond to local and regional climate change targe#04, New York City’'s power
plants released 14,345,000 metric tons of carbon dioxideyaineg for 25% of New
York State’s RGGI emissions baselifleBy aggressively developing its solar resource,
New York City will decrease the cost of complying W&k, regulations and better
position itself for future local, national, or intetimmal greenhouse gas regintés.

3.3 Fuel Price Risk Mitigation

Integrating a significant amount of PV systems into Nesk City energy portfolio
would also reduce the city’'s exposure to fuel price risksscan be seen in Figure 5, the
costs for both residual fuel oil and natural gas have dsamatically during the past
seven years. Because New York City must generate 8@ pmdwer from within the

city, and because the vast majority of New York’sity-generators burn either natural
gas or oll, the city is particularly vulnerable to thegpward price trends. New York
already has some of the highest retail electriciggan the country, and these rates are
projected to rise as the cost of fuel increases. BedderxseYork City is unable to
diversify its in-city generation portfolio with nucledarge hydropower, large wind
farms, or coal, the city should give serious considardd alternative power sources like
PV.

Figure 5. Qil and gas prices in $MMBTU
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5 — Residual Fuel Oil

- Natural Gas
- Coal

1975 1980 1985 1990 1995 2000

Source: (Tierney, 2005)

° Though beyond the scope of this paper, it should be nmeenergy efficiency technologies, and solar
thermal technologies like solar absorption cooling, cao laé deployed in response to rising temperatures
9 This figure was calculated using methodology introduceMlagisen et al. (2005). Fuel consumed by
each New York City power plant (as reported in US ElA®©O06 and 920) was multiplied by the LO
emission coefficients published by the EIA’s Volunt&sgporting of Greenhouse Gases Program.

1 |n addition to RGGI, cap-and-trade legislation for powanpCQ has been introduced in both the New
York City Council (Intro 148-A) and the US Congress (B&in-Lieberman Climate Stewardship Act)
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Technologies like solar energy can serve as a physcgje against fossil fuel price
volatility. Because solar energy is a cost-free fitelan supply electricity at a fixed-
price. Interms of conventional energy risk managerseategies, incorporating fixed
price renewable energy into a generation portfolio &agous to purchasing futures
contracts for fossil fuels (Bolinger & Wiser, 2004). dishalso been argued that solar
energy is an effective hedge against electricity prideespn New York because of the
strong correlation between PV output and NYSIO peak marieds (Letendre et al.,
2003). In addition to these direct hedge values, renewabtgyenan have an indirect
impact on electricity costs by displacing demand for gagegped generation and placing
downward pressure on gas prices (Wiser et al., 2005). In ptatmimeet future energy
demand, New York City should take the risk profiles dfedent generation technologies
into account and promote large-scale solar energy ineegsnthat supplement or
supplant fossil fuel investments.

3.4 Energy Security, Grid Reliability, and Disaster Recovery

Another important attribute of PV is that it can b@ldged in distributed units. This
modularity has important implications for energy séguenergy planning,
environmental justice, and energy service provision. ,Rinetmodular nature of
distributed systems allows them to be built quickly ashdieal to the grid incrementally.
When fossil fuel plants are built, they must beedito anticipate future load growth and
growth that may occur during their lengthy constructionqeksi Because PV can be
rapidly installed on an as-needed basis, it can keep pttesing demand and avoid the
risk of over-building (Hoff & Herig, 1997). Second, distriedtPV can reduce the need
for investments in the transmission and distributigsiesn because PV systems are sited
on the buildings they serve. Typically, 7-8% of thec&leal output of fossil fuel
generation is lost as it travels over the electgeal. Onsite PV can dramatically reduce
these losses. In New York City, roof-mounted and facadentedl PV can also provide
the unique benefit of reducing the distribution lossescistsm with transmitting
electricity to the upper levels of skyscrapers (Cheratckl., 2003). Third, emissions-free
PV systems distributed throughout the city would allevibéeenvironmental justice
concerns posed by large, centralized fossil fuel platgd 8 low-income neighborhoods
(NYC Apollo, 2004). Finally, an electrical grid that intaggs a large amount of
distributed renewable generation is less vulnerable ¢gedacale failure. If a large
nuclear or fossil fuel plant fails as a result ofanident, a natural disaster, a terrorist
attack, etc., grid operators have to compensate foo#iseof hundreds of megawatts.
The failure of an easily reparable 2 kW PV array, in@st, can be easily absorbed by
more resilient distributed networks (Lovins & Lovins, 1982).

PV’s potential grid reliability benefits go beyond thetfd@at small-scale failures can be
easily absorbed. Studies conducted by the SUNY Atmospheences Research Center
(ASRC) have demonstrated that solar irradiance, andftrerPV output, closely
correlates with New York City’s peak electrical dem#éRdrez et al., 2001; Perez et al.,
1993). In other words, PV can be counted upon to generate pdwa the city needs it
most. In the New York City metropolitan area, thasrelation, known as the effective
load-carrying capacity (ELCC), is as high as 60-70%. Asbeaseen in Figure 6, PV in
the New York-New Jersey area has one of the highesCEli€the nation — even higher
than that of “sunny” states like Florida and New Mexico.
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Figure 6. Distribution of PV’s ELCC in the US
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Source: (Perez et al., 2004)

The practical implication of PV’s load carrying capadday New York City is that PV
can reduce strain on the electrical grid and reduce thmapilaty that blackouts will
occur. ASRC studies have concluded that PV systems couddpnavented both the July
6", 1999 blackout in Washington Heights and the Augu$t 2@03 blackout in the
Northeast (Perez et al., 2004; Perez et al., 2001). H&DO%outage been prevented, it
would have saved New York City an estimated $1 billion iateel costs (Electricity
Consumers Resource Council, 2004).

In the event that the power grid does fail, PV systalss have a role to play in
providing emergency power to buildings and to disaster regmgerations (Byrne et al.,
1998; Gordes, 2000). Mobile PV generators, for example, veesntly dispatched to the
Gulf Coast in the wake of hurricanes Katrina and Rita.

3.5 Job Creation

A final benefit of a large-scale commitment to PV ieviNYork City is economic
development. Investing in renewable resources like &vahgreater economic
development impact than comparable investments in fiuedd. First, New York City
has to import fossil fuels for its power plants frorheststates or from abroad. Because
solar energy is an inherently local resource, investsnarsolar energy are more likely to
stay within the local economy than investments in irtgzbfossil fuels are. Second,
investments in solar energy generate 42% more job-peardollar than comparable
investments in coal (Singh & Fehrs, 2001). Third, fossl fodustries are becoming less
job-intensive over time as a result of mergers ancaszd mechanization (Kammen et
al., 2004). PV can therefore be expected to have a gjehtereation impact than fossil
fuels in both the short- and long-term.

If New York City’s technical potential for PV were to tealized, the economic benefits
for the city and the state would be significant. UsirgWs Department of Energy’s
solar ASSET databank and the US Department of ComnseRtMS Il industry
multipliers (Herig et al., 2005), it can be estimated @36 MW of solar energy would
create 597,100 in-state job years, and generate a $52nnmilticease in New York’s
gross state product, and a $30 million increase in earningS80wears.
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In addition to creating new jobs, it is conceivable #hatrong solar energy industry in
New York would protect existing jobs. Between 2001 and 2004, Nenk State lost
148,500 manufacturing jobs. A recent study of New York Stataisufacturing base
concluded that there are currently 494 companies with 28,93@peasl that could
position themselves to supply solar energy system compoifenarket demand were
sufficient (Sterzinger & Svrcek, 2004). As of the writmigthis report, county-specific
data is unavailable, so it is unclear how many of tfiess are located within the five
boroughs. What is clear, however, is that New Yorly @&s an opportunity to use the
rapidly growing renewable energy industry as a job @eangine. New York State’s
recently passed renewable portfolio standard (RPS) reguiatprojected to create
43,000 renewable energy jobs over the next decade (Heasi2205). By developing
an ambitious PV strategy, New York City could captushare of these jobs, and attract
new businesses.

3.6 Quantifying the Benefits of PV Systems

As discussed in this section, PV systems can provide@nange of benefits to society,
to the environment, and to the economy. As an emis$ieasnergy technology that
generates electricity where it is consumed, PV redsygstem-wide peak demand,
decreases air emissions, hedges natural gas prices,telieativironmental justice
concerns, improves grid efficiency and reliability, andids investments in transmission
and distribution infrastructure. Because many of these valteedifficult to monetize,
however, the high upfront capital costs of PV remaibaraier to the widespread
adoption of solar energy systems. Three recent stindiee attempted to quantify these
non-commodity benefits of PV, and have estimatedttigt value ranges between 7.8
¢/kWh and 35.2 ¢/kWh (Americans for Solar Power, 2005; Duke,2@#)5; Smeloff,
2005). This paper assumes that the value of PV benefitéefarYork City likely falls
within this range.

4. Current Status of the New York City PV Market

As of November 2005, there were 45 solar energy projects totalingoxpgrl MW
installed in New York City. These installations accounted & estimated 0.002% of
New York City’s electricity supply. The PV market grew by&g 2005, and the
average market growth rate during 2002-2005 was 27%. If the City’s Rivket
continues to grow at its current pace, it is estimated thptta 54 MW of PV could be
installed within the city by 2015.

New York City is home to some of the world’s mastovative solar energy installations.
The PV installation at the Rikers Island compost ilgcifor example, integrates
photovoltaic cells directly into a glass skylight.eT$kylight provides the facility with
natural light while simultaneously generating electricitige 4 Times Square building,
meanwhile, helped pioneer the practice of installing Phéefsain building facades as a
substitute for traditional fagcade materials (see EieKiss, 2000). High-profile projects
like these have given New York City an internatioregdutation for solar energy
innovation. As a result, there have been a numbezceint case studies and publications
that focus on projects in the city (Pereira & Jurgens, 2B@8pff, 2004). To date,
however, there has been no comprehensive study dohe sizé of the New York City
market and the contribution of PV to New York City's@ticity demand.
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In the summer of 2005, the City University of New York (C¥)Noined the US
Department of Energy’s Million Solar Roofs (MSR) lative and launched a campaign
to promote solar energy development. CUNY set an irgbal of 500 solar roofs within
the city by 2010.

The CUNY MSR program is managed by the Center for Swadtée Energy (CSE) at
Bronx Community College. In order to measure progresadsvCUNY'’s goal, CSE
interviewed solar energy stakeholders to determine thdirmsenount of PV installed in
New York City. CSE conducted over 40 interviews, and 18 org#ions provided CSE
with data on existing and pending solar energy installatibhese data were then used to
characterize the city’s solar energy market and préygate growth trends.

4.1 Installed Capacity (1993-present)

According to the CSE study, there are currently 45 slargy projects installed in New
York City with a total capacity of 1,133 kilowatts (kW/*? These installations generate
an estimated 1,230 megawatt-hours of electricity eaah geapproximately 0.002% of
the electricity consumed in New York City during 2d6%n 20086, it is expected that at
least 18 more projects totaling 524 k\Will be added to the grid. As can be seen in
Figure 7, the cumulative amount of PV installed has asmzd exponentially since 2002
when New York State first introduced its PV rebate progra

Figure 7. PV installed in New York City by Borough (kW), projected through 2006
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During the 1990s, New York City’'s PV capacity was limitedhe 4 Times Square
building and to three installations financed by the NewkYRower Authority and
installed on New York City agencies. These public projeatisided a 20 k\)£ system
installed on the NYC Transit Authority’s Maspeth Ware$®, a 43 k\) system

12 pv capacity in this report is in ki Installations rated in kWwere converted to kwusing a

conservative derating factor of .83 per Larry SherwoodasseSherwood (2005).

13 Total MWh output of PV was calculated by summing the Mditput of individual installations.

Performance projections for many of NYC’s PV inlstibns can be found in press releases. Where

projected output data were not available, CSE staff ugeNational Renewable Energy Laboratory's

PVWATTS software program (http://rredc.nrel.gov/soladies_algs/PVWATTS/) to estimate output.
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installed at the Rikers Island compost facility, and a 36@:le¥stem installed on the
Gun Hill bus depot in the Bronx.

Since the introduction of the NYSERDA PV rebate in 200&alled PV capacity has
almost tripled, and installations have now been coreglet all five boroughs. As can be
seen in Figure 8, the majority of PV capacity is lodateBrooklyn and the Bronx.
Assuming that the projects currently under development@mpleted next year,
however, the amount of capacity installed in Queensdnalv even with that of the two
leading boroughs. The only borough that has yet to sedisagidevelopment is Staten
Island, which had its first installation in 2005.

Figure 8. Kilowatts of PV capacity by Borough as % of NYC total (2005 )
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4.2 System Size

During the 1990s, most of the PV systems installed inithievere over 10 kilowatts.
With the introduction of the state rebates, howeaenimber of small systems (i.e. under
10 kW in size) were installed between 2002-2005. During thetfwstyears of the rebate
program, the majority of systems installed in New Y@y were under 10 kW. The
number of large systems installed has risen each y@aguer, and it is projected that
the majority of the systems installed in 2006 will be lathgan 10 kilowatts. While the
data set may be too small to draw broad conclusions ttwarapparent trends highlight
some of the challenges to market growth in New Yotk.Ci

14



Figure 9. Number of systems installed by size, by ye  ar
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First, the downward trend in small residential instadins may reflect the higher costs of
doing business New York City. Anecdotal evidence from ‘€$8tflustry survey suggests
that it is more difficult and expensive to get projectspited and completed in New
York City than elsewhere in the region. As a resuls significantly more cost-effective
to install one 20 kilowatt project, than it is to instedl two kilowatt systems.

If the New York City market is shifting to larger instdlbns, then future market growth
may be stunted by the lack of incentives for commenmaghllations in New York State.
New York’s solar energy tax credit, solar energgsahx exemption, and net metering
laws are only available to residential customers, anéuthamount of New York State’s
incentive is only available to systems up to 50 kW in €szdar New York, 2005). The
implications of these policy limitations and stragsgio address them will be discussed in
greater detail in the next report in this series.

4.3PV Installations by Sector

When broken down by sector, it appears that public iasialis have driven New York
City’s PV market. As can be seen in Figure 10, 62% oPtien New York City has
been installed on public buildings. These figures do not gecamn accurate portrait of
New York City market growth, however. As discussedvabonuch of this capacity is
from the three New York City government projects insthlbetween 1993 and 1996.
After 1996, investment in grid-connected public sector PV sysia New York City
ceased and the city’s PV market was sustained by growhie icommercial and
residential sectors.
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Figure 10. Kilowatts of PV capacity by sector as % of NYC total (2005)
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In 2005, public sector capacity again expanded with the lgistal of the 210 kW
Stillwell Avenue subway station system. Over 200 kWadfigonal public sector
capacity are planned for 2006 (Figure 11). Despite these isnpeestatistics, the record
of public sector investment in solar energy is mixed. l@ne hand, New York City
government, in partnership with the New York Power Autlgphias played a pioneering
role in the solar energy market. On the other hand, pabtitor investment in PV has
consisted primarily of a few large systems clustereccadteapart and has not
contributed to sustained PV market growth.

At present, New York City’s large public sector installa@re compelling
demonstration projects. In order to contribute to a sueée in-city PV market,
however, these demonstration projects must becoméyregulicable. A more detailed
review of public sector investment in PV projects willdeatained in the next report in
this series.

Figure 11. PV capacity installed by sector, by year
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4.4 Market Growth

The average market growth rate for the city was 27% during-2003, and 48% in
2005. Assuming that currently planned projects are complétednarket is projected to
grow at least another 46% in 2006. This figure is probably ceatsee because it is
based on projects already underway in 2005 and does nohtalkeccount projects that
will be developed next year.

The current growth rates in New York City are consisteith those of the global PV
market. In Figure 12, future market growth within New Yorky@ projected through
2020 under three different scenarios. The low growth sceisdb@sed on the 25%
growth rate used by the Brookhaven National Laboratory teihf®V market growth
through 2030 (Fthenakis & Morris, 2002). The high growth seemabased on the 35%
growth rate used in the recent Solar Energy Industrpdaton (2004) roadmap. The
aggressive policy scenario is based on a federal studgstames New York will
establish an incentive program comparable to Japan’s. Wimelaggressive policy
scenario, it is assumed that the PV market will grove®¥ in 2006-2010 and then grow
by 40% in 2011-2015.

Figure 12. NYC PV Market Growth Scenarios
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Under the aggressive policy scenario, 54 MW of PV araliest in the city by 2020, 26
MW are installed in the high growth scenario, and odlyV\W are installed within the
city under the low growth scenario. These installatmould supply an estimated 0.85%,
0.34%, and 0.13% of New York’s projected energy demand in 202 atesely.

As with any projection, these scenarios are subjecgteat deal of uncertainty. The
installed capacity in New York City market remains venyall and the market could
experience growth rates far higher than 50% during thefeexyears. At the borough
level, for example, growth rates for Manhattan andoBlyn in 2005 were 106% and
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141%, respectively. In 2006, installed capacity in Queens isteg® expand by at
least 295%

New York City short term market growth could also tempty#evel out as a result of

an international shortage of silicon, the raw matersed to make photovoltaic cells. The
PV market has grown too rapidly during the past severasyeaglobal silicon
manufacturing to keep pace. As a result, a silicon sfpeitaprojected to last through
2008. A recent study by Piper Jaffray Equity Research peajebtt this shortage could
limit global market growth to 3% in 2006 (Pichel & Yang, 20@ice silicon
manufacturers catch up to global demand, however, the regooe predicts that the
global PV industry will expand rapidly to 4,800 MW of PV ear by 2010. This would
equate to roughly quadruple the amount of PV modules produced in 2004.

Looking beyond the short term, the key question for Nerk\City will be whether an
exponential growth rate can be sustained during thelfie#0 years. As demonstrated
by the acceleration of the New York’s market after 2002dB¥elopment is policy-
driven and it is expected to remain so at least througiméxt decade. As silicon and PV
module manufacturing continues to expand, however, aadeagy prices continue to
rise, PV will approach the point of being cost competitithout incentives. This has
already occurred in Japan, where PV cells are nowaowspetitive with retail electricity
and the government has a goal to install over 100,000 PV sypemyear by 2010.

New York City would be better positioned to take advantdgmst-competitive PV in
the future if a strong local market were created irsti@t term. The lessons from
leading markets like Germany and Japan are that local radaion requires an
ambitious vision for solar market development backed uprxy-term policy
commitments. The German and Japanese incentives atargigslong-term, consistent,
and predictable. The stability of the German and Japanesetives has allowed
manufacturers, investors, and suppliers to plan ambiti@mlylower the costs of PV
production (Osborn et al., 2005). The next report in thigsevill discuss how the
current mix of federal, state, and local policies measprto these standards and how
New York City can make solar energy development alfpaint of future energy
planning.

Conclusion

New York City relies heavily on imported natural gad arl to meet its rising energy
demand. As a result, New York City is vulnerable torggeaof environmental and
economic risks. Solar irradiance is the city’s sifghgest potential source of local
energy, and it can be harnessed to generate electvigiky mitigating the risks of air
pollution, climate change, fuel price volatility, ineqii power plant siting, and
blackouts. New York City could benefit from taking theseilaites into account and
integrating PV into future energy plans. In addition, Néavk City can use solar energy
investment as an economic development tool and positec@h ¢ompanies to compete in
the emerging local, national, and global PV markets.

14 For the purpose of comparison, New Jersey’s renewaltfelfstandard requires that 0.16% of the
state’s electricity come from solar energy by 2008. Balnghis goal, the New Jersey PV market will have
to grow at an average rate of 200% annually between 2005 a8dKIo(y, 2003).
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While New York City has played a pioneering role in urBafinstallations, solar energy
currently accounts for only 0.002% of New York City’'s etety supply. New York

City has the technical potential to install several thodganes more PV capacity than
currently exists within the city. If current growth ratee sustained, it is conceivable that
PV will supply a significant portion of New York City’degtricity by the middle of this
century. Whether New York will be able to fully realiis technical potential will

depend on the resources that can be mobilized in suppbe tfcal PV market.

19



REFERENCES

Abt Associates Inc. (2000J.he particulate-related health benefits of reducing power
plant emissionsBethesda, MD: Author. Prepared for the Clean Air Trasice.

Americans for Solar Power. (200Build up of PV value in Californialempe, AZ:
Americans for Solar Power.

Bloomfield, J., Smith, M., & Thompson, N. (19990t nights in the city: Global
warming, sea-level rise and the Metropolitan regiblew York, NY:
Environmental Defense Fund.

Bolinger, M., & Wiser, R. (2004 Comparison of AEO 2005 natural gas prices forecasts
to NYMEX futures price@vlemorandum). Berkeley, CA: Lawrence Berkeley
National Laboratory.

Byrne, J., Agbemabiese, L., Bouton, D., Kliesch&letendre, S. (1998Fhotovoltaics
as an energy services technology: A case study of PV sited atithe &f
Concerned Scientists headquartdPsoceedings of the American Solar Energy
Society, Albuquerque, NM.

Byrne, J., Kurdgelashvili, L., Poponi, D., & Barnett,(004). The potential of solar
electric power for meeting future U.S. energy needsoparison of projections
of solar electric energy generation and Arctic Natldowildlife Refuge oil
production.Energy Policy, 3@), 289-297.

Byrne, J., Kurdgelashvili, L., & Rickerson, W. (200Bhalyzing the role of state
electricity policies on U.S. PV market growlroceedings of the International
Solar Energy Society Solar World Congress, Orlando, FL.

Chaudhari, M., Frantzis, L., & Hoff, T. E. (2008)V grid connected market potential
under a cost breakthrough scenarBurlington, MA: Navigant Consulting.

Chernick, P., Wallach, J., Geller, S., Tracey, B., AysA., & Lanzalotta, P. (2003).
Energy plan for the City of New Yorkrlington, MA: Resource Insight, Inc.
Prepared for the New York City Economic Development Gajon.

Clear the Air. (2005). Power plant air pollution locatdRetrieved December, 2005,
from http://cta.policy.net/dirtypower/index.html

Corrigan, Z., & Figdor, E. (2005Rollution on the rise: Local trends in power plant
pollution. Washington, DC: US PIRG Education Fund.

Duke, R., Williams, R., & Payne, A. (2005). Acceleratiegidential PV expansion:
Demand analysis for competitive electricity mark&isergy Policy, 3@L5),
1912-1929.

Eiffert, P., & Kiss, G. (2000Building-integrated photovoltaic designs for commercial

and institutional structures: A sourcebook for architgMKREL/BK-520-25272).
Golden, CO: National Renewable Energy Laboratory.

20



Electricity Consumers Resource Council. (2004e economic impacts of the August
2003 blackoutWashington, DC: Electricity Consumers Resource Council.

Fthenakis, V., & Morris, S. (2002MARKAL analysis of PV capacity and €€missions'
reduction in the USProceedings of thd®3World Conference on Photovoltaic
Energy Conversion, Osaka, Japan.

Gordes, J. (2000Y.he power to insure: Reducing insurance claims with new electricity
options Greenfield, MA: Northeast Sustainable Energy Assamiati

Herig, C., Gillette, L., & Gouchoe, S. (2008)ew York solar benefit analysRedington
Shores, FL: Segue Energy Consulting. Prepared for tH®M&olar Roofs
Initiative.

Hevesi, A. G., Bleiwas, K. B., Fine, K., Forand, Elghenstein, A., Freed, A., et al.
(2005).Energizing the future: The benefits of renewable energy for Nekv Yor
State New York, NY: Office of the State Comptroller.

Hoff, T., & Herig, C. (1997). Managing risk using renewablergg technologies. In S.
Awerbuch & A. Preston (Eds.Jhe virtual utility: Accounting, technology &
competitive aspects of the emerging industigrwell, MA: Kluwer Academic
Publishers.

Intergovernmental Panel on Climate Change. (20@lapate Change 2001: Impacts,
Adaptation, and VulnerabilityCambridge, UK & New York, NY: Cambridge
University Press.

Intergovernmental Panel on Climate Change. (20@lbhate change 2001: The
scientific basisCambridge, UK & New York, NY: Cambridge University P3es

Kammen, D., Kapadia, K., & Fripp, M. (200#8utting renewables to work: How many
jobs can the clean energy industry generdde®keley, CA: University of
California, Berkeley, Renewable and Appropriate Energ\otatory.

Kinney, P. L., Shindell, D., Chae, E., & Winston, B. (20@l)mate change and public
health: Impact assessment for the NYC metropolitan refiashington, DC: US
Global Change Research Program, US National Assessiindne Potential
Consequences of Climate Variability and Change, Metrgpokast Coast
Assessment.

Kling, C. (2003).Leveling the playing field for renewables in New Jersey: Negrams
and policies that transform the marketplaBeoceedings of the Solar Power
Experience Conference, Scottsdale, AZ.

Letendre, S., Perez, R., & Herig, C. (2003)lar and power markets: Peak power prices
and PV availability for the summer of 2002oceedings of the American Solar
Energy Society Annual Conference, Boulder, CO.

Maycock, P. D., & Bower, W. (2004National survey report of PV power applications
in the United States 200Bternational Energy Agency, Co-Operative
Programme on Photovoltaic Power Systems.

21



Mayor's Office of Environmental Coordination. (2005). Greenb@as emissions

inventory and reduction strategy. Retrieved December 7, 2005, f
http://www.ci.nyc.ny.us/html/oec/html/sustain/green gas simnl

Metropolitan East Coast Assessment. (2000). Climategehand the global city: An

assessment of the Metropolitan East Coast regiRatrieved December 7, 2005,
from http://metroeast_climate.ciesin.columbia.edu/index.html

New York City Energy Policy Task Force. (200Mew York City energy policy: An

electricity resource roadmajNew York, NY: A Report to Mayor Michael R.
Bloomberg.

New York Independent System Operator. (2008205 load and capacity data
Schenectady, NY: New York Independent System Operator.

New York Independent System Operator. (200BB)sting generating facilities as of
April 1, 2005 Schenectady, NY: New York Independent System Operator.

NYC Apollo. (2004).Energy sector strategy summit summary regdgew York, NY:
NYC Apollo.

Osborn, D. E., Aitken, D. W., & Maycock, P. D. (2006pvernment policies to
stimulate sustainable development of the PV industry: Lessons leaoned fr

Japan, Germany and Californi&roceedings of the International Solar Energy
Society Solar World Congress, Orlando, FL.

Pereira, A. O., & Jurgens, J. (200@gase studies for building integrated photovoltaic

(BiPV) facades in the United Stat&oceedings of the Rio 3 - World Climate &
Energy Event, Rio de Janeiro, Brazil.

Perez, R. (2001 Meeting peak demand with photovoltaiesoceedings of the NESEA
Building Energy 2001 Conference, Boston, MA.

Perez, R. (2002)50lar energy resource throughout New Yduktham, NY: Interstate
Renewable Energy Council.

Perez, R., Kmiecik, M., Hoff, T., Williams, J. G.eHg, C., Letendre, S., et al. (2004).
Avalilability of dispersed photovoltaic resources during the August 14th 2003

Northeast power outag®roceedings of the American Solar Energy Society,
Portland, OR.

Perez, R., Letendre, S., & Herig, C. (20@Y. and grid reliability: Availability of PV

power during capacity shortfall®roceedings of the American Solar Energy
Society Annual Meeting, Washington, DC.

Perez, R., Seals, R., & Herig, C. (1998Y. can add capacity to the grid: Mapping the
effective load-carrying capacity of PV to highlight service teri@s that can

benefit from photovoltaicdOE/G0-10096-262). Golden, CO: National
Renewable Energy Laboratory.

22



Perez, R., Seals, R., & Stewart, R. (1993sessing the load matching capability of
photovoltaics for US utilities based upon satellite-derived insolation data.
Proceedings of the 2AEEE PV Specialists Conference, Louisville, KY.

Physicians for Social Responsibility. (200Degrees of danger: Health effects of climate
change and energy in New YoWashington, DC: Physicians for Social
Responsibility.

Pichel, J. W., & Yang, M. R. (2005%0lar powered: An emerging growth industry facing
severe supply constraintslew York, NY: Piper Jaffray Equity Research.

Plunkett, J., Mosenthal, P., Nadel, S., Elliott, R.iMll, D., Neme, C., et al. (2003a).
Energy efficiency and renewable energy resource development potemizlvi
York StatgVol. 2: Technical report analysis and consolidatedit®swlbany,
NY: New York State Energy Research and DevelopmentdXiyh

Plunkett, J., Shipley, A., Hill, D., & Donovan, C. (2003Bnergy efficiency and
renewable energy resource development potential in New York Stawwvétde
supply technical reporfVol. 4: Renewable supply technical report). Albany, NY:
New York State Energy Research and Development Atiyhor

Radoff, J. H. (2004, September/October). Solar in ilye 8olar Today38-41.

RGGI Staff Working Group. (2005Revised Staff Working Group package proposal
Regional Greenhouse Gas Initiative.

Seattle Office of the Mayor. (2005). US Mayors ClimBtetection Agreement.
Retrieved December 7, 2005, frdrip://www.ci.seattle.wa.us/mayor/climate/

Sherwood, L. (2005)J.S. solar market trend®roceedings of the International Solar
Energy Society Solar World Congress, Orlando, FL.

Singh, V., & Fehrs, J. (2001)he work that goes into renewable enef@gsearch
Report No. 13). Washington, DC: Renewable Energy Poliojeft:

Smeloff, E. (2005)Quantifying the benefits of solar power for Californ&an Francisco,
CA: The Vote Solar Initiative.

Solar Energy Industries Association. (200@yr solar power future: The US
photovoltaics industry roadmap through 2030 and bey@udden, CO: National
Renewable Energy Laboratory.

Solar New York. (2005)Accelerating & maximizing solar initiatives across New York
State New Hartford, CT: Solar Northeast. Testimony prepdor the New York
State Senate Democratic Task Force on an Alterngteegy Future.

Sterzinger, G., & Svrcek, M. (20048olar PV development: Location of economic
activity. Washington, DC: Renewable Energy Policy Project.

Tierney, S. (2005Ending the energy stalemate: National energy policy for tfie 21
century.Proceedings of the William S. Cohen Papers Forutme 'Hromise of

23



Energy Independence: Examining national policy and regewtaln”, Orono,
ME.

US Environmental Protection Agency. (2005). Clean Air btege Rule. Retrieved
December 5, 2005, froimttp://www.epa.gov/CAIR/index.html

Wiser, R., Bolinger, M., & St. Clair, M. (200%asing the natural gas crisis: Reducing
natural gas prices through increased deployment of renewable energy and energy
efficiency(LBNL-56756). Berkeley, CA: Lawrence Berkeley National

Laboratory.

24



Center for
Sustainable Energy

at Bronx Community College
of The City University of New York
University Avenue at West 18 Btreet
Gould Memorial Library, Room 104
Bronx, NY 10453

Tel: 718.289.5332
Fax: 718.289.6443
Email: mail@csebcc.org
Web: http://csebcc.org

25



